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THE WORK OF THE SURVEY OF INDIA. 

The depart~nent  ie primarily reeponsible for all topographical surveys end 
explorations, and for the mrrintenance of geographical 11~ap8 of the greater part 
of Southern Asia, Also for geodetic work, which iilcludes :-the main trigono- 
nletrical frame~vo~.li ,  extending in somc cases f ~ r  beyond the frontiers of India, 
nnd control nctmorks of precise levelling based on tidal observatories; tidal 
predictions and the publication of Tide Tables for nearly 40 ports between 
Suez and Singapore; the Magnetic Survey; ~~stronomical ,  seismographic, and 
meteorological observatories a t  Dehra Diin; and geodetic investigations of an 
internationnl character, in  regard to  which India  enjoys a unique position 
between the greatest highlands of the world and a deep ocean extending to the 
Antarctic. Indian geodesy has thus disclosed by fnr the largest known ano- 
malies of gravitational attraction in the earth's crust, and these have led to 
somc of the most important developments of modern geodetic research, whilst 
the Grent Trigonometricnl Surrey of India  enjoys a n  international reputation 
as a very valuable contribution to estimates of the size and figure of the earth. 
The calculntions of astronomy and some important data in physic8 depend 
ultimately 011  these terrestrial meaeuremente. 

I n  the past the depnrtment has also carried out the original large-scnle 
rcvenue surreys for most of I~ ld ia ,  and was still c o n d u c t i ~ ~ g  this work for 
Ccntml and Eastern India and Butma up  to 1905, when nll revenue clurveys 
wcre 11a11ded over to the Provinces concerned, together with officers and stnff 
as required, in order to concentrnte the energies of the department 011 R 

conlplete new series of modern topogrnphicnl m ~ p s  on the scale of 1 inch to 
1 ~nile .  I t  wns hoped to cornplete this series by 1930, but owing to retrench. 
nient and the wnr littlc Illore than h ~ l f  has been done np  to dnte, in spite of 
the reduction of the scale of surrey for less i~nportnnt  areas. T h u ~ ,  although 
new surveys covering an aren about equal to that  of Englnnd are  carried out 
every year, the maps of half the country are still very old and only kept up  
to dntc ro~lghly by means of rnther perfunctory information supplied by local 
officials; the old maps Rre also about 2 r~lilee out of position, being based on 
a longitude of bIadr8s determined in 1815. 

Boundary surveye and records of international, state, nnd provincial 
frontiers hare  always formed nn important item of topographical work; rind 
in  recent years there has been co~lsiderable progress in the preparation of 
Ciuide hInps for in~portant  c~ t ies  and military stntions, where t.he one-inch 

.\laacrllnncova. While cxpcnding on topogr~phical and geodetic work all 
fur~tls nllotrd hy Impcrial Rcvenuecl, the d c p ~ r t ~ ~ u e n t  is strndilg deve lop i~~g  t l ~ c  
!~olicg of aiding local surveys in vnrions wn.ys, on pnymcnt by ~ h o s c  conccrnetl. 
'l'l~cscn ~ ~ ~ i s c ~ c l l ~ m c n n s  opcrntions inclride: nll forest ~ n d  cnntontnent surreys: 
Inci11y riverain, irrigntion, r ~ i l w n y ,  and city survnys, and R I I ~ V ~ ~ R  of ten 
gnrdens, mining areas, kc., with a gre0.t den1 of cnntrol Ierellir~g for t l ~ c  snnle: 
ndrniniatrn.t,ive a ~ e i ~ t n n c e  and officers are also given in aid of the revenue 
surveys of vnrions Provinces and States. The Printing offices do much work 
for other (;overnment departments, much as  printing fipeciel mnps, illust,ratione 
for .\rchcologiral Reports, all diagrnme for Patents, kc. The Mathematical 
Instru~nent  OfRee g i r o ~  valaablo aid to crll Government departments by ensur- 
i11g n high standard of inetrnmental cqniprnont, especially in connection a i t h  
opticul work, end by the lnennfoeture and repair of high.cl~lss i n s t r ~ i m e n t ~  
wbioh \\,ol~ld other mi^@ bnsa tn he imparfied from nbiaad. 



i l i a  c The departn~ent  is also responeible for all eurvey operations 
required by the Army, rind has been rapidly developing meeeuree to meet the 
greatly increased coillplority of inodern nlilitary requirements, especially in 
connection with air survey. I n  view of its high military irnportnnce, sir 
purvey work for various 'civil purpoaes is ieeeiring all possiblo encourage- 
ment nnd nsslstnnce, while the latest ~nethods of stereo.photogrsphy &re being 
studied esperirnent~lly. 

. . ld~~rinbtmtio?t  is bv the Surveyor General under the Education, Health 
nnd Lnnds Departulent of the Go\-ernment of India. The Headquarters OHce 
is a t  C n l e ~ ~ t t a  under the Assistitiit Surveyor General, and there are seven 
Dinctoro. one for each of the fire Surcev Circles into which the country is 
divided, one for the Geodetic Branch a t  nehrn  Dnn. and one for the Map 
Publiantion nnd othrr t,cchniral offices a t  Calclittn. 
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2. l'age 30- 
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SURVEY OF INDIA 

GENERAL REPORT 

From 1st October 1927 

To 30th September 1928 

INTRODUCTION AND SUMMARY. 

1. Annual Reports are published in three separate volumes 
as follows :- 

General Report. 
Geodetic Report. 
Map l'ublication and Ofice Work Report. 

'l'he first two are for the survey year ending 30th September while 
the laet is for the financial year up to  31st March. 

l'l~e Map Publication Report contains all the INDEX MAPS showing 
the p r ~ g r e s s  of map publication on all scales, with reports on publication 
and issues, printing and drawing, and of ~ u c h  offices as the Mathematical 
Instrument Office, which have to conform with the financial year. 

The Geodetic Report includes full details of all scientific work. 
This General .Report only gives brief abstracts of the above (vide 

Abstracts I1  and I11 in the Table of Contents) but gives complete 
reports of the survey operations of the ordinary field parties and 
detachments. Abstracts I and IV (vide Table of Contents) sunlrnarise 
these latter reports and enable the reader to look up such portions as 
may concern him. There is one index map a t  the end, showing the 
progess  of modern topographical surveys and compilation. Maps of 
sorts are of course available for a11 parts of the Indian Empire, but 
sonie are very old, and all previous to  1905 were based on the old 
longitude of 1815, (which was over 2 miles ont), and are excluded from 
the index map. 

2. General. Brigadier E. A. Tandy, R.E., held the post of Surveyor 
Genernl throughout the year. 

The post of Assistant Snrveyor General was tilled by Major Kenneth 
Mason, M.c . ,  R.E. 
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3. The total cost of the Department for the past tinancial year 
ending 31st March 1938, i l s  compared with that of previous years, was 
as follows :- 

I I B8. I RI. ( R.9. I 

*These figures are not final. 
+The figure 64,11,135 entered in the report for 1926-27 is e printing error. 

The total n7.ea of new surveys of all kinds completed during the year 
wne 47,242 square miles (p. 26). 

Groes actual cost ... 
Deduct receipts and credits 

Net actual charges ... 

4. O r g ~ n i s a t i o n .  The whole area of India and Burma is divided 
for the purposes of the Survey of India into five Circles. The limits of 
these are shown by blue lines on the index map at the end of the book. 
In order that civil administrations and the public may know which Director 
t o  address on survey matters a list of Provinces and States comprieed 
in each Circle is given in the l o o ~ e  slip containing Survey Notices. 

With the approval of the (hvernroent of India, the Director, Eastern 
Circle has been appointed as a technical adviser to the Government of 
Bihiir and Orissa on survey matters, for which the Bihiir and Oriesa 
Government will make an annual contribution of Rupees two thousand. 

Cctntonment S u r v ~ y s  ctnfl M(cps.-As a result of the recent 
innovations in the ndrninistri~tion of militilry lands and cantonments, t,he 
procedure relating to cantontr~ent surveys iind niaps has been revised. 

The Cnntonlnent Survey Piarty will be stationer1 a t  Dehra I k n  and 
its cost will bo rriet by annual contributions from the ulilitory budget. 
The total contribution each yeat* will tiot ordinarily exceed Re. 60,000 of 
which Rs. 97,000 will represent the standing cost of mirintaining the 
Cantonrrlent Survey Party. Revisetl rules on the subject have been pub- 
lishetl in Army Inst~ructioriu (Intlia) No. B 79, dated 24th April 1928. 

54,11,135! 

21,60,926 

32,50,209 

6. Notable events of the survey year were i ~ s  follows:- 
Miil(lc6 Ai l .  Sur.nr!/ The Rengul C:overnuient has ~ e t  a lead to all 

Indin by initiating a 16-inch iiir Hurvey of the Miilda district for Settle- 
ment purposes nnrl has plnced the contruct with the Air 811rvey ( h m p ~ n y ,  
Limited. The air photr~gri~phy wnM carriecl out during the summer and 
the drawing and puhlicntion of the maps is well in hancl. (See pp. 68, 69 
and Appendix I ,  pp. 82-84). 

Air S u r v ~ . ~  C o m n z i t t ~ r  The Director, Geodetic Branch. Survey of 
India, has been appoilited p.7: of ic io ,  the Yeoretary of the Air Survey 
Committee, the for~l~et ion of which w l ~ s  referred to in pora 5 of the 
Oenertcl Repwt Tor 1926-27 

59.64.926(n) 

23,28,180 
--- 

36,36,746 

54.27.768* (4 kcll;,:;!~ 

' for English 
23,32,191" Charges (High 
- - Comrnissiongr ) 

on Stores, and 
loss or gain by 

30,95,577' exchange, 



INTRODUCTION AND SUMMARY. 8 

Mnnrcuvres.-A Northern Command Survey Staff Exercise u-as held 
at  Abbott%b&tl in October 1927 under the direction of Lieut.-Colonel 
S. W. S. Hamilton, D.S o., R.E. (pp. 41, 44, 45, 47). 

I n d i a n  Science Congvess. Dr. J tle GraafT Hunter, M.A., SC.D., 

r..rnst.~>., as President of tlie Mathematics rind Physics Section, delivered 
a11 instructive lecture on the Figure of the Earth a t  the 15th Session 
of the Indian Science Congress, in January 1928 a t  Calcutta. 

E ~ ~ l o r a t i o n .  Mr. G. E. Barton, nr.A., recipient of the Cambridge 
University Worts g r m t  for gcographici~l research, spent t l ~ r e e  l l~onths  a t  the 
Geodetic Branch Office in Dehra Dun on his return from n journey in 
Restern China, and has given the department much valuable scientific 
information regarding Yiinnnn and adjacent territories. Mr. Barton 
proceeded on a second expedition in the same regious in May 1928 
and has promised the departnlent the benefit of his further results. 

Dr. Wilhelrn Filcliner of Rerlirl spent a rnonth a t  the Geodetic Branch 
Office on his return, in April, from a 23 years scientific expedition in 
Tibet ; t ~ ~ d  Chinese Turkistan. 1)r. Filchner compiii.ed his lnagnetic 
instruments against the Surrey of India, standards a t  the magnetic 
observatory in Dehr ;~  Diin, and has also given the department the benefit 
of his geogrnphical results. 

H. R. H.  the n u k e  of Spoleto, who mill lead the I tal i i~n expedition to  
the Knrakoram in 1929, visited Indicr during theyear to make preliniinary 
p r e p i ~ r i ~ t i ~ r ~ s  and wits given all available information regarding this area. 

The H i m t i l ( ~ y ~ , ? ~  ('1~1) was founded on 17th February 1928 at 
New Delhi with the objects of " encouraging and :~ssisting Hinl~layan 
travel :~nd exploration, and extending knowledge of the H i ~ ~ ~ i i l a ~ a  
through science, art,  literature : I I I ~  sport." The initiation o l  this Club 
was due to the Hon. Sir Geoffiey Corbctt, Secretary to the Commerce 
l)epilrtment, and to  Major Kenneth Mason, Assistant Surveyor General. 
Among some 220 Foun~ler Members may be notecl the following retired 
members of the Department: Sir Thonias Holdich, Sir Sidney Burrard, 
Colonel C. H. 11. Ryder : ~ n d  Coloncl C. r'. (iunter. Field Marshal 
Sir William Birdwood wi~s  elected President, t~nd Mqjor C;eneral K. 
Wigrani and Brigadier E. A. '1'an(iy, Vicc-Presidents. 

Inter?lcclio?~ctl Con,qrosscs. C:~pti\i~l G. Boniford, R . E . ,  attended the  
International Conference on TVireless Longitudes a t  Leyden, which met to  
discuss the r e s i ~ l t ~  of the lor~gitude observations taken a t  Ei0 observatories 
all over t l ~ c  worl~\ in the autumn of 192(i, in which he pirrticipated 
:rs an ohserver at  Ilehra Dan. 

E??L})~TP Su?'?)r!~ors' G o ~ ) ~ ~ T c ~ c c ,  19.28 -Lt -Colonels R. H. Thomas, 
D.s .o . ,  11 e., :rud M IS~.owne, c hr o , r).s 0 , It E , represented the Survey 
of Intlin rtt tlie El11pi1.c Snrveyors' Conl'erence which was held in London 
~ n d  Southampton frolri the 2nd to 13tl1 July 1928. Captains T. M. M. 
Penney, 1t 1s , an11 (2 T,ennos, I.;\ , attended privately. 

35  delegate^ from ditl'erent parts of the Empire attended the Con- 
ference. Among then1 were t t ~ c  Surveyor Gener'lls of Ceylon and 
Fec-lerdte~l Millay S t i l t e ~ .  Deputy Surve~.or (:elrerirl of Gold Coast;  
Asqi~trint Surveyor (:twerol of Sigeri'r ; Liiiison Oficcr of Air MinistrS of 
Austri~lii~ ; llirector 1,;11111 Rrgintri~tio~l .rn(l Surveys, CJyprus ; I)irectors 
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of Surveys, Northern Rhodesia, Sierra Leone, Tanganyika and Uganda ; 
Secretary, Royal Geographical Society, London ; Directors of the 
National Physical Laboratory, Teddington and of the Science Museum, 
London; and Crown Agents for the Colonies. Colonel Sir G. P. 
Lennox-Conyngham, K.B.E., F.R.S., Professor of Geodesy, and Mr. F. 
Debenham, Department of Geogrtlphy, of the Cambridge University, 
Dr. J. W. Evans, c.B.E., F.R.S., F.G.s., Geologist and Colonel M. O'C. 
Tandy, D.s.o., o B.E., R.E., were also invited and attended the Conference. 

An extract from Lieut.-Colonel Thomas1 report is reproduced 
below :- 

"This Confere~lce, the first of its kind held, proved very instructive 
and interesting, no pains having been spared by those responsible for its 
inception to ensure its success ; a varied and instructive programme was 
arranged, and the papers read and discussed touched on problems with 
which surveyors, especially those working in undeveloped parts of the 
Empire. might from time to time be confronted". 

The Conference of Empire Surveyors had the cordial support of His 
Majesty's Government, and was opened by the Secretary of State for the 
Colonies. At a Government luncheon on the opening day the Secretary 
of State for War was in tile Chair, supported by the Chief of the Imperial 
General Staff, the Directors of Military Operations and Intelligence, the 
Secretary of the War Office and others, while a t  another Government 
dinner at the close of the Conference, the Secretary of State for the Colo- 
nies presided, supported by a number of eminent ofticials, amongst whom 
were two Sea Lords of the Admiralty. 

Iqtternntionnl Oeog~apluic~~l Cong~ess, 1928.-Lt.-Colonels Thomas 
and Browne also attended the Internatio~~al Geographical Congress held 
a t  Cambridge from the 18th to 25tl1 July, 1928, as official delegates of 
the Survey of India. Captain C. F. Heaney, R.E., and Lieut. D. R. Crone, 
R.E.,  attended as members. 

The Congres~ was opened by the Vice-Chancellor of the University 
of Cambridge in the Senate Hou~e .  112 delegates attended, bellides 
a Ii~rge number of distinguished professors and eminent scientists, from 
diferent p r t ~  of thc world. The delegates and others present were 
received witti hoapitiility hy His M;~jesty's Government r~nd other pr~blic 
and private hodies. A t  the dinner given by Hie Mi~jesty's Government 
in Trinity Chllege, the Right Hon'hle Sir Austen Chanlherlain, K.G. ,  

M.F., Secretary of State for Foreign Affairs, pl*ruirled. 
The papers read and the d i ~ c l ~ ~ s i o n ~  thereon proved most instructive 

and the Maps nor1 ~\tliisea exhibitetl were irltere~ting and appreciated 
by all. 

Atbventur~en~~r /  ~ ~ < r . ~ l ~ t i l t i ~ ~ . - - T h e  gallant act of Inter-Class Survey- 
or Riaz Rah~rlur Khan of So .  10 Party in risking his life to save a 
Kachin khalaui i u  referred to on p. 75. 

$inn-eftting tiger8 and wild riephantfl infeflted some of the  jungle^ 
under anrvey by xo .  1 Party and some of the Eastern Circle Parties, but 
no caausltiea occ~~rred on this account. 

Five deaths occurred in Xo. 10 Party from cholera, which was very 
prevolr?nt in the Irrawaddy Delta (p. 75). 



U. Pe, A.T.M., Sub-Assistant Superintendent and Surveyor Amnr 
Singh of No. 10 Party, accompanied the Civil Officer on an expedition 
amongst the Head-hunting Nags Tribes in tlie unadlninistered territory 
to the North-West of Burma (p. 75). 

New buildi?~gs. The Haig observatory a t  Dehra Diin has been 
rebuilt and the seismograph and the tidal machine have been rnoved to  i t  
from the Burrard Observatory. The zenith teleecope has also been placed 
there. The lower floor of the Walker observatory has been transformed 
into an office for the training school ; an equatorial reflecting telescope 
and astronomical model8 of the solar systel~i hnve been set up in the upper 
floor for demonstration to  officers under instruction and visitors, (p. 14). 

A new pendulum upparutus made by the Cambridge Instrument 
Company has been received from England. This consists of three pendu- 
lums and a vacuum box in which they are swung. The vacuum box was 
specially designed by Colonel Sir G .  P. Lenox-Conyngham, F.R.s., late of 
the Survey of India, to eliminate flexure. The pendulums are of nickel 
steel with knife-edges and mirrors of stellite. They have a coefficient of 
expansion per degree centigrade of + 1.7 x 10-"nd so :Ire about eleven 
times less sensitive to  temperature changes than the brass pendulums 
hitherto used in India. The pendulums were adjusted for length and 
standardized by Major Glennie a t  Cambridge in 1927. 

A portable ulireless receiver deeigned by the Marconi Wireless Tele- 
graph Company was obtained a t  the same time. The receiver employs 1 
detector, 1 note magnitier and 1 low frequency amplifier, together with a 
Phazing Unit when greater selectivity and freedom from atmospherics is 
required. A local oscillator is included in the receiver. Time-signals 
from Bordeaux and Rugby should be received by the set witllout 
dificulty anywhere in India using a small frame aerial and a 30-foot ver- 
tical aerial with the Phazing Unit. This apparatus has been successfully 
used in the tield by No. 14 Party (p.  13). 

A co-ordinatograph was nlanufactured by the Ma,thematical Instru- 
ment Office for the Air Survey Company Limited (p. 84). 

A Wild Photo-theodolite, ~ u c h  as was used by Mnjor Mason on his 
Shaksgam Exploril.tion in 1926, has been purchtised and is now in use in 
Chitral. Two Wild l'recise Tl~eodolites hnve also been obtained for geo- 
detic triangulation in Bnrrna. 

Dr. Hunter has been invited to write a con~prehensive article for the 
proposed 14th editior~ of the E?tc?lclopcctlir~, H~ibftn~aicrc,, dealing wit,h the 
srlhjects fleodesy, Figure of the E d h ,  Geoid and Isostasy. Previous 
contribtitions by J ) r .  Hunt,er have been supplementary to t h o ~ e  of the 
I 1 tll edition and have corr~pl-ised four separate articles. 

~ i ~ f i ? l { l ~ i , ~ I / , ( ! ( ~  ?!i,~i.to?.s to t h , ~  ~eorleti,c H?.fl,))ch Oficc during the year 
inclnclec4 H. E. the Lor11 Irwin, \'iceroy and Ciovernor-General of India ;  
H. E. the late Sir Alexnnder Muddilnan, Governor of the IJnited 
Provinces ; the Hon'hle Khan RahnC111r Sir Muhammad Habihullah, 
K.c: . I .E . ,  ~ t . ,  Hon'hle Member for E. H .  & Lands Deparbment ; and Mem- 
b e r ~  of the Medical Reuearch Institute Committee and of the Indian Tariff 
Hoard. 

Colonel W. L. J .  Carey, D . E . O . S . ,  and several othel ordnance 
officers, visited tlie Mathemi~tical Instrument Office on the 3rd January 
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and 2 l s t  Februilry 1928 and discussed the supply and repair of instru- 
ments used hy the A r ~ r ~ y  in India. 

Lcctrcr~s c int l  I~ l s t ruc t ion .  Lt.-Col. R .  H. Phillimore, Director, 
Geodetic Branch, delivered a lecture on "Surveys in War" a t  Dehra Dun 
on the 20th June 1928. 

fi1:rjor Kenneth Mason. Assistant Surveyor General, gave two lec- 
tures a t  S iu~ la  on 2nd and Srtl August on "A Hundred Years of Him&- 
layun Explorntioll " and . .The Dr~jnilah liedoubt Night Alnrch ". 

S o  18 Party (Air Survey) of the Frontier Cit.cle giave short courses 
of instruction during August, September and October 1927 to Military 
Oificers in tlre work of interpreting air photographs and converting them 
into mi~ps. 

At the recluest of the Chief Ordnance Officer, Allah~ibiid Arsenal, an 
artificer of the Arsenal (Stiitf Sergeant F. L. Greenaway, R.A.o.c.,) 
was given f;~cilities for studying the methods of repairing instruments 
used hy the Army in India, in the Mathematical Instrument Office. 

I C r l L i l ~  on 1eciz.e Captain Bomford visited tho works of Messrs. E. R. 
Watts & Co., and other firms in England, to select a type of staves with 
Invar strips suitable for levelling. 

Mr. A. T. Brendish, assistant in the l'hoto Zinco. Office a t  Dehra 
l h n ,  while on leave in England, commenced a course of map reproduc- 
tion with the Ordnance Survey a t  Southampton. and visited other firms 
and institutions recommended by the, Director General of the Ordnance 
Survey. 

6. Appreciations. His Excellency the High Conimissioner for 
' J r ~ q  has, on the completion of the Turco-'Iriicl Koundilry Commission, 
brought to  the notice of the Government of Indin the excellent work of 
Major C G. Lebvi~, R.E.,  and the Survey of India. detachment under his 
comrrr;rnd. Colonel L. F. Naldor, the Frontier Delimitation Commissioner, 
in a letter to  His Excellerrcy, also drew p:lrticulilr attention to Major 
Lewis' outstanding capability, esperierlce nntl t;tct, : ~ n d  to Mr. Muhammad 
Hirsan's energy 

The Director, Frontier Circlc has received appreciations of the work 
done hy Rai Sahih Maya Das Puri, for the Sett le~nent Operations of 
Peshiiwnr district from the Revenuo Secretary to  the Chief Cornmissioner, 
Sorth-West Frontier Province. The Surveyor Uenernl ha8 personal 
knowleclgo of the great clifficultieu under u-hich this work was comn~euced, 
and heartily congri~tr~letes Rili Sahib Mnyn 1)as Priri and all mernhers 
of the Detachment on the success with which it hi18 heen i~ccon~plished. 

T I I ~  following is an extrtrct taken from the Government of Bengal, 
Kevenne Department Resolution No. 10,072 1,. R . dntod 24th May 1928, 
published in the Annual Elepnrt on the Survey and Settlement Operations 
in Hengel fnr the year 1926-27 :- 

"As I I R U I ~ ,  the Director, Eastern Circle, Survey of India, inupected 
the traverse work carried on in t h i ~  Presidency. and hoth he and the 
Officer-in-chnrge of the Photo J,itho office inepected the Rengal Drawing 

-Ofice a114 made some v;rluahle suggestions for in~provernent in the draw- 
ing an? typing of the rnapa and their repro(1uction The Ilirector, 
F:neterrr ('ircle, also gave vnlunhle n~sisfn~lce : ~ n d  advice in connection 
with the  survey of a forest area in Chittagong from the air The 
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Governor in Council him noticed with plet~snre that  these officers of the 
Survey of India were satisfied with the work done by the Survey Depart- 
rnent of the Lock11 Governuent". 

The Deputy Director of Military Intelligence, General Staff' Branch, 
has expressed his appreciation of the work of NO. 18 Party (Air Survey), 
Frontier Circle. 

The Government of Burma has expressed its thanks t o  Captain 
Calvert for  the prompt and efficient manner in which he conductecl the 
special survey operations a t  the Burma oil-fields a t  Yenangynung and 
Chauk last October and November. Capt~rin Culvert was specially 
selected for the work and the results of his survey will be most vtlluable. 

The Burma Oil Company tendered its thanks to  the Surveyor 
General and the Director, Geodetic Branch, for  the loan of Messrs. K. K. 
Das and H. C. Banerjee for their Eotvos torsion balar~ce survey. 

The General Coniuiittee of the Lahore Municipality recorded its deep 
appreciation of the excellent work done by No. 22 Party, during the 
Lahore City Survey and specially thanked Hai Sahib Dhani R n ~ n  Vernia. 
the Superintendent in charge. 

'The Chief Cou>missioner, North-West Frontier Province, expressed 
his appreciation of the good services rendered by Khan Sahib Mul~a~nmad 
Husairi Klian during the survey of Muddu Khel country cirrried out  under 
his charge. He observed that the Iclran Sahib showed conspicuous skill 
and tact in overcorning various dificulties and that  he had faced consider- 
able risks. 

7. Awards.-The following lionours were conferred during the 
year :- 

Compnnion of thc Orclcr of the Indinn Coloncl C. P. Guntcr, o.n.E., R.E. 
Empire. 

OWcer of the Order of the British Mnjor C. G. Lewis, R.E. 
Empire. 

Assistant Co~nrnissary and Lieut. W. Smith, M.B.E. ,  He:~d Draftsman, 
Army Section, No. 6 llrawing Office, Si~nla,  was promoted to Ileputy 
Conlluissary :111(1 C i ~ p t i ~ i ~ l  with effect from the 18tli Februt~ry 1925, ;lnd to  
be Conilr~issary ant1 Mt~~jor on the 13th Febru:iry 1928. 

Condi~rtor K. M. B:~tt ,  nral'tntnxn, Arrny Section. No. (i 1)rawing 
Office, has been proinoted to 1)c Assistant C 'o~r~r~r issar~ with the rank of 
Lieutenant with ett'ect fro111 thc 4th Nove~uber 1927. 

Mr. Lirlbir Singh, Sub-Assistant Superinteuc~ont, and Surveyors 
Hi r i  Sing11 'l'h:~pix, 'l'h:~kur Si~rglr, Tarn Siuglr i111tl (::!j Rahadur Singh 
were ;~w:~rtled CJertiticates of Honour for their work in Nepi~l. The 
awnrtls to Mr. L:rll)ir Sirigh and surveyor Hari Singh 'l'hopa were ulade 
by the Hon'hlc Me11rl)cr of t,he Mdnctltion, tlealtlr nntl Laucls I)epnrtuient, 
on the VCC:LFI~OI~ of hi8 visit to the Geotietic Hri~nch Ofice 011 13th 
p i  1 9 .  Surveyor Atnar S i n ~ h  was :11so :~wnrcled a Certificate of 
Honour in recog~iition of his devotion to duty during the re1,ellion in 
Southcrri Kl~rtlistiin in 1919 n11t1 for his services during the Niiga Expedi- 
tion, 19'77. 

The Ilonvra1.y ri111k oI' Jerrri~tl:rr wils conferl.ed on pensioned Soldier 
Surveyor ( H i ~ ~ i l d ~ r )  (Ahuli~111 Haidar on tlre I 5  th October 1927. 
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Bonuses were sanctioned by the 'IrBq Government to  5 surveyors 
and 21 khirlasie of the Turco-'Irlq Boundary Delimitation Commission. 

8. Personnel.-Casualties, retirements, and recruitments were 
n 8  follows :- 

Glass I 0flcers:-Colonels H. Wood, R.E., and C. P. Gunter, c.I.E., 
o.B.E., R.E., Lieut.-Colonel V. R. Cotter, I.A., and Messrs. J. 0. Greiff 
and C. C. Byrne retired. Major H.  E. Roome, M.c., R.E., reverted to the 
Home Establishment. No military officers were recruited. 

Messrs. P. Ray, R.s., and S.  S. McAIFee Fielding were confirmed as 
Superintendents. 

Messrs. M. D. Puri, R.s., and H. B. Sirnone from Class I1 were pro- 
moted to  fill temporary posts in Class I Service. 

Class I I  0ficers:-Mr. A. C. Bose retired. Mr. K. S. Gopalacheri, 
B.A., was invalided. Mr. E. Claudius died. 

Mr. H. H. Creed reverted from temporary employment under the 
Government of Bengal, and Captikin C. H. Sexton was temporarily trans- 
ferred in his place. 

Mr. W. H. Strong, M.B.E., reverted from foreign service under the 
Anglo-Persian Oil Company. 

Messre. J. B. La1 and D. N. Saha were promoted from the Upper 
Subordinete Service t o  Class 11 Service. 

Seven candidates were appointed to  Class I1 Service on the result of 
the examination referred to in last year's report. 

Upper S~cborti,inate Ojicers :-Messre. Ram Singh, R.s., K. Narayan- 
aevami Chetti and A. P. Ghosh retired. Mr. J. P. Vastav was invalided. 
Measre. Nut  Muhammad and U. Po Kye died. The geodetic computers of 
the Computing Office Dehra Diin were transferred to  the Upper Subordi- 
nate Service. Five Lower Subordinates were promote41 to the Upper 
Subordinate Service. 



I.-ABSTRACT OF SURVEYS IN EACH PROVINCE 
AND STATE. 

9. The annual expenditure of surveys in the Indian Empire must 
amount to something like three crores of rupees, or say two million 
pounds, if we include cadastral surveys, carried out locally by Provinces 
and States, and miscellaneous surveys for engineering projects, e.g., rail- 
ways, canals, mines, roads, rivers, harbours, c~ties, &c. 

The prime duties of the Survey of India are geodetic, topographical 
and geographical, and cost little more than a tenth of this total (about 
Rs. 33,00,000); but the department is also developing co-operation with 
local survey agencies, with a view to mutual economy, and is now doing 
miscellaneous outside work costing about Rs. 23,00,000, on payment 
hy those concerned, besides advising and co-operating in other directions 
and lending otIicers to Provincial Surveys as required. The following 
abstract shows the nature and l o cc~ l e  of the field operations actually 
carried out by the Department during the past year, grouped under the 
following sub-heads :- 

Air Surveys. Riverain Surveys. 
Exploration. Boundary Surveys. 
Topogrnphical Survcys. Geodetic. 
Forest Surveys. Framework. 
Cantoninent and City S n r v e g ~ .  Levelling. 
Cadastral Surveys. Special and RIiscellaneoua. 
ltailwag Surveys. Training. 

10. N. W. F. Province and ~ashmir .  
'I'opoqraphical surveys in Dir, Swat & Chitral & in tribal territory (pp. 

42, 43). 
Cantonment and city surveys a t  Raemak ; & revision survey a t  Peshawar 

and Nowshera (p. 80). 
Cadastral anti boundary surveys in Peahawar and Dera Ismail Khan 

districts (pp. 53-54). 
Framework. Triangulation in the Dir, Swiit, Chitri.1 and in the Gilgit 

Agency (p. 48);  in Peshiiwar district and North Waziristbn (p. 16). 

11. ~aluchistan. 
Topographical sur~~~?ys  in Kaliit State, Boliin Pass& Sibi districts (p. 44-45). 
Oeodetic. Gravity and deflection8 in Las Bela State and Chagsi (p. 16). 
F~amozr)ork. Tri~ngulntion and traversing in Kali t  State (p. 45). 

12. Puqjab, Punjab States and Delhi. 
Air survey of Mnltgn (p. 4(;). 
Topogrr~phi.mal surveys in Riiwalpindi, Lahore nnd Shekhiipura districts 

(p. 43); in Delhi Province (p.  43); and in Multiin, Muzaffargarh, 
Jhnr~g  rintl Ly;tllplir districts (p. 53). 

B6z6r 8wrtvB?I at  P:bhtirgi~~!i, (New ])elhi), (p. 80). 
Rivcrain survey.9, Uu,jriinwrilrl~, Shiihpur, & Montgomery dietricte (pp. 

48-50). 
Bountlary ewveys  in aurgaon district (pp. 50). 
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F?*amework. Traversing in Gl!jranwiili~, Shiihpur, Montgolnery and 
Kiingra districts ( pp. 49.50) ; rectangulation in blultiin, Muzi~ffargarh, 
Jhang  and Lynllpur ciistricts (pp. 51 -53 1. 

1,evelling. 'l'wo lines of high precision levelling. ?*i , . ,  ,111ang viti 
Sargocthn, rA;il~~ M i i ~ a ,  \\'aziribiS(l to Uhnkkar; i111d Silhiiranpur to 
Ludhiiinn (p. 17) .  Secondi~ry levelling from Jnbboiins to Kot Jliildeo 
(p .  81). Tertiary levelling in Multiin, &Iuzaffirgarh, Jh :~ng  an(l 
Lyallpur  district^ (p. 5:3). 

~Miscel1cc~~eou.c. Kangm l'i~lley d e v e l o p ~ ~ ~ e n t  survey ill l<Ln,or;~ district 
(p. 50).  

13. ~ i j ~ u t a n a  Agency, Ajmer and Bikaner. 
Topog)~uphicul surceys ill  Ji~isalmer State cp. 45);  in Jaipur, Jodhpur, 

and Kishnngarh States and in the Ajmer district ( p ,  r;O,. 
Forest szbrve,ys in Ajmer district (11. GO). 
Framework. TrianLmlation for topographical surveys in Jaipur, Jodhpur, 

& Kishangarh Stntes ant1 in the tlistricts of A-jlner & Merwii1.a (p. 60). 
llliscelluneous. Four-inch survey of tlle liixiliini~ 'lla.nk Catchtnent Areil 

in the Jodhpur State (p. (;O). 

14. Central India Agency and Gwalior. S i l .  

15. United Provinces. 
City 8umre:ys. Revhion of hIussoorie City map, (p. 57). 

Bmbntlnry surveys in Bulandhahr  district (p. 49). 
Le~~ol l ing.  Three lines of high precisiou i.e., Hiithri~s vi(i Muttrir & Delhi to  

Meernt, Snhiiranpur to Luclhiiinit & Dehra l)On to Snhiiranpur (p. 17) .  
special  S I L ~ ~ ~ P ! / S .  Revision of JIussoorie & 1,nndour Guide nlap (p. 5 7 ) .  

16. Central Provinces. 
l 'opog~apl~ical  siwceys in Hi l r igh~t ,  Bhan(liim, Chiintllr, Drug, Niigpur 

nnd Nandle rlietricts, and the Chhuikhadiin, Knwi~rdhC, Khniri iprh 
and Siindgnon Feutlntory Stiateu (p. 5H), also in the Jasllpur :~ntl 
Surgujii Stntes (p. 56, 57 ) .  

Topograplticctl S ~ I T I : C ~  iu the Yeotrniil clistrict rp. (52). 
Frctmezcork. Triangul:~tin~l in Baliighiit, Drug, Billspur and hlnndlii tlis- 

tricts; in the Feudatory Stater of Knwi~rdhii, Chhuikhndrin Rr Korrri 
(p. 58) .  

17. Bombay Preeidency, States of Western India and 
Baroda. 
Topogrtrplricr~l nrr.wqe!/s in Karii~hi ~listrict & Khnirpur State (Sind) ( p .  45). 
Cantonment R p i t ! /  n u  rr.o!js. Hevision a t  l'oon;~, Icirkee PE I3el,v;lilu1 (p.  HO). 

Oeod~tic.  (iravity & cleflectiolia i l l  Kariichi & Hy(1erst)iicl c l i ~ t r i c t ~  (p. 16).  
e l .  The following lines of I~igh precision levelling : -Anjrir to 

Marnuara connection of Standarc1 Bench-mark nt Rhfij ; Nnkhtargnn 
Mot6 to Lnkhpnt ; and Uuhin Tar to Tattn Sukkur to Hyderiibiid 
(Sind) (p. 1 7 ) .  Secondary levelling for Lloyd barrage project (p. 81), 



18. Hyderabad. 
Topograpl~ic~ccl surveys in Adiliibiid, Karimnagar, Ndgonda, Nander, 

Medak and Niziimiibiicl districts cp. 62 ); in Raichiir district (p. 65). 
Sf)eciccl ;-inch SLL~'UP!J of part of Hyderiibad City and envirous (p. 62). 

19. M ysore and Coorg. 
l'opograph~ical stcr.ceys in the Chitalclrug dietrict (p. 65 ) .  
SI)ec,iuL RIWL'L'IJS. Luge-scale surveys of private estates in the liadiir 

ancl Hassan clistricts (11. 65) ; revision of the 16-inch maps o f  the 
Civil and Military Station, Bangalore, (p. G4,. 

20. Madras Presidency and Madras States. 
l'ol)ogrccphicnl s u ~ v e y s  in the  Guntiir & Kistna districts ip. 62) ;  in the 

Anantapur & Belli~ry districts ( p .  6 5 )  ; it1 Coilnbatore, Madura, 
Riimnad and Trichinopoly districts an11 in Pudukkottni Sta te  (p. 66). 

Il'ovest szh~veys in the Kistna forest division (p. (;3). 
Spwi'itsl stci.t.rys. Large. scale surveys of private estates ill the CoiurLatore, 

Mnli~h;~r i ~ ~ d  Nilgiri districts and in Cochin St,ate (p .  66, 67) ; 4-inch 
survey of ~ ~ i i n i n g  concessiol~ areas in Sandtir State ( p. 65). 

bi*re~i~ezclo~l~.. Triangulation in part of the Agency Tracts falling in the 
Godiivari, Kistnil iind Tixagapatam districts (p. 63); tra.versing in 
the Tnn,jore : ~ n d  'I'richinopoly districts and  in Pudukkottni Sta te  
(p .  67).  

21, ~ i h a r  and Orissa. 
A i r  sto..z'cly of Orissa coilst for thc coul~uittet: 011 Oristin floods. (p. 69).  
Sl'opop-apl~ic'"1 SMYZY~!/S i l l  Haziiriblgh, l'i~lii~uau k Hiinchi district6 (p. 57); 

in Hiiziiribiigh, Riinclii, Miitibhiirn, Cntteck and I:al:~sore districts (pp. 
70.  71 ; in Keoi~jliar, M:~yiirhh:~n~i :~n11 Silgiri States ip. 71). 

E'or.est S~LY?IC?/S in the Cl~ilibiisi~ i~ll(l Poriihiit Forest 1)ivisions (p. 70), and 
the State forests or bI;ryiirbh,z~!j ( p .  72 I .  

F~*ccqt~cu'o~k. Tri;~ngnlaticln it1 (:;~yii, Hnxiiribiigll. Sh;Tliiil)ld districts 
(p. ,57); i l l  Cinyii, H:lziiril)iigh, Piltn:~, ~ ~ ~ I i l f i O l ' ~ .  (,'littack and Puri 
rlistrictfi and Dheuliiiniil Sti~teh c p 7 2 ) .  

I,ellelli.?ty OF high precisiclr levelling fro111 t;t~lilsore t o  H o w r i ~ l ~  ( p .  17 ). 

22. Bengal Presidency and Sikkim. 
.lil. ,~tcr-vc!l in M;il(li~ tliutrict for 3attle11ient unrveys [pp. 68. 69, 82-85)  

Topoqr(tpl~ic-tr1 RtL1'IlC!JS ill Bli~lpi~igllri id1111 l<:ingplir districts and C O O C ~  
Behar S t . ~ t e  (p i 3 )  

sla.tteyR iir Ci~lcut t i~  ( p  72) 
Forest atcrvcys in llnrjceling and l311xa forest cli\,isions (p. i:l,. 
Fi.toncworl; ill Jalpaiguri. Hangpur and My~neilsingh districts and Cooch 

Behiir State ( p  73' .  
rir.oeLl l n q  of high precieion levelliug from Ea la~ore  to Howrnli (p. 17.) 

23. Aesam and a hut an. 
l'opogq.nl)liir~d srcTlsr?/as in  (:o%lpiiri~, UtLro Hills all11 1Jl1ut;iu (p.  72, 73). 
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Temgarden surveys in Sylhet district (p. 7 1). 
Forest surveys in the Goiilpara and Garo Hills Forest Divisions (p. 73). 
Frccrne~r.ork in Garo Hills, Khiisi and Jaintia Hills and Sylhet districts 

and BhutHn (p. 73). 

24. Burma, Andamans and Nicobars. 
l'opogrtrphiccil st~rve!ls in the Hanthawaddy, Myaungmya, Pyapon (p. 74) ; 

Insein, Pegu and Thaton districts (p. 76); Nraga Tribal area (p. 75). 
Forest surveys in Kathii, Mansi and Mu Forest Divisions (p. 78-79). 
Frantewwk in the Prorne, Sandoway, Thayetmyo districts (p. 74); in 

Hanthawaddy and Insein districts (p. 77). 



11.-ABSTRACT O F  GEODETIC OPERATIONS. 
I)I.. J .  clc C;l;l;tff H u ~ ~ t c r .  ~ I . A . .  SC. L).. 1.'. 111hl. I,..  fro^^^ I-10-2i  to 8-11-27 

DIRECTOR :- ( m d  i ~ u n ~  2a-(i-sli. 
(T,t.-(:cllc~~icl It. I+. l ' l~i l l in~ore.  D.s.o., R.E., f r o n ~  i - l  1-27 to  2i -8-28 .  

25. General.-Besides geodetic work, t l ~ e  ljirector, Geodetic 
Branch administers the following ofices at  Ijehrn 1)un; hTo. 2 D r u t ~ l i n ~  
ofice, the Forest anti Ctt?~tonn~c?~t Q@ce ;1nc1 the Publicrctto?~ am' Stores 
OFce, w]lose \vork is reportled in tlte an1111al M;lp Puhlict~tion aud Office- 
work Report; and also the follou~ing Snrvcy operillions whiclt :Ire reported 
in other parts of this General Report :-Lev~lii?iy c:~rried out  in aid of 
special engineering prqjects, vitie para. I76  ; Cantonn.~ent Swrvegs (para. 
173); l'raining School (para. 1 7 8 ) .  

26. Geodetic.--Purely geodetic operations include miscellaneous 
cornputations and  mes search, preparation and publication of records, obser- 
vatory work (:istronontic;~l, n ~ a ~ n e t i c ,  seisulologicnl and 1x1 eteorological) ; ? 
ilnportant series of trinngulntion, geodetic levelling, precise latitudes, 
longitudes, azimuths, aud gravity t2etcr11tinntions, in all parts of India;  
and predictiort oE Tides a t  38 etihtern port\ b e t ~ r e e n  Suez and Singapore. 

These geodetic operntions are  full^, clescribed in the Annual Geodetic 
Reports of the Surrey of India. A coliibined Geodetic Report for  
years 1922-25, was published during the year;  separate reports for each 
succeeding survey year are nonr in the press. The following is a brief 
abstract of thc geodetic operntions descril)ecl in the Geodetic Report 
for the current ycar, which includes colllplete Index ~nttps and detailed 
results. 

Geodetic Operations for 1927-28. 
27. Observatory Section.-As the :istrol:~be had been taken 

out to tlie tield by No. 14 Pasty, the bi-\veekly time observ. <I t '  ions were 
taken regularly wiili one, and oc~ i~b i~n ; t l ly  with two transit instruments. 

The reception of wireless tiuie-tiiguals from Hordettux was carried 
out regularly \)y clay. The wirelests timc1-signals fro111 Hugby which were 
initiated about the third week of December 1927, were also regularly 
received from the co~nmenca~~tent  of J :~nu;~ry 1928. Front tillle to  time 
during the Hullilrier ntonths, when it wits Sound impossible on account of 
a t~no~pher ics  to receive the si#l:~ls during dtt3.I ight for periotis exceeding 
one week, :~rrangentcnts wero ~r~i lde  to pick up the night tlign:Js elnanat- 
ing from these stations instoatl. 

The results of the longitude operations, undel.taken during October 
and Novei~iber 1926, werv wrntinizerl in thc light of tliita received froln 
thc other observnt,orie~ pilrticip:~tirtg i l l  the pr(!]ect. T h e ~ o  confirm the 
viJue provinion;~lly oht:~inecl :rntl 1rl;tke the longitucle of Debra Dun 0.02 
~econdu of tinte G ; I S ~  of t h ; ~ t  o1)t;lincvl in lX94-!)(i The reception of the 
di~ily tillto ~ i g n i t l ~   fro^^^ Horde;rus il11(1 R11g1)y ;Ire being continued in order 
to see if there is :my v;~ri:~tioll in longitllde. 

he side^ the hi-:~nnn;tl conrp:~rison of' 9e1 en tnpes helonging to the field 
d e t a c h ~ n r n t ~  of SO 1 7  h r t y ,  ,~g ;~ ins t  St:~rld;~rd I3i1r I,, thirteen of 
new sti~ves, rcceit~c(1 fro111 thilt party for 11eter111in:ttinn of ,vr;ldll iL t '  Ion 
errOrq, were ~ ~ l l l p i l r e ( ~  :lg:lillht I;ar 1 1!)00 ('I' S.) 120 ]eae]s received 
froul the ~allrc ~ 0 U l . c ~  uore c~xilllliller~ i l l i f 1  :ldjllHtcd ilt tile cloRe of the field 
Et'&80U. 
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A 5O-feet uleasuring tape miide of non-corrosive steel by the Pol& 
steel works \\.iLs received From the M. I. 0. I ts  suitahlity for base line or  
general survey use wi~s  investiwated. 

'? 
I n  accordance with the Llirector's deci~ion to tuiike the Observatory 

Section responsible for the ~uiiintonancc of theodolites ancl other instru- 
rilents stored in the Publication ancl Stores Office, five theodolites were 
clec~netl itnd a~l~juutecl in the Section. 

'l'he reflecting telescope hy Browning, which hacl hitherto been kept 
in the old H i ~ i g  Ohservi~tory, was dis~nantletl ancl re-erected on the upper 
storey of the Walker Observatory. A uioclel of the solar system, showing 
the relative size and position of the cliff'erent planets, sun and earth on the 
scale of 10,000 miles to 1 inch, wits set up in the grounds of the Geodetic 
Branch Office for the benefit oi' visitors and for instructional purposes. 

The inagnetographs recorded 3 magnetic storuls of gre i~t  intensity, 
ancl 35 earthtluakes were recorded by the Omori Seismograph. Of these 
:3 were of considerable anrl 1 of great intensity. 

During April 1928, ;L I\-eekly training c l i ~ ~ s  untler Mr. H. B. Mathur 
was started, in order to  iulpart practical instruction in the use ancl adjust- 
ment of surveying instruments, and cou~pntations connected therewith, to 
geodetic and other cou~puters of the C:ouiputing and other sections, some 
of \vho~n were recently brought on to  the Upper Subordinate cadre of 
tlie tlepartment 

This Section is also concerned with the periodical supply of meteo- 
rological and uiagnetic data, ant1 correct time daily to certain local offices. 
A scheme to  broadcast correct t iu~e  daily in Dehra Diin and Mussoorie, 
through the ilgellcy of the Electric Supply Company, is under considera- 
tion itnd may be introduced in the near future. 

The Hilig Ol)scrvntory was rebuilt (luring the year and the zenith 
telescope installed on the old 1,ltitude pillar. Regular observations with 
the l i~ t t e r  were commenced in Septeu~ber 1928. The seismograph and the 
tide-predictiug niachiue were removed frot~l thc Rr~rrard to the Haig 
Observatory in June and August 19'28. 

The observatories were vinitetl by Their Escellellcies the Viceroy and 
the C;overnor of the Unitetl Provinces anrl hy other l~igli officials in the 
111onth of April 1928. 

Short  f 'ntc~trt~ry Urrsr~.--Since 1112.7 1)r. H 1111 ter 11:1s tlt.signet1 n short 
r.rrte,~rl ,*!I 1 , r t . q ~  apparatus, that  will provitle a 1)ase of ur~ficient accuracy for 
trans-frontier triangulation. nr triangt~li~tion with an expeditionary force 
or  hnuntlary corn~nin~ion 

His latest pattern I ~ i ~ r r  iro\v l~eeri teetell i l l  the Frontier Circle, and 
was used during the survey tactical exercise. held a t  Abbot t~had in Octo- 
her 1927. when it wiis so favourably reported on t h i ~ t  two 8 e t ~  have 
Ileeli supplie(1 to  the Artillery Snrvey 5ection to for111 part of their 
eclnipment. 

The base takes the Foru of a crinoliut~ chai11 264 feet long, suspended 
3s a catenary ; anal provieion is made for three intermediate supports, 
whicl~ however arc not a l w ~ y s  esseutial Al.rangemente are made for 
Jpplicatio~i or a colistunt I~or izo~i t i~l  tenaic111 t c ~  t l ~ e  chain Targets are 
pro\itlerl a t  the terminal p o i ~ ~ t s ,  to wlricnl~ thtborlolite o).)servations can 
be taken from points .wlit;tl,lc for tlie t.xtel~rion of the 1)irse. nn(l t h i ~  
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11 catenary base" ~tlay be used in a 111nllner siuiilar f o ;I subtentie bilr. 
The tapes for tlie two new sets hare been standardized in tlre Observatory . . 
Section and tables drawn up giving :- 

((L) 
lengths of sections of the b:lsu under standard tension ant1 temperature. 

( b )  catenary correction for variation in nuulljer of inter~nediilte supports. 
(c) correction for temperature. 
( t i )  correction for slope. 
( e )  reduction to  sea-level. 

Further er;periu~ents will be 111:lde in the direction ol using iuv;lr 
tapes instead of the ordiniiry steel crinoline chain, of wl~ich the present 
pattern is inade. 

28. Computing Ofice.--The l l~ost  notable contribution to  geo- 
desy during the year was the interestillg :adclress on t l ~ e  Figure of the 
Earth, delivered by l l r .  J. cle Graatf' Hunter, as l'resident of the Mathe- 
matics and Physics Section of the 15th Intlian Science Congress, Ireld a t  
Calcutta in J;rnui~ry 1928. 

Nllmerous c;rlc~ili~tions, dealing with the investigation illto the 111ost 
suitable Figure of the Earth were untlertaken. Other conrl)utntions, for  
the assess~llent oF itccuracy of trinn~uliited I~eights, for the tletern~inatiorl 
of plumb-line drflections in terlns of the 1ntcrnation;tl Sl)l~eroid, and for 
the adsjustlirerlt of the '11.iiq ant1 l'urco-1'erni;rn bountl;~rg triangulations 
were carried out. 'J'he re~nodelling of v:rrious ])rofessionirI forms was 
conlpleted. Ahout 190 rec1uisition.r for data botlr for departmental and 
extra-departinentnl purposes were con~plietl with. Contoured clegree-sheet 
charts for correcting the CO-ordinates of the topogr;lphical triangulation 
in l / M  sl~eets :38 & 43 of the Frontier ('ircle, were prepnred on 
large scale. 47 tleal-ee sheet triiu~vnlation l):i~nplrlete (inclnclillg ~iiost  of 

O. ? 
the 'Iriiq triangulation) were co~l~pllecl, :111cl 42 were pri~itetl off. 31 old 
trii~ngulation pumphlets, which were out of stock, were reprinted by 
photozincogrnpl~y. As the existing star-charts were not  properly adapted 
for use in the Hitn%lay;~~l region to the north i1s well its in Sollth 
India, sep:rr:lte sttrr-charts for Intitncle 15" ant1 :3O0 were prepn~.etl 
and printed. 

An enlargtd e(lition of l'urt 111 of the Auxiliary 'l':~hles, 5tl1 edition, 
11as been reprinted. 'I'he ti11)les reluting to Lalr~bert's conical ortho- 
morpl~ic prqjection h:~ve I)ee~r nddecl nu nn i~npor t :~nt  feature of this 
edition. 'l'he eep:rrnte stJ;~r-chartn :rl)ove lnentioned 11ave also heell 
inclnded. Part I\' of t l ~ e  Auxiliary T:tbleu iu u11c1er co~npilatioll. 

The Ceocletic Report \'ol. I, 1922-25, h ; ~ s  been publiuhed, Vol. 11, 
1925-26, is in the prew nntl YO]. 111, 1926-27 has been prep;~red for 
press. The editing of Yol. I\', 1927-28, has \)eel1 taken in hand. 

29. Tidal Section.-l'idirl pre(1ictious lor :i7 Indian ports for 
the years 1929 rrnd l!):10 were run off on the title-preclicting ~ n n c h i n ~ .  

Thtb self-registering tide-g:ruges i ~ t  Aden, B ~ L R ~ I I ,  Bornb:ty, Karkchi, 
Madras, R:lngoon, H;~ssein and Elephil~lt Point (Hilngoon River) conti- 
nued to register the tide8 throughout the year. Hnssein. Rangoon, 
Elephant Point and Basrir observntories were inspected. 

About the middle of November 192i ,  ;I passing steamer collided 
with and damaged the observatory ilt Kidderpore. I n  consequence the 
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regietrt~tion of tides a t  t h i ~ t  port was interrupted till the tide-gauge was 
re-installed in August 19'58. 

The readings of irctual times and heights of high and low water 
during daylight hours on the tide-poles a t  Bhiivnagar, Chittagong and 
Akyab continued to be received and were dealt with. 

The harmonic analysis for Rnssein for the year 1'326 was completed, 
the port being treated as an open sea port. 

The printing iind publication of the 1929 tide-tables is expected to 
be completed by the end of October 1998. Advance copies of the tids- 
tables of 17 ports for  1929 were despatched to the Hydrographer to the 
Admiralty by the end of March 1928. 

The 'Irgq Governnrent having agreed to pay the cost of preparation 
of a new set o f  charts, giving the monthly mean values of the heights 
and times of high and low-water.; corresponding to  the mean times of 
the moon's trzrnsit, lfi euch charts for the port of Basra were prepared 
during the year and hitve been used in the predictions for the tide-tables 
of that  port for 1929. 

The tidal station a t  Hasrn was not previously under the control of 
this Departtnent, but as the predictions were of a low order of accuracy, 
Mr.  D. H. Luxa, the tidal assistant, with the approval of the 'Iraq 
authorities, inspected the automatic tide-recorders used by the Port 
Directoriite along the Shatt-nl-'Arab. He also saw the tidal data and 
records, availirble in the Chiel' Engineer's Office a t  Tanii~nah, and 
instructed the officers responnible for the working of the iiutotnatic tide- 
recorders a t  Taniiuiah, Abltclan i111d 1750. Tlie Survey of India has 
asked the port authorities to sen11 certain records, as recommended by 
Mr. Luxa. I t  is hoped thereby to  increase tlie precision of future 
predictions. 

30. Gravity and D e f l e c t i o n  Observations.-(No. 14 Party).-- 
I n  Sind 1~11d Balucliistiin the force of gri~vity as well as plumb-line 

deflections in the ~lieri t l i i~~i ant1 prime vertical were observed a t  13 
etations :- 

3 stations near the coast in Las Bela State. 
4 stations in the Iritlus Delta. 
1 station a t  Hyderiibiitl (Sind). 
5 stations in Chiigai rliatrict, Baluchi~tBn. 

Gritvity ohservntions alone were 111arle at, 3 stnbions in Chiigni 
district. Observations were taken by Miljor E. A. Glennie, I> .s .~ . ,  R.E., 
and Mr. B. L. Chlittee, M . A .  Except for one conclirleri~ble northerly 
deflection near the Rann of cutch,  no except,ional r6EIult~ were obtained. 

31. Triangulation.-( So .  1.5 Pirrty).-Secondary triangulation 
wae carried out i r r  the S n r t h  11-est Frontier I'rovince a t  the special 
request of the Director. Frorrtier (:ircle, to form n reliable frrtrnework 
in thie nreo, from whicl~ tht- ;rccnrrruli+tecl nr;iw of minor work could 
be a~ljuclted i ~ n d  I~rorrght into the c l i l i ~ i ( -  terma. The work consi~ted 
of two short extencliona; the t ird fro111 the (:l-eilt lntlrr~ Principal Series 
about Ga~nphellpore to the ueight)onrhood of l'e~hiiwitr, r l  total length of 
60 miles; and thtl seconrl running from the North Haluchietiir~ Series, 
north-weet of Beunu, tip the Kurrir~n valley R A  far a~ P~rachiniir,  and in 
the oppoeite direction to Bozmak, a total length of 90 miles. The 
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observer was Captain G.  H. Osmaston, M.C., R.E., who used a slnall Wild 
universal theodolite with very satisfactory results. 

32. High Precision Levelling.-(No. 17 Party).-Out of a 
total length of 13,300 miles of levelling of high precision required for 
the new geodetic level-net of India, 334 miles were completecl during 
interval 1927-28, bringing the total completed up to date to 5,333 miles. 

A total of 1,431 miles of high precision levelling was done. This 
includes branch lines not reckoned in the net mileage:- 

In fore direction only.--361 miles 
(a)  Muttra-Delhi-Meerut in U. P. and Delhi . .. 154 
(b) Sahiiranpur-Ludhiiina in U. P. and Punjab 138 
(c) Nakhtariina Mot&-Lakhpat in Cutch ... 62 
(d) Unhia Tar-Mughalbhin in Sind ... 7 

In back direction only.-235 miles 
(a)  Waziriibiid-Ghakkar in Punjab ... 11 
(b) Basta-Howrah in Orissa and Bengal . . . 145 
(c) Mughalbhin-Tatta in Sind . . . ... 79 

I n  both directions.-2 x 302=604 miles 
(a) Jhang-Waziriibiid, Punjab . . . ... 2 x 201 
(b) Balasore-Basta, Orissa ... ... 2 x 18 
(c) Hithras-Muttra, TJnited Provinces ... 2 x 27 
( d )  Dellra Diin-Sahiiranpur, United Provinces 2 x 56 

Revision i n  one direction only.-231 miles 
(a) Sukkur-Daur, Sind ... ... 113 
(b) Hyderiibiid-Daur, Sind . . . ... 92 
(c) hjiir-Mamuiira, Cutch . . . ... 26 

The standard bench-mark at  Bhiij in Cutch Statme, the construction 
of wl~ich was not completed when the net-line through Bhiij was run in 
1922-23, was connected during the year. 

Captain Bomford investigated the effect of refraction in lines of 
levelling, where the ground slopes continuously in one direction; and also 
the best method of levelling across large rivers. Some account of these 
researches are given in Geodetic Report Vol. IV. Levelling from 
Suhiiranpur to Dehrn 1)iin and the crossing of the Indus river between 
Suj&wal and Tatta in Siud were done in accordance with the deductions 
he made from his investig n t' lone. 

Secondary anti tertiary levelling.-Reports of these works will be 
found under Paart X of this report (p. 81.). 

Torsion balance survey.-A special detachment of No. 17 Party 
under Mr. K. K. Das assisted by Mr. H. C. Banejee was sent to Aseam to 
assist the Burma Oil Company in its torsion-balance gravity survey 
of the oil-fields of Assam. 

33. Miecellaneoue.-O~q~niaati07~~-The Government of India sanctioned 
the inc~rporn~tion of the Geodetic Compriters of the Computing Office in the Upper 
Sr~bordinnte Service of tho Survoy of Indin with effect frorn 1st April 1927. 

Tcrt,iery lovcl l i~~g of the IInveli irrigation project of the Punjab Government was 
trnn~forred froin No. 17 Pnrty, Geodetic Rranch, to No. 29 Party (Rectsngulation), 
Frontier Oirole. 

The commercinl levelling group of No. 17 Party, which hitherto had A separate 
budget, wns amalgamated with the main party. 
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111.-ABSTRACT OF MAP PUBLICATION 
AND OFFICE WORK. 

34. Full Reports of the work of all drawing, printing, and 
miscellaneous offices of the department, with Index Maps showing the 
progress and present state of map publication on various scales have been 
published separately in the AMUP Publication and Ofice Worlc Report for 
the financial year ending 31st March 1928. The following extracts from 
the full Report show the most important result of all this work, in the 
shape of Publications and Issues, etc. 

Table I (a)-Maps published at Calcutta, during the year 1927-28. 

! . New Reprinte Number of 
Claea of mapa. Sctrle. publica- and 11ew eheets 

I tione, editions. 
I 

GENERAL MPAS. I Departmental. I 
Mape of Indin ... ... I Varioua 1 ( 2 ! 3,900 1 4.850 

Southern Asia ... ... 
India and Adjacent Countnes ... 
Carte Internatio~~ele du Monde 

0-d TOW ... I ...... ( 1,140 1 480 1i,om,~oo 1 e.7a.801 

1:2,000,000 2 l j  6,482 
1:1,000,000~ 1 2'2 1::iBi 20,350 
1 :1,000,000; ... 2 '  1,764 

TOPOGRAPHICAL MAPS.[ 

Quarter-lnch, Modern .. 
(Prely.) .. 

... (Provl.) 
~ d f - i k h .  Modern ... 

... ,, (l'rely., 
One-inch, Modern ... 

... , (Prely.) 

... I I (Provl.) 

... Old rtyle eheete ... 
SPECIAL MAPS. 

Adminietration roport maps ... ... Provincial maps ... 
Plane of Clt~ee and Canton- 

mentr ... ... 
Index mspr ... ... 
Miscdlsneoue mapa ... 

Total ... 

M a p  ... ... ... 
PIanr and dlegrnmr ... 
Illurtrntionr ... ... 
Mi#ollmeour ... ... 

I 

1 

1"=4 nllles 22 I 14 16,182 1 24,784 

... ..... TOU I I 813 1 a 

7,640 
8,574 

94.888 
... 

2,81,228 
6,992 ... 

10,877 

10 
1 ,a61 

11,722 
20,496 
19,088 

Dltto 4 6 1 4,920 
Ihtto ... 19 , 5,644 

JI1 '=? mllos 41 1 15 ' 81.270 

ee~.aaa 1 90.937 

... 
149,431 

8,901 ... 
7,182 

6 0 
1,009 

4,881 
la1,176 

27,228 

Dltto 
l"=l  mile 

1)itto 
Ditto 

Var~oue 

I"= 8 miler 
Variour 

Ditto 
Ditto 
Ditto 

... 1 317 1 a98 1 339.877 14.78.894 

... I 
158 

4 
... 
... 

... 

... 
6 

88  
2 1 

48,984 
9,228 

84.284 
8,541 

Eztra.departmsntal. 

... 
101 

4 
... 

4 2 

1 
1 

2 
88 
28 

Various 
Dibto 
...... 
...... 

208 
199 
867 
6 1 

62 
60 
18 
82  

162,818 
121,801 
l86,89a 
208,817 
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Table I (6)-Maps published at Dehra D in .  

Kew 
Claee of maps. 1 Scale. / publica- 

tions. 

Reprints 
and new 
editions. 

I Departmental. I Rs. a. p. 

Kumber of 
sheets 

printed. 

--- 

Value. 

... cantonment mape ( Variou. 1 
la2 1 12,900 

Nnpe ... . r o s  1 151 24 65,487 1 7,494 L 0 

26,800 0 0 

Foreet maps ... 
Miscellaneous ... 

,.ale. ~ ~ a a e  of mapa. 1 p2:Za- tions. 

... . Total I 1 179 / 167 1 26.649 1 37.230 16 3 

I I 

$I 

... Plane and diagrams 

Chart6 ... ... 

Total ... 

Grand Total ... 

Reprints 
and new 
editions. 

161 

... 

Table I (c)-Maps published at Quetta. 

, 1 1 7  . 44,954 

4" = l mile / 221 ... 1 30,768 
! 

Departmental. 

4,480 10 8 

3,156 0 0 

Number of 
sheets 

printed. 

Plans end diwrama 
6 7 

34 

1 

... ' 495 24 1 141.209 1 15.130 11 8 

... i 674 191 1 167.758 1 62,361 10 11 

Value. 

Charte ... .I 

- 
Total ... I ... 1 57 

11,478 

2,171 

Maps ... ... I Various I 8 1 41 2,886 1 1.628 6 0 

11,349 8 8 

81 7 0 

Chnrts ... ... / .. I 8 

T o t  ... I . . . .  1 
Orand Total ... 1 ... 1 119 
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Table I (d)-Maps published at ~eshawar .  

TABLE XI.-ABSTRACT OF MODERN TOPOGRAPHICAL MAPS. 

Class of maps. 

Topographical maps published in 1926-27 , 149 1 37 i 2 2 

Scale. 
New 

publico- 
tions. 

Do. do. publiehed in previous / 
yenrs. / 2,426 , I 865 1 188 

Total puhlishcd ... / 2,575 1 702 1 206 

Nilitary maps ... 
Miscellaneous ... 

Quarter-inch 
Degree sheets. 

1 One-inch 
I sheets. 

35. Notes.-C(c1czitta.-In atidition to  the work shown in 
'J':rblr I((&) ruilterial for  the original mapping of the Eastern and Burma 
Circle#, :mrl for the cornpiled mapping of 311  circle^, and also for the 
new C;rtalogue of Maps (under preparation) and for numerous extra- 
departmental maps, wac supplied Xine infleses, in colours, lor the 
Genrral and Map Publication Report3 and Supplement, were printed. 

'The work of surprinting thc rrlinute I I I O H ~ ~  on stock co1,it.s for  the 
Arrlly I)epart~nent,  which (luring the year il~rolved sever;il thousand 

i.i nearing completion. 
36. 1)r~hrn Ddn --In addition to the work ~ h o w n  in Tsble I (b )  

11 .',,I 99 prints of  1 , I  .-)O original#, c o n ~ i ~ t i n g  of plane-tahl~ ~ e c t i o n ~ ,  
t r i a n g l ~ l a t i o ~ ~  chart8 :inti parr~phlets, :lnd f o r o ~ t  111ap~ were printod. 

37. Rrrngr~lorr' -The Photo. Zinco section of No. 4 Jlrawing Office, 
pan;31rlrc.. rt.pro(lucetl 5'7 n1,lp.: nf csti i tc~.  forests. etc . on p~rytnont for 
Illcli:ln nti\tclq ;tntl pri\atc inclivi~Iu,~l~ . ;11so ,458 pl.~ne-t.~ble ~ect ions  for 
p;lrtie~. It ;~lso prepared 28s vi~ndyke pl'rtes. The total number of 
pulls in the hand preseee were 9,013. 

Reprints 
and new 
editions. 

Half-inch 
sheets. 

Rs. as. p. 

91 0 0 

17 0 0 

335 0 0 

Number of 
sheets 

printed. 

Departmm~tal. 

443 0 0 

421 15 0 

Value. 

I"= 1 mile 1 3 

2 3"= 7 3  

26 Various I 
Total ... / . .  1 31 / ... 1 1.647 

Miscellaneons plane and 
diagrams. 

... 

... 

... 

Extm-departmental. 

Various I l5 I ... I 836 

Total ... I ... 
Qnnd Total ... / ... 

200 

30 

1,417 

15 

46 

... 836 1 421 15 0 

... / 2.483 1 864 15 0 
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Table 111.-Letterpress publications. 

fa )  PUBLISHED AT CALCUTTA. 

General Report of the Survey of India, 1926-27.-(475).':. 
Do. . Supplement to, 1926-27.-(75). 

Map Publication and Offlcc Work Report, 1926-27.-(300). 
Hand-book of Topography, Ch. V I I I ,  1927.-(600). 

Do. do. Ch. XI,  1927.-(600). 
Do. do. Ch. I ,  revision of Appendix 111.-(750). 

Correction slips, to Handbooks, Type Table, Border Specimen, etc.-(19,570). 
List of maps pnblished, issued monthly.-(800). 

Do. do. (F. 0. U. 0.1, issued quarterly.-(175). 
Survey Notes, issued nlo1ithly.--(350). 
Government of India and Circular orders, etc.-(1,800). 
Type Specimen Book for Drawing 0Ece.--(200). 
Index to names-Calcutta-Howrah guide map.--(2,300). 
Notes of the Vandykc Process.--(100). 
Camp Officer's Record boo1z.-(200). 
Instructions and Application form for candidates, Class 11 Service.-(600). 
Annual Indents for European Stores.-Various. 
Calcndar for 1928.-(3,500). 

f b )  I n  H a n d  a t  Calcutta. 

Hand-book of Topography, Ch. VI., Revised Edit ion.  
Do. do. C h .  S., Revised e d i t i o n .  
Do. do. C h  IV. ,  Field T ~ a v e r s e  Table o~t ly.  

Correction slips to Handbooks, Type Table, Border Specimen, etc. 
Dcscriptio~la of Conve?ttional Signs for Topo, ninps. 
Catalogtic of ?naps. 
Pr ice L is t  of S7trvey of India ,  ntnps. 
Government of I n d i a  a n d  Circlllar orders. 

f c /  PUBLISHED A T  DEHRA D&. 

Geodetic Report, Vol. I ,  1922-25.-(500). 
Professionnl Paper No. 21, Irrigation ck Settlement Surveys, 1926.-(400). 
Hand-book of Topogmphy, Ch. 1V.-(760). 

Do. Addendum. Ch. VI1.-(250). 
Tide Tnblecl. Indian Ports for 1928.-(5,525). 
R,eport to International Union of Geodesy A Gcophy~ic8.-(1,030). 
Levelling Y n n ~ ~ h l e t  hddcnduln, No. 39.-(125). 

Do. do. do. ., 40.-(100). 
Do. do. do. ., 41.-(300). 
Do. do. do. ,. 73.-(300). 

Sccondery Levelling Lincs ,, 90 Be-(200). 
Do. ., 90 C.-(200). 

Triangulation l'a~nphlet)s.---(lo0 of ench). 
Cntulogur of hIaps of Cantonment8 & Military Stations-Public edition.--(SOO). 
Route8 in the \Vest,ern HilniClnya ~k Kashmir, corrcction8.-(610). 
Auxiliary Tnbles Part I, reprint.-(100). 
Traverse Tnb1cn.-(50). 
Tiine of reception of Radio Signa1fi.-(800). 
Circular hy the Surveyor Genrrnl in rag~ . rd  to Air Surveys.-(1,000).* 
 notice^ of t<ha Survey of Tudia.-(1,650). 
Ann11a1 Report on standard hc~lc,h mar1ts.-(600). 
List of T'ublichtion~ !lotlcrprcs~J of Survey of Indie,.-(160). 
Correction slips, Vn.rious.-(2,060). 
148 Profession~l for1n~.-!1,62,Li00). 
Miscellaneuue jobs.-(1,78,844). 

. . . .~ . . - . ~ -. + 

*Numhor~ in hraclret~ a f t ~ r  ~ a o h  itsem denoto tho l~omber of copies printed. 
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Table 111.-Letterpress publications.-(Concld.). 

/dl In Hand a t  Dshra Diin. 
Geodetic lleport,  Vol. 11, 1925-26. 
Hand-book of Levslling. 
T i d e  Tablea, Indian P o r k ,  1929. 
Leuellina Pamphlet No. 53. 
32 Secondary Levelling Liner. 
I I  Triangulat ion Pamphlets 
Auz i l iary  Tables- Par t  1II. 
A c c o ~ ~ n  ta Pamphlet. 
Qi~zl i f icat ion Report f o m t  for Lower Subord,inatea, Reviaed. 
Correction alipa to Foreat Map Ofice catalogue. 
I~overnment  of Indict Ordera (Administrative) 1919 to 1924. 

38. M a p  Issues.-The following Table ehows the number of 
mapa iesued during the year. 

Table 1V.-Maps issued by Survey units. 

) 0s BOOK TRASS- 1 
I FER ( T O  GOVERS- 1 OS I FREE ISSUES. TOTAL. 
( Y E S T  OPFICIAI.S).' 'IEsT' 

I)=. Depxrtmentnl 

S = Extra-depnrl- SIIIII,,cI. 

~ n m t n l .  c,f . S:11c 1 N u ~ n l e r  S~~rn l ) c , r  
; Of , sale , k'act. /Number; , Sale 

; v o [ ~ i ~ .  Value. , cn,,ics. I i-altit.. cnpic.-. ( T;IIUC. 1 copies. Of value, 

i 1 Rs. 1 i Its. J i Its. 
I I RB. 

-. . 

l,i3,622* 

H4,425* 

- 

I 'alcnttr D I 63,313 

1.13.308 

I 

60.154 : 84.816 j 6&!,i37 

131.243 15.968 1 7  

1- 

90.8i6 

68,46i 

l.05.43!, 

2.RRt; 

17,119 

12.269 

...... 
i02 

9 

...... 

187 

............ 
3,334 

1)ehl.a DBII 1) 

S 

simla D 

R~walpindi ('.A" 
Company) X 

Q c ~ e t h  ("E" 
Company) D 

peehawar ( S o .  18 
Party) D 

X 

Mueaoorie D 

Rangalore D 

......... 

192.204 

:P$N).II~H 

14,845 

i1.124 

...... 
6.50 

6 

. .., 

2 0 0 ,  

1,499 

Tobt.18 .. 

1.567 3,627 7.837 I 
2 . S i  ! 3.74$ I 64 

1 128 j I Z  

13.93; 

20 

I n  

.,.... 

...... 

443 

...... 

...... 

....,. 

...... 
Shillong P 

Z l a p y a  D 

100 

64 

...... 

636 

302 

4,907 

SO1 

318 

I 

24.26!4 1 2l,O41;* 

73.74.; lli.01 7 

i 2 
I 

146 

I .O.i() 1,206 

;n 1 nh 

I >64 7 -4 4 :3 

836 422 

302 596 

6,406 13,398 

601 1,066 

888 1,680 

...... ...... I 
I 

370 , 1.006 
1 

595,515 j11.o~ 1 m m  , ~ . a , ~ i  
I 

504 

96 

...... 

23.5 

593 

9,964 

1,OSS 

i i,am j m,w 1 us,eeo 
I 

...... 

...... 

1.647 

...... 

...... 

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

...... 

Tbeee figurea do not inolude the v ~ h e  of free issure. 

1316 1 ...... 
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39. Map Record and Issue O f i c e  :-The total proceeds from 
the eale of mape, which excludes the value of free issues, show a decrease 
of Rs. 19,121 from the last year's figures, while the ;lctual number of 
copies issued fell by 198, '723. 

The reason for this decrease may be ascribed to  the fact that  smaller 
sums were placed at  the disposal of the military authorities for the pur- 
chase of 1n;lps during the last tinancia.1 year. 

The value of Departmental Book-Debit issues remained practically 
the same, but in the case of Extra-Departmenta.1 issues, i t  increased 
by 4,667. 

Cash sales, on the other hand, decreased by 41,309 copies of Depart- 
mental issues and increased 1)y 10,101 copies for Extra- IIepartrnentsl 
issues, while free issues show an increase of 8,558 nepartinental and 
8.969 Extra-Departmental copies. 

New steel almirahs, with a total capacity of 2,102 shelves, were erected 
during the year, leaving a balance of 3,758 shelves still t o  be provided. 

40. Dehrn D U ~  Map Ofice.-Most of t,he issues from Dehrir 
1)iin are Sorest, Cantonment. and other special maps for Go~ernment ,  de- 
p;l.rtinents. 

41. Stock of Maps.-Culcu,lt(i. A comparison of 'l'able I(a) 
with Table I\' shows that, during the year, 399.877 depart~nental sheets 
were published a t  C~lcu t t a ,  while 192,204 sheets were actually issued. 
Some 7,600 copies of superseded maps were withdrawn from stock, the 
net increase of stock being, therefore, about 200,000 and the total stock 
in hand about 5,200.000. 

Dehru Din. .  The corresponding figures for Dehra Diin are 167,758 
published, 160,068 sheets issued, stocks in hand have increased by 7,690 
sheets (;120 new maps). The total stocks in hand in Dehra Dun a.re est,i- 
mated a t  3:33,077 sheets. 
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42. Mathematical Instrument 0fflce.-'l'he tlelnands on the 
office for  the supply and repi~ir 01 illstruluellts nntl the \\-orkshop out- 
turn ;ill show a consider.ll)le increase ~ ~ ~ t l p i ~ r e t l  with rerellt yeibrs 1, 2 

(; in the following Tirble 1. I ) P I N , I I I ~ ~ S  1,. Pn1)lic \\'arks J)epartment, 
Mi]it;\ry anti ttailwitys were u ~ ~ u ~ u i ~ l l y  high 

1 j )  to .:l$t .l/(tl ch I!)?;. 1 -  1 1927-28, 

-- - - - - 

1:s. , I /IS. 1 Rs. 

1. Total valne of stores issued 4..'0.:140 ' 5.1i.4lO 1 5,60,829 

2. Value of repairs carried out to order 1 8 1.40.l44 1 1.54,092 

3. Value of instrnmeuts, etc., r~turi ict l  to 
Store by those who no lo~rger recluil,tl 
t.hem . . .  . . .  . . .  5 0 5  1 99.369 63,760 

4. nook V(t11~e n /  stock 
(a )  I n  Servicrahle Store . . 4 4  2,4S,fiG9 
( b )  I n  Repawable Store . d l  .527 80,559 
(c) In  Matrrinl Store 2.16.136 1,94,132 

I 

2,87,839 
97.799 

2,01.072 

5. kTaZtte of ,Veto It~strttmrrrts nrrtl Jl~ttrrrcti~ 
( a )  Jda~rufnctured iu Workshopr; 1 11,-10.642 
( b )  P~irchaaed locally 43,:32(i 83.016 
( r )  Imported through thr Stores 

Department, Lnndol~ 92,OO:: I l,82,919 

2.92.781 
93.964 

2,47,624 
i 

6. Wmkshops I 
(a) Valric of work done .. 4.81.9(iO 1 4 1 .  
( h )  Cost of employees (i~loluding 

*entiion contribr~tion J . I .lio.f55 1 1 ,i0,9AO 
(c) Averege nulnbcr of tb~n!)lnyeea So. 41:! I So.  458 

I 

5,49,208 

1,76,672 
NO. 461 



1V.-ABSTRACT OF TOPOGRAPHICAL WORK. 

43. The following Tables show the progress of the topogra- 
phical programme assigned to the Department i l l  1905 and the out-turns 
and cost-rates of diiFerent parties during the year under report. 

44. Progress. It was hoped in 1905 that  maps on the scale of 
1 inch to  1 mile would be available for the whole Indian Empire within 
25 years; but the work has been greatly retrenched and delayed from 
various causes, and in 1913 the Secretary of State sanctioned a scheme 
for the reduction of the scale of survey in the less populous areas. 
Allowing for the surveys to be carried out on the reduced scales of 
4 inch and 4 inch to 1 mile, under this scheme, we may roughly regard 
half the work as being completed by 1925 ; though there is n ten- 
dency to  revert to the 1 inch scale in special cases owing to the pressing 
requirements of geologists and engineers, combined with the modern 
military view that this is the smallest scale euitable for tactical opera- 
tions. Table B gives an idea of the work ahead according to  present 
policy, and the state of the worlr is shown in the Index  Map a t  the end 
of this volume. 

Revision 0.f m o d e r n  s u r v e y s  has a.lso become necessary in some 
important frontier tracts and is already much needed in some other 
areas. Also some areas surveyed on smaller scales have had to be re- 
surveyed on a larger ecale. The figures for this work are given in italics 
a t  the end of Table A. 

Table A.-Progress of Topographical Surveys since 1906, 

Scales of survey m o ~ t l y  1 inch to 1 mile, but including 2-inch, 13-inch, +-inch and 
some f -inch work occttsionnlly. 

Survey years. 
Old Norlhcrn 1 Old S o ~ ~ t h c r n  I Old Eastern 

TOTALS. 

Sq, ntilee. 

168,844 

239,877 

184,288 

266.208 

798.207 

C~rrle.  r l  I Clrcle. 
- ---- I 

- I - - - - - - -- 
I 

Sq. m i l e s .  

62,885 

51,654 

40,664 

68,703 

Totall to 1926 ... : 304.231 281.976 1 21 1,896 
I I 

Sq. ?,tiler. 

44,675 

70,765 

59,916 

1906-10 . . a 

1910-16 . . . 
1916-20 . . . 

$9.  n t ~ l r n .  

70,784 

116,958 

33,713 

1920-26 , . a Y2>777 1 3 06,619 
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Table A,-Concld. 

The Burma Circle wns separated fro111 the Eastern Circle in 1922-23. The Norther11 
u t ~ d  Southern Circlcs werc reforuied as three Circles in 1935-26. The nbovc totale are 
therefor0 redistributed anlongst the presctlt tive Circles (with slight ndjust~nent based on 
revised estinrates). nu follows:- 

, I I 
Snrvey Frontier C c ~ ~ t r n l  Soutl~errr Eastern Runl.111 
years. Circle. C'ircle. Circle. Circle. Circle. TOTALS. 

Total pro- 631.616 438.000 343.560 285,235 ( 265,876 1.864,27br 
gramme. 

1 

19?;-2'b ... 1.101 c SII 1.ii.i N t l  N i l  1 2,844 

Thp*~. totals nre r ~ r r l n ~ i r r *  1 9 f  ;ll.!?lT, s,lnlll.c i l ~ i 1 1 ' 4 ,  H I I I . \ . ~ ~ ~ I ~ I ~  ill X ~ p i i l  rln t I 1 ~  {.i~~cli rlcalc. 

Table 6.--Analysis of balance remaining on 1st October 1928. 
1 I 

... ... . . .  ... 1)-inch I+ over 47.593 I I 1 47.59ll 

l - inch ... .j79166\ I 47.lHi , 100.769 1 I l l . l i l O  108.877 1 423.779 

... ... ]-inch 906.1H1 14R.739'  ' 49.427 ZOi17 4PH.HIII 
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V.-SURVEY REPORTS, FRONTIER CIRCLE. 

I Colonel C. P. Ounkr, c.r.e., o.H.B., w.B., to 28-3-28. 
DIRECTOR :- Lieut.-colonel S. Mr. Sackville Hnmilton, u.r.0. .  H.P . ,  from 

29-3-28. 

45. Summary . -The  units administered by the Frontier Circle 
were "A" ilnd '*E" Survey Companies Kos. 13, 18, 22 and 23 Parties, 
Settlement Survey Detachment ilnd No. 6 Drawing Oftice. No. 22 
(Riverain) Party was transferred from Central to this Circle and No. 24 
Party was transferred from this to  Central Circle from 1st  April 1928. 
No. 13 Party was also under the Administrative control of D. E. C., 
and D. G. B. during part of the year. 

46. Trui~~ing.--4 R.E. Officers, 3 Class I1 Officere, and 9 Upper 
Subordinates, all probationers, 23 Soldier Surveyors, 4 pupil Surveyors 
and 5 pupil Draftsmen commenced or continued their training in field 
and recess work irr "A" and "E" Survey Companies, and No. ti Llritwing 
Ofice. One of the pupil draftsmen wa8 discharged as unlikely to  become 
efficient, and one of the Soldier Snrveyors under first period of training 
\\.ils reverted to his regiment. 

47. Speciu1.-Lieut.-Colollel Sltckville Hamilton, while in charge 
of No. 13 Party, made extensive tours nnd conferred with several 
1)irectors and oficcrtl in charge of partie8 and offices, in connection with 
the preparation of the Field Service M ~ I ~ U R I S  (Surveys') which will be 
publishecl by Army Headquartere. 

He also edited the report on the Northern Cnmn~and Survey Staff 
Exercise which took place in October 1927, and which 11e attended a8 
Director with Blr?jor E. 0. Wheeler, M . c . ,  H.E., as Deputy Director. 

A Field Sul.vey Company under the Conimand of Captain W. J .  
Norman, M.c.. H.E . ,  wae provided for the Exercise by "A" and "E 
Companies, a Reproduction Section by " E "  Company, and the Air- 
Survey Section by KO. 18 Party. The R. A. Survey Section and the  
R. A. F. also took part. The detailed report is being published by Army 
Headquarters. 

While in Bengal, Lieut.-Colonel Sackville Hamilton visited the MBlda 
d i ~ t r i c t  Air Survey as n result of which he eubmitted proposals to  expedite 
and cheapen the cost of reproduction of air surveys by the employment 
of the Typon Proces~ .  

48. The fleld work of Units wae as follows:- 
" A " Surve!l Compnn y. Topography on 4-inch, 1 -inch, 1)-inch 

and 2-inch scales in sheets 43 B, 44 1, 53 H/2 and 4 inches= 1 
mile Survey in 43 F and G Some triangulation wae carried 
out in advance. 

" E M  Survey C o n t p a i ~ y .  Topography on f-inch scale in sheet 
40 J ;  on 1-inch scale in eheets 34 0, 39 C and D ;  40 D. 
Some triangulation was carried out  in advance. 

NO. I S  Party. Material for Field Service Manuals (Surveys) wee 
collected and Miilda Dietrict Air Survey was inspected. 

No. g2 {Riverain) Party. Traverse, plotting and compilation 
of Settlement nzuadvia in Montgomery district in eheets 44B 
and F. Traverse and baee linee in Clujriinwiila end Shihpur 



S U R V E Y  REPORTS, FRONTIER CIRCLE. 

districts in sheets -48 H and 44 E. ~lIurtcbbdbn)tc/i in 
Montgourery district in sheet 44 F;. I)emnrc;~tion of bo~ndi l ry  
between the PnnCji1l) r~nd ruitecl I ' ro~inces of Agra i~nd  Oudh, 
in G u r g a o ~ ~  i ~ n d  E i i l ;~ i i~ l~h ;~hr  districts in sheet 5 3  H .  Traverse 
levelling an11 detail survey on scale 1 inch = 100 feet a t  
PiSli~nipur and Baijlliltll in sheet 33 1) for the Ziiiii~ril ~ i ~ l l e ~  
Development Scheule. 

S o .  23 I'tt).t!l. 'L'opogrnphy on 4-iuch scale and traversing, 
levelling, and detnnrcaticbn of rectangles for the Punjab 
Government in the ,Ire:% co111111anded by the Havcli Irl-igi~tion 
pro,ject in sheets 39 N, O a ~ ~ d  44 A, B. At the C. R. E.'s 
request, cletail survey of tkvo su1:11l plots in Karacl~i was 
completecl on the scale 100 feet = 1 inch to show one-foot 
contours, one plot being in the S e w  Infantry Lines area 
0 26 square miles and one plot in t l ~ e  Rest Cixnip area 0.04 
square niile. 

Settlemettt S ~ L ) V P ! J  L ) e t t r r ~ l ~ ~ ~ ~ r ~ ~ t  Trilversing ancl surveying in the 
Deril I s n ~ i ~ i l  Khdn district Rouucl,~ry survey in n portion of 
Malilndri area in P e s l ~ l ~ v i ~ r  District, Xorth-Wcst Frontier 
Province. 

No. I S  (Air Stcrv~y)  Pctrty conipiled the Chittagong 4-inch forest 
nlap (para. 65)  iirid the guide lllnp of Multan t ~ n d  surrounding 
country. I t  also attended the Survey Tactical exercise in 
October 1927 

"A" Survey Company. 
Cnpt. W. . I .  Norrniln, b f . ~ . ,  R . E . ,  fro111 1-10-27 to  30-4-35, 

f?flcpr ( 'OII I I I IU I I I I I I I !~ , -  lliljor C : .  O .  I.P\v~R, o . R . E . ,  &.I:., horn 1-.i-28 t.0 30-9-28. 

49. General .-The fie111 headclui~rters during the cold weather 
were a t  Riiwalpindi where technic:~l li~obilixation ~ t o r e s  for 2 smvcy sec- 
tions ore kept. Receos het~d(luarter8 were a t  bll~rree. 

Original uurvey of tribal territory in the N.W.F.P. has been conti- 
nued an11 in nclclitio~~ t'olir sheets inclu~ling T,ahore an11 surrounding 
country, originally sr~rveyetl in 191 1-12, ha\.e been revised. This has 
entailed a hot a8 well au a col11 weather tield season. I n  addition there 
is a permanent c-lrawing section and fair 111trpping hils heen carried out 
continuously throughout the year. 

C l o ~ o  l i a i~on  wit11 H Q Norther11 C:oln~nan(l 11;~s heen m:lintainecl 
The company took part in .I inost instructi\e snr\ ey exercise in Octnljer 

TI&@ A ~ ~ r r n l l r  slt.e)p!/tk (luring the colcl weather \vnR 2 ('li~sa I Officers, 
2 C lnu~  11 Officers, 2 IT S Seni re  Otlicer~ ant1 33 1, S S Officrr~ an11 
during the hot weather. 4 C'IJSR I OlKcer.9. 4 ( ' I ' I s R  I1 Officers. 5 I: Ci S 
Officer8 and 30 1, S S OHicers 

Porso)nnrl --1Cli!ior C. (: Len-is, n E . on retllrn fro111 foreign utnrrice 
took over cn~nln,lu~l of the coii~pn~ly on April 20th f ro~n  C1:1pt M' J. 
Sonnan,  M c3 , R R ,  \r*llcl p r n c ~ ~ ~ e l l t ~ ~ l  on I ~ , I v I ~ :  J,t I >I Carlell, I L E ,  
w s ~  lent to No G 11r.rwi11g Otlic.1: lor 3 rl~nntli, ~lnrirlg tho cold weilther, 
Lte. D 31. Rnrn, I{ E , nntl t tI I t  IYilson, I! E were tr,\l\nfel.retl to " E "  
Company for the cnld u-enther an11 ryiointvl " A "  C ~ I I I ~ ~ I I J .  for  thc 
hot weather tield RcaMon: Lt. I) I1 Crone wns powte(l to the co111pn11y for 
the survey exercise in October only. 
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Of Class 11 officers, Mr. A. A. Grah:~nr left the couipltny on hlny 1st; 
on ~~roceeediug on leave; Air. T. M. C. Alexa~itler was posted to No. 24 
Party lor the cold weather and rejoinetl ' . A "  Co~npany in April; R .  S. 
Sannk Ch;ind Puri (Class I1 1 joined the conlpuny in Mi~y. 

01' U. S. S. officers. Mr. J,;lltan Khan w7ns with "E"  Coiirpi~ny for the 
cold weather; both he and Mr. Lillbir Sinah .joinecl "A"  Conlpany for the 
hot  weather; Mr. Chiri~gh Shall joined the conlpany in April. 

50.  Field work \V:LS orgi~nize~l ;is follo~t-s :- 

Cold tr)er~thc~.--Mr. Afraz Gul Khan tU. 5 .  S.) with 10  surveyors 
revisetl 1.088 square ~niles on thc 14-inch scale in Lahore and 
Sllckhiipuri~ 1)istricts. Pnn.jab (Sheet 44 I) .  

Mr. Molii~~nnri~cl Husai~l  Khan (U. 8.  S.) with 1 surveyor surveyed 
2.5 square iniles on the 1-inch sc:~le in Madda Khel country, 
S. \V. F. P (Sheet 43  B). 

One snrveyor \\.;IS sent to Ilellii to reviue the riveri~in area in 
sheet 53 H / h n  the ?.?-inch sc;~le. 

Mr. C. 11. Asla~u ((;1,1ss 1 1 )  connectetl the triangulation carried 
out by this collipaiiy in s l~eets  38 R l  & X and 43 A &  B 
ill 1386-27 to tlle new series run l ~ y  KO. 25 Party during 
the year. 

S I C ~ I L ~ P Y . - L ~ .  I. 31. Cadell: I< K . ,  wit11 &1essrs. h1olialnunad Husain 
Khnn ant1 Afrnz Gnl Khi~n  (110th U. S. S.) was in charge of 8 surveyors 
carrying out ol-igiixrl survey on the 1-incll and $-inch scilles in Chi t rd .  
Lts Burn i ~ n d  \I1ilson ant1 JIr. Cllirng11 Shall (U.  S. S.) triiingulnterl in 
ndvi~nce For survey oil the 4-incli scale. Mr. Laltan I<llan (U. S. 8 . )  with 3 
s n r v e p - s  co~~~nienced  the snrveg- in the Mnrree Hills on t l ~ c  4-incl~ sc;lle. 

5 1. Areas surveyed.-A totill of l , l ( ih~cjuart :  miles was ~urveyed 
c o ~ n p r i s i ~ ~ g  :-- 

'7,5 quart lriiles ol' original surveJ- on tlre I-i11cI1 wale in Madda Khel 
country, i\'. \\' li' 1'. in sheet 43 B. 

1 3  scju:lrtb 111i1es of re-s11rvt.g- 011 t l ~ c  2-incll sc:~le in Delhi Proviuce, 
sheet 53  11. 

I ,0S8 scliiure 111iletl of rcriqion ;111tl re-slit-\-ey 011 the 14-incli scale in 
T,:il~orc i~nll Shekl1fipnr;k l)istrictq, 1'1111,ii1l), hlreet 5.1 1. 

:{ti M I I G W , ~  il~iles of rc-sni.\,c.!- ant1 rc,\,ision vllr\.ey 011 the 4-inch scale 
in Hii~v;~lpintli l)i.;trict, T'n~!ii~l). \ l~ettts -13 1q f i  (:, lor thc Murree Hills 
C:iiitle R.l:~l' 

52. Fair Mapping.. -hlr (;l'il11il111. \\it11 blessrs. C'. 31. Asla11 and 
J l o l ~ : i ~ r ~ i ~ ~ : ~ ( l  H I I H ~ I ~ I I  K I ~ ~ I I I .  , I N  in cl~nrgc 01' the f i ~ i r - ~ ~ l : ~ p p i ~ i g  during the 
colt1 \ve:~tl~tbr 1 0  slit-\ ( h y ~ ) t - ~  ailtl (i I ~ ~ : I ~ ~ S I I I C ' ~ I  were enrployecl on drawing. 
1)uring the hot ncnther the f i ~ i r - ~ ~ ~ , ~ p l ) i n g  \ v ~ s  org:: ,~ni~etl  in two sections - 
Mr $ (' I'nri il11(1 MI. A~I ; I I I I  \\.ere in ch.~rge,  i~ntl were ilssisted by 
Mensrs A l e ~ i ~ n ( l e r  :~ntl JAirll)ir Sil1~11 

A t  t h ~  l ) c g i ~ ~ n i ~ i g  of thc year 1:1rgv ~11.reilrS 01' 111i1pl)iiig had accumu- 
I;~tctl, owin2 to t11c t~.;~n.sfer of' \vork fro111 No. I S  P i ~ r l y  and to the 
fi~\.oii~-:~kble politic-ill sitri:ltio~~ \ v l ~ i c l ~  en.~l)lwl Iiirge ,Ireils of trilxil territory 
to I)c nnr\ r~ etl '1'11t. 1)11lk oT t11t.s~ . I ~ - I . ~ ~ : I I . ~  ~vei-c worltetl off tiuring 
the year 
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63. Northern Command Survey Exercise.-A field survey 
company was provided for  the Northern Command survey exerciee 
in October. The vandyke section was provided by "E" Company, 
the air-survay section by No. 18 Party and the remainder by "A" 
Company. The R. A. Survey Section and the R. A.  F. also took part. 

The demands of the nrmy for maps from air photographs and for 
triangulation data were met. Many technical difficulties were encountered 
which have yet to be solved, and i t  was discovered that further training is 
desirable in several directions. 

A great deal of useful date was obtained for the revision of the Field 
Service Manual and Chap. VIII of the Topo. Hand Book. Full report8 
are filed in the office of the Director, Frontier Circle. 

l6E" Survey Company. 
Oficrv Commandtng.-Major E. 0. Wheeler. hf.c., R . E .  

54. General.-The field headquarters were at Sibi (Baluchistin) 
;rnd recess headquarters a t  Quetta. 

The survey between Kariichi and Hyderabad adjacent to the N.W. 
Railway was completed and that  of the Kachhi and Sarawiin areas of 
Knliit Stnte commenced. Sheet 40 J, of which a large portion was 
surveyed on f-inch scale during 1922-23, was completed. The survey 
of the area wns easy: but owing to climatic conditions and lack of water 
and h:ihit;~tion, ad~ninistration was ditlicult. 4,188 squnre miles were 
triangulated in advance for subsequent seasons. 

55. A v e r a g e  s t r e n g t h  during the field season waH :3 Clatls 1 
Oflicers. ti Class 11 Officers (8 on probation), 13 Upper Subordinate 
Oficers ( 9  on probation 1, and 34 Lower Subordinate Otticers. 

Po-so?~nul.--1 Class 11 and 9 Upper Subordinate probationern, 8 
solrlier surveyors :~nd 1 pupil surveyor joined the unit for instruction. 
5 C l a s ~  11 probationers were transferred to other unita. 

58. Field work was organized as follows :-- 
Winter- 
Camp (I).-Mr. A. M.  Tnlati, L.c.E., (Class 11) assisted by Messrs. 

Ponnnppa and Laltan Khan (U.S.S.) with Lt. I .  H. R. LYil~on, R.E., I Class 
I1 probationer, 4 Upper Suhor~linate probationere, 2 surveyors and 8 
soldier surveyors surveyetl 1,314 square milea on the one-inch scale in 
sheets 34 0 and 39 1). 

Cunlp (2).-Mr. F .  J .  Grice (Clam 11) assisted by Mr. .J .  C. Berry 
(Class 11) and Mr. Khushal Khan (U.S S.) with 5 Upper Subordinate 
probationern, :i surveyors anrl 8 soldier ~urveyors  surveyecl 1,559 Rqunre 
miles on the one-inch scale in aheets 34 O and 39 C. 

C'ump !3).-Mr. Sardnr Khan (U.S.S.) with 3 aoldier surveyors 
eurveyed 270 square t~liles on the one-inch scale in sheet 40 D 

1st Class suwe!jor Tornbaz Khan surveyed 1,313 aquare nlileu on 
the t-inch scale in sheet 40 J. 

Inetructional Camp.-Mr. A. M. Talati, (Claee 11) assided by 
Mseers. Ponr~appa and Khuehal Khan (U.S.S. )  and two senior eurveyore 
gave eix weeke instruction to 11 probationer officere and 8 soldier 
surveyors before the letter were dietributod to their regular camps 



Sumnaer- 
1st Class surveyov Ahn~ad Shah with 2 eurveyors surveyed 260 

aquare miles on the one-inch scale in sheet 34 014. 
Triangulation and T~ave~sa?~g.-Mesers. Hurley arid Thomas 

(Class I1 Probatlonere) triangulated 3,134 square miles in sheets 34 L 
and 34 P for survey in subsequent seasons on the one-inch scale, and 
Mr. Thomas ( C l a s ~  I1 Probationer) 1,054 square miles in sheet 85 I for 
survey on the )-inch scale. Mr. Thomas a t  the same t'ime gave instruc- 
tion in triangulation to  Mr. Khushal Khan (U.S.S.). 

57. Areas surveyed.-Originnl Rurvey of 3403 square miles on 
the one-inch scale; 1,313 square riiilee on the f-inch scale The one-inch 
work lay almost wholly in sheets 34 0 and 39 C and D, in Kalat State 
rrud in the Bolan Pass and Sibi districts of Bnluchistiin, only one slieet, 
40 D/1, being in the Karichi district of Sind. The a-inch work lay 
in sheet 40 .I, in Jaieal~ner State (Hiijputiina Agency) and Khairpur 
State (Sind). 

58. Recess duties.-Fnir drawing w a ~  orglinized in two ~ e c t ~ o n s .  
one in charge of Rlr. A M .  Talati, (Class 11) assisted by Mr. Najamnddin 
(Class 11) and Mr Sardar Khan (C.S.S.)  nnd the other in charge of Mr 
A. J. A. Drake, (Class 11) assisted by Mr.  J. C. Berry (Class 11) and 
Mr. Rhushnl Khan (L'. 8.  S.) .  .\ section of 4 computers was under 
?vfr C T. Hurley (Class 11) .  

D)+(clril>,q Section.-Mr F J Grice (Class 11) with the pertn~lnerit 
tlection of :l clraits~rien, reinforced by 2 surveyors, ~ccolnpanied the unit 
to field heatlquarters to complete tlie fair drawing of the Icarilchi guide 
uiap and two 4-inch sheets re~nilining from the previous year. Thib 
section also cil~rietl out numerous jobs on payment. the ~riost ilnportant 
being ii  clirectory niap of Kariichi for  the I i a r ~ c l ~ t  Dntl!! Gazette 

'L'his section conti~~uecl ;is shown above for n few weeks in recesb 
until all work in hand was corupleted The persorillel wits then cli~ti.ibuted 
to the regular fair-drawing sections 

Hcprot /~rct ion Section.-Yandyke operator Attar Singh with 7 nlen 
remained in Quettii t l~rougllol~t  the year and carried out many reproduc- 
tion jobs, including the Karachi Directory map referred to above. 

59. Survey Exercise with Royal Arti l lery.-A reproduc- 
tion section and olle survey section froin " E " Clornpany participated in 
the Survey Exr rc i~ r  described on p. 44. 

No. 18 (Air Survey) Party. 
Capt~tin G .  F. Heaney, H.F: . ,  from 1.10.27 to 11-6-28. 
Lieat. H .  w. Wright, R.E.. fro111 12-6-28 to 31-7-28. 
Ceptrti~~ \V. 1 .  Normen, hf.(*., R E., from 1.8-28. 

00. General .-During the year the chief items of i~nportance 
were thc Survey Tacticnl Exercise in October 1927, the Chittagorig foreet 
survey nnd the M u l t i ~ ~  survey. The two latter were referred to in last 
yea,rls report, but owing to shortnge of personriel and the demands of 
training for the Tnctical Exercise, progress on them was very slow till 
after the party had returnetl to I'eshiwar a t  the end of October. Con- 
siderable progress has been made during the year in the training of new 
personnel, and much hiis been learnt about the organization of work un- 
der active eervice conditiona. 
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61. I ' c ~ ~ . s o ~ ~ ~ ~ r l . - - T h e  strength of the tecllnic~ll portion of the party 
is now 3 Upper Sabortlinate Officers. I-) Surveyors ant1 1 Yhotogrtlpher. 
escludi~rg the personnel of the Reproductio~l Section. 

Jlr .  Nolli~~nnli~cl Hasiln re,joine(l from l e i ~ \ e  early in Marell alter be- 
ing on deputiltion with the Tllrco-. Tricl B o r l n ~ l i ~ r ~  C 'oi i~ni i~s io~ tile plnevi- 
OUR suinnier, ;mcl ilt the entl ol' that  lnon~11 Mr. (:hirtigh Shah was trans- 
ferred to  " A "  Corl~p~lny.  011 his proillotion to U. S. 8. He 11t1tl beeu 
einployetl continuousiy on air survey, chiefly ol' Waziristiin, since early 
192-4, ;lntl hilt1 co~npiled most of the Frontier Air 8nrvc.y Inape now under 
publication. 

62. Areas surveyed.-110 sqrlilre illiles were coulpiled 011 the 
&inch scale for pnhlici~tion on the 3-inch scale of a map of blultgn and 
surrounding country. 800 qu i l r e  ~lliles of the forest survey 011 the 4" 
sct~le in the Chittagong District of Bengtil were compiled len\ling about 
500 square nliles to  complete Nothing \vils handetl over to  the Settle- 
ment Officer, Chittagong, us clettiils ;is to tlie for111 of the map had 
not been decicled. Maps of 398 8cjuare iliiles on the 1-inch scale and of 25 
square ~ i ~ i l e s  on the %inch scale were conipiled daring the ti~ctical exercise 
in October from photograpt~s taken by NO. 5 Squaclron 1j. A. F. 

63. Multan Guide-map.-The field work for this map was 
described in last year's report. On return to recess quarters it \vile cle- 
cidecl to compile i t  on the scale 4 inches = 1 mile. 

An attempt was made to compile il rectified mosaic by re-photo- 
p p h i n g  strips o f  prints ant1 t,nlar,viug or retlucing to t l ~ e  c o ~ ~ e c t  scale 
with an cnlurging lantern. This ilttellrpt wa8 unsacccssfnl as the prints 
were not clear enougli to r e - p h o t o ~ ~ i ~ p h  satisfi~ctorily. O\ving to short- 
age of personnel there wi~s  nobody who coultl be put exclusively in 
charge of this iintl I~eyond sort i~rg and i~rrnnging photograpl~s ant1 strips, 
i]ttle nlorc colilcl hc tlone till alter tlie survey ti1ctic:tl exercise in October. 

After the re tu r~ l  of the party to tielrl he:iclqunrters ;it P e s h ~ ~ v i ~ r ,  Mr. 
Kuttapps, s . A . S  . \ ~ - i ~ s  pli~cetl in cllarge ant1 given 3 slirveyorfi of w11om one 
had Hix w c e k ~  experience of air survey, ant1 the other two were taught 
everything frolil the beginning. Alter :I nionth n trained surveyor was 
~rdcled to tlie above. 

64. (!o?,y,tl,rt,o~~.-Tl~c* ~rretl~otl L~doptecl was ;IN follows :-- 
All Htrips were plottetl ou cclluloitl hy the Arli~ldel resection inethotl 

the. overli~p was H I I ~ ~ ~ C ~ C I I ~ .  Where o ~ e r l i ~ p  w-11s insnficie?rt photo- 
cvr;rphA were p;lstr~tl clowu OII  atrips 01 I ) ~ O \ V I I  paper hy u i i p ~ r i m p o ~ i i ~ ~  
n 

poiilfs lyillz ;rlolrz the linrh .joil~ing p~.incip;ll p0int.q. i ~ ~ r c l  the tleti~il trace11 
011 c e ] l n l o i l l .  Tlre control htrips \verth then panti~gYapl~~tl 0 1 1  tracing 
paper to f it  the tixetl po~ntn  i x ~ l t l  tho clet,iil was tri~ilsf'crrell to the conlpi- 
latioll ['sing t l ~ e  tiuvtl point8 of coiitritl strips or in their i~ll.;ence, suit- 
;rhle pt)illts of ~letirll i~lre.rtly tri~iisl'c.rretl to the coi~~pili~ticrn. tlle plotted 
CroNr; strips \\-ere ~caletl 1 ) ~ -  pi~nt,hgr.~ph. l)et \vre~i c.i)~ltrol  trips no11 added 
to the rrlnp This t'rnn~ework w.1~ t l ~ r n  11st.11 to h11il11 lip the renlnin(1er 

the % ~ ~ r k .  froul strips nl)t hilviny 50 o\.erli~p, in ~ v h i c l ~  the i1ccur;lc-y 
of ps i t lon  of cletilil ~ v i ~ s  not 40 rcliill~le. 

The p a u t , ~ ~ r n p h  n - i ~ n  utlc~l for t l ~ r  s~illi~lc of' tri~cecl strips. 1,;lthcr tll:ln 
photogl-aphy [or tllese 111;1.in rrnwonn. Firstly. l~rorllitle p a l w  I~eing op:l- 
clue canllot 11e ;~,I.i~istetl ill positiorl ; I n  rci~tlily :IS t t i c 1  t,l.acing 1x1 ptnr use11 
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tile pal1tlLgsapll ; seconrlly, tile 8ct1Ie w i ~ s  not ; ~ l ~ v a y s  constant through- 
out ;I strip : an11 tl~irclly, the enli~rging camera Ilild its limitations. 

The lllctllull of co~llpil;llion W ~ I S  to pantagr,~ph tile detilil in the 
Key1' or control strip.; to the correct sc.1le i~ncl trnnsfer it to tlie compi- 

1,~tion sheets. 

65. Chittagong 4-inch forest survey.--A short ~ I C C O L I I ~ ~  ol' this 
snrvey Ivas inclntled in l ~ s t  year's report. Alter the return of the party 
to tielt-l Heacltlai~rters in Prshiiwar, at  the encl of October, niodifications 
\Yere introtluced into the  procedure dt.scril)etl in last year's report, the 
chief one \jeing tll;\t tile for~ll  li11ch were eve~ltulrlly drawn tlirect on the 
fair sheets. 

Consideri~l,le clificnlty was experiel~ce(l in trailiinc~ the new personnel 
". 

in tile llse of the stereoscope ~vithont which it is quite ~nlpo.;sible to detect 
the courses of strean~s, etc., in the low jungle-covered hills for~uing the 
greater part of the ;tre:l. Eve11 al'ter the Inen I,all i~ t t ;~ ined  n certain 
proficiency, 111ost of their work hncl to be rejected, so that  until the beginning 
of March tlie out-turn W,IS very s111;tll. The illlpossibility of a c c o ~ ~ ~ p l i s l ~ i n g  
i ~ n ~ t h i n g  \vitl~nut the nsc of ii stereoscope lias ho\\.ever p ro~ ided  excellent 
training in spite ol' t11e t'i~ct tllnt the out-turn has until recently been 
nnsntisfactor~.. 

66. Survey Tactical Exercise.--'&A" Survey Co~npany and the 
K. A. Survey Scctii111 \\,ere org~nizecl on ;L provisional b:lsis, the ol~jects 
Ileing to work out ant1 t e ~ t  the V'ar Esta l~l is l~n~ent  of an air-survey sec- 
tion, to try out its capn1)ilities in rapitl co~npilation ancl lnnp reproduction 
and to gain experience i l l  co-operntior1 between t l ~ e  R. A. F.. the Air 
Survey $rction ancl grounll surveyors. These three ob-jects were succem- 
fully ;~ccou~plisl~etl n~id a lllusn of \~,~lnablc dnti~ were ohtailled. 

S o .  1 S  Party was orgilnixed ;is an Air Survey Section of "A" Survey 
C O I I I ~ : I I I ~  iln(1 g i \ . e ~ ~  :I provisionul e s t ; ~ l ) l i s h ~ ~ ~ r t ~ t .  I t  was loc,lted at  \ rest  
Ridge. R%wnlpintli. aucl norkecl i l l  tlic closest co-operiltion with n flight 
of Hri-to1 figlitrr ~llacllintw t'ro111 S o  5 Squadron sent over for tlie p11oto- 
grnphy. 'J'lle escrcistb lnstccl 1 7  tl:~ys, clnring which copies of I I I ~ I ~ I S  on the 
1 -inch :~nc-l 3-incl~ scale3 worc printctl i l l  t1lrt.e cvlours the Kepi-otliiction 
Section :~ntl i ~ ~ u e t l  I ) ?  t11e t i ~ ~ ~ c  recluirecl; thci first in X days I'roul the 
c m o ~ n ~ ~ ~ e ~ ~ c e l l ~ e ~ l t  of tllc p l i ~ t ~ ~ ~ ~ ~ i ~ p l l ~  :111rl tho r t ~ ~ i ~ n i ~ ~ ( l e r  ill eclni\.i~lent pcriocls. 

The strips of i ~ i r  p h o t ~ ~ g r i ~ p h s  \\ere joinetl up, and minor corltrol 
t i ~ e d .  by tllr Ar~l~ltlcl ~tlcthocl l 'he point8 tixed Gy grou~ltl Hurvey 
\\-ere n~:~rl.;c(l 011 0l) l i t11i( l  photos l'or ~.ec.ognition I)y the nren coulpiling. 
l'he strips \vert> rctlucetl to t l ~ c  correct sci~le 1)). p i l ~ i t i ~ ~ r i ~ p h  

'I'he tletnilctl rc11nl.t is 1)cin: pnl)lisl~c~cI I)y the (;enern1 Statt' t:rnncll. 
BI*I~J '  Heat1 (3n:lrterq 

67. Reproduction.- 'I'lle ccl~~iplncnt of the Keprotlnction ~ectiorl  
W, IQ  ; I I I ~ I I I C I I ~ ~ ( ~  l)y i l l 1  Ii~~pcb~.i.~l size i1:11114-press ; ~ t  the encl c)f SePtelllber 
1 'I'l~ih with ~ ~ ~ I I J ~ I ~ ! . I ~ ( I  011 t l l ~  'L':ictic:il IC~c~rcise ali(l i~fter\ \  ~ 1 - d ~  set up 
at the field l ~ e . ~ ~ l c ~ ~ ~ : l i ~ t t ~ ~ . ~  01,  t l ~ c ~  p :~r ty  : ~ t  I'e~;llG\\i1r, 11-herr it I,een llse(l 
in pri11ti11~ I I I : I ~ ) S  : I I I I ~  cIia:ril~~~s tor tliv 111iliti11.y iluthoriti~l6 ant1 otlltq-~, an11 
l l i '  Iorl l l~ l'or l l~~l~lrt l l l l~ll t , l l  \ I \ , -  

68. New illstruinen t s  received. - 'l'llc Hilger stc1reoucol)r an,I 
cbontoor plotter rrfel.rccI to i l l  1;1st J.~:II . 'H r e l ) o ~ t  wl~ile p o ~ s e ~ s i l ~ g  lllnny 
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good points were found to  be rather bulky and also too sensitive to  move- 
ments in the room. The latter defect is serious. 

The instrument as supplied has no parallactic grids, and so its 
use is limited. The M. I. 0. has been unable to  fit these grids. 

'The Barr and Stroud Topographical Stereoscope was received in 
February 1928. This instrume~it should be most useful lor producing 
contoured maps of hilly country where speed of production is unimportant. 
Since it has been received, however. there has been no  work in the party 
suitable for a thorough test. 

No. 22 ( R i v e r a i n )  Party. 
Qfice~ .  i t t  rhnrge. -Mr.  Dhn~ii Rum Term, R.S. 

69. General.-This party works chiefly for the Punjab Government, 
but untlertakes special surveys for other Government Ilepartments and 
Municipalities who pay for the work. The headquarters of the partmy 
remained a t  Lahore throughout the year as usuitl. 

r . I h e  party's programme for the year comprised: - ( i ) ,  traversing 
the riverain estates along the Kiivi river and ch6hdt (holdings on wells) in 
the Crown w d e  lancl north of the river, laying down base-lines in sheets 
44/B & F, and plotting and compiling settlement n ~ u s d v i s  for cadastral 
surveys by the Settle~lient Department of the Puqjah Gnvernment; ( i i) .  
mnin-circuit traversing along the Cheniib mver and laying down base-lines 
in sheets 4 3  H and -4-4 E for the Settlement Department of the Punjab 
Government; (iii), murccbbibcintli of Crown waste land north of the 
Rivi river in sheet 44 B for the same Department; ( iv) ,  Punjab-U.P. 
boundary survey on the Jumna river in sheet 5.3 H for the two Govern- 
ments concerned; f ~ ) ,  Kingra Valley Development survey on ecale 1 inch 
= 100 feet in sheet 5.1 D for the Public Works Department of the 
Puqjilb Government. 

70. Personnu!.-The party consisted of 3 Upper and about 61 
Lower Subordinate Officers distributed as under :- 

Mr. Jamna Prasad, R.s . ,  (U. S. S ), Camp ( I ) ,  with 10 tr:rversers, 
(later decreased t o  4 traversers), for the Rivi River 
programme. Babu Roda Ram (L. S. S.), Camp (g), with 8 
traversers wile also engaged on this work. 

Mr. Bakhshi Harnam Eingh ( U .  S. S.) ,  Camp ( J ) ,  with 2 traver- 
sers for the Chenib river work; the strength was increased 
later to  7 traversers for the programme in Montgomery 
district. 

Mr. Badlu Ram (U. S. S.) nnd Bahu Jalaluddin (L. S. S.), with 1 7  
computers and 16 draftsmen under them respectively, super- 
vised the comp~lting and plotting section8 at headquartere 
during the field season. 

Rabu Jalaluddin (L. S. S.) Cctnrp (4),  with 3 traversers and 2 
levellers during June, and 8 surveyors from mid-Abguet to 
end of September for the KBngrn Valley Development survey. 

During the year eight traveraera were transferred and 4 purely  ternpo- 
rary travereere were diecharged. 8 surveyore and 2 Ievellers joined; 
the latter were re-transferred t o  their unit. 
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7 1. A ,*ass s u ~ v e y e d . - ( a )  3.5  square milee of resurvey on 4-inch 
scale of the Jumna river for the Punjab-U. P. Boundary demarcation in 
Gurgaon :tnd Bull~nclshahr districts in sheet 53 H were completed. 

( b )  281 acre5 of original Hurvey were coinpleted on scale 1 inch 
= 100 feet of the sites at  Pnlaulpur iiri11 t:ai.j~~:ith for the K ~ n g r a  Valley 
Development Scheme. 

( c )  Minor traverses for cadastral surveys of the RIvi riverain estates 
and a l ~ ~ h f i t  (wells) in the Crown waste land in hlontgomery district in 
sheets 44/B & F ilmounting to 20.1 square ~nilee. 

(d )  Main ;~ntl minor trl~verses along the Cheniib river in Gu,jr~nwiilii 
and Shalrpur districts in sheets 43 H flncl 44 E, 72.3 square miles. 

( e )  Main and minor tri~verses for nt t~rabbf ihnnc! i  of Crown waste 
land in Montgoniery district in sheet 44 B, 92 square miles. 

(f ) Tile area covered by main ; ~ n d  minor traverses to  form basis for 
the Kiingra Ynlley Development Survey in sheet 52 I3 was 281 acres. 

( 9 )  Crown waste lilnd cleularcn tecl with 1,200-foot squares covered 
92 square miles. 

72. l'iotting Saction.-During the tield season the plotting section 
under Biibu Jalaludtlin plotted traverse ckci?tr!Zs on ?ntisdvis and compiled 
boundary niun6vis  for ct~dastral surveys by the Settlelnent Department. 
The section :tlso prepared four-inch coinpilation sheets of the RLvi riverain 
and p(icktc ;Ireas tr;~versecl i111t-l ~li111e their traces for the Settlement 
Officer, Montgonlery. 

73. C o ~ ) ~ p t ~ t i n ! ~  Scction.-1)uring the tield season the section under 
Mr. Bndlu Rain computed the traverse work of the season The rectan- 
gular coorc1in:ites of the traverse stiltions were gradually supplied to  the 
Plotting Section for plotting ?)ltcsdzri~. 

74. Ritqrt-ctin sri),?9rys.-(rs) C ; L L ~ ~ / J S  (1)  antd ( 2 )  carried out minor 
travel.sing of the rireririn est;rtee irlong the Kavi river and pa,cka villages 
i~nd  chfihnt (wells) in the Crown waste land on the right bank ol  
the river in Montgomery district for cadastral surveys by the Settlement 
1)epnrtment. This IVHR befied on the innin-circuits run in this and 
previous seitsoils. Vi1l:ige 1)ounditries were traversed and the areas within 
thern were covered with n traverse net-work to provicle points to facilitate 
internal ~ n e : ~ ~ u r e i ~ i e n t  hy the pot~cy i r i .  

The boundaries of the k i i ~ h c i n t l i  vi1l:iges on the left bank of the Rivi 
river nncl those of the 1t i .qht~c~f i~ villngos adjoining the Crown waste land 
:rnd the whole t l i~tr ict  boundary lying in the pncr(,u ilrea. were specially 
surveyed hy theodolite traverse. Offket~ to ilrflections in the boundaries 
were taken by opticill squares. 

Hase-lines were laid out  about 1 lnile apart beyond the flood line on 
both sitles of the liiivi river in Montgomery district and demarcated with 
pe r inane~~t  111:lrk-stones to serve ns h n ~ e e  for future survey and demarca- 
tion of boniicdtiries arrtl fields in the bed of the river. 

The country covered hy traverse operntions was level plain, partly 
cnltivatctl :~ntl p:artly wooded. 

24-inch 111 ~ I , F ( ~ I ' ~ R  o f  the XilfihnntJi villages were reduced by penta- 
gr i~ph to the -I.-i~~rll scale for con~pilation of Xildhcctztli boundiiries. 

All tho traverse stirtions market1 dliririg the field season were plotted 
011 4-inch slleets. 
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Plotted and boundarynzus6vis (settlement mapping sheets) of lcishtwdr 
and kildibandi villages on the scale of 112640 nnd traces of 4-inch plot 
sheets were supplied t o  the Settlement Officer, Montgomery. 

(b) Camp (3) cnrried out main and minor traverses for laying 
out base-lines along the Chenab river in GujriinwBlii and Shihpur  
districts in the gap left without base-lines in the previor~s riverain 
surveys. Base-lines mere laid out about oue mi19 apart beyond the flood 
line on both sides of the river and demarcated with permanent mark- 
atones t o  serve as bases for future survey and de~linrcation of bounrlaries 
and fields in the  bed of the river. 

75. 1Murabbdbandi.-(B?j camps I ,  2, a n d  3 I .  This was undertalcen 
for the Settlement Officer, Montgorner~-. It consisted of the demarcation 
of the Crown waste land? covered with dense unclassified forests north of 
the RBvi river in Montgomery district, by 1,100-foot squares, proposed to 
be brought uncier irrigation from the Buralia Extension of the Lower 
Chenib Canal. 

406 linear miles of main and minor traverses were executed for 
location of corners of 4,400-foot squares. The positions of the corners 
of these squares were determined on the g ~ o u n d  with the help of the 
computed data of the +averse points previously fixed close to them and 
marked by stones. The corners of 2,200-foot squares falling on the sides 
of, and inside, the main squares were clealt with in the same miinner and 
were marked by bricke, these corners assisted in correct alignment of 
the lines to be cleared for sub-dividing. The 4,400-foot squares were 
broken up into 1,100-foot squares, which are marked by bricks, covering 
an  area of 92 squares miles. 

76. Punjab-U.P. boundarp den~nrcation.-(directly under the 
0. C. Pctrty). This was undert:~ken for the Punjilb and U. P. Govern- 
ments. I t  consisted O F  survey on scale 4 inches = 1 mile of the present 
course of the Jumna river in qnnltzds Karcluli and Stiikiirgiih Tilauri in 
Gurgaon and Bulandshahr districts in sheet 53jH to enable the Local 
Governments to decide their transfer from one province to the other when 
demarcating the new bounclary at those villages. 

Two traces were prepared, sliowing distinctively the courfie of the 
river as surveyed in the field season 1925-26 and its present course. 
These were eupplied to  the Local Governments. 

The resurvey of the river was carried out hy measurement from the 
enrrounding detail, village trijunction pillars and pillars of the new inter- 
provincial boundary fixed in the field season 1925-26. 

77. Kdngrn Jr(tlle!/ D~w~lopment  Survpg.-(Cr~n~p 4). This was 
undertaken for the Superintending Engineer, P. W. D l  3rd Circle, 
Lahore. It wse a planetable survey on scale 1 inch = 100 feet with 
10-foot contours of the ~ i t e s  for summer health resorts to be erected a t  
Piilampur & Baijniitll in K i n p a  district in sheet 52 D. Main and minor 
traverses were carried out to provide points for the planetablers. The 
traverse was computed pnri passzb a t  the party headquarters. Connec- 
tion was made to  the topographical tril~ngulation crried out by old KO. 18 
Party (Hirniilaya). Linee of tertiary level aggregating 56.3 linear miles 
were run a t  euitabe intervals to  provide heights for 10-foot contouring of 
the area. 
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The entire cost of the survey was debited t o  the Public Works 
Department, Buildings & Roads Branch, Punjab. 

78. Recess Duties.-(a) The conlpiling and plotting section consis- 
ting of about 16  drafts~nen, etc., was first under the supervision of Babu 
Jalaluddin and then under Messrs. Badlu Hanl and Bakhshi Harnam Singh. 
The section prepared 4-inch pentagraphic reductions of the ntusEvis of the 
last settlement of the riverain villages on the Jumna river in the Punjab 
and the United Provinces for colnpilation of riverain boundaries and 
prepared indexes, lniscellaneous traces, and rough field traverse charts 
for the use of the traversers in t l ~ e  next field season. 

( b )  The colnputiog section consisting of 12 coniputers was super- 
vised by Mr. Badlu Ram and computecl a11 the year's traverse work. 

(c) 'l'he traverse chart section consisting of about 5 computers and 
draftsmen was supervised by Habu Jalnluddin and Mr. Bakhshi Harnam 
Singh. I t  prepared lliunuscript traverse charts (supplementary) for 
degree sheets 44/B. E and F a ~ i d  incorporated the base-lines laid out  on 
the Chenab river in the manuscript traverse chart for degree sheet 43 H 
completed last year. 

No. 2 3  (Haveli P r o j e c t )  Party. 

79. General.--The party continued the traversing, surveying, rec- 
tangulating and levelling of the area com~nanded by the EIaveli Irrigation 
Pro,ject for the Punjab Government. At the request of the Chief Engineer, 
Irrigation Works, Punjiib, the original programnle, which consisted of 
surveys on the 4-inch scale was considerably changed. 

To define t l ~ e  limits of the Haveli Canal Pro,ject more clearly, exten- 
sions were added necessit,rting further traversing, rectangulation etc. 
'L'he tertiary levelling wl~ich hitherto hnd been carried out  by the 
Geodetic Briluch, was handed over to  the party, and a section of two 
co l~~pute r s  and 12 levellers was traneferleed from No. 17 Party from 
1st November* 1927. 

To enable the increased progrnmnle to be carried out  the party 
colnlnenctrd work on 15th October 1927, with field headquarters a t  
M u l t ~ u .  At the close of the field season tile recess headquarters were 
transferred from l<ariiclli t o  Solo~i  to maintain closer touch with the 
Irrigation Officers of the Punjab Government. 

80. l'ersonn~1.--The personnel of tlhe party was increased owing 
to the alterat,inn of the progrnmwe, and the tield strength was 5 Class I1 
Officers, one Upper Subordin:~te Oficer iind 101 Lower Subordinates 
who were distributed as follows:- 

Mr. F. W Smith (Clam 11) afisisted by Mr. Abdul Majid (U. S. S.) 
with :3 computers, 4 traversers, and 17  rectangulatore carried 
out  the following programme :-- 

( 1 )  traversing nnd embedding the corner stones of the 
niain '2,400-acre rectangles of the new area to  the north, 
on the right and left banks of the Jhelum and Cheniib 
rivers, 
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(2) traversing and embedding the corner stones of the 
main 2,400-acre rectangles of the Vinoi Forest, north 
of Khiinew81 railway junction, 

(3) traverse to fix points for planetabling ancl connecting the 
rectangulation of the Irrigation Department with the 
Haveli work in the Lower Cheniib Canal Extensions 
area, between the railway line from Jhang to Shorkot 
Road and the old eastern limits of the Haveli Project, 

(4) sub-dividing to  25 acres the 100-acre rectangles of 
1926-27 on the right bank of the Chenab river south 
of Muzaff'argarh, 

(5) sub-dividing t o  25 acres the sluall blank in the extension 
t o  the extreme south of the Haveli Area between 
the river Panjnad and the limits of the Sutlej Valley 
Project, 

(6) sub-dividing to 100 acres i~ntl 25 ilcres tlle new ilrea in 
the estrerne north and the Vinoi forest respectively, 
and 

(7)  re-demarcating with pegs the corner ol' the 27.8-acre 
rectaugles originally traversed by the Irrigation 
Departurent for the Lower Chenab Canals. Nearly 
all the corner stones of the area had disappeared and 
the retixing clelityed work considerably. 

Mr. Jiyir Lul Sahgal (Class 11) with computer Syecl Xayar H;isan, 
19 surveyors ant1 rectangnlatore, ancl 13 levellers sub-divided 
t o  2.5 acres the 100-acre rectangles east of the Chenab river 
and between the Riivi river and roughly latitude 30"-25'. On 
completion of this work a11 were employed on planetabliug. 
The section under Sayed Nayar Hnenl~ co~l~ple ted  the tertiary 
levelling of all areas which had been ~uh-divided to 25 acres 
ancl the new extensions. Owing to the delay cai~serl by 
the re-ernhedcling of the corner stones of the 27.8-acre 
rectangles rnentionecl above the levelling section did not close 
work till tile n~idtlle oE May 1938. 

Me8ers. Iluni Chantl Puri ant1 Sannk Chantl t'uri, R.s., with 17 anti 
19  surveyors reepectively were erliployetl on originill survey on 
the scalr* oE 4 inchcs - 1 r ~ ~ i l e .  

'Cwo clr:ift~men were eri~ployefl a t  hentltlui~rtern t l ~ r o u ~ h o n t  the 
tieltl seirnon on rcdilctio~l of  honnfl:~riea fro111 \ illage w t  t t s ~ v i n  
and other ~niecelli~neousl work. 

81. A r m  ~t~r?tr!le(l.--~rI~e totill ;Ires O F  71):1.6:3 HtI1i;lrc n~iles was rec- 
t anp la ted  of which 127.2 sc1u:lre nri le~ Wi1.B original work ~ub-tlividetl to 
100 acres and 263 (iO stlonrr in i l e~  to 23 acres in the evterisiorls 404 88 
q u n r e  milee of area p rev io~ l~ ly  clivitlctl to 100 :wres only wae further suh- 
&vided to  2.5 acre& 458 linear miles were traversed, 28Ii  point^ were fixetl 
for planetahling :~rrd 2,(i44.!) ncluore rniles of originnl mnrvey on the ucrlle 
of 4 inchcs - 1 rnile w13s cornpleterl. For  levelling 82,443 stittions were 
obeerved, H1,173 proving ueeful. The corlntry c o r n p r i ~ e ~  c~~ltivaterl pltiilis 
wetereri t ~ y  inunclatio~l cati;alfi, and desert country with ~ c r n l )  . j ~ ~ n g l e  
which was very thick in p l ; ~ c e ~  
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82. T~rc~ue i . s i?~q  covcred only thc extet~sions and was connected 
to N ~ n a l i  Sar S. ,  Ball01 S., Jhang Church i ~ n d  the old rectangulation. 

83. Hel-tc/,niu lcrtio)? --The positions of the corners of the main 
4,.EOO-:~cre rectangles for the new work were computed froiu the traverse 
i~nd  marked by stones. These rectangles were later sub-divided to 100 
and 35 acree according to  requirements. 

84. Yo2~ogrtrl) l~icct1 Nti?.ve?js.-With the exception of 5 sheets the 
whole area comm;~nded by the Project falling in 1-inch sheets v o s .  39 
K/J, 6, 7, 8, 10, 11, 12, 1:3, 14, 15 an11 16, 39 Oil ,  '2, 5 ,  6, 9. 13, 44 A/3 
4, 7, S, 44 B/1, '2, H and 5 was surveyed on the scale of 4-inches 
= 1 mile. 

85. YCrt.ic~).!/ Lot~elliw!~ was ci~rrieci over 311 areas rectilngulated 
to 100 or 25 acres, also over the pegs of the 27.8-acre rectangles 
of t,l~e I,o\rer Cheniib Citu,~l extensions, t o  connect the height5 of this 
aren wit11 those of the Hareli Project. 

86. Hecess Duties.--Mr. F. w. Smith with 10 surveyors conlpiled 
illid fair drew the contour ch,ilmts froill the spot hcAights. Mr. Dur~i  C h a d  
Puri wit11 14 surveyors completed t l ~ e  planeti~bles aud Mr. Jlyii La1 
Sahgi~l wit11 7 cou~puters and levellers co~nputerl the heights and prepared 
the spot height charts. Tlie sheets on the western limit of the Have]; 
l3ro.ject were coiiipletecl fro111 recluctions of 6-inch planetables surveyed 
hy tlle Irrigation Departmeut. It is hoped to send 106 sheets for pub- 
lication l)y the cncl of Septcruber 192%. 

Settlement Survey Detachment. 
()//I, , , I  I , ,  ~ l i n l  rlc -H:LI S.111111 hlnjn I ) i ~ h  I'LII.L. 

87. General.--The tleti~chlnent \Vils ei~lplo~-etl for the Yorth-uTest 
Vrolltier C>overnlr~cnt in thc l)e~.,r lsiliail lih5n ciistrict on t,ril~ersing and 
sllrveying Louiielili~ie~ of certi~in selected villages and plotting the results 
wit11 ;I vie\\ to coillpare the s;ln~c with those ol>tainecl from the previous 
hettleil~cnt milps in elegree sheet$ 38 I, ;in11 :i!) I. anel on the survey of 
bJal;~ndri nre.1 rclcentlj- i ~ ~ l ~ l e s e d  froill Buner to tlle RJardSn tcihsil of the 
P e ~ I ~ ~ \ v n r  district in clc.grre slleet 4:3 t: T l ~ e  field 1ie:~dquilrtors nrere 
;kt Cn~~~pl)el l l ,ore ant1 tlle R e c e ~ s  llencl~lu:~rte~.s at  Murree. 

88. 1'0i.sott i1c.1 --'J'he cl~ti~chll~ellt 011 the 1ut October numbered 2 
Vpper ;1n11 4.' Lower Sn l )c l rc i i~~ i l t~~  lllo*t1y ~ w I Y ~ ~ ! ~  f e n ~ p o ~ ( r , r ? l .  A 8  file 
progr;\ululcb 01' the elet:~clll~le~lt \v;~s cnrt:~iletl the ~ t r e n g t h  tvns gradually 
reducccd Oiie I ' l~per ilnel I I I,o\vcr Suho~.~liiiates n,ere transferred to  
other units. 5 / ) ! I  r1'1,tl / ~ I I I / I o ~ ( ~  I.!/ ere cliscll;~rgecl. :~ncl I ti 1,ower Subor- 
clin;ltes wc1.c stbnt OII 11epnrtillrnt;ll leave 

89. F i e l d  work \\.;I\ nrg.~ilizccI follo\vs :- 

Mr. I )ilIip S i ~ ~ g l i  ( ; i ~ i l l I I ~ i  ( 1; s.S ) with l ~ t  ( ' I ~ I s ~  Sl~rveyur Sing}, 
and 11 t r ~ v e r s ~ ~ r ~ .  \ \ . I \  e~llpIoj .~d i l l  the 1)eril I h l l l i l i l  Kll~11 clistrict till the 
I1 t11 I)cce~llhcr I!).';, wlleil I l r b  \ \ : In  tl.illlfifeJl'~(l with u ~ l e  traverse~r to the 
A1i1l;ludr.i :Ire;). a t  t l ~ e  &peci;ll ~.eclnr~ht of the Se t t l e~ l l~ l l t  Officer, PC811fi1\val', 
I'or t ~ ~ i i ~ ~ l g ~ i ~ i ~ t i o i ~  C I I I I I  t l ' . l \ t b l ' d ~  111 ~ r ~ l t ' l '  to 1 ~ j .  out stiltions for tlle BS-irlch 
survey uf I)o~i~lcl:irir.s. anc1 tielels i l l  clllti\ l~tlotl l)y ,~)~&tuyi , -Zs.  S U ~ ~ ~ ~ ~ ~  
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Ham Singh was left to look after the Dera Ismail Khan work till the end 
of January after which traverser Lorind Chand continued the work till 
its completion during March. 

Mr. Mohabat La1 Kohli (U.S.S.) did 10 linear milee boundary survey 
in a portion of the Malandri area on the scale 24 inches to a mile as 
desired by the Settlement Officer, Peshzwar. The field work in this 
tract was finished on the 20th March. 

90. Area surveyed.--270 square miles were traversed in the Dera 
Ismail k h ~ n  district in degree sheets 38 L and 39 I ; and 17 square miles 
were triangulated and traversed in t,he Malandri tract in degree sheet 43 B. 

91. Triangulation, traversing a n d  b o u n d a ~ y  survey.-26 village8 
were traversed, and their boundaries surveyed by offsetting from traverse 
lines. I n  some cases fields in the interior of villages were also picked 
up. The work was generally connected with palclca trijunctions traversed 
by old Wo. 18 Party in yeasons 1906-09. Where no cont~ections could 
be made for want of traversed or triangulated points in the vicinity, 
tlie work was closed on the starting points. 

In Malandri, the triangulation started fro111 Huw~za Kot h.8. 

and Pajc~ h.s., and was connected with the Mardan and Swgbi tahsils 
traverse. S o  heights were observed either in Dera Isuiail Kh&n or  in 
hlalandri, since they were not required. 

In  Dern Ismail Khin  the ground under survey consisted partly of 
cultivated plains watered by inundation canals and desert country with 
scrub jungle, and partly of low barren hills and ravines with patches of 
cultivation. There was generally great  carc city of water in the district. 
The Malandri tract consisted of high hills with large fertile tracts of 
cultivation and densely wooded forests. 

92. Plotting, a n d  compilation of boundaries etc.-Mr. Mohabat Lul 
Kohli with 5 Lower Subordinates traced 43 four-inch indexes prepared 
by patwdris  at the previous settlement, checked thern with the original 
ntusdzlis (settlement mapping sheets), and corrected them where 
necessary. All of them except two were found lairly i~ccurutely reduced, 
which showed that  the discrepancies revealrd by the 4-inch conlpilation 
of boundaries done last year, were mostly due to some other cause. 
Besides tlris he plotted the boundaries surveyed during the senfion in 
black, and compiled those obtained from the last settlenrent maps with 
the Irelp of cornmon pukka p o i l ~ t ~  in red. on scales 4 incl~es, 12 inches, 
or 24 inches to il mile. T l ~ e  rliscrepnncies thus discovered were especially 
unusual in areirs interbected by n z ~ l l t i h s  and fluctuating irrigation, and in 
tracts cnverecl wit11 hills and ravine< They were sl~o\fn :inti explair~ed 
to the 1)nputy Coinrni~~ioner ,  nera Ismail Khiin, and the Sett le~nent 
Oficer, Peshlwilr 

In  Malandri tlle work waA plotted on the ~ c a l e s  4 inches a t ~ d  
24 inches to n mile and the plotted mutt6vis with surveyed boundariee 
marked on them supplied to the Sr4tlement Officer, Peslrbwar, for the 
detailed survey of cultivation and remaining boundaries 

The section a l ~ o  completed the plotting of traverse and triangulation 
chart8 on the $-inch scale, copied out co-ordinates of the pukka pointa 
(district8 Pe~hnwar nnd Attack) in degrw f lheet~ 38 & 0, :lnd 43 B & ; 
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and traced and compiled a map on the 4-inch scale of the Campbellpore 
Division for the Superintendent, Post Offices. 

93. Computations.-First class computer Jot i  Sarup with 5 hands 
computed all the work done during the season. nnd completed the Peehg- 
war computation volumes. 

94. Recess duties.-Mr. Dalip Singh Gandhi with three draftsmen 
nnd one traverser traced the Indus riverain sheets on the 4-inch scale, 
compiled the boundaries on the 4-inch scale and prepared mujrnilis (rough 
tield chartd sliowin,v boundaries) for traversers. Co~nputer  Joti  Sarup 
with two more hands completed the computation volumes, converted 
the values of the Malandri survey pukka points from rectangular to 
spherical, and prepared neceesary traverse data for next field seation 



V1.-SURVEY REPORTS, CENTRAL CIRCLE. 
DIRECTOR: - l . ~ . - t ' ~ l .  1.. ( ' .  'Ili~~illier. T . A .  

95. S u m m a r y . - T h e  units ildministered by the Centrill Circle 
were Xos. 1, .5 and 82 Piirties, Kfi.jputiina and Rhopal Survey Ilet i~ch- 
mente. : ~ n d  So. 3 D~.iiwing Office. 

S o .  24 I'ilrty ( Sind Hecti~ngulation) \\,as trnnsferretl from the 
Frontier to  t)lle Central circle and S o .  2 2  Party fro111 the Central to the 
Frontier Circle on 1st April 19". 'l'he Jlihnui Survey l)etacli~iient was 
renamed the Rgjputiinil Det~lchuirnt with effect from 1st October 1927. 

The officer in charge of S o .  5 Party. in addition to his normal duties, 
continued to  ilct as Assistant llirector of Surveys, Central Provinces, 
;1nd ildluinistered the revenue, town, ant1 other suri7eys of that  Province. 

96. 1)~crth.-Mr. S u r  hluhil~nn~utl, Sub Assistant Supel-intentlent, 
iittached to S o .  1 I'ilrty diet1 at Nussoorie on (jth May 1938. 

97. Tt*cli)/~11!7.-'l'here were no pupils uncler training. The two 
soldier-surveyorn trnnslerretl fro111 the Frontier Circle in May 1927 
completetl their tirst period of training in Mnrcll and April respectively 
and have heen reco~ll~~ienclecl for ii second period of training. TWO 
Class I1 prohi~tioners were also triin)~t'erre(l l'rolii tlic Frontier Circle in 
October 1927. 

98. l'1lo.fielti ~ v o r k  of pirrties and detiichi~ients was i ~ s  follows:- 
,Yo. I Party.-'l'opogra~phy on 1-inch scale in degree sheets 72 11 

i n  7 A .  Trii~nguliltion in adt:lnce. 
S o  .j I 'r~,.t!/.- ' l '~y~gi~phy on I-inch sciile in sheets .55 P and GS C. ,. Lrii~ngnlntion in :idvance. 
30 (24 lJrc~-f!l. --Traversin- nntl tle~rl:lrcation of rectangles for the 

O. 
Ko~lihay C:o\er~li~rent ~n tlre iireil c o m ~ ~ ~ i ~ n d e d  1)y the Lloy~l 
thrrnge Project il l  Sirr~l. 

l?,;.j,,crt,i~~rr II~frcclt I)J~JT~~.-'l 'opogriiphy on 1-inch scale in sheet 
4.5 .I ; ;I 4-inch ~pcciill survey in 4.5 B an11 F. Triangulation 
i l l  i l l l~il l l~e.  

No. 1 Party. 

99. General .--The pilrty having colripletetl the ~pecial  surveys for 
wtiich it wiis relluire(l in Bihiir and O r i s ~ a ,  took up norlnal topographical 
survey8 on the 1-inch scill* in degree sheets 72  1) i~utl 7.3 A. 'I'he field 
hrirclclu:~rters of the pilrty were .it Kfirichi. 

f'~)-sc,)z)t~l.-The tield strength ot' the party wiis, ilpilrt from tlie 
0. C'., 4 ('I;IEIR I[ otficer~, 1 ('li~sa 11 I 'rol~iition~~r, 1 li  S. S. officer, 25 
srlrveyors ill111 '2 co11lpute1.s. The s t r e ~ ~ g t l r  of the previous year wns 
conaider,ll,ly rerlncerl to provi~lr for urgent nee~ln i r i  o thc~.  circles. Rlr. 

J[ulrnmu~i~tl, V S S .  died ~ n ~ l ~ l r ~ i l y  in M,i)- :in11 i~ ii qreat loss 
to the deplirtir~tbnt. 

( ~ ~ , / - t , r r , ~  --:{,til!) nlln,ire 111ile~ c ~ f  1-inch re-nilrkcy in nheets 72 1) 
;tutl 7.3 A. in Hilx~rilliigli, I'iilii111:111 i ~ i ( l  Hiinchi districts iind .lauhpnr nn11 
.Yllrgt\ja Stilten, ir~t~lutlinp 24 firrc111;irr~ ~niles of I'orent survey i l l  P~Ifimn11 
rli~trlct an11 S:lrgiljii State 
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2,434 square miles triangulation in advance in sheets 63 P and 72 D 
in Gaya, Haziiribagh, and Shiih~bgd districts. 

100. Field work was organised as follows :- 
Ca~np  (I).--Mr. F. B. Kitchen, (Class 11), with 9 surveyors, (reduced 

to 8 in February), surveyed 1,360 square miles on the 1-inch scale in 
sheets 72 D and 73 A in Haziiribiigh, Paliimau and Ranchi districts. 

The area comprised an intricate system of low hills and spurs, covered 
with jungle, forming the low land under the Clloti Nagpur plateau; 
it was difficult to survey. 

Camp (2)--Mr. H. T. Hughes, (Class 11), Mr. S. M. Murtaza, B.A., 
(Class I1 Probationer), with 8 surveyors, surveyed 1,318 square miles on 
the 1-inch scale in sheet 78 A in Paliimau and Ranchi districts and 
Jashpur and Surgujii States. 

The greater part of the area consisted of elevated plateaus locally 
called "p8ts" rising 1,000 feet above the plains with flat and partly 
cultivated tops, and steep densely wooded sides. To add to  the difficulty 
of survey the area was unhealthy, several aurveyors falling sick, two 
being invalided and their places filled from other camps; the north-eastern 
portion of the aren was infested with man-eating tigers, whose depreda- 
tions were so costly that large rewards were offered for tlieir slaughter. 

Camp ($).-Mr. hl. N. A. Hashmi, B.A., (Class 11), with 8 surveyors, 
(reduced to 7 in February), surveyed 941 square miles on the 1-inch scale 
in sheets 73 A/lO (part), 11, 15 and 16  in Rinchi district. 

Except for a high range of hi l1~ in sheet 73 At10 the area is an open 
undulating plateau highly cultivated, with occasional isolated small hills 
co~nposed of large boulders or sinooth slab rock. The country wae easy 
to survey and the camp was therefore manned by the less skilled 
surveyors and pupils under training. Surveyor Gagan Singh, whilst 
returning to camp from work, killed a tiger a t  short range with buck 
shot. 

Camp (4).--Mr. S. R. Gupta, B.A., (Class 11), with one computer 
triangulated 1,084 equare miles in sheet 72 D in Gayi and Haz&ribaigh 
districts. 

The country consisted ~nostly of intricate low hills covered with 
jungle in which it was difficult to select points which could be seen 
from any distance. 

&rnp (6)-Mr. Nur Muhammad, (U. S. S.), with one computer 
triangulated 1,350 squitre mile6 in sheets 63 P and 72 Dl in Gay& and 
Shiibabiid districts. 

The area was nloetly open cultivated plains where it was di5cult 
to find ~ i t e s  for stations above the level of the plain. 

101. Recess duties.-Fair mapping was divided into there 
 section^ under Messrs. F. B. Kitchen, H. T. Hughes, and M. N. A. 
Hashmi. The mapping of all field work was completed during the 
year. . 

Mr. S. R. Oupta, B.A., aided hy Mr. Nur Muhammad, (up to hie 
death), and Mr. S. M. Murtnza, completed the  computation^ of the 
triangulation. 

Quide Map of Muasoorie and Landour.-The Guide Map of 
Museoorie and Landour, on the 8-inch scale, and the Maeeoorie City Map 
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on the 24-inch scale, both surveyed in 1919, were revised to  date during 
June and July by 6 surveyora, and the materials handed over to  No. 
3 Drawing Office for preparation of new editions. 

No. 5 Party. 
Mr. P. A. T. Kenny, O.B.E. ,  from 1-10-27 to 2-11-27. 
Lt. D. R. Crone, E.P. ,  from 3-11-27 to 27-2-28. 
Major L. R. Jackeon, I . A . ,  from 28-2-28. 

102. General.-This party continued surveys on the 1-inch scale in 
the Central Provinces in sheets 55 P and 64 C. The field headquarters 
were again at  Niigpur in order to keep in touch with the Settlement 
Commissioner, Central Provinces, the officer in charge of the party being 
also Assistant Director of Surveys, Central Provinces. 

103. Personnel.-The field strength, apart from the 0. C., was 
1 Class 11, 3 U. S. S. officers, and 20 Surveyors. 

Out-turn.-2,969 square miles of 1-inch survey (2,704 square miles 
original and the remainder supplementary) in sheets 55 P and G4 C, and 
3,577 square miles of triangulation in sheets 64 B, 64 C and 64 J. The 
latter was connected with the Jubbulpore Meridional Series. 

104. Field work was organized as follows:-- 
Camp (I).-Headquarters Dongargarh.--Mr. J .  H. Johnson assisted 

by Mr. M. D. Kangia, with 13 surveyors completed 1,782 square miles of 
original and 74 square miles of supplementary survey in the Bilighiit, 
Bhandfira and Drug districts, nnrl in the Chhattisgarh feudatory states. 
The country was sparsely inhabited and lacking in communications and 
consisted chiefly of heavily wooded low hills necessitating much planetable 
traversing. The work was further delayed in the early monthe of the field 
eeaeon by the prevalence of malaria and a local form of jungle fever, and 
later by lack of water. 

Camp (%').-Headquartere Brahmapuri.-Mr. Shadi La1 Dube with 
7 surveyors completed 922 square miles of original and 191 square miles of 
supplementary survey in the Bhand~ra,  Chiinda and Niigpur districts. 
With the exception of a few heavily wooded low hills, the country con- 
eieted of open and undulating plains under cultivation. Communications 
were, on the whole, fair. In the early part of the field season, the camp 
euffered to some extent from malaria and jungle fever, but was able to 
complete ite area well up to time. 

Camp ($).-Mr. N. D. Joshi triangulated 1,647 Rcluare nliles in sheet8 
64 B and 64 J in the Biliispur and &fandl8 diatricte, and in the Chhattisgarh 
feudatory states. This area is for the m o ~ t  part hilly, the hills being flat- 
topped ant1 densely wooded, neces~itating extensive clearing operations 
before observations can be commenced. Villages are small and few and 
far between, and con~munications are bad. Malaria was prevalent up to 
the end of January, and the work was further delayed by haze after the 
beginning of March. 

Camp (4)-Mr. J .  R. Chibbar triangulated 1,930 squarc miles in 
eheets 64 B and 64 C in the Biiliighiit, Drug ant1 Mandli districts, and in 
the Chhattisgarh feudatory states. Of this area 820 square miles was 
trianplated by Traverser Raghubir Prasad in 1926-27, hut the work 
wae rejected, and had to be re-observed. The nature of the country iis 
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very similar to  that in which Camp (3) was working, although communi- 
cations are slightly xilore numerous. Haze and malaria considerably 
delayed progress, and one khalasi died of fever. 

105. Recess duties.-Fair mapping was divided into two sections 
under Messrs. J. H.  Johnson and Shadi La1 Dube. The mapping of all 
field work was completed during the year. Meesrs. N. D. Joshi and 
J. R. Chibbar were responsible for the computation of their triangulation. 

No. 24 Party ( Sind Rectangulation). 
Major H. E. Roo~lle, r . c . .  R.E., to  19-12-27. 

Odicet. ifr C'lrn rye.- Major A. H. Gwyu. I . A . ,  from 20-12-25. 

106. General.-The work consists of laying out 320-acre rect- 
angles over the whole area and fixing nlarkstones a t  the corner of each 
rectangle. Field headquarters opened at Hyderabld (Sind) on 26th 
October 1927, and closed on I l t h  April 1928 ; the office then moved t o  
Karachi for recees. 

Persolzne1.-The field strength, apart from the 0. C., consisted of 2 
Class I1 officers and 1 I T .  S. S. oficer with 18 traversers and 31 
rectangulators. 

Out-turn.-4,680 aquare miles of traversing and demarcation of cor- 
ners of main rectangles (of 4 square miles), for subdivision in 1928-29 
to 320 acres ; and 3,154 square miles of 320-acre rectangles. 

Bonus Systen, of P(r,yntent.-As an experiment, " Purely Tem- 
porary" Lower Subordinates and menials were paid according to out-turn. 
The increased out-turns enabled the party to execute a larger programme 
than it would have done otherwise while avoiding the dead weight ex- 
pense of outfitting a larger establishmeut. 

107. Field work was organized as follows :- 
Camp (I).-Mr. 0. N. Pushong (Class 11), with 1 8  traversers carried 

out the traverse and stone-laying operations and in addition subdivided 
257 square miles into 320-acre rectangles. 

Camp (%').-Mr. Mohammad Najamuddin, B.A., (Class 11), with 15 
rectangulators flubdivided 1,036 square miles into 320-acre rectangles. 

Camp @).-Mr. Amrit Ran) ( U. S. S.), with 16  rectangulators sub- 
divided 1,961 square miles into 320-acre rectangles. 

108. Recese duties.-Mr. Anwit Ram with 9 men completed the 
con~putations for the past field season, computed data for 1928-29, and 
prepared Masavi originals for reproduction for the Chief Engineer. The 
miscellaneou# index mapping was directly under the  Officer in charge. 

~ajputana Detachment. 
Mr. J .  C .  C. Lears, from 1-10.27 to 31.6-28. 

Oficcr L P ~  Charge.- 
Mr. L. Williams, M.B.E., from 1-6.28. 

109. Qencra1.-This detachment, the name of which was changed 
from JhBnsi Survey Detschment to  Riijputiina Detschment on the 1s t  
October 1927, took 11p normal topographical surveys on the 1-inch scale 
in sheet 45 J ,  :~lso i t  ~pecial survey on the 4-inch scale in sheets 45 B and 
F. The field headqurtrtcrs were at Ajmer. 
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110. Personnel.-The field strength, apart from the 0. C., was 1 
Class I1 officer, 2 Upper Subordinate Service officers, 14 surveyors, 3 
levellers and 2 computers. Surveyor Shabir Ali died on the 9th July 
1928 while on sick leave. 

111. Out-turn.-1,066 square miles 1-inch original survey in sheet 
45 J in Ajmer district, Jaipur, Jodhpur and Kishangarh States. This in- 
cludes an area of 28 miles of Fo?.est Surveys in the Ajmer Division of the 
Western Forest Circle. 

76 square miles of 4-inch original survey in sheets 45 B and F in 
Jodhpur State. 

269 acres of 16-inch survey of the Mayo College grounds in Ajmer. 
2,135 square miles of triangulation in sheet 45 J of which 1,066 miles 

were for the current season's survey. 
The framework and levelling for a 16-inch survey of the Kailgna 

Tank proper to be undertaken next season, the cost of which will be met 
by the Jodhpur State, was also completed. 

112 Field work was organized as follows :- 
Camp (I).-Mr. H .  H. P. Butterfield (Class 11) from 1-10-27 to 

3-3-28, and Mr. Jagan Kath (U. S. S.) from 6-3-28, with 10 surveyore 
(decreased to 7 in March), surveyed 1,066 square miles on the 1-inch scale 
in sheet 43 J in Ajmer district, Jaipur, Jodhpur and Kishangarh States. 
The area was open with scattered hills and ridges and easy to  survey. 

Camp (a).--Mr. Ram Narayan Hastir (U. S. S.) with 4 surveyors 
(increased to 7 in >larch), 3 levellers ilnd 1 computer, surveyed 76 square 
milee on the 4-inch scale in sheets 4.i B and 45 F in Jodhpur State. The 
area was undulating and sandy with rugged hills in the southern part. 
This camp also completed the triangulation, levelling and 4-inch survey 
of 76 equare miles of the Kailiina Tank Catchment area in Jodhpur, with 
contour intervals a t  5 ,  10, and 25 feet according to  the steepness of the 
ground and the requirements of the State 05ciale. 

A special 16-inch survey of the Mayo College grounds in Ajmer, 
covering an area of 269 acres was undertaken, on payment, a t  the cloee of 
the eeason. 

Camp (3).-Mr. Jaglrn Nath (U. S. S.) with 1 computer triangulated 
2,l:l.i Aquare niiles in sheet 4.; J in Ajmer and Merwara districts and 
Jaipur, Jodhpur and Kishangarh States. The area was open, with ranpee 
of hille a t  convenient intervals for triangulation. 

113. Receee dutie8.-Fair tnapping was divided into two sections 
under Meears. Ram Karayan Hastir and Jagan Nath. The mapping of all 
field work was completed during the year. 

Mr. Jagan Nath completed the computation of the triangulation in 
addition to hi8 other duties. 

~hopa l  Survey Detachment. 
0-t rn Charge :-Mr. Chuni Lrl f ipur ,  Rci W i b :  

1 1  Tho detachment continued and completed the Cad~s t r s l  6urvq 
on 16-inch scale in Bhop l  S t a k  in sheets 54 Lend .55 E. It also demsrcad 
tod with permanent mark-etonee all traveree stations which had been laid 
d o m  in previous yeare throughout the State. 
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Except for 3 traver~ers and 2 computers lent by the Survey of India 
all hands were entertained and trained by the State. 

Mr. Chuni La1 Kapur, Rai Sahib, who has been on deputation to 
Bhopal State for over 5 years now, and who has carried out and comple- 
ted during this period, the traverse and Cadastral Survey of the whole, 
State has made himself so necessary to the State that his services are still 
required for the survey on 4-inch scale of all the forest blocks in the State 
which cover an area of about 1,400 square miles. This surrey.wil1 be 
taken up next field season. 

Under arrangements originally made with the State the detachment 
was inspected by the Director, Central Circle once during the field seasot1 
and once during recess eeason. 
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DIRECTOR:-{ Lt.-Colonel C.&I. Browne, C.M.Q., D.S.O.. R.E., lip to 7-11-27. 
, L. G .  Crosthwait. I.A., from 8-11-27. 

115. Summary.-The units administered by the Southern Circle 
were Nos. 6, 7 and 8 Parties and No. 4 Drawing Of3ice. 

116. Training.-One Class I1 probationer continued his training 
in the field. Of the pupil surveyors and draftsmen under training in 
the Circle, 19 made satisfactory progress and 2 were discharged as unlike- 
ly to become efficient. Eight pupils, whose educational qualifications 
were above the previous standard, were entertained during the recess and 
attached to No. 7 Party for training in drawing and planetabling. 

117. Special surveys.-There is a considerable increase in demands 
for, and enquiries regarding large-scale surveys of private estates. 

118. The field work of parties, of which the outturn on the normal 
scale of 1 inch = 1 mile was 16,291 square miles covering 58 sheets, was 
as follows :- 

'No. 6 Party.-Topography in sheets 56 E, I, J, K and 66 A on 
the scale of 1 inch = 1 mile; forest surveys on the two-inch 
scale and a three-inch survey of part of Hyderiibsd City and 
Environs. 

No. 7 Party.-Topography on the scale of 1 inch = 1 mile in 
sheets 57 A and B. Sixteen and eight-inch surveys of estates 
in eheets 45 0 and P and four-inch survey of mining conces- 
sions in sheets 57 A and B. 

AVO. 8 Party.-Topography on the scale of 1 inch = 1 mile in 
sheets 58 F and J.  Sixteen-inch survey of estates in sheets 
49 M and 38 A and B. 

No. 6 Party. 
O&er in Charge.-hlajor R. 9. Weuchope, o.B.E., I . A .  

119. General.-The party opened its field headquarters office at  
Secunder~bad on the 16th November and continued topographical eurveys 
in the Yeotmal dietrict of the Central Provinces and the Adilihiid, Karim- 
nagar, Nalgonda, N ~ n d e r ,  Medak and Wiziimiibiid districts of Hyderiibiid 
State. I t  also carried out survey on the Madras coast in the Guntiir and 
Kietna districts. 

Personnal.-The tield strength of the party was 1 Class I, 2 Clam 11, 
3 Upper Subordinate and 45 Lower Subordinate Officers. 

1 0  Areas 8urveyed.-A total area of 7,043 equare miles was 
eurveyed as follows :- 

5,094 aquare milee original and 271 square miles supplementary 
eurvey on the one-inch scale in eheete 56 I and J and 66 A ;  35 aquare 
miles in sheets 56 E and I and five eheets in 56 K covering 1,416 equare 
miles, both of which areae had been previously surveyed on the half-inch 
scale, were revieed on the one-inch scale, the latter at the requeet of the 
military department. 

189 ecluare miles of special aurvey of Hyderebad City and environs 
were surveyed on the three-inch ecrle for the Hydenibid Government and 
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38 square miles of the Kondapalli reserved forest were eurveyed on the 
two-inch scale for the Madras Forest Department. 6 sheets of the 
sixteen-inch map of Bangalore Civil and Military Station were brought 
up to  date during recess. 

121. Field work was organized as follows.- 

Topographical surveys.-Camp (I), under Mr. E. N. Natesan, B.A., 

(Class 11), assisted by Mr. J. A. Cabral, (U. S. S.), and a staff of 19 
surveyors completed 2,144 square miles original and 35 square miles 
revision survey on the 1-inch scale in sheets 56 El15 and 56 I/South 
and a portion of 56 M/4 which had been left over from last year owing t o  
scarcity of water. The country was chiefly low hills covered with jungle 
of varying thickness and flat cultivated plains. 

Camp (2)  under Mr. C. P. E. Davenport, (Class 11), assisted by Mr. 
Muhammad Abdul Azim, I .D.S.M.,  (U. S. d.), and a staff of 16 surveyors, 
surveyed sheet 56 JiNorth on the one-inch scale comprising 2,253 square 
miles. The country varied considerably from flat open cultivated areas to  
undulating hills covered with thick jungle in which survey was difficult 
owing to the paucity of recognisable points. 

It was arranged that  outlying areas of each camp should be pushed 
ahead in order to relieve some surveyors early, the remainder being 
concentrated under one camp officer and an assistant; it was thus poeeible 
to  send Mr. Natesun with Mr. Azim and the best draughtsruen to  
Bangalore by the 1st April, and open an advance drawing section t o  
prepare blue prints and start work on the tirst batch of ~hee t s .  Other 
surveyors followed imilledintely they hiid completed their areas, with 
the res~il t  that drawing was well in hand and the first sheets were sent to 
the Drawing O5ce in July;  congestion was thus avoided. 

Contp (3) consisting of 4 tiurveyors directly under the supervision 
of the Officer in charge of the party revised 1,416 squnre miles on the 
1-inch scnle in sheets 56 Kl5, 9, 13, 14 and 15, whiclr had been previously 
surveyed on the half-inch scale; it carried out 397 squnre miles original 
eurvey in sheets 66A/5 nnd 9, and 271 square miles supplementary 
survey in sheets GGAll:) ; ~ n d  14, for which a sheet colnpiled by the 
Madrae Survey froin their revenue work was available. Four surveyors 
from other camps were transferred to this camp towards the end of the 
seaaon, after conrpleting their allotted areas. 

Some minor corrections were made to  the three-inch military map of 
Secunderiibiid :rnd Boliirum and to the one-inch Secunderiibid Training 
Area Map. 

One surveyor working for 24 months conlpleted the Kondapalli 
reserved forest of the Kistna forest division, an area of 38 square miles in 
eheets 65 I),'Fi, 6 and 10 on the scale of 2 inches - 1 mile for the Madras 
Forest Depnrtmen t .  

Five Rurveyors working for varying periods of from two t o  four 
months completetl an  area of 189 square miles of Hyderiibiid City snd 
environs on the three-inch scale a t  the expense of the Hyderibiid State. 

Trinnylulcctio?~,--An area of 2,266 square miles was triangulated by 
Mr. K. B. Muthanna, (U. S. S.) and Surveyor A. Nnrasingha Rao in part 
of the Agency Tract8 of Madras falling in the Godiivari, Kistna and 
Vizagapetam dietricts. The triangulation both in 66 K and G bee 
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been connected with the geodetic series Nos. 43 and 46. The country is 
very mountainous with thick jungle, and head-loads are the only means of 

,transport in a large part of the country. Provisions are not available 
locally and had to be brought from towns some distance away. 

122. Miscellaneous.-Owing to  the shortage of transport obtain- 
able locally in the north of the area under survey camels procured from 
the Hosllangabiicl district were employed as in previous years. This 
greatly assisted the progress of survey. Tlle Godiivari river being in 
flood later than usual prevented the camel transport from croseing the 
river a t  tlie bewinning of the field season and made it  necessary for 

T 
Aurveyors working north of the river to make a considerable detour, 
'thus causing delay in getting to their work. 

Owing to the Xizim's Government having completed most of the 
traverse work of tiilukus to which reference was made in last year's 
report, there was insufficient work left for the party to take over and 
negotiations were, therefore, stopped. 

Large areas of the Nirmd tIluk have remains of iron workings which 
probahly clate back to ;a considerable age, especially east of Nirmal itself 
where in many places large heaps of slag are found. There is probably a 
considerable amount of mineral deposits in the areas south of the 
God~var i  between Sizamabzd and Jagtial. Ancient stone circle burials 
have been located between BBlkonda and the Godiivari, but none l~ave 
heeri found to the north of the river. 

The country over which survey has been colnpleted tlris year is being 
rapidly opened up. The area north of Niziimiibiid will shortly be very 
considerably developed when the XizLoi SLgar irrigation project has been 
completed. Owing to the conetruction of new roads now in progrese the 
Adilabacl clistrict is rapidly becoming more civilized and with the ubi- 
tluitous motor bus is not so cut off as formerly. I t  is probable that 
larger areas of this district will corrre under cultivation before very long. 

123. Recess Duties.-25 fair sheets on the 14-inch scale were 
completed during the recess, the work being divided into two sections 
under Messrs Satesen ant1 Davenport. Three half-inch sheets v iz . ,  
56 I/N.W., N.E. and 56 M1S.W. were completed. 

The special three-inch map of EIyderabsd City and environs consie- 
ting of four sheet* was drawn on a scale of four inches to a mile and sent 
for publication. 3.5 two-inch special forest maps for H.E.H. the Niziim's 
Cfovernment have also been drawn, and the two-inch map of the Konda- 
paIIi foreat was completed and sent for publication. 

The comput~~tion of the triangulation was completed satisfactorily 
under Mr. Muthanna. 

During recees 6 sheet8 of the Rangalore Civil and Military Station 
were brought up to date by a few surveyors less expert as draughteman 
under the ~upervision of the Oficer in charge of the party with surveyor 
Mokhan Chand in charge. 

124. Map Srslee.-Quite :I large hu~inese woe done during the 
field eeason both with the military authoritiee and official departments of 
Hyder6bBd State. Sales to private individuals of all claseee is greatly on 
the increase. This has been due portly to greater advertisement costing 
very little, by publication in Brigade and Regimental ordere, occekonel 
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paragraphs in the 1oc;i.l papers and the display .of lanteru dides at 
cinemas. A large proportion of both official and private sales was also 
done by sending ;L limn with samples to interview officinls, business 
tirrns i ~ n d  privnte inrlividu:lls. 

No. 7 Party. 

O.(h'r~,i, I if  ( ' / I I I ~ ~ P , -  
M r .  V. W. Morton, t o  20-5.28. 

{raplain G. 1'7. Gcmmell. I . * . .  t l r m  41-6-28. 

125. General.--The party continued survey in sheets 57 A and B 
on the scale 1 inch = 1 mile in the Anantapur and Bellary districts of 
Madras, in the R:~ichfir district of Hyderabad and the Chitaldrug district 
of Myeore States. It also undertook the survey of two private estates 
and one mining concession. The field headquarters were a t  Bellary. 

126. Personvte1.-The field strength was 2 Class I1 officers, 1 Class 
I1 oficel- p roba t io~~er ,  4 Upper Subordinate officers. 19 Lower Subordi- 
nate officers and 15 pupil surveyors. Mr. 1'. W. Morton handed over 
charge to  Captain G. Mr. Genimell nnd proceeded on leave on 21st May. 
Mr .  F. C. Pilcher joined the party on 1st May. 

127. Areas surveyed.-The topographical survey czrried ou t  
consisted of 4,803 square llliles O F  original eurvey. I n  addition 25 square 
rniles of special surveys were completed. 

128. Field work which comlnenced on the 21st November, was 
organized as follows.- 

Topographical surve?ls.-Ca)np ( I ) ,  Mr. N. S. Harihari~ Iyer (Class 
11) with 1 Class I1 probationer, 1 U. S .  S. officer and 6 surveyors com- 
pleted 1 ,728  square iniles on the one-inch scale 

C Q V L ~  (2), Mr. Shib Lal, R .  s., (U. S.  S.) assisted by Mr. Abdul 
Ghafur (U. S. S.) with 3 surveyors and (i pupil siirveyors completed 1,637 
square miles on the one-inch scale. 

C a n ~ p  ( J ) ,  Mr K. G. Mnndanna. ( U  S S.) nssisted by surveyor 
Ghulam Rasnl Khnn, I . D . H . M . ,  c.H.. 4 RurveyorA and 9 pupil srirveyore 
completed 1,438 square miles on the one-inch scale. The country surveyed 
consisted of undulating cultivated  plain^, rocky outcrope and epareely 
wooded hills. In Rome arens surveyors and khalasis experienced con- 
siderable hardship toward8 the end of the field season owing to   carc city 
nf water. 

129. Slwcirc.1 st~?+t~e? /s  -The eurvry on payluent of 320 ncres of 
coffer e ~ t a t e s  iind 2,648 ncres of tea gnrdens in the Kadiir and Hessan 
districts of Mysore State wnrr completed on the scale 16 inches and 8 
inches = 1 111ile, respectively and 1:3.190 :~crre  of mining concession areas 
were ~rlrvryed on the ~ c ~ l e  of 4 inchen - 1 mile in the Sandiir Sta te  of 
3 I~drne  States 'L'rinngnlation and '23 linenr mile8 of traversing were 
rnrried out  for these surveys. 

130. M i ~ c e l l r t n e 0 ~ 8 . - - - A t  the foot  and on the summits of the 
rocky hills west :ind north-west of RByarlrug in sheet 57 R114 there nre 
neverti1 templee of nrchax~logical interest. 

The health of the party was fa r  from satisfactory during March and 
April when eeveral ~urveyors  bnd ~r~er l i r t l~  suffered from feyer, . - 
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13 1. R e c e s s  .duties.-The mapping of the 17 one-inch fair aheete 
which was completed during recess was divided into four sections under 
Mesers F. C. Pilcher, Harihara Iyer, Mandanna and Shib Lnl. The 
drawing of halE-inch sheet 57 AIS. W. was also undertaken: The maps 
of estates and mining concession areas were drawn and sent for printing 
to the  Circle Office. 

No. 8 Party. 
0ficb1- i n  Chnrge.-Jlr. I?. .\ Ilcyer. 

132. General.--Survey was continued in the Coimbatore, Madura, 
Ri lunid  and Trichinopoly districts i ~ n d  Puc-lukkottai State of the Maclras 
Presidency. The area i ~ r o ~ n d  Coimbatore town was revised and surveys 
were made on payment of sever'll private estates in the Coinlbatore, 
Malabar and SiQir i  dist~.icts and Cochin State. 'l'he field headquarters 
q e r e  a t  Coin~batore. 

133. Persor )~~a l . - - -  During the tielcl season the average strength was 
5 Class 11, 3 Upper Subordinate and 56 Lower Subordinate Officers. 

'Thirteen young surveyors were received from other parties a t  the 
commencement of the field season. Jlr.  E'. C.  Pilcller (Class 11) was 
transferred to No. 7 Party from 1st May. 

134. Areas s u r v e y e d . - A  total of 4,672 square miles was 
surveyed comprising 436 scluilre lniles of original irnd 4,236 squ;~re miles of 
supplementary survey on scale 1 inch = I mile in sl)eets 58 F nnd J. 
65 square miles were revised on scale 1 4  inches - 1 n~ile in the vicinity of 
Coi~nbatore town. I n  acldition 16,129 acres ( 2 5  square niiles) of estates 
were surveyed on scale I 6  incl~es = 1 mile. 

The ~rlignment of the Pul!iichi-Dindigul Hailway now Ilearing 
co~npletion w ~ ~ s  surveyecl on publislled sheets 5d F/7, 11, 15. 

135. Field work which commenced on 1st December and closed 
on 29th April was org;~i~ized a s  follows :-- 

Topo,q~iiphicnl ~ u r ~ ~ e ~ / s . - - C n m p  (I), Mr. F. C. Pilcher with 12 
eurveyore carried out 2,4!)9 Frlunre rn i l~s  of ~upplement i~ry  nud 255 square 
milea of original 6Urve). on the scale of 1 inch = 1 mile. 

Camp (,?I), Mr. 31. S. Ganeea Iyer (Class 11) with 12 Rurveyors 
completed 1,6S9 square rrriles of supplerr~entary and 62 square miles of 
originill eurvey on scale I inch -- 1 ~nile ant1 revised 65 q u a r e  miles 
on the 14-inch scale in sheets 58  A,'lG :rnd Bjl3. 

Camp ( I ) ,  Mr. P. S. Vengu~va~rii  ( U .  S. S.) with 8 sllrveyors com- 
pleted 1.048 square miles suppleirrentary and 119 square miles original 
survey on scale 1 inch - 1 mile. 

The country varied frorn But higl~ly cultivated plains to hills attsin- 
ing n height of 4,500 feet which were generally covere(1 with deuee low 
jungle. In the pl:~ino nearly every fie111 and road wnR bounded by c:lctue 
hedges which impeded movement, and the barrks of the main streams 
were thickly planted with c o c o a ~ ~ n t  and palniyra palms, the area nd,join- 
ing the Ciruvery and Amn~iva t ;  Rivtbrs being pnrticularly congested. , - 

The eupplementary survey was carried out on blue prints of one- 
inch eheets prepared by the Director, Madrae Survey, from the sixteen-inch 
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revenue survey sheets. The detail which appeared on these sheets, on 
being checked in the field, was found very accurate on the whole. 

Special surveys.-Cump ( d ) ,  under Mr. B. T. Wyatt (Class 11) with 
13  surveyors completed the survey of 16,129 acres of tea, coflee and 
rubber estates on the scale of 16 inches = 1 mile with contours a t  intervals 
of 25 feet. The camp carried out  and computed 3,462 acres of triangula- 
tion and 22 irilles of traversing for these surveys. Considerable trouble 
was espzrienced owing to nli1ll:lgers not being able to point out  the 
external bound'lriea of their estates. I n  such cases the party undertook 
to den~arcate the boundaries a t  an extra charge after consulting the 
leciscs and the &ladr,~s revenue sheets. Rlutters were still further 
complicated by there h'lving been a recent ant1 fresh settlemelit survey, 
frequently the tield numbers were changed, so th.it the numbers entered 
in the leases could not be reconciled with those on tlle now survey. 

The est,ttes were lnostly situ'lted in the M'ynaad portion of the 
Mal,~bar ~rncl Silgiri districts which is i~otoriouely unhealthy. Some 
estates were on the Anai111:ilai Hills of t l ~ e  Coiinbatore district and the 
rem.~inder in Cocl~in State. The country surveyed was hilly. The 
areas under tea were generally open and easy, coffee requiring heavy 
shClde was thickly woocled, and the u n d e ~  eloped nrent, consisted of heavy 
jungle with : I I ~  :tlinost i~npe~~cst r~lble  undcrgro~vtll of 1ont;in;l. 

Trcccc,-a~ltg.--Mr 8. R. Kelkilr, c.sc , with Jleusrs. H. Kar~isiinhamurti 
Hao, u . A . ,  : ~ n d  Si~iyitl B u d h ; l ~ ~  (L' S S.1 :ind 9 Lower Subordinates 
completed 1,556 liueiir ~niles of theodolite tra\,ersing cotering an area of 
3,462 bclu,1re iliileh ill ~ h e e t s  5 8  S : ~ n d  58 M 8 in the Tiinjore :ind Trichi- 
nopoly clistricts i ~ n d  Pudukkotti~i S t i ~ t e  for detail survey on the scale of 
1 inch = 1 mile nest  season. l ' ravers in~ tvi~s resorted to  as the country 
is flat :tiid ur~suiti~ble for trianguli~tion. The tra~.erses are bilsetl on the 
eti~tions and points of the S. E. and Coilst series of the G. T. triangula- 
tion. In addition to t l ~ e  tr:~vc>rse stations allout 1,500 ilitersectcd points 
were tixctl. 

136. Recess duties.--The fair mapping of the 16 one-inch fair 
sheets which was completed during recees was organized in four sections 
under Messrs Wyatt, (ianesa Aiyar, Krlkar and \Tengus\-al~ii. The four 
hi~lf-inch sheets of 58 E vhich were begun last recess were completed 
i ~ n d  two Iuore, 58 F1S.M' and X.E. .  put in hand. The 111aps of 15 eetatea 
were drutvn anel su l )~~~i t t c )d  for pri~ltillg in tlie Circle Office. 

Mr. H. ?;i~rubin~hanlurtlii Rao was in charge oll the Computing and 
Compiling section. This section completed the computations of the 
traversing and prc~pamcl the lnosuics for the planetable section required 
during tlie c o ~ ~ ~ i n g  winter from data supplied by the Director, Madras 
Survey. 
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137. S u m m a r y . - T h e  units administered by the Eastern Circle 
were Nos. 4, 9 and 1 2  Parties, and No. 5 Drawing Office. 

The Director, Eastern Circle also acts as Director of Surveys, 
Assam, under tlie local government. This entails the administration of 
the Assam T~azjerse Par ty ,  the  Assaln Drawing and Reproduci~lg Ofices 
a t  Shillong, and the Assam Sz~rvey School a t  J h i l u k b ~ r i .  

I n  addition, as technical adviser to the  Government of Bengal, tbe 
Director, Eastern Circle visited the Bengal Survey Office a t  Alipore, 
the field work of the Garden Heacl~ survey, the Survey School a t  Mainamiiti 
near Comilla, the Set t leu~ent  Survey Drawing Office at  Chittagong and 
the  Air Survey field headcluarterd a t  Mathrapur in the MBldn district as 
well as their drawing office in Calcutta. 

The Bihcir anti Orissct Government has now also agreed to employ 
the Director as technical adviser on survey matters and to contribute a 
part of his pay accorclingly. 

138. The j e l t l  work of parties coverd eS0 one-inch sheets partly 
or wholly surveyed, ae follows: 

iVo. 4 Party.-Topogrnphy :3,808 square miles on the l-inch and 
6-inch scilles in eheets 7:; E, 73  I and 78 P. 

S o .  9 13~crty.--Topography 1,85!)  square ~niles on the l-inch scale 
in sheet 7 8  K. 

1Vn. I 2  ]'art!/.--'l'opogr;~phy :3,9 10 square rriilee on the $-inch, 
l-inch and 4-inch scales in sheets 78 A, B, F, I, J, K and P, 
and 83 B, I), F, I ancl J. 

~'~uining.--?do8t of the pupils attached for training to parties in 
the field, appear to t)e prolnising and likely to 1)econle useful surveyors. 
Only one pupil wae dischilrged (luring the year. 

139. The New Of3ce buildings for all units of the Eastern 
Circle were colnpletrd on the "Bonnie Brae" estate, which \\-as pur- 
chased by the (Jovernrnent of India for the purpose in 1926. Tlie build- 
ings art. well-designed and 1~11-lit,  and sl~ould expedite i l l1  branchecl of 
the work I t  is very fortunate that they h a \ e  heen co~npletecl just 
before an extra regiment is to I,e posted to  Shillong, which will adcl seri- 
ouely to  the conge~t ion of the place. The llirector'a Office, the Drawing 
0 5 c e  an11 S o .  1 2  Party r~lnved into the new buildings in July 19W1 and 
NOR. 4 and 9 Parties in August Colonel >lcllnrg in11 all concerned are 
to be congratulated 011 t h i ~  excrllent result i111tl the promptitu~le wit11 
which it has heen completed A photograph oI' the net\- offices r hack 
view) will be found on the oppoeite page. 

140. itir. S'IO.~Y!I (!f Jkfil(1r1 district.--The Eengal Goveru~ent O I I  

the advice of Mr. A. K. Jalneeon, I c.s , Director of Land Records and 
Surveys. has set a le:ltl to all India by having the new cadastral maps of 
M ~ l d a  district, on the hc:~le of I Ci i n c h e ~  to one mile, prepared from air 
photographs. The contract wns placed with the Air Survey Co., I.td.. 
who nre tnking n i r  photogr;~phn of the  whole are;) of 1.700 srlna1.e 111ilew 
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and have inlprovised a large drawing ofice in Calcutta for the prepara- 
tion of the maps, which will be ready for settlement operations next field 
Belt6On. 

This method is particularly buitable for the flilt plains of India and 
greatly reduces the harassment of the vill;~gcrs by clr~rinmen, etc. There 
is also every hope that  the method will prove better, cheaper, and quicker 
than ordinary methods; though the results cannot be fully judged until 
tested in the field next season during the settlenlent operations. 

Lieut. D. R. Crone, H . E . ,  ilnd Jlr  B. B. Kuttappa, (U. 8. S.) were 
transferred to  this work from 28th February and 1st April respectively, 
with the object of gaining experience in air-survey niethods and of 
assisting the Company in technical questions, the former until he pro- 
ceeded on furlough in June and the latter for the rerrrai~~der of the year. 
Mr. lMuha111mad Hueain ( U .  S. S. ) was lent by tlle Geodetic Brauch for 
about 2 months to the Director of Lilt~d Records and Surveys, Bengal, to 
assist in tile rapid completion of the traverse programme in time for the 
Air Survey. 

Procedure.--The work is based on travercle poi~its  placed approxi- 
mately a t  one-mile intervals; these control points as eventually devised 
consisted of four trenches, (10 feet long by 24 wide by 1& deep, with the 
excavated earth built up like a wall on the east and sou t l~  sides) dug a t  
right angles in the for111 of a cross. with the centre a t  the junction of 
field aisles, and 15 feet distant from the neiir ends of the trenches; as 
seen from the air about 11 a.nl. early in February they showed up quite 
clei~rly. Experience seeuls to show that ~ ~ ~ u c h  of the irbove procedure 
may be siurplified nud chei~pened in future \{ ork. 

Photography n a s  carried out  with the Eagle Autoi~i~itic Film Camern 
toking exposures i by i inche.; with a lo-inch lens a t  altitudes of 
about 6,600 feet, ~Sesulting in approsi~irilte scales of H inclres=l mile. 
Longitudinal anci lateral overlsps were not less tl~iln 5 5  and 20 per cent 
respectively. 

Lieut. Crone carried out the tield c;rlibration ol' the caulern and 
organized the coulputations for t l ~ r  scirling of the pllotographs and lor 
the ad jus tn~e~l t  of the sub-control ohtainetl from tire r:rdi,zl line plots to  
the trirverse control. 

Mr. I(utti11,p:~ H . ; I ~  cl~~ploxecl ill tlie severill tiectio~rs of tlie drawing 
oficc and lirter took over the conlputatio~l sectioll f1.0111 Lieut. Croue. 
The coml)utiltions intlicate that the ~tirll(lttr(1 of ; I C C I I ~ ~ I C ~  01' one in two 
hundred rccluiretl should he nrnint;rined, but the iictual uccurilcy is depen- 
dent partly on the control and can 0111y be deterlr~irietl when the final 
sheets on t11e sixteen-incll nc:~le are esirnri~~rci in the tield during the 
course o f  tire 6ettlrn1ent operntione in the seasons 1928-29 a l ~ d  1929-30. 
These tinirl @beet* will l ~ c :  blue vandj~ked copieti of the rectitied traces. by 
villages, prepared fr0111 sixtt~en-inch photographed enlargements 

One of the air-photogr:~phs is reprocluccd in the frontispiectt of this 
report and a fuller account ol' the work is given in Appcndix I. 

141. ~ i r  Survey, Orissa coast.-The Air Survej. Co.. Ltd.. 
photogr:rpl~ed on the scillr o f  npprnsilrrnteiy :? incl~es= I mile, nbout 164 
linear rniles by 3 in i l e~  in ~vidt!l oi tlr? Orissa coast from the nortllern 
rl~outh of the 1)hiirnril river to the soutllern end of the Chilka Lake iis well 
;IR npproximnte u13eaN of 24, :$!) :~nd  20 square ~ n i l e ~  lit the mouth of the 
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Dhamra river, in the vicinity of False Point and the mouth of the Devi 
river respectively, for the  Committee investigating the causes of Orisea 
floods. 

Mosaics of the long coastal strip and the three areas have been 
made, and outline traces, not  tied down to  fixed points, have been suppli- 
ed to the Committee. Copies of these traces as well as copies of the 
 noss sics have also been supplied to  Eastern Circle Office and will be made 
use of by S o .  9 Party when the fair mapping of the areas in question is 
taken up next season. 

No. 4 Party. 
0Jut.r C l ~ a ,  ye.-Allajor F. B.  Scott, I . A .  

142. General.-Supplelilentary survey on the l-inch scale was 
carried out  in ~ l l ee t s  73 E and 53  1, in Billfir and Orissa, and original 
survey on the 6- i~lch scale of tea gardens in Assam. 

lJerso~ineL.-'l'he tield strength of the party was 2 Clnl;s I1 ofiicers. 
1 Class 11 probationer, 4 Upper Subordinate Service officers and about 
36 Lower Subordinatee. 

Areas s u ~ ~ i e  yeti.- 
l-inch supplementary burvey 3,785 bquare miles. 
6-i~ich tea-garden survey 18 square uiiles. 

Il',.iccngzilc~tion -S,79 7 square u~ilea. 
145. Field work was organizetl RH folloun :- 
Cc~nrp (I).--Yr. P. S. Sur  (Uliise 11) assistetl by RIensra Sa$;i\val 

Khan, c . H . ,  aucl Abclul Aaiz l ihan (I:. S. S . ) ,  with H surveyors and 
8 pupils ; s u p p l e ~ ~ ~ e n t a r y  survey on the l-inch scale of 1,230 square l l ~ i l ~ s  
in the Chota Sagpur  plateau around Riincl~i, consisting of open cnltivntecl 
g o u n d  wit11 isolated rocky hills and small areiis of jutlgle 

Camp (2).-Lieut. C d. Jlclnnes (Cli~ss 11) wit11 one C l a ~ y  I1 pro- 
bationer ant1 12 fiurveyorn; supplementary survey on the l-inch scale 
of 1,602 square miles in the Chota Xagpur plateau east of Kinchi rind the 
scarpa ancl adjoining plainn, inclucling 1;irge area8 of jungle. 

G r c w ~ p  ( 3 )  .--Mr. A. C. Slaulick ( V S. S. ) with (j nurveyors : ~ u p p l e -  
nlentary nurvey on the 2-inclt scale o f  95.3 scluare miles in the Chota 
Sfigpur plateau between Kiinchi and Hszi~.ibiigh, consisting of wootletl 
llills ant1 valleys i~~terspersed with cultivation. Bear ant1 tiger were 
fairly colulnon in part8 of the jungle, bat  caused no casualties. All 
woocled areas irre being steaclily denuded end wild life destroyell. 

Triangulution --Mr. S. (;. Boy (U. S. S.), surveyor Hari Singh and 
traverser Raghubir Prasacl were ernployecl on trianguli~tion in uheetfl 72 H 
and 7.3 E, comprising the northern portion of the (;hot8 Sagpur  pli~teau 
and adjoining plain8 of Oayi.  

144. Forest S~~rveys.-The l-inch survey included supplementary 
eurvey on the 1-inch acale of 20 square miles in the Mudali and Kglimati 
reserved forests end the Mathe protected forest of the .Chaibasa forest 
division and in the Horhap reserved forest of the Poriihiit f o r e ~ t  division, 
by Camp (2).  

145. Tea Garden Surve9s.-At thc  request of Mesers Duncan 
Brotheru & Co., Calcutta. Managing agenta, Mr. S .  C. Cbatterjee (11 S. S.), 
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of No. 12 Party, with 6 surveyors of this party, surveyed an area of 
about I S  square miles on the 6-inch scale with contours a t  20-foot 
intervi~ls in the Alinagar, Chatlapur, Daurachara and Madhahpur ten 
wardens. The work was begun in April and completed in May. The 
D 

maps are required for the preparation of anti-malarial schemes and will be 
fair drawn a t  tlie firm's request on the 16-inch scale; the whole cost 
amounting t o  Rs. 11.000 will be borne by the Agents. 

146. Recess dz~ties.--The fair mapping was divided into three 
sections under Mrssrs Sur, Creed ant1 Mnulick and wns duly completed 
hefore the end of recess. c.xclucling t l ~ e  partially surveyed sheets 7.3 F,,'10 
;~ncl E l 1 4  

Triangulation coluputiltion was in c l~arge  of Mr. Hoy. 

No. 9 Party. 

147. General -01.iginal surveys on the 1-inch scale were carried 
out in sheet 7 3  K in Bihiir and Orissa. 

Pe,.sonnel.-The average tield strength of the party was 2 Class 
I1 officers, 5 ITppec. Subord i~a te  Service officers and about 37 Lower 
Subordinates. 

Areccs surz.~!~c~I.-One-inch o r i ~ i n a l  survey 2.8.59 square mileg. 
Tria~1gzil(~t;o~~.--j51j sc1ual.e rniles 
Tree vet*si?t!l.--f ,810 squ;lre miles. 

148. Field work w:ls organized ; I N  f o l l o ~ ~ s  :- 

Ccrn~p (I).--Mr. Bl~upendrn Wath Si~ha,  M.W. (Class II), with one 
Upper Sul~ortlini~te officer and 11 surveyora, carried out original surveys 
on the 1-inch scale of 1,105 squ:we milee in the Balnuore district arid 
M;tyfirbhnl?j ntlcl Silgiri Fendatory Stateu of Orissa. This area consisted 
~ ; ~ r t l y  of densvly forested and steep l~ills reaching 3,200 feet in height 
above sea level, without villilge~ or co111111llrlicatio118 and presenting great, 
clifficnlties to thr  surveyors; these were occnaionnlly compelled to  build 
pl;itforora on t8ree tmps for the purpose of resection. The rest of the nre:t 
was unclulnting country, mainly wooded, but with numerous clearings. 

( ' ( o I I ~  ,,?).-Mr. Satish ('hnndrn Mukerjee (U.  S. S.) ,  with Fi 
Rurveyors and 2 pupils, carried out origir~nl surveys on the 1 -inch ~ c a l e  of 
554  quar re miles in the Bnlt~sore district. : ~ n d  I<eon,jhilr, Maytirbhnnj and 
Nilgiri Feudatory Stiltes ol' Orissa, consisting of rnuch tlre same type 
of country that  of S o .  1 Camp. 

Camp (3i-Mr. Itol~ini K u ~ n a r  Ti~lapatr:~, B.A. ,  (U. S. S.), with G 
surveyors and one pupil, carried out  original surveys on the I-inch ~ c a l e  
of 784 squajre ~niles in the Bnlasore district and the Nilgiri Feud:~tory Sttitea 
of O~.issn, consist,in~ for the most part of il flat cu1tiv:lted plain stretching 
from the Silgiri l~illu to the coilst of the Bay of Hengal. It w:ls noticed 
that the sea had receded nbout one third of a n~i le  since the ltlst 
uurvey in 1894. 

Tricr~~guln t io~b . -Mr .  Bidhu Bhusrtn Shon~e  (U. S. S.), triangulated 
in eheet 73 I,/1 and 2 in the Cuttnck district. He was transferred to the 
Centrzll Circle on completion of his work ill January 1928, 
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Tmversing.-Mr John NcCrnken, M . U . E . ,  (Class II), with 1 U. S. S. 
officer, 8 traversers i ~ n d  6 computers, traversed the whole of next 
field senson's a rea  in 7; ;  L and 7.1 I, in the Balnsore, Cuttack and 
Puri districts of Orissci. Towards the eud of the field season 311.. 
McCraken, with JUI veyors from the other thwe camps completed the 
1-inch originnl snrvey of sheet 73 1<i8. additional to the original 
progrelnme. 

Forest stcr.ue!ys.-'l'he 1-inch survey inclu~led the Silnlip&l reserved 
forest of the Jlayfirbha1:j Feudatory State,  and a special edition of 
the 1-inch sheets affected will shorn forest boundary pillnrs, hnngalo~vs 
an11 offices i11 a special colour. 

C ~ t ? j  s ~ L ~ ~ ~ P ? ~ R . - - T \ I . o  s~irvt~yors were attached to the Map Publication 
Ofice and employed on revision of the 6-inch guide map of Calcutta 
and Howrnh. 

Recess duties.-The fair mapping was divided into two sections 
under 3lessrs McCr,iken, and Sahe. aqsisted by 4 U. S. S. officers. The 
former also supervieed the triangnlntion and traverse col~lputation section. 
The whole was duly completed by the end O F  recese. 

No. 12 Party. 

149. Qenera1.--The following programme was carried out  :- 
supplementary survey on the I-inch scale in sheet 78 F in Assam and 
Bengal; original survey on the $-inch and I-inch scales in sheets 78 F, 
I. J and K in A8sa11l ancl BhutBn ; original and supplementary surveys on 
the 4-inch scale in sheets 78 A iind B in Bengal; and supplementary 
wrvey on the 1-inch scale of ri~ilway extension8 in Aseam. 

Per~onne1.-The tield strength of the party was 2 Class I1 officers, 3 
Upper Suborilinste Service officers iind about 41 Lower Subordinates. 

Area8 szcrueye(1.- 
4 -inch original survey 1.018 siluare miles. 
1-inch original survey 2,547 square miles. 
1-inrb supplementary survey 995 square milee. 
4-inch original snrvey :!O square n i i le~.  
&inch supplementi~ry surrey 20 square miles. 
1-inch rnilm;ty survey 179 linear rnileu. 

Triangtcltrfao~t 1,8HH urinal-e  mile^. 
l l ~ a v ~ r n i n g  3,455 q u a r e  rnilea. 

150. F i e l d  work was orgnnize(l i ~ s  follows:- 
lftrnll) 11)  --Ill. E: \I  Rennv ( C l a s ~  I1 ) with 9 surveyors; original 

trnd snpp1ement;rr-y uurvt3yn on t l ~ e  I-inch wale of 1,3Tt9 fiquare miles in 
the Jalpaiguri cli~trict of Rengi~l. C;o:tlpiirs i1istl.ict of Assnm, t~nd  B h u t ~ n .  

The B h u t i n e ~ e  I)vrb( i , .  very kin~lly lent one surveyor and permitted 
our surveyor8 to cross the frontier for the firwt tinle This resulted in 
476 square rrliles of  incidental Rurvey of previously urlexplored country, 
and in triancruletion which will improve traverse ad-juetment in the 
&?joining Bengal Dud?*n 

Cttmp ( 2 )  ---Jlr R. C. Hanror~ I Class 11) with 7 eurveyore; original 
;,nd eupplernentnry aurveys on the I-inch ncllle of 806 Rqunre milee in the 
Coiilpnre district south of C e ~ r ~ p  f 1) 



SURVEY REPORTS, EASTERN CIRCLE. 78 

Canzp ($).-Mr. S .  C. Chatter,jee ( U .  S .  S.) wit11 3 tlurveyors, 
2 pupils rind 5 traversers; original and supplementary surveys on the 
1-inch scale of 477 square miles on both hanks of tlie Brahmaputra river, 
south of Camp (2) .  

Cunzp (4)-Mr. 11. L. Roy U. S S. with 4 surveyors and 
3 pupils; original survey on the &-inch and 1-inch scales of 1,218 square 
miles in the Garo Hills and Goiilpiira districts of Assnrr~ south of the 
Brahmaputra river. 

The c o z ~ n t r y  surveyed by Camps (1) to (4), which was last surveyed 
about 1870, comprised part of the basin of the Brahm:~putra river as far 
west as Dhubri, where the river turns south round the Giro  Hill#. 

I n  the south of this area planetabling was by resection from trian- 
gulated control; the Giiro foot-hills however, where numerolls mineral 
deposits are found, are so low and wooded that  recourse was necessary 
to height traverses ;and fixings made on mtcc/ui?~s built :tbove the 
surrounding jungle. 

I n  the north lie valuable Governn~ent reserved forests, chiefly 
S61, with col~sitlerable areas of high elephant grass ~ ~ h i c h  are burnt down 
yearly in March and April. Here an11 in the Hhutiin Hills theoclolite 
tl-averses were the only control. 

The three party elephants were utilised in the Goalpara reseryed 
forests area, where other transport was scarce. 

In  November the Bral~inaputra valley was still flooded, and malaria 
prev:delrt, accounting for the deirth of five khn1Es.i~. On the Bhut6n 

border however most s t r eau~s  dry up in the cold weather. and the scar- 
city of water is AO great that  tile forest :~uthorities run daily water trains 
for the supply of their employees. The whole country teems with game. 

C u ~ t p  (6)-Mr. Muhamm;ld Sitldik (TJ. S. S.) with one surveyor; 
original and supplement:lry survey on the 4-inch sc:lle of 50 square miles 
of chinchona plantations in the Di~rjeeling dist,rict of Bengal. These 
plantations were steep and scantily wooded. nncl lay between altitudes of 
2,000 and 9,000 feet above sea level. 

Surveyor Ali Ahmad surveyed 179 linear miles of ri~ilway e x t e n ~ i o n ~  
in Assan) on the existing I-inch sheets. 

Triangulation.-Snr\leyorn Hnri 1):ltt:i i~n( l  Al~clus Salau~ triangula- 
ted in sheets 78 F : ~ n d  K, comprising portions of the Bhutiin foot-hills 
and Garo Hills resl,ectively. The fornier failed to connect his triangula- 
tion with his G. T bast. in Cooch Hellfir Stnte, 40 iuiles diet:ant. This 
will he completed noxt senson 

l'rnzlersi?~q.-Mr. S. C. Ch;~tter,jee (IT. 8. S.) with 5 traversers 
traversed :~hout  one a half ye:~rs '  tlet:~il survey nrea in ~ h e e t s  78 B, F, 
(;, K : ~ n d  TJ in the . J ; ~ l p ; ~ i g ~ ~ r i  :ln(l M y ~ ~ ~ c n s i n g h  districts and Cooch Behar 
Stnte of Bel~g:il, n ~ ~ d  the Sylllet district of Assall). 

E'oreat s?~rve?l~.-In addition to 50 square miles of special chinchona 
plnntatiolis surveyed on the 4-inch ~ c a l e  already mentioned, the 8-inch 
and 1-inch sur\-ey included 719 squorc. ~niles of reserved forests in the 
districts of Cl~iilpiir~ R I I ~  G ~ r o  Hills ( A s ~ a m )  and .Jalpaiguri (Rengal). 

I<ec~.s,s t l ~ r t i r a  -TI\@ frlir mapping was divided illto four ~ec t ions  
under > [ e s ~ r ~  Kenny, Himson, Cloti La1 Roy and hlnharnlund Siddik. and 
was duly completed before the end of rccess. Mr, S. ('. Chatterjee was 
in charge of the computing section. 
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DIRECTOR:-('~~OI~~I E. 1'. Rich, c.I.E..  1 < . ~ .  

151. S u m m a r y . - - T h e  units administered by the Burmu Circle 
were the same as last year, ~ l i ? . .  Yos. 10, 11 nnd 9 1  Parties and Yo. i 
Drawing Office. 

152. T~.cci)ci~~g.-Xineteen pupil surveyors and draftsmen were 
under training in the Circle, and all of them )nude satisfactory progress. 

I n  addition 8 new pupils a-ere enlisted during recess and were 
nttached to S o .  7 Drawing Office for iiistruction in drawing. 

153. The . f i r l r l  1uor.k of parties was as follows:- 
*To. 10 P(t~t!/.-Topoc'raphy on $-inch, I-inch and 4-inch  scale^ 

in sheets 83 N, 83 0, 85 L, 85 PI SG J ,  86 M and 94 D. 
.So. I1 Purt!j.-Topograplly on I-inch, I&-inch, and 4-inch ecales 

in sheets 94 C and 94 G.  
AVO. 81 Party.-Survey of reserved forests on .'-inch and 4-iuch 

scales in th,e Sor thern  and Chindwin Forest Circles :ind .three 
Forest Divisions. 

No. 10 Party. 
Of icr , .  r 1 1  Cltnrge:-JIajor F. J. 11. Kiug, U.E. 

154. General .-The party surveyed a total area of 4,539 square 
miles in the una~l~ninistered trihal area and Upper Chindwin district, 
and in the Han thawa~lc l~ ,  hlyaungmyn and Pynpon district8 of the 
Irrawacldy Delta,--co~npleting the survey of the Burnla coast line and 
adjoining country as fitr as the mouth of the Rangoon River,-in sheets 
83 S : m i  0. 85 L an11 P,  86 1 and 11. ant1 94 1) The tield headquarters 
were a t  Rangoon. 

The area surveyt.d comprised 8,520 scluiire 111ile~ of' original and 
euppleruentnry survey on thth wale of 1 i ~ c h  = 1  mile, 1,001 square miles 
of original survey on the sc:cle oE 4 inch -- 1 111ile : ~ n d  I S  squ:Lre ~ r ~ i l e s  of 
reserved forest on the ncale of 4 inches = 1 u ~ i l ~ .  

595 linear miles of triiverse were run in the vicinity of the hlyansung 
Plain in sheet- 85 ?r' unll 0, iln11 1,:3:',0 Hrlu;lre miles were trii~ngulatetl 
in the Prnn~e,  Snn(lnwny and Thciyet i~~yn t l i~tr icts  in sl~ec~ts 85 I and J .  

155. Field Work.-- ' l 'he tieltl ~ t r e n g t h  of the party was 3 
Claw 11. 6 Urlper Suhorclini~te iind 22  I,ower Subordinate otficern. The . . 
work wile diqtri hnterl as tinder 

('frinl' c I).  Jlr  I) I( Rennick. 51 rt F: , (C' las~ 11). with one U S. S. 
Officer an11 9 qnrveyors carried out original : ~ n ( l  ~upplementary 
survey of 1,860 scjunre miles on the ~ c a l e  of I inch 1 mile 

Cctnzp ( 2 ) ,  l l r  (; A Sorrn:~n.  M R F:., (CI:lrs I 1  I ,  witti one U S. 8. 
Officer , ~ n , l  X slir\ e jo r s  cilrrietl o ~ i t  oriqin:ll ant1 sr11)plementnry 
uurvey of I . c i 6 O  stlaure rnilos on the sc.ilr of 1 ~ I I C ~  -- 1 mile. 
trn~l 18 sclunre miles of rcwrved f o r e ~ t  on the wale of 1 
incbes - 1 mile 
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Mr. Ham Prasad, 1t.s.. ( U .  S. 8. I ,  and one U. S. S. officer (under 
instruction) were employecl on triangulation for the first half 
of the season, after which they were transferred t o  No. 11 
Party. 

U. Pel A.T .BI . ,  (U. S. S . )  with one surveyor carried out original 
survey of 1,001 square miles on the scale of 4 incli = 1 mile 
while attached to a civil expedition in unadministered N ~ g a  
tribal territory and in the [Tpper Chindwin district. 

Except in the north-\vest of t l ~ e  Delta the area was easy and, but 
for tlie Delta forests in the sonth. co~isisted of open paddy laud cut up 
by innumerable creeks nlld rivers. The Delta forests had been surveyed 
in 1953-24 by air photography ; ~ n d  the present work therein consisted 
for the most part in survering boundaries, which do not follo~v natural 
features, and the fixing of high aud low water marks. Except for the 
above deficiencies and in certain places, whcre the air-photos fell outside 
the controlli-~g traverse nncl triangulation, the air-survey was found 
estrelnely accuri~te. The country snrveyed in thc unad~ninistered tribal 
territory consisted of deep vnlleys a ~ i 1  a Inass of ruggecl hills of heights 
varying from 5,000 to 8,000 feet. 

156. Truvevsiny.--Tlle Traverse Camp under Captain F. E. R. 
Calvert with one U. S. S. officer ant1 four traversers carried out  511 
linear miles of traverse in tlie Riyanaung plain for the Irrigation Branch, 
P. W. D. and this area will be surveyed on the scale of 4 inches = 1 mile 
next field season. H4 l i ~ ~ e i ~ r  miles were ;~lso  traversed for l-inch topo- 
graphical survey. 

157. Speczal sw~.vegs.--In the Iliseiu Forest Division 18 square 
miles were surveyed on the scale of 4 i l~ches= 1 mile, comprising the 
Kanbe, Kyundaw, I<awho~u, Pei~inegou, Thnmo, f amyetsangyi and 
SIingalun reserved forests. 

Captail1 Calvert was eniployecl for two sllort periods in verifying and 
rectifying the positions of certain boundary pillars in the Burma oilfields 
at  the request of the B u r ~ n ; ~  C:overnment. 

158. nliscellaneu~cs.--Cholera was very prevalent in the Delta 
during the lattcr part of tile tield sewsou. and, in spite of preventive 
inoculatiol~, five clei~ths occurred among the k11,zlasis: in addition, one 
khalasi died of henrt-failure following p i ~ e u n ~ o ~ i i ~ .  

For inspection work i l l  the I)elt:~, one cltu~p otficer was supplied 
wit11 n 111otor lanuch :11lcl the other wit11 ;L iilotor boat: tlle officer in 
chiirgc was ;ilso provi(led 11rit11 a 111otor l;~nnch. Trnlisport in this area 
WIR elltirely I)y me:lncr of s ; ~ l ~ ~ p ; l u s ,  with wllicl~ atr 111any surveyors cis 
possiblc were supplied. or hy the creek steamers of the Irrawaddy Flotilla 
;111(1 other coinpnnietl. 

Tlie gilllnnt art  of Inter C1:lsu Surveyor Kiax Bahudur Khan of 
S o  10 h r t y  in r i~kil ig his life to e:lye :L lii~chin khalasi of his squad 
fro111 tlrowning ijfi deserv~ng of liiglr co11l111e11d;i tion. While his squad was 
cron~iug :.I ti(li11 creek iieilr the  l'y:~l~~;llaw R i ~ e r  in Burma, one of his 
khnlasis fell into the river. Hi.1~ Euliadur lihali inlnlediately plunged 
after  hi111 :111(1 WYIS wit11 tlie khn1;ixi i'ortunately swept by the spring tide 
to thc Iritlge pole where the two 1rle11 were rescued by the remainder of 
the ~ ( 1 ~ i 1 ' 1 .  Seither I4inx 1:;lhadur Khnn nor thc Khwlusi could swim, 
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159. Recess duties.-The fair mapping was divided into two 
~ec t ions  under Messrs Rennick and Norman. The whole area surveyed 
in the Delta, comprising 15 sheets, was fair-mapped on the scale of 13  
inches = 1 mile; in addition, the 7 forest reserves mentioned in para. 157, 
above, were drawn on the scale of 4 inches = 1 mile. 

A computing section under Captain Calvert completed tlie traverse 
and triangulation computations. 

No. 11 Party. 
Jlajor J .  F1. Williams, to 1-11-27. 

Qfirer  1 1 ,  C/I(LIIJP:- 11r. 1). K Rennick, M.B.E., from 2-11-27 t o  6.12-25 
.\lajor 0. Shter, >LC., R . E . ,  from 7-12-27. 

160. General. -'l'opographical surveys mostly on the 1 i l lch=l 
n~i le  scale were continued i ~ t  the head of the Gulf of Martaban in sheet 
94 C and G. The field heidquarters of the party were at  Rangoon. 

This is the first season for many years that  the party has worked in 
an area with reasonably good communications. I n  consequence mule8 
were not hired and surveyors were able to  rrlove about by bullock carts, 
~llotors and rail. 

161. Arecis S ~ L I - v e y ~ d  --The party surveyed a total area 3,O:ji 
square miles compriuing 3,961 square u~iles of original and supplementary 
survey on the scale of I inch -1 mile, 67 square miles on the scale of 
14 incites-1 mile, i~ntl 9 ecjuure miles on the scale of 4 inclles=l mile. 
This area foru~tj part of the I n s e ~ n ,  Pegu anfl Thaton districts of Burma 
and falls in s l i ee t~  94 C ancl (4. 

An area of 1,700 square uliles waa triangulatecl in sheet 94 11 in the 
HanthawQddy aud Insein  district^, and an area of 280 square miles was 
traversed in ~ h e e t  94 in the Pegu district In  addition 113 linei~r miles 
\\-ere traversed for forest surveys. 

162. Field .Work.-The field strength of the Party was 3 Class 
11, 1 Class TI Prol,ationer, 6 Upper Subordinate and 41 Lower Subordi- 
nate The tield work wa5 distributed ne under:- 

C C I ~ L ~  ( 1 ) .  blr (:. E R. Cooper, (Clam 11), with 1 U. S. S. officer 
1111d 1 0  Rurveyorh, sllrveyecl on the 1 inch == 1 mile scale 1,640 
square ilril~s of supple~nentnry and 78 square milee of origi- 
nal survey in the Pegu and Thaton districts in sheets 94 C 
ant1 C: 

Tht: country varied from hilie, rising to 3,600 feet. to the flat 
A]ll~via] plain at  yen level at  the l r~or~th  of the Sittang river. This 
river is clangerous to navigatc owing to a consi(1erahie bore a t  spring 
tides. At the pre~lent time it6 estrinry is ill ;I very unstable condition 
and consiclerable sconrillg i n  occur~irlg on the emtern flide which will 
ehortly necessit:~te t l ~ e  re-a lignmen t of part of the r:~ilwily. 1)eposit 
ie occurring on tho  wedern ~ i d e  and aFter 1)nilding b:lnks and wauhing 
out  the salt, conaicler:il~le iIreN8 of valunhle rice land will be added to 
the Pcgu district. 

The foothill area necesritaterl a good (leal of planetable traverse 
but the mqjor part of the area was eaRy to survey. The eurvey of 
the eccretiona. mentioned ahove, had to hc poetponcrl, N H  tho haxo in the 
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late part of the season made points invisible and special boat arrange- 
rnents, which had not been anticipated, could not he ~iiade in tinie. 

Mr. A. F. M ~ ~ r p h y  (Class II), with Mr. 11. R. Sa i r ,  R . A . ,  (Class 11 
probationer), 10 surveyors and oiie pripil comprised Ccctnp ((3). They 
surveyed on the 1 inch 1 mile scale 1,243 scluare miles; on the 19 
inches = 1 mile scale 67 square miles ; iind on the 4 inches = 1 mile 
scale 9 square miles of reserved forest 'I'l~is area forms piirt of the 
Tnsein and Pegu districts of Burlila and falls in sheet 94 C 

The country varied fro111 the southern spurs of the Pegu E ' o I ~ ~ L s ,  
rising to  600 feet, to the alluvial Peau plain. 'l'lie broken foothill 
area presented consideri~ble difficulties to the surveyor as i ? ~  s i t u  fixings 
were generally impossible ~ L I I ~  long planetiible traverse8 had to  be made 
Some n~u,cha?ts were built, but its 3 general rule the trees were not 
high enough to enable a view to be obtained over the surrounding jungle. 
Many of the minor hill and valley features have been located by oftset 
lines and if ever the area is cleared of jungle it is possible thitt the maps 
will shew discrepancies with the ground. 

Both of the above canlps utilised old one-inch surveys based on 
large-scale revenue surveys and forest surveys on the 2 inches -- 1 
mile and 4 inches = 1 mile scales. These maps were not colitoured and, 
though in places they gave a. very good representation of the ground. 
their generill use coultl not  be relied upon. 

Mr. Hayat Jluhamuiad, K.s. ,  in CI(ij)~p (31, was responsible for the 
instruction of eight pupils. The ilreii selected was p;rl*ticularly suitable for  
training and consisted of a u~a in  ridge rising to 1 , i W  feet with long spurs 
and rninor features sti~ncling over the sugar-cane plantations on the Bilin 
river opposite Bilin itsell' Sulneroub: tcccc9lgycc cleariugs t~xist,  so jungle 
cutting was unnecessary. 

163. Y'riczngultst i o ~  t c ~  t l  TI.(/ cersztly.--A~~ : m u  of 1,700 square 
miles in the Hanthil\vilddy and Inseiu d i~ t r i c t s  of Burlua, in sheet 
94 D. wau tr iangll l~t~ed l)y bleu<r+ Ram Prusad, ic.s., Khan Muhammad, 
and L M. C::~nguli. This ilreil is u~ost ly  alluvial pliiin and the stations 
were only :! to 4 niiles apart. It is tlebatahle whether traverse would 
not have been cliei~per, but the closing and adjusting of the traverse 
~vould have heen difficult towi~rds the coast. 

An area of "0 nquilre miles wne triiversed 113' Air A. K. SenguptiL in 
the Pegn district in sheet 94 C', the xlatrlre of thc ground lnaking 
tr iang~~latioll  impossible In  atldition 113 linear  nile en oE forest traverses 
were run hy Messrs 11 R .  Nair, L. M. (:;inguli nnd surveyor Bisllan Dutt, 
and 500 rqnnre 111iles of tritrngulatio~r rc.conllai~sance was complc td  
by Mr. Zta~n Prasitd, 1 r . h .  i l l  the Jnsein, I'egn and Tharrwwa~ldy districtF 
in ~ h e e t  94 C 

164. S11~circl 4 \ ' ~ ~ ~ - ~ l ~ ! / ~ . - - K ~ l i t : ~ \ v  Reserve of tho Ineein Forest 
Tlivision consiutir~g of ti11 area o f  9 611Ililre llliles Ivan surveyed on the 
4 inches -- 1 mile sci~le. 

A rubber estate of 1,:380 :Irres WaR 811rveyod on payment. Tlie 
scale ndopted wafl 8 inches = 1 ~riile with  contour^ at  10-foot intervals. 
'I'his survey wns h:lse(l on n c:~refnl tl~eotlolite traverse round t l ~ e  estate. 
adjusted hy nun1e180ns ax i~nu t l~  ol)eer\ n t i o n ~  a1141 one crosB line. the tm- 
verecn hein: n l ~ o  connc~ctrd to t a n  trinl~gulnted points. 'rhe particular 
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features required were the corner pillars o f  the ten-acre blocks, water 
stand-pipes, and the drains. These latter are dug about two feet deep 
a t  iutervi~ls of one o r  two chains practically all over the estate. 

165. Jliscellccneot~s -In the rice plain, particularly towards the 
ulouth of the Sit tang river, $ood water is extremely difficult to obtain. 
All surveyors were issued w t h  bottles of chlorogen and on tile whole 
the party was remarkably free fro111 bowel complaints. The whole party 
\\-as inocnlated against cholera ancl no case8 occurred. In  the brolren 
country a t  the  foot  of the Yugu Yomas i~ particularly virulent type of 
fever seems to  be very comnlon. Essnophile was issued to some surveyors 
t ~ n d  the party Sub-Assistant Surgeon v i~ i t ed  and inocul;~ted nearly all the 
had cases. I n  consequence there were fewer clays lost through sickness 
than might have been expected. 

Throughout the areli, there are several interesting pagodas, the most 
important of which are those situated either in or near the town of Pegu, 
and the Kylziktigo pagoda situated on a range of hills in the Thaton 
district near Kyalkto. This latter is built on a huge rounded egg-shaped 
boulder balaucetl on the eurnmit and overl~anging a cliff. Other features 
of historic intereet are the gigantic recumbent image of Buddha, called 
the Shinbinthalyaung, situated in the town of Pegu, and the site of 
'raikkala which was the earliest 'ralaing capital. Little now re111ains of 
the latter. If the fretting of the enetern bank of the Sittang estuary 
continues the site will once more connect with the sea as was the case in 
the days of its greatness. 

166. Recess duties.--'rl~e ~nilpping of  t l ~ e  10 Fair shects on the 
inches - 1 milt: scale, which was completed tlaring the recess, was 

rli\rided into two sections under Messrs Cooper a ~ i d  Murphy. 
The K:lJitaw Reserve was incurporate(l with the original f ;~i r  bl~eetn 

of tile iarl.joining reserves. 
Mr. Hayat &Iuhaulm;~rl, assistecl by hlesars Khau Mulla~nlnutl and 

(Jilnguli the triangulation and traverse computations. 
>I r .  S n i r  aasiated hy Mr .  'L'nlapatra prepared nlozoica and datia for 

the 4 inches= l  mile survey of Rangoon and Environs to be surveyed 
nes t  year. The basis of the tow11 portion is :I 12 inches = 1 mile air- 
photo coulpi ln t in~~ prepi~recl by the Rangoon Developrrlent Trust. 

No. 21 ( B u r m a  F o r e s t )  Party. 

187. G e n e r a l .  --The tscsison ( l 'J t rr  of the party i a  the survey of 
reserved forest areas in FJurma, on scnlen 1;lrger t h i ~ n  one-inct~. 'The total 
cost of the party i~ debittlhle to the (:o\.erl~~lient oP Burma. 

'rhe party $r~rveye(l reserve11 fore?rt~ in ilegree sheet6 8:: 1'. 84 IM ant1 
92 1) The fie111 I r e i ~ i l r ~ ~ ~ a r t e r ~  of the pirrty were a t  S l l w ~ h o  

168, Area e ~ r v e y e d . - - - T h e  party surveyed it total are:, of :S'L I 
btluare miles on the ac,ile of 4-inchi~s I lnilr, in two I ' o re~ t  Circles i~ntl 
three F o r e ~ t  Division+. 

,Vorther?t F o r o ~ 1  ( ', I ~ ~ ~ ~ ~ J . - ~ I I  the lirttltri Forest O L C L ~ ~ O I ,  :111 :iretb 
"f 130 ~tl11:1re I I I ~ I ~ R  w a ~  n~lrveyed in the Mank:~t renerve 
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In  the M a m i  Forest Divisio?~ an area of 119 square miles WCLS ~ u r -  
veyed in the Sanku t ,  Nansi, Nankadin and Sdntagun reserves 

Chi?zcZu,in Forest C i v c 1 ~  -In the Nu Fol.est Division an area of i 1 
square ~niles was surveyed in the Sandaw. Tagyi~ing-Ti~maw, Ihlawpn, 
Wnbo, Xabe ilnd Kwethe reserves. 

169. Field Work . -The  field strength or the p i~r ty  wits 3 Class 
I1 Officers, 3 Upper Subordinate Service officers and 35 Lower Subordi- 
nate Service officers. The worlc was distributed as  fol1on~s:- 

Mr. L. B. Fitx-Gib1)on ( C l i ~ ~ s  11), C L C W L ~  (1). with 1 U. S. S. officer, 
X traversers :~nd 2 computers, worked in the Ka th l  and Mansi 
Forest Divisions. 

Mr. A. V. nickson (Class 11), Ccc))zp (e), with 2 U. S. S. officers, 
10 surveyors and 4 pupils, worked in the Mu and Kaths 
Forest Divisions, and was assisted during the last month of 
the field season by Cnntp (I). 

Mr. H .  M. Critchell (Class 11), Camp (3), with 11 surveyors, 
worked in the I<athii and Rlansi Forest Divisions. 

The itreii surveyed by the party lay in the Chindwin and Katha 
districts, and varied in height from 300 feet in the lower portion of the 
Kaths district, to 3.000 feet in the high hills on the Chindwin-Kathii 
border. 

The whole tlrea surveyed was covered with dense forests. These 
forests were opened out by unmetalled cart tracks and paths, except in 
the Manknt Resel-ve, where tlie forest was particularly dense and no paths 
had been cut by the Forest Department. 

170. T r i c c n g t ~ l ~ t t  ion .-500 square miles were triilngulated by Mr. 
G. S. Ragclii, i11 sheets 83 0 and 83 P. The work was connected with 
the iVIttodnlay Meridional u~ id  Manipur Longituclinal Series, and with a 
nnnlher of sti~tionfi of ~ninor  trinngn1:rtion. 

171. Trcicc,~si?,g.-374 linear miles of forest boundary theodolite 
traversing, and 25 lineihr 1ni1t.s of interior and connection traversing was 
carried out 1)y C a ~ n p  ( 1 )  to provide dntn for the ensuinu field season. ='. 'Shis falls in sheets 8 3  0 :an11 St3 1' iind in t\vo Forest Div~sions of orlc 
Forest Circle 'I'he tr:rverses were connected in each cntse with 
triiinguli~ted ~ t i l t i o ~ ~ s .  

Rcr-c,ss c l ~ / t ; ~ ~ s .  -'l'he fair rnappi~lg wilH riividccl bet\veell two sections 
under Jlesfirs Ilickson all11 ('ritcliell. The co~nputntion work w:is under 
the chi~rge of l l r .  1, H .  Fitz-(:iI~hon. The fair ~nilpping and co~nputatione 
of all the tiel? work were co~r~llleted (luring the yeilr. 



X.-MISCELLANEOUS SURVEY REPORTS. 

172. This section includes a11 reports of surveys not administered 
by the Directors of the five survey circles, such 3s lniscellaneous surveys 
and industrial levelling administered by the Director, Geodetic Branch, 
or  extra-departmental e~ploriitions, etc., in which menibera of the Depart- 
ment have take11 part.  

No. 20 Party ( C a n t o n m e n t  S u r v e y s ) .  
(111. 11. C .  I'etters. up to 17-4-24, 

O f i ~ e , ~  1 1 1  C h n r g ~ . -  1 . (:. E. (:. French. from 18-4-28, 

173. General .-The party carries out original and revision surveys 
of cantonments and military lands, as required by the Engineer-in-chief and 
the Army Department, and other lirrge-scale surveys when required. This 
year i t  waa 1-lecicled to  stop correcting existing maps from material sent in 
from extra-departmental sources. The ixnnual corrections used to involve 
;r great deal of labour, and the results were unsatisfactory; the new 
material was not ; ~ l w i i ~ s  accurate an(l col~ld not be clistinguished on the 
published maps from the original ;~ccur i~te  survey. 'l'he resulting map 
was a mixture of llouhtful m;xteriiil with gootl, ilnd therefore altogether 
untrustworthy. 

The permanent Ile.~dquartertl of the party are at  Dehr;) Diin, under 
the administration of the Director, Geodetic Branch. 

174. Field work.--The field section of the pirrty. consisting of 11 
surveyors and 2 computers, w ; ~ s  under the supervision of Nr.  J. M. Mukerji 
up  to  1 .jth 31i~rch an11 then under Xr.  Muhammad Husain;  itnd between 
October 1927 and August 1928 it completetl the survey of the following 
cantonments on the 16-inch scale of :- 

Razmak 700 iicres original survey 
Peshilwar 4,850 . revision ,. 
Y'owehera 4,460 .. > 

Poona 4.400 ., y q I 

Kirkee -5.100 ., , ,  
Relg;~nn~ 3.560 .. 1 1  

Trrccerai~z,t/. -270 linear l~iiles of throdolite traversing were carried 
o ~ l t  in i~tlviince of the iletail survey 

Lc?.~llin~l.-21.5 lineilr l~iilecl of levelling were run at  suitable inter- 
vela in the cantonrn~~nts an control for 5-foot contouring. 

Specirrl Sll rq9e!l~q.-The party alro surveyed 2 , l l  h c r e e  on the 
IS-inch scale of S e w  1)elhi ( Ptihiir,v;~n,j ,. 

175. Recess duties.--l'he fair 11i:ipn of ($iettt~, Amrituar, Multiin, 
Lahore, Chnk Bhnikewiil, R;~z~~i t i l< ,  New Delhi ( Pahfirganj) and parts 
of Peshiiwar und Soiv~hern.  a total of 30 sheets, on the 1 6  and 
12-inc11 scales, rn ere rolnpleted for puhlicatinn This work was uuper- 
vieed by Mr. A. H Hunter (('I:IPN 11) up to 20-10-27 :rnd then by 
Mr. 0. D .T;lckson (CIiius 11). In ;~ddition, the annual corrections, 
qupplied by C 'c~r~~mandin~ Hoyi~l Engir~eers of districts, iiffecting 58 sheets 
~ n d  falling in 2 9  cantonments, were entered on the office copiee and 
originals of the plans concerned. 
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No. 17 Party (Levelling). 

{ 
Captain Cf Bornford, R.E., from 7-11-27 to 26-2-28. 

O B e r  in  0harge.- 
Mr. N. R. Mazumdar, from commencement to 6-11-27 nnd from 27-2-28. 

176. General.-Formerly this party was concerned only with 
geodetic levelling, but lntterly took up tertiary levelling for large irriga- 
tion projects. Thus during 1922-26, over 100,000 miles of tertiary 
levelling was accomplished for the Sutlej Valley project of the Punjab 
Irrigation Department. A reversion to the old practice it; now decided 
on, where possible, and tertiary levelling of the Haveli irrigation project 
for the Punjilb Government was transferred to No. 23 Party, Frontier 
Circle. Further, the tertiary levelling of the Lloyd Barrage area can be 
adequately controlled by the newly devised tertiary double levelling 
method and this work will accordingly be transferred to No. 24 Part,y, 
Central Circle. I n  this method two levellers work more economically, 
side by side, instead of following each other as in secondary levelling. 
I n  future all tertiary levelling wijl ordinarily be carried out  by the Circle 
in whose area i t  lies. 

No. 17 Party still undertakes secondary levelling for control of 
tertiary work and other pu1,poses when this is necessary. An abstract 
of high precision levelling is given on page 17, and full accounts are 
given in Geodetic Report, Volume IV (1927-28). 

177. Field work.-Secondn~y Levelling.-Three detach me^^ ttl 
took the field under the charge of Mesers Lalbir SinKh, J. N. Kohli and 
B. P. Rundev all of the Upper Subordinate Service with Mohd. Fllizul 
Hasan, P. John and Mohammed Ishak Khan as assistants. The out-turn 
WB8 :- 

For the Bombay Government.-Lloyd Barrage project 1,085 miles. 
For the Punjnb Government.--Haveli project (extension) 14  miles. 

Training S c h o o l ,  Dehra Dun. 
178. Class 11 probatio?zers (Pi?-st year). Seven joined the truining 

school on the 15th Xovernber 1927 on first appoi~ltulent. Eacli proba- 
tioner completed 4 square miles of plnr~etabling ou the  4-inch scale and 
16 square miles on the 2-inch scale during the tield season. Jnstruc- 
tion was giver1 them in all branches of survey, the class being inspected 
monthly by n senior Class I officer. 

170. U.S.S. probr~lio?~prs (Socon,d !/ear).-Of the fourteen 
appointed in Nove~nber 1926. four were discharged as  unsuitable during 
the year, and the renlairling ten joined "E"  Survey Company a t  Quetta 
on the 19th November 1!127, nfter coulplsti~lg a year's training a t  Dehra 
Dun. One of these, Mr. hl .  M. Gnnap:lthy, was sr~cceeslul a t  the Class I1 
entrance exauiinl~tion and was appointed to that  service in November 
1927. 

Miscellaneous.-Three surveyor8 mere instructed in large-scale can- 
tonment eurveyfl on the 16 and 64-inch scale8 and underwent a course 
of traversing and  levelling before joining No. 20 Party in May 1927. 
One Upper Subortlinate Officer and 2 c o m p r ~ t e r ~  of 17 Purty completed 
courses of training during the year. 



APPENDIX I. 

1. The replacement of terrestrial methods for cadastral survey by 
air photography is n definite step forward in the science of survey. 
Hitherto accurate air methods have been confined to topographical and 
city surveys on smaller scales. I t  will be remembered that  the first of 
these surveys, with the exception of the early trial a t  Agra in 1920, was 
carried out by Mr. R. C. K e ~ n p  assisted by otticers of the Survey of 
India in 1923-44, when the forests of the Irrawnddy Delta were surveyed 
and mapped on the scale 3 inchefi to 1 mile.* I t  was the success of this 
survey which brought about the formation of the Air Survey Company 
Ltd., in 1924, with Colonel C. H. D. Ryder, c.B., c .I .E. ,  n.s.o., and 
Mr. R. C. Kemp as Directors. Since then topographical air surveys 
have been carried out  in Burma, Borneo, Federated Malay States and 
Bengal. 

The Air Survey Company during the past four years has thus gained 
considerable experience in the new science, and has devoted a large 
amount of time and money to research and experimental work, whioh 
has resulted in many improvements in air photography, survey flying, 
and production of maps from air photographs. 

I n  the Spring of 1927, on the completion of the nir survey of -the 
Chittogong Forests, t the company carried out  a test for  the Director of 
Land Records nnd Surveys, Bengal, to demonstrate that  the same method 
would be suitable for cadastral survey in Bengal. The air photographs 
of the test area were clespatched t o  Xo. 18 Party, Survey of India, which 
completed a cadastrnl map From them on a scale of 16  inches to  a mile, 
by a modification of the radial line method. 

As a result of this test the Air Survey Company Ltd., negotiated 
with the  Director of Land Records and Surveys, Bengal, for a settlement 
eurvey of 1,700 square miles in the J1iild;i Ilistrict. The proposals wdre 
provisionally approved in the autumn of 1927, but the agreement was 
not  finally sanctioned and signed until the 21st December. I n  spite of 
the short time thus allowed for preparation, the Air Survey Cotnpany 
etarted work in February 1918. 

2. Tlte Mdlrin l,.I.qtrict is flat and intersected with numerous water- 
courses. I t  is rlosely cultivated and densely popul~~ted,  but except 
round the villngrs, spa r~e ly  wooded. The existing maps of the area 
(4-inch Revenue 1n:lp~) wtsre lu;~de ln 181;0 nnrl on the111 village boundarie~ 
are only very apprnxi~ni~teiy shown. This district was en excellent 
choice for the corrlrnencerr~ent of cnd:lstriil air survey, for complete re- 
enrvey by ground mrthocls would have heen very expensive iind would 
have entailed considerable harassment of the people by survey 

F o r  a report on thie rnrveg nee Records o f t h c  Surt3ey of Ind ia ,  Vol .  X X I .  
?See Oan3ral R?part 19J6.27, p ~ g a 3  11 -41, aud the boip of this Goneral Report, page 47. 



subordinates chaining across growing cfope. The Director of Land 
Records and Surveys, Ben@, therefore intended to regard this air survey 
as a test prior to the adoptlon of tho method in the more difficult, larger 
ilnd unhealthier districts of Rangpur and Dinajpur. 

3. Grot ind Cowtrol. The Director of Land Records and Surveys, 
Bengal, sent out three parties which in lour ~ n c ~ n t h s  traversed lines a t  
I-mile intcrvalt;, a t  the same time tising points every mile tbroughout 
the area. The air p n t y  comllleuced their operations early in February 
1928 while this work was still in progress. 

The stations and points fisecl by the traverse p i~r ty  were marked by 
digging trenches in the forui of a cross. Experience has since proved 
that  this type of mark occasionally fails to show up distinctly on the 
pllotograph and is therefore sonlewhat unreliable. 

4. The Air lJ/~otogra12hy was carried out with a long-focus lens 
in order that  ;L s c ~ ~ l e  of about ti inch(# to the mile might be maintained, 
the photogr,~phs then reclairing enlargement to double size only. The 
L I3 Camera was unsuit:tble o~ving to the tren~endous number of exposurefi 
that  ~vor~ ld  have been necessary on account of the small plate and the 
consequciit unwicldy oig,~nizntion irr the tield dark-rooms. It was decid- 
ed therefore to en~ploy the Eagle Cnn~era with a '7" x '7" picture and 
lot- inch lens Tllis Camera, similar in every way to the F 8 now being 
employed in tlie Koyvnl Air Force, is  111'1de to take a film and not plates. 
and has becn purchased I)y the S u ~ v e y  of lndia for use on the Korth- 
\I1est Frontier in co-operation with the Hoyal Air Force. Urifortunately 
the first Latch of pa~~chro i r~a t i c  tilnis sent out to  Milda was too slow and 
not very succcssf'ul 'I'M o ll~onths were therefore wastecl in experiment- 
ing with these filuls :lntl it was not nntil another make of film ma8 intro- 
clucecl that  the I\ orh welit ,)head; co~ltinuoub flying was thcn inipossible 
on account of the ,~pproaching Monsoon. Theve very se~ioub: delays, of 
3 months in closing the contrtict t ~ n d  2 months on account of fillus, forced 
the Company to  use e\ery possible expedient to  hasten the rectification 
,ind fair-drawing in order to deliter the maps by the due dates, after 
which, they will be tested, and coillpletetl where necessary, on the ground. 

:I. Mcrppiny Before thc ii~apping commenced it w:is believed that  
it woultl he impossible to train euough Iiidian drufts~lien in Major 
Bagley's R,~dial Line Method or in tlre i.ecent ;tdilptiition of this brought 
into use Ly Lieut. Hotitle. I t  w n b  tlecided thyrefore that  n suiall party 
.rhould be trainer1 in t!,c. R,IJ ['lot sytitcur :1nc1 taught t o  lay out a grid 
over the wliole ;ir.ra frolit strips of photogr:~plls pusitioned by this method. 
This grid was tlicn to be e ~ ~ l i ~ ~ g e d  to the I(;-inch tcnle and plotted on 
celluloid; anti tlre photogr,~plis llcing p1,1c( d beneath in mosaic form, the 
tracers would line in all clct:~il 

The training of droftsrne~l was undert.1ken in April 1928 and i t  was 
clecided to employ tlic full Rny Plot  neth hod. Thc results were however 
souie\\ll:\t incorisi~tc.iit ill ;Lccurucy and the plotting sectiou could not 
keep pace. To meet these ditficulties without deluying the work, an 
ingenious inodificatio~l of the iipplication of radial line principles was 
evolved by Mr. Lloyd and Lt Crone, rc E (Survey of India), and has been 
i~pplied to the whole work. 



6. Z?~struments. The Mathematical Instrument C'ffice of the Survey 
of India has been able to  afford the Company much assistance in the 
design and construction of special instruments. Among the most 
important of these lriay be mentioned the Co-ordinatograph, the large 
Glass Protrilctor, and the Roller I n k  Rulers. These have been n~anufac- 
turecl under the personal supervision of Mr. S. Woodhouse, the 
Superintender~t. 

7. Fielti work .  The Company is providing the Director of Land 
Records and Survt-ya, Bengal, with Inaps printed in blue which will be 
aent out  with the record-writing Party, who will line up in black such oi' 
the field boundaries as are rcquireci to show the linlits of property 
holdillgs. The plots will be numbered, and all additional detail in the 
im~nedi i~te  neigl~bourhuocl of villilge sites, urllich has not  been shown in 
the air 111ilp on account of congestion, trees, etc., will also be put  in by 
this party. The sheets will then be sent to the Bengal Drawing Office 
and re -va~~dyked .  

8. Conc1wio)l .  The Air Survey Company are to be congratulated 
on the spirit nlid skill with which they have faced rnost serious difficulties 
in connection with this contract. The Survey of Jndin !las gained con- 
siderably by working ill the closest toucli with the Company throughout ; 
and the Company has benefitted 197 the survey anci technical experience 
of officers from the Deptlrturent. The Surveyor General, the Director, 
Eastern Circle, ancl Survey of 111dia ofliters stationed in Calcutta, have 
visited the Company1& Drawing Odice in Hungerford Street, and watched 
with interest the progress of tile work. 

Further contracts have now been obtained by the Company, among 
which pe~.haps the most in~portiint is that  concludecl with the Govern- 
~ n e n t  of the Vnitetl Provinces whereby 2,500 scluare lrliles or settlement 
burvey will be undertaken by the Coil~pany in the winter of 1928-29. 
Tile Director of Central Circle, Survey of India, will undertake the 
traverse for this work, crj'ter the photography l l a ~  been coulpleted, the 
position of the stiltions beillg marked on the photographs by the traverse 
party. 



1. Mount Evereut is nearly 1.000 feet higher than an). other 
known peak, and recent researches s l~ow that  its true geoidal height is 
probably i ~ l ~ o u t  $0 or 80 feet higher than t l ~ e  accepted value, 29,002, 
which W;LS computed in 1X. i2  fro111 ohservations taken in 1849-50. The 
terminal tignre 2 has never bezn taken very seriously. but was retainer1 
because the round figure 29,000 niigl~t h i l ~ e  given thc iil~pression that 
the Iieight was only roughly kuo~vn  to l l ~ e  nearest thousand feet wl~ereau 
it is allrlost certainly correct within one hundred feet. 

2. Further observations were made in 1P80-83 :~ncl iu 1902, but, 
like the original observations of 1849-50, they were all taken a t  great 
distances, varying from 85 to 119 ~niles, and these are still the best data 
we possess. I n  1907 Colonel Sir Sidney Rnrsard deduced a l ~ e i g l ~ t  of 
29,141*. This value, so fnr ; ~ s  it goes, has been closely confirmed by 
recent research (v ide para. G helow), hut we are now able to apply approx- 
imate yeoidu,l corrections which considerably reduce these computed 
heights. I n  view of 8uch possibilities, Sir Sidney Burrard did not consi- 
der his value sufficiently certain for general acloption. 

3. The efiective height of a point, wl~ich controls the flow of water, 
is that  above the geoitl or surfi~ce of eclnilibrium. This is known as the 
geoidal height and can only he directly ohtained h ~ -  ~wnning a line of 
spirit-levelling to  the point. Since thiri is iu~possihle for inaccessible 
peaks we have to deduce their heigl~ts from vertical i~ngles, which in the 
case of Everest have been taken from very great distances. 

4. Suclr distant observations require large corrections for refraction, 
which is an uncertain quantity, and in order to get  geoiclsl heights 
further correct io~~s have to  be applied on account of the diff'erence between 
the geoid, which is an irregular figure, and the assumed figure of the 
earth on which the computations are based. In the Survey of India this 
spheroid of reference is that  adoptetl by Sir George Everest in 1830;  
but the geoid deviates c~nsidera~blg from any possible spheroid of 
r d r e n c e  in and near the Himalayas, owing to  the attraction of this 
p e a t  mast4 of mountains. 

5 .  Dr. de Graeff Hunter'e researches have added greatly to our 
knowledge of refraction, and he has also upplied geoidal corrections to 
all these distant observations to Everest and to some other Himalayan 
peaks. He recorded the results in an evening lecture before the Indian 
Science Congrese a t  Madras in February 1922, which was recently re-pub- 
liehed in Geodetic Volume I of the Survey of India, where full particulars 
will be found. 

6. Dr. Hunter's improved refraction corrections have greatly in- 
creased the accordance of the results derived from the different stations 
of observation, so that  he gets a height for Evereat which has a probable 

A S k ~ t c h  of the Geogrnphy nnd Geology o f  the  Hin~nlaya  M u n t n i n s  nprd Tibet.-Bumrd 
and Heyden. 



error of less than 5 feet and a possible error of less than 15 #get. This 
height is 59.149 feet, and we may say that it almost certainly lies bet- 
ween 29,140 and 39,1(;0. This figure however only gives the height 
above the adopted spheroid of reference, which must diverge greatly from 
the geoid. or surface of equilibrium. in any area like the Himalayas. 

7 .  In  order to get the true geoidnl height, such as would be 
obtainecl from spirit levelling, we have to reduce the above figure by the 
difl'erence of height hetween the geoid and the adopted spheroid of 
reference under tlre peak itself. This difference cannot be accurately 
computed until we know a gtmeat deal more about the geoid and the 
distribution of density in the earth's crust; but in 192.' Dr. Hunter took 
it to 1)e 70 feet, while Capt. Bo~nforcl R.E. has recently cornputed i t  to be 
80 feet on the basis of Hayford's cornpensiltion theory. If we put i t  at 
74 feet \ve get the effective height of Mount Everest above the geoid 
to be 29,075 feet, but this is subject to uncertainties which may possibly 
exceed 2.5 feet. Tl~ifi height may be put a t  8,862 metres, with possible 
errors which miglrt approach 10  metres either way. 

X. Thus the best we can (lo a t  present is to 6ily that when the 
geoirlal height of Mount Everest comet3 to he better known i t  will 
probably lie between 29,050 and 29,100 feet. Until we can make ;I 

closer estimate i t  seelns hardly worth while to disturl) the original figure 
of 1852, ~nnrr~ely 2!),002. Dr. Hunter's p:lper ( ? ~ i d e  para. 5 )  gives similar 
estirr~i~tes of the height of another iuiportant peak, Kinchinjunga, in the 
salrie neigh1)ourhoot-l. wit11 an interesting discussion of all the varied pro- 
hler~rs involvecl. 

9. The recent survey of S e p l ~ l  has confir~~ietl the Survey of India 
view tliict tlrere ie no native nallle for Mount Ererest  tind that  the name 
Ciauri Shnnki~r  certainly :~pplies to a twin peak about 30 ~riiles distant 
from E v e r e ~ t .  This point is I I I O ~ P  flilly dir~cussetl at the entl of Appendix 
I 1  of I , I N ~   ear's Generill Report. 

Surveyor General of Indin.  
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