
JOHN ECCLES, M.A., 
Mathematical Adviser to the Survey ot  India, 1886 to 1610, 

Superintendent o f  the Trigonometrical Survey, 1610 to 1912, 

Joined the Service 1886, retired 1812. 



RECORDS 
OF THE 

SURVEY OF II!VDIA 

Volume 111 

PREPARED UNDER T H E  DIRECTION OF 

COLONEL S. G. BURRARD, C.S.I., R.E.. F.R.S., 
Surveyor General of India. 

C A I J C U T ~ ! ~  
SUPERINTENDENT GOVERNMENT PRINTING, INDTA 

1913 

PIJCC Rupees POIF OC QLx Shillings. 





CONTENTS. 

PART 1.-TOPOGRAPHICAL SURVEY. 

ItKPOR'l'S FHOJI 'I'HE NOllTHERN CIRCLE: 

... ... ... ... ... ... No. 1 PARTY 
... ... ... ... ... No. 2 PARTY . . , . . 
... ... ... ... ... NO. PARTY 
... ... ... ... ... No. 4 PANTY 
... ... ... ... T ~ E  R I V E I ~ A I N  DETACESIENT ... 
... ... ... T n s  SPECIAL DELHI SURVEY DETAOUIBNT ... 

HEPOleTS F1:OAl T H E  SOUTtIERN CIKCLE. 

NO. 5 P A ~ T Y  
No. 6 PAETY 
No. 7 PARTY 
No. 8 PAETY 

REPORTS FRO11 THN EASTELiN CIKCLE. 

... ... ... No. 9 PAUTY . . ... ... 
... ... No. 10 P.\RTY ... ... ... ... 
... NO. 11 ~ ' A R T T  ... ... a.S ... ... 

No. 12 P A ~ T Y  ... ... ... ,.. ... 
... ~ ' H B  LEBONQ CANTONMENT SUBVKT ... ... ... 

TABLE 1.-OUTTURMS OF DETAIL SURVEY 0 . -  ... . - e  

TABLE 11.-DETAILS 01; TIOANGULATION AN11 THAVERSlNG .,. 
... TABLE 111.-COST-RATES O F  SUlt\'EY a s .  .am . m e  

PART 11.-GEODETIC SURVH Y. 

No. 13 PARTY-ASTRONO3IICAL LATITUDE6 ... ... ... 
No. 14. PAHTY-PENDIJLUAI OPERATIONS ... ... ... 

9 

PART 111.-'l'ltl ANQU LATION. 

No. 15 PARTY 

No. 16 PARTY 

PART V1.-RIAQNETIC SU K\'EY'. 

So .  1H I'ARTY 

I'R ltT VI1.-REIJ1iODUCING OFFICES. 



ii CONTENTS. 

... ... POItTRAIT OF MB. JOHN ECCI.ES, M.A. ... ... Frontispiece. 
... PORTRAIT OF T H E  LATE Mu. HENRY CHARLES HUBERT COOPER Facing 11, 

... PORTRAIT OF THE LATE LIEUT.  IIENRT GORDON BELL, R.E. ,, 67 

BEYIK, JULY ~ T H ,  1912. COLONEL T C l I K E I N E  AND T H E  RUSSIAN SUR- 

... ... ... ... VET PARTY ,.. ,, 6% 
... ... THX HUNZA G0t:GE BETWEEN OILGIT AND CHALT ,, 61 

OPAQUE SIGNAL USED BY THE RUSSIANS ON T H E  TAGIIDUNBASR 
... ... ... ... P A ~ ~ T I ~  ... ... . . , , 69. 

MAPS 

(at end of Volume). 

1. INDEX 1Q BIODERN SURVEYS, NORTHERN CIRCLIC. 
9 -. I. ,, SOUTHEllN ,, 
3. ,, ,, YASTERN t 

4. INDEX TO PUBLISHED NAPS ON THE SCALE O F  1 I N C H = l  MILE, NOllTHERN CIRCLE. 

5. IXDEX TO PUBLISHED MAPS ON T H E  SCALE O F  1 INCH= 1 MILE, SOUTHERN CIRCLE. 

ti. IPI'DEX TO PUBLISHED MAPS ON THE: SCALE O P  ! INCH=l  MILE, EASTERN CII{C.LE 

7. INDEX TO T H E  DEGREE SHEETS O F  INDIA. 

8. INDEX TO THE SHEETS OF T H E  "INDIA AND ADJACENT COUNTRIES" SEItIES,. 

SCALE mIooo. 
9. INDEX TO T H E  TRIANGULATION DEGItEE CHARTS O F  INDIA. 

10. INDEX CHART '1'0 THE GREAT THIGUN031ETRICAL SURVEY OF INDIA. 

11. ,, , MAGNETIC BURVEY O F  INDIA. 

12 MAP SHO\VINC; TlIE GEODBTIC WORK 1 X  T H E  VICINITY OY 1)EHHA 
DUN. 

APPENDICES. 
PAGEE 

... 1. BYSOl'SIS 01: GLO1)ETIC WORK IN THI.; VICINITY OF L)EHRA DUN 167-1893 

2. L19'1' OF SUILVEy OF INDIA PU13Ll(>ATlONS ... ... ... 170- 176. 



RECORDS O F  

THE SURVEY OF INDIA 
PART 1.-TOPOGRAPHICAL SURVEY. 

NORTHERN CIRCLE. 

( l ' ide Index Mnpr 1 :~ntl 4.) 

The circle remained under thc superintendence of Colonel W. J. BythelI, 
R.E., up to the 2nd of April, and after that clatc, was under the superin- 
tendence of Major C. H. D. R.ydcr, D.S.O., R.E. 

The circle consisted of Nos. 1, 2, 3 and 4 field parties. 
During the past field season 23,862 square miles were surveyed, detail 

as follows :- 

Sq. Milea 

N ~ .  1 Party, Kaehmir, Original Survey, 1-iuch . -E,480 
N ~ .  2 ,, Punjab, Original and Revision Survey, I-inch nnd 14-inch . 7,569 

NO.  3 ,, United Provinces, Revieion Survey, I -inch . . 6,187 
No. 4 ,, 9 )  j P Original and Supplementary Survey, I-inch . 5,807 

The Riverain Detachment carried out 332.95 linear miies of m a n ,  and 
1911.26 miles of minor t,raverse. 

A specid detachment was sent to carry out a revision survey of Delhi 
and the vicinity on the &inch scale for the bellii T o ~ n - p i a n n i n ~  Committee 
(v ide 11. 13).  

BY IVTAJOE C. H. D. RYDEE, D.S.O., R.E. 

Tile head-quarters of the part'y remained at Srinagar (Kashmir) through- 
oilt tlie survey year. 

PE~EONNEL.  Tlie survey of the Kashmir valley 
Imperial Oflcers. proper was continued on the scale of 1 

~ l R j o r  C. H .  1). R\.der. I).S.O., R.E., in charge 
from l R t  October 1911 to 28th Mnrch 1912. inch fo 1 mile and completed and the 

Major F. W. l ' inie,  I.A., in charge from 29tl1 W O S ~  cxtended northwards on the same 
Mnrch 1912. 

Lieutenant K .  Meson, R.E.  scale a t  the request of t,he Kashmir 
Durbar into the Kishenganga valley as 

Provincial ogicers. far as the watersheds to the north 
MT. H .  H .  R. Henby. and east. 
jfr. E. B. Went (from 6th June 1914). The minter of 191 1-12, though mild in 
Mr. 1). K. Reallick. 
Mr. R. C. Hanaon. 

tho Kashmir valley, was a late one and the 

MT. w. J .  B. Miller. snow in thc higher hills made work very 
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Upper Subordinals Ssr-es. 

Mr. Sher Jsng, K.B. 
Mr. Natha Singl~, H.S. 
Mr. La1 Sinqh, R.B. 
Mr. h m s  Ram (promoted to U.S.S. 

July 1912). 

difficult in  .April and May, and i n  the 
Kishenganga valley impossible till the 
beginning of June. For these reasons the 

from 1st 
strength of the party had to be increased 
in  order to  complete the programme, as it 

Mr. Jamnn Perrhad (promoted t o  U.S.S. from involved trianplating and surveying in 
lrt July 1912). 

dctail the Kishenganga valley in  four and 

 LOW^^ Subordi~~ate Seruics . a half months, which work WM success- 

Swreyom, etc. . . . . 36 fully carried out. 

Operations in  the field wcre commenced in April 1912, and continued till 
the middle of October 1912. 

The health of the party has been good and there has not been much 
sickness, uwing to the extra precautions talien when men had to work under 
severc clililatic conditions. 

'lhere havc heen a few but no fatal cases of small-pox among members 
of the party. 

Topography.-The area surveyed on the scale of 1 inch to 1 mile was 
4,489 square miles. The party was divided a t  the con~mencement of the 
sulnmer field season into 2 camps, and later on, into 4 camps, under Messrs. 
Hanby, West, llennick and Hanson, and the number of detail surveyors 
varied from 7 in April, to 31 in  ~ep tember .  'Ihe following sheets were 
surveyed in t'he field by the rl~iddle of October 1912 :- 

The whole of- 

43 -;,- 
43 

2. 6. 6. 10. 14. 15 

43 -"- 
I* 

43 
3. 8 

4 3  " 
3. 6 L 

Parts of- 

4'3 6 ~ 0 . ~ 0 ,  13 

43 a, e'i3 

43 I ,  i, 13 

43 - = -  
6.6. 10. 16 

43 --N- - 
1. 2. R, 7. 11, 12 

43 -0- 
6.7.10 

The sheets surveyed i n  part are up to tilt' limit of the Kis1leng;lng" northern 
and emtern watersheds. Wherever the watersheds are the limit of the area 
to be surveyed on the 1-inoh scale, half a mile beyond llas been surveyed, 
to obtain ,a satisfactory junction with the s~ l~a l l e r  scale surveys, whec the 
degree sheets on t l ~ e  +-inch scale are compilerl. The cost-rate was as follows :-- 
1-inch detail area, 4,489 square miles a t  Its. 16.2 per q u a r e  mile. An  area 
of 866 squarc miles mas surveyed in detail hy surveyor Surjan Sirlgh from 
the beginning of June to the middle of September on the scale of 4 inch 
to 1 milo on and in the vicinity of tlie Siachen glacier in Baltistan when 
attached to the Bullock Cl'orkman expedition. The actual pay of surveyor 
Surjall dingh and his servant and ordinary travelling allowancc were met 
by the Survey of India and the remainin: expenses mere paid by Mrs. I3ullock 
Workman, i t  being understood that the [nap would be put a t  the disposal 

of the Survey of Indin on the return of the expedition. 'I'he cost-rate was 
as f 0 l b w ~  :+-inch detail ares. 866 square miles a t  Rs. 1.1, (share paid by the 
Survey of India). 



Tria?ayulat ;of,.- lluring the previous winter triangulation was carried 
out in the field in the lower ground 8011th of the Pir Panjrtl range in part8 
of .Jammu and Poonch States, (the remainder of the party being employed 
in map drawing in Srinagar). 

OF the sheets surveyed iu detail on the 1-inch scale, only about 8 sheeta 
had been triangulated in advance a t  the commencement of the field season. 

At the close of the field season the area triangulated in advance for future 
detail surveys on the 1-inch scale was 5,916 square miles, about 23 sheets 
in area. 

The cost-rate of triangulation was as follows :- 
Triangulation for 1-inch surveys, area 8,421 square miles, a t  Rs. 4.3 per 

@quare mile. 
Recess duties.-The area of fair mapping sent for publication was 3,702 

square miles and consisted of 15 1-inch sheets, viz. :-- 

43 P 
I I .  l a .  16. I Q  

43 2 . - -  
3. 4. 7. 8 .  11. 12, 16 

43 !+- 

43 2 
4.3 " 

' Ihe cost of fair mapping was as follows :- 

16 1-inch sheets, a.rea 3,708 square miles at  Rs. 7.1 per square mcle. 
The tot,al cost of the l~nrt~y was Rs. ?,36,28'i. 

KO. 2 PARTY (PUN.JXH) 

'l'he scason's work lay in the plains of the Punjab, comprising all the 

P R R S O N N H L .  shcet,s in 441 and 44M, except .& 
1rnpr1,inl Ogirevs. and -:T. 

Mnjor F. '8. Pirrir, I .A..  in chnrgr o p  t o  2 4 t h  Sileets 2% "ere ~mitt,ecl because 
bl nrrh. 

Jlnjor E. A. Tnndy, R.E., in charge from 26th t'll" c o u n m  is being altered by new irri- 
.Inne. gntion, and sheet + because it included 

Pvouinrinl Ogicers. 
Mr. F. n. l'omell, nttnched t o  the Northern 

Circle I)rnming Office durinrr the  field ncnson. 
l l r .  -1. A. Frcvmnn, in rhnrae from 26th hlnrch 

to 25th .I nne. 
Mr. E. B. West. from 1ut R1nrt.h to 4th .June. 
S!ih~d:il. I<nnnk S i n ~ h .  
Alr. It. I<. S t11110llc~. 
Mr. I<. C. O'Snll~vnn. 
Air. J .  ; \ IcC:I .H~PII .  nhaent on h l h i  Surve.v 

from 21)t,l1 hTnrcl1. 
Mr. .I. A .  Cnlvrrt. fnm 29th May. 

TTpprr Stchordinate Srrrice. 
Mr. Mnhindnr Singh. up to 31at Octt~hcr. 

Eow~cr Suhordinntr Seraicr. 
34 0urvev1,rn. 
2 NPW Soldier Snrvegon.  
6 I ) r ~ ~ f t . m o ~ ~ .  
:! Clrrka. 
1 Ptoro-keeper. 
5 Other d~aftamen. 

some difficult Simjlik work. This lntter 
sheet r i l l  be taken up in the coming 
season, but the former mill have t,o await 
thc development of the new irrigation. 

T l ~ c  nrcn surveyed includes all 
i?mritsnr District and Rapurt,hala State, 
and parts of i'ist,ricts Sinlkot, Gujmnmala, 
Lahore, Feroxepore, Jullundur, Hoshiir- 
pur and Gurddspur. 

The party left recess quarters Mue- 
sooric on tlic 27th October and reopened 
on the 1 ~ t  May The field head-quarters 
were nt Lahore throughout the field 
season. 

B e 
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The health of the parby nras very good throughout the year. 
Topogwhy.-No. 2 (late 15) Party surveyed a n  area of 7,369 square 

miles in Arnritsar, Si:~lliot, Gujranwala, Lahore, Ferozepore, Jullundur, 
Hoshijrpur and Qurd&spur &st-ricts and Kapurthala State, about three-quarters 
.of this was revision of previo116 1-inch maps, and the remainder new survey. 
Except for a srn:~ll bit of Siwnlik hills in the north-east, the country was 
fairly open plains, of nrhich more than half was well irrigated by perennial 
,canals. 

The party mas in the field 6 months, and the average statf actually out i n  
the field surveying, apart from men sent to Delhi and plotting, was 4 assistants, 
32 surveyors and 6 beginners, the outturn being 29 sheets. 

The field work mas a t  first delayed by the necessity of keeping one section 
for 2 montlls plottinq traverse data in the field, and later by the sudden trans- 
fer of 1 officer and 4 men to special work a t  Delhi. 

The topography was divided iat,o 4 camps under the 4 Provincial Officers 
Subedar Kanak Singh, Mr. Saubolle, Mr. O'Sullivan and Mr. McCraken. 

A 1  r. O'Sullivan with 4 surveyors and 5 draftsmen was employed in plot- 
ting traverse data for the new survey up till middle of January. 

About 2 of the work was revision survey on 1-inch blue prints of old 
1-inch sheets. New surveg I~ased on plotted trijunctions was only neces- 
sary in Si:llkot, Gurdaspur and dmrits.rr districts, with the exception of 
sheets b ~ ~ I r j ~ ,  in Amritsar district, for mllicll przvious 1-inch maps were 

4 
available. 

The Siwilik portion of 44% was revised on 14-inch hlue prints. 
No new triangulation or traversiny were required. 
9 detailed analysis of outturn yive< most c t m f u s i n  remlls, and I can only 

roughly gather that under rnore settled circumstances me might expect 
hetbveen 40 and 50 miltls of 1-inch revision survey and l~etiveen 30 and 40 miles 
of 1 - i n c h  new survey pcr lnan per month. 'llhe act,ual average for the work 
for the whole season appears to be about 38 miles. 

Tlie cost-rates for t.he field s2nson's worlc do not appear to afford satisfac- 
tory results in regard to the comparat~ive costs O F  dilferent kinds of survey, 
but give a rough average cost of Rs. 8.5 per squ*rre mile for fieltl work, and 
Rs. 3.2 for fair mapping of t l ~ c  regul:~r. morlc of the party, excluding the 
cost of special areas, and otI11.r extraneous charges not pertaining directly to the 
party. 

Recess cluties.-'llhe whole of the fair mapping leas completed and sent 
in hy the end of recess, and the part,y has no arrears of morlc of any kind on 
hand. 

Owing to a variety of c:ruses, (s.g., the number of inferior draftsmen who 
had to he en~ployed in order to get the work tllrnugh and the charges of person. 
nel during tlie early part oE the recess), the fair drawin: has not been alto- 
gether satisfnct,ory in point of neatness or uniformity. 

The fair drawing s a s  made lrom 1:-inch blue prints on tracing: paper 

which were enlarq(:(l by pllotography from the 1-inch plane-tal~lrs. .I great 
deal of delay and a certain amount of inaccuracy arose from all tlla canals in 
blue failing to appear on t l ~ n e  blue prints, so that they had to be entered up  
on them I)?  hand with proportional oompasses. 

Arrangernenta are to he tried in tlir coming selson to prevent a recurrence 
of this difficulty. 
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No. 3 PARTY (UNITED PROVINCES). 

UY CAPTAIN M. N. MACLBOD, R.E. 

The country su rve~ed  consisted of tlre al1uvi:ll plains of the Ganges valley 
and comprised portions of the following 
districts of the Unit(-tl Provinces :- 

Imper iu l  Oflcers. 
Captain A. A. J l c l i s rg ,  R.E.. in chrrer! from 

Hardoi, F:I rulc hihid,  Moradihad, 
1st October 1911 t o  23rd March 1012. Budaun , Bareilly, Etah, Sbahjahanpur, 

Captaln bl. N. >IncLeod, R.E., in charge from 
23rd Ser~ternber 1912. ant1 a snraU portion of Rfimpur State. 

T~ieutennnt A. A. Chnse. R E., in charge from 
15th hlny 1!)12 to  Y2nd September 1012. 'The whole artla under survey was culti- 

Lieutnnnnt R. 8. Wnhab. 1.A.. atlached front vated, POP,)Y and suyarcBne being the 
let  October 1911 to 11th October 1911 and 
from 21st April 1912. most valuable crops. 

PvouinciaZ O$cers. Thr count31.y mr= flat with a few sandy 
Mr. El. M. Be~ri l l ,  in charge fro111 24th RInrch 

1912 to  14th nroy 1912.  
31r. A. C. Uose. 
Mr. P. A. T. Kenny. 
Mr. IT. C. W. Stolesbury, from 1st October 

1911 t o  21et Februnry 1912. 
Mr. B. C. Newll~nd, from 1st October 1911 to 

l e t  December 1!)11. 
l l r .  A .  J. A. I)~.nlte. 
Mr. F'. H.  Grnnt. 
311.. F. J .  Gricc. 
Mr. J .  A. Cslvert, from 1st October t o  28th 

October 1!J 11. 

Upper Sztliordinatc Scruice. 

Mr. Lntf Ali, Probationer. 

knolls, hut the level O F  the small portion 
of the country \rest of tlre (Ganres from 
Kanauj in the south-east corner to Fateh- 
garlr, (wl~ere th(-  right 1)nnlc of the Gangee 
bas a relative height of 26 to 30 feet), 
and tlleilce in  a north-west direction 
away from tlie river, is perceptibly higher 
t l n n  the country betwren the Ganges and 
the Ramganga, the level rises agaiu east 
of the I t a m z a n ~ a .  .. , .  . .  

Lower Sr~bordinate  Snwice. Except to the n0rt.h-west of Farukhdbfid 
1 6  Surveyors, pcrmanellt. 
1:1 Sorve~or r ,  tel~iporary. where tlle coirse of t8he Ganges ha's moved 

6 Soldicr Surveyors. 
2 clerks. eastward, the courses of both the Ganges 
8 Temporary Draftsmen, T Y P ~ ~ s ,  and Pupil and the Itamgangs appear to have been 

Surveyors. 
~scillnt~ory . 

From the quantity and quality of the crops along tlle Rainyangs river i t  
~vould appear that the silt deposited by this river is richer tllan that of the 
,Ganges. 

Tliough the country canilot be called wcll wooded, there are numerous 
mango groves, and all the main rocads have good avenues of frees. 

The field office opened a t  Barcilly on Noveinher 1st a.nd closed on April 
20th. The recess office opened a t  Mussoorie on April 25th. Tlle llealtll of the 
pa,rt,y was generally good. 

Top0paphy.-'l'hc area surveyed during tllc year was 6197.38 square miles . . 
,~ornpr~sing sheets 63 

lz;$;iiliG- ;-, 63 -p and 54 -- -----~'&-- 
1111 16 3. b, 7. 0. I. 8 .  6. 0. U. 10. 11. 13. 1.1, 1-1. ~,ud 113 , 

23 I-inclr sheets in all. The whole of this was revision survey on the scale of 
1 inch=l  mile. Sheet 64-rk- formed part of the programrue, but could not be 
.completed, as the greater portion of it lay within the Bilgram tahsil, for which 
the travcrse dat,a were insufficient. With this exception the programme laid 
down for the field season was coinplcted. 

The was carried out on blue prints of the latest edition of the exist- 
ing 1-inch maps in  new 1-inch sheet sizes. Thesc, except in  the country 
near tho large rivers wherc these had changed their courses, were generally 
'found to be most accurate. 

l'wo blue prints of the Budaun district were reccivcd nrit,hout trijunctions 
.and in these two field sections the trijunct.ions were surveyed by fixing frolrl 
.junctions of roads, corners of villages and other well-defined points which 
-could he identified on the ground. 
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G .  T. poinh throughout tho area were few and far between and lines oi 
levelling with G. T. Bencli-marks only ran through 4 sheets, but considerable 
use mas also made of old level charts for fixing heights. 

Tlle prtp was divided into 3 camps as under :- 

I. Mr. B. M. Herrill, E A. S., up to 23rd March 191 2 and Mr. F. J. Grice, 
S .  A. S., from 28th ~Mnrch 1912 with 9 surveyors a t  Fa t~hgarh .  

11. Mr. A. C. Bose, 15. A.  S., with 8 surveyors a t  Chandausi. 
111. I l r .  P. A. T. Icenny, E. A. S., with 8 surveyors, a t  Budaan. 
IV. 3lr. A. J. A. Drake, S. -X. S., with 6 surveyors a t  Shnhjahanpur. 
V. \Ir. F. H. Gmnt, S. A. S., with Ci surveyors a t  Xorsdrtbiid 

No t.rianpulation or traversing were done by the party during the year. 
The a,-erage outturn per man per month was 34.9 square miles and t h ~  

cost-mtes were, l-inch revision survey, Rs. 9-0-4 per square mile, and fair. 
mapping, Rs. 4-12-6 per square mile. The outturn was rather small consider- 
ing tire nat~lre  of the work, but the average was considerably lessened by one 
provincial offlcer and 1 0  of thc best surveyors being deputed to the 1)elhC 
4-inch=l mile survey a t  a time when work was i n  full swing. 

Recess cltr8ies.-Daring the recess the whole 23 l-inch sheets surveyed 
\\.ere fair mapped on the 1;-inch scale. Fifteen of these have been completed 
and s ~ ~ b m i t t e d  to the Supe~intendent,, Pu'orthern Circle, and the remainder will 
he sent in by October 15th. 

Tlie spelling of villagc names ha,s again given trouble. , I t  would appear- 
t.hat the best solution oE the difficulty is for camp oficers to t,al<e the local 
pronunciation and to decide the correct. spelling " on the spot ". District 
officials have neither the time nor the illclination +o correct long lists of 
names, particularly in the United Provinces, whew it is not uncommon to finrl 
400 or 500 names in a sheet. 

Thouyh there mcrc no contour sheets to he preparcd the timc uswlly spent 
on t.hem mas fully talien np by thr: extra typing necessary on account of 1;he 
l a r ~ e  nu~nhcr  of villa.gcs, and it, mas Found that in  order to complete the 23 sheets 
cluri11: 54 mont,hs of rccess, it mas necessary to arrange that typing shoulrl 
proceed concnrrcut.'ly with thc outlinc drawing, tho draftsmen working from 
6 A.ar. t,ill noon and tllc: t,yper frorn noon till R P.M. or else ollc of them workin: 
on Satnrtlng and 8nntln.y n,n(l t.akinq two days' leave dnriny t,hc wcck. 

To carry out, t,his systcm satisfnctori1;r it is imperative that the spclling of 
all names sliol~ltl 1)1> ch~!clictl and the correct spelling entered on thc plane-table 
sr*ctionn while in t h o  fic.ltl, s n  tltnt. the: section oEcer on arrival in recess is free 
t,n rlr:~-nt,c his t,irnt: tn t'hv oxnminntion of tmces, thc prepamtion of guitles for 
t.hc tjvlwr* nncl t.he s111)!-rvision of the drawing. 

G~dortun:it.c~l~ onin? t,n the vnry 7rr:nt oxpnn~ion mtl  contmction of the 
hlnc 11rint.; on which tllc: surrcp was tlonc, it. mas impoasil)l(: to cnlarge them 
to correct tlimr:nsions, ant1 this paccludctl tllc ~,osqihility of fair tlrawing direct 
on to h l n ~  prints. 

T h i ~  trzccssire cspn~ision and contmction i~ principally dll(: to tlhc ncmssit4- 
of mcttinq such prints 1)c:forc mountin?, nntl, whcre it is ot,herwiso pos3ihle to 
obtain l~lue on rlrawing paper for fair tlramin?, it, would be prefernhlc to 
have the  print^ of previous work acparatc on tmcing paper, and transfer them 

I)y hand on to a board previoualp mounted and allowcd to dry. This would 
cnkil somo extra labour on taking the field, hut it is prohnhle that the flelrl 

sections mould not be too distortd to permit of tho rnlnrqcments so in^ mmlc to 
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scale and printed direct on to drawing papcr, and much labour would thus be 
saved during the recess. 

The map of Delhi and vicinity on thc scale 4 in(-hes=l mile, surveyed by 
the Delhi Dctachruent in April and May 1912, was drawn :rnd will bc published 
by 15th October 1912. 

There were no computations to be done in recess :~,nd no arrears of d r a ~  - 
ing, etc., a t  the close of it. 

No. 4 PARTY (UNITED PROVINCES). 
BY CAPTAIN L. C. TIIUILLIEB, I.A. 

The field head-quarters of the party remained a t  Sitayur throughout the 
PBBLIONNBL. field season ; the recess head-quarters conti- 

Imperial ~ f i e e r s .  nued at Mussooric. 
Captain L. C. Thuillier, I.A., in chargo. 
Lieutonant F. B. Scott, I.A. 

The cantonment section had its field 
ProuiaciaL Oficcrs. and recess quarters a t  Quetta, tts field work 

Mr. G. J. S. h e .  was continud there throughout the year. 
Mr. H .  U'. Biggie. 
hlr. C. E. C. Yrench. Thc programme of the party and loci~le 
Mr. J. C. Leas, from 13th Deccnlbcr 1911. 
Mr. A. B. Hunter. of opcratiorls continned in the United 
Mr. G E R Cooper. 
Mr. J A .  Calvelt, from 29tL October 1911 PrOvin~cs. 

to 29th May 1912. The country under survey collsisted for 
Mr. A F. Murphy, from 11th O~tober 1911. 

the most part of similar country to that 
Upper Subordiaate Service. 

Jemadar Yohammad Husain Khm. surveyed last season, vk.:-a flat plain 
gcnerally well cultivated and interspersed 

Loroer Subordiaate Seru~ce. 
34 Surveyors. with a n  abundance of groves and occa- 

1 Traverser. sional stretches of " usa). " plains. On 
9 DraPtame~~. 
.k cornputors. the east of the work, honfcver, along the 
2, Clerks. 
2 Tppor~ Gogra river and its tributarics, oc-curred 
tj 80ldic.r Su~vepor-. a broad tract of country lying at a lower 

level than the surrounding plain and cut up  by innmnerable streams and back- 
waters. T&s country for the first 2 to 3 nlollths was considerably flooded. 'l'he 
Gogra was the only large rivcr in t l ~ e  area under survey this season. The 
Gumti, which is a considerably smaller rivcr, ran through two or three of t l ~ c  
sheets undcr survey. 

The field season co~nrnenced on thc 30th of October 1911 and closed on the 
6th of April 1912. 

The health of thc party was good tl~roughout the season. Plague occurred 
during thc semen, 1)ut was not really so severe its the previous season, and no 

occurred among the party. Gnc case of cholera occurred which unfor- 
tunately cudcd fak~lly. Thollgh it was cltpccted that in the Gogra tracts men 
would suffer from fever, this did not occur, possiblj- owing to the issue of 
qllinine for it  rnonth bcfore takin: the ficld. 

'I1oPography.-The 1)rogramlnc of this work consisted of the survey on the 
1-inch sci~lc of shcctq 63 , ,, ,, ,, ,,f,,, ,,. ,,, ,, and 63 ,+,;,, and the supplementitry 
survey only of' shcots 63 ,, ,, ( ,  ,,, ,,, 63 ,;:, ,,. 

Sheets 63 ,+, were subsequently cut  out of thc programme, as the party 
had to send surveyors to do special work a t  Delhi. 

'Che wholc area for survey lay in the districts of Sitapur, Hal-doj, Kheri, 
Lucknow, Ballraich and Bara Banki. 

The area in distriots Khcri and Rahraich was merely snpplementary survey, 
as the cilrrcnt rnaljs of these portions had hccn co~npiled f n m  16-inch cadastral 
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surveys w r i e d  out only about 15 to 17 years ago. The remaining portions had 

not been surveyed since the original survey done about 1860-63, and, as the- 
old maps were much wanting in detail, and also were of practimlly no use to  
surveyors, i t  was cousiderecl advisable to survey the whole area anew. 

A certain number of surveyors and draftsmen were kept a t  head-quarters to. 
the fair sheets which were not completed in  recess. This was found 

a lnuch longer job than was originally anticipated, and the last sheets did not 
go in till March. 

At the end of March, 6 surveyors, under Mr. Calvert, were sent t o  Dellli 
to do special work there under Lieutenant Chase. 

Field work continued till early in  April when the head-quarters of the 
party ant1 tlie majority of the surveyors proceeded to recess quarters, Mr. J. C. 
Lears and one or two surveyors remaining behind for a short time to complete 
their work. 

The surveyors for topographical work mere distributed into 5 camps under 
Lieutenant Scott, Messrs. G. J. S. Rae, H. W. Biggie, A. B. Hunter and 
G. E. R. Cooper. 

Lieutennnt Scott's camp consisted of Jemadar Mollammad Husain Khan, 
U. S. S., 4 survcyors and 1 soldier surveyor. The camp's operations lay i n  the 
eastel-11 portion of the party's work along the Gogra river in districts Kheri,. 
Sitapur, Hahrnich and Bnr:~ B:lnki. 

Mr. Rae's camp consisted O F  4 surve'ors only. The camp's operations lay 
in the nortbern portian of the party's arrn, in districts Kheri and part of 
Sitnpur. 

Mr. Biggie's camp consisted of Mr. Calvert and 8 surveyors and 2 soldier- 
surveyors. The camp's operations lay in the western portion of the party's 
area, i n  districts H:~rdoi and Sitnpur. 

Mr. Hunter's camp consisted of Mr. XInrpl~y, 6 surveyors and 3 soldier 
surveyors. Tlie camp's operations lay in the western centre of the party's 
area, in district Sitapur. 

Mr. Cooper's camp consisted of 7 surveyors and 2 soldier surveyors. The 
camp's operations lap in tile eastern centre of the party's area, in districts 
Bitapur, Lucknom and Bnra I3anki. 

Towards the end of the field season, a sliglrt redistribution of surveyors 
was found necessary to complete the work. 

The average rate of plane-tablinq (excluding tlie time taken by tho men in 
marching to their work), mas 36.89 square miles per mensem for survey and 
66.34 squarr miles per mensem for supplementary survey. 

The cost-rates were as under : - 
Drtail survey, 1-inch scale, 6,807 square miles a t  Rs. 10.04 pcr square mile. 
T?.uve~.sing.-This only consisted this season of running supplementary 

lines of traverse, wllcre it was found that surveyors were short of points on 
which t a s  atljust their work. 

Calbtonment S~L~'UC!,!/G -This section was under Mr. C. E. c. French 2 
computers, 5 surveyors, 2 draftsmen, 1 typer and 55 menials. 

The only Cantonment taken up during the year under report mas that of 
Q,uetta. 

We were rrquest.ed to aarry out the following surveys :- 
(a) Thc survey of Quetta Cantonment on the scale 16 i n c h e ~ x l  mile,. 

area allout 17 square miles. 
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( B )  A survey of the Fort, scale 60 faet = 1 inch, area about 63 acres. 
(c) A survey of some 700 acrw of waste land lying north-west of 

cautonment limits for the extension of rangrs. 

The 16-inch map of the cantonment mas to show contour3 at 6 fect verti- 
cal interval. 

Later on we merc requested by the Civil authorities to do a survey of 
Quetta Oivil Station on the scale of 16 inches to 1 mile comprising an area of 
about 1,100 acres. 

These surveys are still going on, but the field work should be completecl by 
December. Tlie fair drawing is being carried on, where possible, at  the same 
time as the field work. 

Proofs of 6 cantonments were received for colouring during the year, uiz :- 
Allabiibad, Hyderiibid, Risilpur, Loralai and Fort Sandeman. 

The area surveyed during the seasou aud cost-rates are not yet available, 
a,s the survey of Quetta Cantonment is not completod. 

The total cost of this section for the year was Rs. 21,206. 
Recess dzcties.-All fair maps of the sheets surveyed during the field seaeon 

were completed and sent for pul~lication before t l ~ e  end of the reoess. 'l'bis was 
a considerable irnproveme~~t on last season as no sheets were sent for publica- 
tioil before the end of recess ltlst pear. The previous season's work had hom- 
ever been a useful experience, and by altering the system, k e  were able to 
complete our fair mapping of 22 sheets during the recess. 

RIVEH AIN DETAC HRIENT. 

The ofice of the. dctacl~mcnt remained a t  bIult.5n tilroughout the field 
PEBBONXEL. season, and returned t o  Lahore on 20th 

Proz~ inc ia l  Ofice?.s.  
&11. Mnyn Dne Puri, R.S., in charge. 

June 1912 for recess. I t  was shifted again 
Mr. aloqim-ud-din. to  34 111tan on various dates during Septenl- 

[ J ~ ~ c I  Subovdi?tafe Sevoice. ber 1912. 0 

Mr. Chuni I d  Kepur. 
Lorce,. S l rbo~~Zi~ la l e  Scroirc. The rirernin area under survey mas 

2 Surveyors broken, shrubby, sandy, and marshy. 
36 Trnversers. 
26 ~ m f t s m c n .  Portions of villages, situated above the 
27 Cornptiter~. 
2 Clerlis. high banks, were well cultivntcd, and pzwts 

SETTLEMENT STAFF. of tlic Una and Garhshanker tnlisils mere 
Mnlik \\'ali I k m ,  Tnhsi ldnr .  
Blir NAzir Ahmed, do.  hilly. 
Mr-lltn Cfnnd Rnm, A'oi6 Tahsildal, .  'I'hc LOnrcr B ~ r i  D05b tract arm flat, ill 
Blalilc Alimcdynr I{han, d i t t o .  
Shciltli ilnllbilb Ali, d i t t o .  parts llealrily wooded and covered with 
Chnurlhvi J ~ R I  Din, di t to .  
CI~nudhri I n d m  ])in, di l to .  forest rcscrvcs and s1nn.U sand llills, sparse- 
hlinn Ol~ulnrn Mn~tnzn, diffo. 
28 Kn~ru~ t , vo r .  ly inhabitccl to~varcls the north near t l ~ c  
120 Yntrravia .  R,iivi : and mostly wa,terless aucl unpopl1.- 

1 Rcndcr. 
1 Ndz i r .  l a td .  
3 Clerlcs. 
I) MoAnt.iivs. The field season commenced on 1st 
1 Sub.Aqaietant Surgeon. Octobcr 1011, and closed in tlie middle of 

Jnnc 1912. Thc Lomcr Bari Dojb work was 1.c-stnrtcd on the 1st of Scptcm- 
bcr 1912. 

The healtli of the dolacbment was good all round the year. Two khalcipis 
and two computers died. 

C 



) work done f~,. the  cadnstr-a1 surveys of Riaelmin estates. 

The detaallment its \vork of traversing and laying down base 
lints allring year. 332.95 linear miles of main traverse, and 
1911.26 linear miles 01 minor traverse were run ; 8,641 tlleodolite 
stations were fixed along tho bnnks of tbe rivers Sutlej, Hsvi, 
Chenlb and Jllelunl in distriots Uoshiarpur, Ambiili, Ferozepore, 
Lahore, Ilontgomcry, Sialkot, Gujrat, Sllabpur, and Jhelum; 
and 498 corrlers of 164 squares were marked with permanent 
mark-stones on both bnuks of the Sutlej and the Jhelum to serve 

b s c s  for the future demarcation of bolindaries in the  bed of 
the rivers. 1,997 plotted and 486 boundary masGvis, (settlement 
mapping sheets), of 328 villages were oompleted, and 30 four- 
inch sl~ects were trnccd and supplied i n  time to the  Settlement 
Officers of Hoshiiirpur, Una, Ferozepore, Sialkot, and Shahpur. 

Besides these 129 miscellaneous trsroes mere prepared, and all the traverse 
stations, laid out during the season, mere plotted on 28 four-inch sheets. 

Thc folloning two tables show the  outdoor and office work done for 
cadastral surrey : - 

.\.-OUTUOOR WORK. 

\ r l ~ l e ~  ?o(), ??O, l ! ) l i ,  I O I ~  1!10,/'e~1 = O t ~ e  irtch. 

Area 1 1 )  
Wonre 
miles. 

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

I $ 
I 2  I i '5 \ . * a .  r R l t r a . .  I l l ~ r s l c r *  6 ; .." << , L r < .  , . s , n  : ! 0 I 
' j \ I.iaenr , [: E m i l " .  3 

I P 
1 ;  - < , .- i.l 

Z z % 
.- - - 

2 
0 
% 

~~ - - 

. 5 ~ 1 i * ,  R t r e .  

t ' ,  . ,,, l,.\r.,. l .~h,,r.. ,  and !L , , ~ I -  16 : I ! - ,. . ' , , , ! I  . It% , ... . . . 
r ,rnrg.  r t . ~ ! c i  41*1 Arl,l ??GI lerl  
- I loch. 

I c n r e p r a  znci !.ah !;r, sa,ale ."*I 
, i 

I 
h 5 , 881 1 6!1 I 2; 138:  

I0.t -- 1 i,,Ph. 

I l i  2nd m i ,  I I l l '  -* . .  . .  I . , 1 *I 435 1, IHjI 
rnd IW l e t  ;. I invh. 

trrnwprrr %n,\ .In!!qndl!or. c1.xI.1 ? I  ... 

-- 

I D ~ )  Irrt = I ir1c.h 1 

I I !  .7b , l .m R,r.e. 

B 

1 

I 2 1418 

.. . . , 

~ I ~ C ! I  Ialsn 

I I I 2 2  i t  ' ;'I 7 7 
I ,!?CL 

4-L4 Rnr.,. 

i 
.l,j 1 M : .,' 

I 

. .  ... 

! ... . . 

!N ,,, I ,, 

r.. , L  I*" 4 ' znW 

C ' O . ~ &  

% 

~ - I 

I21 

51, / 3% ~ , n l l : e  ~4 1 :3ts  I 

116 

I " 1 , j " l  1 5 ,  , 
I tt~rh. 

I I , I  
1 . 4  = l Inch. 

I a r i  Pot.r. 

3 *ltl)l anal r n r , t a r r  .. ,is !.., rr+ 
r l " rh  

, I 

; a  
% Z, 

"1 I"' 

11 111 1':.!1* 9 1 1  ... 
! 

, ,  I 
... 

I 
---~ - - . -- 

. .  I q'! 

.~ - i 



jr01,. 111.1 TOPOilRAPIIICAL SURVEY. 11 

I I 
i 1 No. of 

N~r~no Namo 1 
s~.alo. of I of 

River.  , Dictrict. 

I 

4-inch nheeta 
traced for No. of 4-inch 
tho Use of nlleets on 

Scttlernent I which new 
Offico~.~, (arnle, work was 
4 inches=ooei plotted. 

mile.) I 
- . . -- -. - - . ... . - 

I I I I 
Sullej  . . I Fcrnzc~porc . , 'LOO f c c ~ =  1 i~ ic l i  1 (j2 1 ; 1'30 1 3 i Y 

I I 

I 

Besides t,hese 129 miscellaneous traces were prepared during the year. 

( b )  l ~ o v l c  done for the 4-inch compi+Jalio?z of Riverai~z boundariee. 
20 sheets mere plotted and compiled, 23  sheets finally completed, 10 sheets 

typed ; and 371 villages were reduced by pantograph to the scale 4 inohes=one 
mile. 

The progress of tlie work is clearly shown in the table below :- 

No. of 
Sntne of Nnme of sl~eets ~hepts h'o. of R ~ u ~ a h . 3 .  

Rivcr. the series. plotte~l nl  d finally al~eets t ~ p u d .  
compiled. esn~nin, d. 

Sut lc j  

Sut.lrj 

Jl iel~irn 

Jhclum 

J l ~ e l u m  . 

Sntlej  

Perozepo~ e. 
- - - - 

Kapurthala State 

I Jullundur.  I . . . I I 
Ferozep~re .  -- I '.. 1 I 

.- 
Jllelum. 
Shahpur.  

.- 
Jhelum. 

-- -- 

G ujret. 

I n  addit ion to tliese 
sheete t h e  settlc- 
mcn t  maps of 371 
villages werc re- 
duced by 1~m"C- 
graph.  

Jurnna  
Arnbiln. 1 5 , . , . I 

Sah~ranpnr and i ! 

Karnnl. I 
I 

- I I 
- - 1  

TOTAL I 1 I 
a 3- 
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11, The Lotoel* B(tr.i Doib 26-acre Recta?zgtclar Szcwey. 

 hi^ work mas ovcr tlic remaining tract commanded by the Lower 

Bnri Do2b Caual. 'flie Settlement Staff continued joining the detachment 

till late in December 1911, and consequently a considerable time was spent in 
trsining tho hands. As after May 1912 it became very difficult to work out 
during tlle day time on account of excessive heat, scarcity of water, and dust 
>terms, the field operation3 mere te~ipo~ar i ly  stopped in tlie iniddle of Julie 1912 
nnd restarted on the 1st of September 1912. 

The whole of the Sebtlenlent Staff was employed on this class of work; 
and the two Sub-Assistant Superintendents with 20 traversers assist,cxl in 
forming blocks of 80 to 100 re~t~angles. 

In all 55,000 (fifty-five thousand), 26-acre rectangles were broken. 
Wearly 40 per cent,. of the work \vas tested by the Naib Tal~sildn~s, TaAsilda~*~ 
and t.he Survey Officers ; rand 15 per cent. mas checked with theodolite traverse, 
4,782 linear nliles of traverse mere done and 13,788 theodolite stations mere 
fiscd. 

The ~~las imum linear error admissible was one in  eve17 five hundred 
esccpt in very few cases where the error was allowed a Little Ileavier than this 
froln base to bzsc, because the traverse values from which the bases had becn 
originally computed were not so good; and i t  was not 1)ossible to 1)etter thcln 
Ohen. l'lle base line pillars were slliftccl and put right wherever they ~vere 
found out of tl~eir true positions. This retarded tlle progress of ~vork con- 
siderably. 

Bs tlic initial bearins of the base lines mas doubtful within 5') and tIlerc 
mas also linear error in the work, in several cases the angular work between two 
bases senerally 10 to 1 2  rectangles apart, was closed by allowing $' per corner 
of a rectangle, or 1' per theodolite station while breaking the intermediate lnect- 
nngles. In all such cases the angular work of traversers was carefully checkecl 
in ordcr to ascertain that trherc was no serious crror in tllcir work. 

With the viem to save time and unnecessary labour 100 feet instead of 
66 feet chains mere used in the Lower Bari Doib colnputstions for the pupose 
of cutting the 26-Acre rectangles. 

The method of distributing errors and general procedure adopted, mas tile 
nzlnc a? clcscribed in the last year's report. 

The riverain main circuits on the Sutlej mere connected with Kanli Kllerrt 
T. S., and Pir Cihaui T. S., and on tlre Chend) with Jeto '1'. 8.) Bala T. s., 
Batlulapur T. S., Hela 'l'. 9.. and Ralljit Gar11 '1'. 9. 

l'he Lower Bsri Doal) travarae war connectcd with 1 1 ~ ~ ~ s  '1'. 9. for l a y i ~ q  
out cxtrn base lilies ncar tllc Rgvi river. 

Thc areraqe errors iu thc riverain work vcre :- 

(n)  Main circuits. 
Anq11nr crror 8".2 per st R t' lon. 
Linear error 0.10 link per 10 chnius. 

( b )  Minor trnvcrses. 
Angnlnr error 2" per station. 
Linear error 0.33 link prr 10 chains. 

I c )  Bsse linrs. 
Error per mrner J ft:rt in (1irer.t. diqtance, when compared a t h  its 

Ilreol.cticn1 valuc:. 
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Thc temporaiy riverain khnlieis were paid direct,ly by the Settlemcat 
 officer^ concerncd. The total cxpcnditurc of the detachment from 1st Octol~er 
1911 to 30th Septsmhcr 1012, excluding the pay of the above men, was 
Rs. 2,26,002 as detailccl below :- 

Rs. 
Rivcrain . %l-1.,969 
Trower Bari Deal) . :!,00,981 (i.~.,  allnas 2-34 per acre). 
Delhi Survey . 5 2 

THE SPECIAL DELI11 SURVEY DETACIIhlISWT. 

BY MAJOB C. H. I). RYDEB, D.S.O., R.E. 

Owing to tho transfer of the Capital of. India from Calcutta to Delhi, a 
Town-planning Comn~ittce was sent I'rorn England. I n  order that all informe- 
tion should be ready on their arrival, a detncbmcnt mas forrued to carry out 
the work. This detilrhment mas in clrarge of Lieutenant A. A. Chasc, R.E., 
with Syed Zllle Hasnain, the officer iu charge of No. 17  Party, in charge 
of the levelling. 

On the 18th of March orders ere issued for a revision survey on the 
&inch scale togetller with contours a t  5 feet vertical interval of Uelhi and 
the vicinity. 18 surveyors, 3 provincial officers and a levelling det:~chment of 
4 levellers and a provi~~cial o5cer in charge arrived in Delhi, the former by 30th 
Marclr, the latter by 29th I!farch. 

It was decided that the area should be revised on blue prints on drawing 
paper of t l ~ e  old id-inch Revenue survey in the orcliuary way. These blue 
priute arrived iu Dellri on 29th Ilarch. 

It mas pointed out that tlie Ton~n-planning Committee would arrive on 
the 14th April, and tliat, as the Committee could (lo little without the aid of a 
4-inch coutourccl map, i t  was essential that copies should be got out with the 
utmost expetlition. 

As the copies of n~aps  \ \ere urgcntly required, i t  \\.as decided to send in 3 
plans-tables enclr night by 9 P.M. to Iread-quarters, mllero these were traced 
during the night and returned to the plane-tablers by 5 A.M., so that the 
traces kept pace with the survey. 

The exact area to be surveyed could not bc actually defined until the  Corn- 
mittec arriveil, but it was realized that tliere was inforination regarcling levels 
north of Delhi and none soutll, and that what is Icnown as the " southern site " 
was thr more important, ant1 so it was decirled t o  coaccntrntc tlrr surveyors 
and levelling detac1imcnt south of Dellii, nud to rcly on t l i ~  existing 2-inch 
survey of 1910-11 and Irrigntion Dcpnrtmeut levcls for the nortl~ of the city. 

As tJrcrc werc not sufficient triangulated heights in the area under rcbvi- 
sion, the surveyors wcre instructed to lmve tlic contouring until the detail was 
surveycsd, and thc levelling de tachrncmt we1.c iustrncted to rull in I 110 meantime 
a network of level.; m~hich \ronld give lines most useful to an  engineer, as uell 
as giving numlwrs of heights to surveyors. 

J,evel liilcs wprc thorcforo run along nullolls, and in solire few cases aloug 
r idg~s ,  traces of the level lincs with descriptions and rcduoed levels were given 
to tile snrvcyork concerned a t  the clnd of cach day's work to cnable the latter to 
fix tllc position of these on the plane-tables as their work p~ogrcssecl. 
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On rlpril 26tl1, tllc Committee gnvo f!!eir opinion tlrut the aren beills 
revisd wns probably sufficient for thcir purpose. 

Tile delail survey was finislictl by April 23th, and I)y this time levels 
llnd Ilcen run practically all over tlie arca undcr sulSvey and over wllioh lrriga- 
tion Ceparttmcrl t levels ware not avnilnble. 

on the ~ t l r  Mny, the Comniittec decided t l ~ t ~ t  the area under revisinn 
s l ~ o ~ l t l  I)c extended slight-ly. Levellers and surveyors, who had practically all 
con:c i!l to 11cand-quarters by this clntr, were selrt out to do this extra detail, 
w11iol1 it mas drcidcd to insert ou tile trnccs, after copies of tile arca first agreed 
upon Irnd been dt.livered. 

By t lrc 5th 11ny the contouring  as fir~ikl~erl, and on the 7th of MuJ tllc 
traors narr sent to Calcutta for a vandyked cdi tion, 30 copies in black and 
1)ron.n bei11g delivered into tile llnnds of the Conlrnittee on the 13th of May. 

On the 22nd of May, the extra oren had been levelled, surveyerl, contoured 
and inscrted on the traces, and these traces have since been sent for a furtller 
di t ion in  black atid browu with level lines surprinted in red. 

Tile map was fair drawn in four sheets mitlr great rapidily, and tllo Town- 
planning Committec were supplied wit11 all the copies required. 



HENRY CHARLES HUBERT COOPER, 
Born-5th August 1874. 
Died-27th November 1912. 





SOTJTHERN CIRCLE. 
(Tide Index Maps 2 rind 5.) 

TIle Soutl~ern Circle mas under the superintendence of Brevet-Colonel 
1'. y. B. Renny-Tailsour, C.S.I., R.E., tl~roughout the year. 

The circle consisted of Nos. 6, 6, 7 and 8 Parties. 
1)uring the year 9,116 square miles were surveyed, 7,614 Aquare miles mere 

triangulated and 889 linear miles wcre traversed by theodolite. The canton- 
anent of Santa Cruz was also s~wveyed. 

T]le survey consisted of : - 
5,670 square miles of 1-inch survey. 
1,329 ,, ,, ,, ,, revision survey. 
1,341 ,, ,, ,, 14-inch survey. 

119 9, ,, ,, ,, revision surrey. 
656 ,, ,, ,, 2-inch survey. 

Tlie sl~lalllless of tlie outtu1.n is principally due to the partics being nnder 
-stl-engtlr, to the large arca and the dificult natura of the reserved forests and 
to the exiremely intricate character of the country along the west coast of 
M:idras. 

Dcscripfions of cxperitueuts as regards tho plane-tabling and fair mapping 
are given in t l ~ c  reports of Nos. 6 and 7 Parties. 

NOTB.-The following method of m3unting a mill board for  plane-tabling was suggested by Mr. A. Ewing 
nnd wall given a trial, with vory eatisfactory results, duri11,o the  hdld season in this  circle : - 

( i )  Cut down a piece of mill board to 30 inches x 24 inches, that  ia, to the  size of a plane-table. 
(ii) Pnstc sheets of rag-litho paper firmly ou both sides of the inill board. Tliis is done t o  avoid the  

coloor frolr~ the mill board staining the  drawing pnper whon mounted. 
(iii) Paste a sheet of 210 Ibs. drnwing paper 30 inches x 24 inclles on to  the  centre of m piece of ?nalmol 

or any fine white cloth 42 i l~c l~es  x 36 inches. This ehould be done on on ordinary table, the cloth ahould firat 
Gc washed an,!, after the drawing payer h s  bcen p:~stcd on to it, should be strctolied and pinned down to the  
tablo and allowed t o  dry for a couple of dugs. 

(iu) Tho mounted sheet of drawing paper shoul I then be l ig l~ t ly  pnsteJ on the  mill bonrd. 
( v )  Cut tho cloth that  projects round the mill board into stripe about 4 inches wide and paste alternete 

strips under the mill bonrd. 
( v i )  The mounted mill bonrd s l ~ ~ u l d ,  i f  poseiblc, be passed t l~ rough  a printing press. 
(~rii) Project nnd plot tllc board. 
(oiii) Place tllc mill board on a plane- t~ble  and pnstc the  other strips, rvfe~,rcJ t l  in ( v ) ,  under the plane- 

t:~ble, but only about 3 inches a t  the  enlo of the strips should n c t u ~ l l ~  bc pasted, so that, WIICII tho plnne-bble 
cxpands or  contrnots in the field, the l o o ~ e  cloth will givc t o  it. 

N.U.-When working in a very damp climate the  mill b o d  ohould bc vornisheJ mnJ allowed to dry before 

1,oing mounted. Metal co;ner clips could be used for firin; the laill board o a  tho l)lanc-table, but pasting is 
bettor as a surveyor cnn very e.19ily t :~ke  off the mill board nod repaste i t  if lie finda that the mill board does 
not lie flat on the plane-tnblc. 

No. 5 PARTY (CEN'I'RAL PROVINCES). 

B r  LIEUTENANT 1C. IV. PYE, 1t.E. 

Tile progranlluc of tllc piirty included survey and revision survey on the 

PKBSONNEL. 
1-inch scale and triangulation in pads of 

lsiperi(tl 0f ice1 .s .  degree sheets 65-1, 55-J, 65-K, 6;-0 ancl 
>l :~~or  C. L. Robertson, c M.Q.,  I{.E., t,, 19t11 GI-A, Comprising port,ions of the Gwalior 

M a ~ c h  1912,and in chargeto s l a t  J anuary  1912 
end from 11th March 1 9 l 2 t o  19th March 3919. and B1'o~al of India and 

Lieutenant K.  W. 1t E., from 1st ~ n n o , ~ r i  Of the Hoshangib&d, Narsinghpur, Chind- 
1912, and in ohergo from 1st b'cbronry 1912 to 
lo th  March 1912 and from 20th Marc11 1012. w;Lra, Seoni, Botiil, Niigpur, BhandLa 

J,icotenant C. Q. Lervis, R . E . ,  from 1st Jnnr  
1012. ant1 Jubbulpore districts of the Central 

Lieutenant C. F. Nntion, IZ.E., to 211rl Dcce~nba~  
I!)II. l'rovinces. 
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p,-o~dsn'nl O@elas. 
Skects 56 $ and 65 &, contained 

Nr. F. P. Walmh. gome very broken and difficult country, tile 
Mr. J. H, S. \Vilson from 20th May 1912. , , PlcA9Fa Fieldille fmh 241-1~1 Iray country in sheets 65 ; and 55&, was flat or 

1912. 
P, from l l t h  Noronlber 1011 t o  undulating, ~ h i l c  in tho remainder of the 
30th June  1912. sheets the country was of a varied nature, 

bIr. C. West: 
Nr. F. C. P I I C I I ~ ~ .  The field season opened a t  Jubbulpow 
Mr. Nunshi La]. 
Mr. C. O. Picord. on the 3rd Sovember 1911 and closed at 

the same place on the 8th May 1912. 
O P ~ B P  stlaorailtnte Se~*uice. During most of t l ~ e  field season the 

Mr. Eltmth 1111ttu. head-quarters of the party was located at 
Mr. Ram Nnraynn Hnstir. Pachmarhi. 

Lort.r~- Sttbo/.ditrnts Se~~r ic r .  
The health of t,he party was fair. 

23 Surreyow. To~~og~~a~ l~y . -To  carry out the 1-inch 
3 Soldier surveyors. survey three camps mere formed while 
3 Computers. two surveyors working independently 
2 Pupil survejors. 
2 Clerke. 

were deputed to complete the area for 
revision survey in the Jubbulporc district 

which had been commenced in the previons year. The following allotment of 

work mas made :- 

No. 1 camp, shects 65 ,;,:i3 in thc Gnalior and Bhopil States. 
No. 2 camp, shcets 55,& in the Roshangab%d, Ch indwh ,  Betiil and 

Narsinghpu districts. 
No. 3 camp, sheets 65; and 658,!',j in  the Bhopil State and in the 

b 

HoshangfiEd and Narsinghpur districts. 

Revision survey, sheets 64 2& in the 'Jnbbulpore district. 
The survey of all the above sheets was completed except shect 66 $ which 

remained unfinished at tlrc close o f  the season. Thc outturns were 2,669 square 
miles of l-inoh survey ancl 904 square miles of l-incll revision survey, making 
a total of 3,473 square miles. 

T~.i~ngzclation. -Three officers were employed on triangulation and com- 
pleted slleets 65,& and 55 ---O----- in tlie Nkgpur, Blrandiirn, Chiaclmira and 

2, 3, 4. 0. 7, 8, 12 

Sconi districts. The country cxtended over thc long southern woocled slopes of 
the Ccntral Provinces plateau down to tlre low undu1:iting country round 
Nagpur. Thc area triangulated amounted to 2,492 square milcs. 

Recess dutiee.-The mapping of the revision sl~eets 64 &, mas handed 

ovcr lo tllc Southern Circle Drawing OPcc and ten sheets, air., G6 ,:,j7,,, and 
65 ,x:;i;-,, were left iu I~and for fair dra\~ing,  tl~esc latter shcets mere completcd 
by the cncl of the recess. Of sheet 65 + , \rhich contained t l ~ e  heaviest work of 
any sliect, the party mas fortunate in obtaining en1;~rgcments on tracing p:ll'cr 
sufficiently true to scale to enablc them to he pasted on to t l ~ c  prick-off sllect 
and vandyked direct. Of one ot.hcr shcet half mas cnlargccl and printed on 
dra\ving papcr as a direct drawing print, the other half being transferred hy 
hand, while tlrc remaining sheets were prepared l ~ y  thc method of vaadyking 
tracea. 

The computation of the tdang~~lation for the ensuing season's work was 
completed dnring the recess. Threc degrec  chart.^, air., 66 I, 55 AI: ~ l l d  64. P, 
wlth tablcs of data merc prepared. 



TOPOGRAPHICAL SURVEY. 

BY MAJOU H .  WOOD. R.E. 

The wor]i of tho party continued in  the prcvious theatre of operations, viz.,  
Berar and Hydcrabad. 

PEUBOWNEL. Thc scene of survcy lay in the valley 01' 
In~pcrial  OJicers. the Pengangi river and the hills lying to 

IIajor H. Wnod, R.E.. from 17th neceml)er 1911 
and i n  chnrgc from 19th Dcyrmber 1911. the north and Soutll of it. The countrj- 

Lieutenant K .  W. Ppe. I{.&., to  :ilst I)ee~mber On tilc west of the was mostly ope,, 
191 1 arid in charge to 18th Ijerernber 1911. 

Lieutennllt C. F. Nation, R.% fronl 3rd plateaux but, where they descend, the fall 
December 1911 to  3rd April 1912. 

to thc rivcr is abrupt, and  here the streams 
Provijtciol Of i t em.  havc cut deep ravines, making the country 

Mr. J .  H. S. Wileon to 19th Mny 191'3. 
Mr. P. I<. Anderaon to 15th October 1911. intricate and broken. 
Mr. E. A. Meycr. 
Mr. F. B. Kitchen. l 'he field season began on the 14tl~ 
Mr. R I?. Gilden. 
Mr. J. O'C. Fitzpntrick. 

October 1911 and closed on the 8th May 
Mr. A. J .  Moore. 1912, lasting l~ractically 7 months but, ah 
Mr. A.  V. Dickson from 14th Octobcr 1011. the traverse camp began work a mont l~  

~ p p e r  Subordisate Scrvicr. before the rest of thc party and onla 

N ~ .  ~l~~~~~ t o  2znd M~~ 1912 and frolll 23,d triallgU1at0r l.Cm&ined out until the middlc 
August 1012. of Junc, the field season for a considerablt~ 

Lotcw Subordinate Service. 
portion of thc party was nearly 8 mont,hs 

19 Survevors. in duration. The head-quarters of the 
1 soldie; surveyor. 
1 Drsftsmnn. 
6 Tr:~versers. 
2 Cornputera. 
6 Pupil surveyors. 
2 Clttks. 
1 Sub-as~istnnt surgeon. 

party was located a t  Bksim. 
l'he health of the party, notwithstanding 

tho fact that for the greater part of the 
season i t  mas working i n  the unhealthiest 
part of Bcriir, was good ; t>he surveyors 

and kha2Zsis suffered to somc extent from fever, but thcse attacks did not last 
long and were not sevcre. 

Topography.-As a considerable area of the country that would fall under 
sui-vcy in thc nest  2 or 3 years consisted of rcservecl forcsts, it was decided to 
survey as much of these forcsts as possiblc in aclvancc of the general programme. 
This plan was adopted as much of the forcst arca is in sniall patcl~es with vcqv 
complicated boun(1arics and i t  had becn found necessary to survcy large arcas 
outsidc thc forests so as to adjust the margins of the work on the two scales. 
By surveying the forests in thc year prcvious to thc general survey on tb,: 
1-inch scalc it will only bc ncccssnry to survey on t.hc larger scale up to the 
forcst bonnrlarics as during tlic recess tllc forest stuvcy can be reduced by 
plrotogmpl~y to the 1-inch scnlc and the rcsrllts transferred to the 1-inch 
plane t:~blc scctions in bluc. Thc surveyor will use this in tllc ordinary way lakl 
down for trcatinq prcviously sui*vcgcd Porcsts. This l)la11 will also cxpcditc tIlc 
fair mapping as all thc country will 1,e on the 1-inch pl:~nc-table scct,ions anrl 
thcrc will 1)c no troul)lcsoinc~ ncljustincnts on the traccs bct\\.een reductions and 
cnlnrgcmcnls. For t,l~is reason thc wllolc party, with thc cxccption of tllc me11 
untlcr instn~ction and a fcw of the younger hands, was cmploycd aftcr Christmn s 
cntircly on forcst I\ ork which fell in the area proposed for survcy i n  the yc.nr 

1912-13. 
At tlrc bcginnilig 01 thc season the survCyor8 were former1 into two cam],.; 

under Mcssl-s. mTilson and I< itchcn and I\ crc cmployed practically entirely rill 
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l-inch \vork. After Cliristinas when the forests became more open, one camp, 

conaist.ing of tlie men under training with one or two y o u ~ g  surveyors, was 
formed under Mr. Rleyer to complete the l-inch programme, while tlie rest of the 
party was divided into two forest camps under Messrs. Wilson and Kitchen. 
c\ month before the close of the season another forest camp under Mr. Gildea 
w;u formed to survey a detached area. 

M'itll the exception of about 100 square miles of forest for survey on the 
2-inch scale, the programme of the party was completed. Sheets t6, ,  , :, ,,3 were 

completely surveyecl on the l-inch and 2-inch scales and in addition the reserved 
forests in sheets 56 ,,, r4, ,, and 56 ,, 13. The outturn of survey was 1,745 square 

aliles of which 408 square ~niles were executed on the 2-incli scale. The out- 
$uni per man per mensem (excluding men under training), was 19.2 and 8.1 
square miles on tlie l-inch and 2-incl~ scales respectirely ; this sl~ows a falling 
tiff on last year on t!le l-inch scale but a n  improvement of over GO per cent. on tlre 
%inch scale. The lesser outturn on the small scale is accounted for by the fact 
tha t  the ground mas more difficult and also the better men were for the g r a t e r  
])art of the season employed on the 2-inch scale. This latter reason also 
accounts for the improvement on the larger scale which was also helped by the 
fact that tlie individual forests were muclr larger in  area. 

Triangzc1ation.-Triangulation was executed by three officers, only two of 
wliom however were employed a t  tlie sainc time. Sheets 65 ,,-,;lm and 

66 L I, R H, 13' amounting to 2,800 square inilcs, werc triangulated. The country was 

a n  the whole open and should not prove difficult to survey. 
T~ouersilz~.-~707 miles of reserved forest boundaries mere traversed by 

theodolite and plots made on t\ie 4-inch scale. Tlre traverse camp under 
Mr. Meyer took the field a month earlier than the rest of thc party and five 
temporary traversers werc engaged for 2 inontlrs so as to cnable the work to be 
done in  advance of the detail survey. 

Cantonment Slcvoeye.-The cantoiiment of Santa Cruz, which had been 
traversed at the close of the field season 1910-11, was surveyed on the 16-incb 
scale a t  the beginning of the field season under report. It is of vcrg small 
extent aucl did not take long. 

Recess drc/ies.-All the fivc standard sheets s~:rveged, vie. : -- sheets 
66 ,;, o,ij, were fair mapped during tllc rccess and in adclition a sheet was drawn 

of the Snnta Cruz Cnntonmcnt. 
T l ~ e  computation of somc of the ii~tcrsccted points of tllc triangulation \\.as 

not completed nor was tlie final adj us1 m e ~ ~ t  of about 130 miles of the forest, 
traverse. Tliis latter could not be don? as i t  was tlxecutetl in country wllicll 
was triangulnt,rd in 1l1c gear uilder report  a n d  tlie comp~~tntioils were not ready 
ill time. Tl~esc arlwrs are of no irnport,~nne as tlic work is not rcquirecl durioS 
the ensuing season. 

No~ss . -Rris to l  boarda and dr.lwing papcr mount,-rl on mill I ~ o a r d ~  wr1.e used during the  field reason f01. 
t h e  field sections. A report has already been submittrd on t h c  rcsrrlts ncllievcd end only the  conclusion arrive(] 
at need be referrcd tn here, this was that,  in t he  very dr,? atmnnplrere in ml~ich this party works during tile 
field srnaon, b~ia lol  boards were freer f rom d i s to r~ io l~  t l ~ a n  dr:rwing papor mo~interl on inill board# and both mcr,. 
better t h ~ n  d r a w i ~ ~ g  paper mnnntetl direcl. on t o  the  plnn~.-t;rhle as in t h e  0111 ruetlrnd. Tho brst method of 
moonting the  briktol boaral was found t o  be to  merely hold i t  down l o  the  plnne-table hy corner clip8 ]cRving it 
quite free to  expand or c o n t m t  in nll directions. When lef t  perfectly rree, expansion, etc., eeems t o  be 
proportionel i n  ell directions but, i f  i t  i s  fixed in nny way, distoltion invariably talze8 place. Bristol boards 
be ueed elmoat entirely for the  field section. during the  ensuing year ant1 tho9 will all be mounted 80 to ,,ljorn 
free expension, etc., eight nh~min ium plane-tablzs will, i t  is hoped, be nl3o availnhle fo r  use nud thep t o  
offer a t  present the  bunt solut~nn of avoiding distortion in the field aections. 
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A,, was tried this year of drawing all t1111 fair sheets on brifltol board. The atiff board wllich, 
annot be bent is so~uewhat difficult both to draw snd type on and also to examine, but thin defeot cannot be said 
lo counteract the manifold advantages this board hns for drawing on. Whether tllis advan?age ia an inhvrent 
feature ,,f bristnl boards or whether i t  is due to the elceptiollally smooth nurfaoe I am unable to say, but i t  
undoubtedly easier to dram finer and better lined and to type better on i t  than on tile old pattern thick roullh 
snl$aced dlawing paper. The thinner ant1 more flexihle board is the easier to manipulate. 

A second experiment was tricd in the fair mapping during this year, namely, the typing of all names, eb., 
tha t  willappear in black on thc ~ublished map on an entirely separate ehcet. Thin was tried in  the hopes t b b  
a better published map would result as tho reproduction office can give different expoeures for thc fine dmwing and 
the velstively coarser typing. A final decieion aa to the resalt can only be given whcu the eheets arc publisbd 
but incidentally thc experiment haa ce~+aitlly sbomn that the typing of nsmcs, etc., separately i~ a great advantage 
in a 1,alty office. Drawing and typing clln go on simultaneously and, the typing being sprmd over a long time, 

the more ~lficient men need be employed on it. Under the old system practically every man who h d  the 
smallest kllowledge of English and typing bnd ,to he employed towards th* end of the rpceem to get the sheets 
fininlled. Also a b a d l ~  typed word can be entsed and t.vped elsemllcre without spoiling a n y  of the drawing, 
better typing is also done. There is nothing elre on the sheet to  distract the attention so the work can be belter 
criticised and examined. The mctliod undouhtcdlg will throw extra work on the reproducing omce a8 an extla 

h:rs 10  bcprepnrod but, as the rrgis t~i t ion has nllt to be very exact, thi*, crrept for the trxtr;, labour involved, 
need not be 8 tn)~tble+orne burin~ss. Even if t l ~ u  p1tblinhed map is no better I think the s y ~ t e m  a very ggood one 
and I ~ o ~ l d  certainly like to  try it again another year. 

Experiments mere also tricd to  find out ~vhicll was the nlost convenient method of drawing tile tmes, The 
old method of preparing a separate traco for cacll 5 1ninute s?uare with separate trnccs for the detail and  hill 
work is undoubtedly disadvctntageoos when the traces are transferred by va~~dyking .  (an is adoptell in t b i  party), 
instead of by hand as in the older method. I t  was tllougbt that making one (race for the whole she& would offer 
most advantage, but experimcnt h :~e  shown that 8 trace on the 14,-inch scale for a whole 1-inch eheet, is too large 
and too cumbersome. It gets bcut and creased in the preparation and even mo:c so during the examination 
is only done with great troable. The general opinion after trying all possible groupings is that n strip of t h e e  
5 minute squares horizontally is about the best, but the shape of the original plaua-table seotions also affectlr the 

Another good arrangement is 8 block of 4 squares with a strip of 3 l~orizontally and another s t r ip  of 2 
vertically. 3 squarrs horizontally or n square bloclc of 4 seems to beabout the limit wllich e o n v e ~ ~ i ~ ~ c e ~ f  handling 
imposes. Both hills and detail should be drawn on the same trace. It is advisable to use green instead of blue 
for perennial streams and other water on tile tmcrbs. while boundaries for  ju~tglu and cultivation limits are best 
shown by fine green and yellow lines. The draairrq of roads in fine lines on the fair map is helped by rhowing 
all the ronds ou the trace in single linen, difierenti;rting oue class from aaotber by different arrangementa of 
breaks in tl:e lines :rnd if necessary hy also writing their classification alongside in fine lettering on thetrace@. 
B~ a ringle line in the centre of the road the lines of double lined ~ o n d s  are ensicr to  draw finer, ILs the pen 
callnot be roadi! to rnn '9s well over Lhe blue vandykell lines :IS on the plniu drnwing paper 2nd nlso the thickncss 
of tllc inked line cannot be so Ivell judged. 

No. 7 PARTY (MADRAS). 

PEBSONNEL. The sphere of operations of the party 

Inrverinl O f f i c e ~ ~ s .  lay in Matlras, Jlysore and Coorg. Tlle - - 

Captain C. P. Gunter, R.E., in charge fro111 \\~ork consisted of survey 011 the 1-inch, 
la t  Jane 1912 to 30th .June 1912. 

Lieutenant J. D. Campbell, H.E., frmn 1st ~ u n e  1 :-inch and S-il~cll scales, revision survey 
1912 and in charge from 1st  July 1912. on the 1-inch ancl 1:-inch scales and trian- 

Mr. \v. El. Gormnn to 10th J u n e  1912 and in The nature of the country was ex- 
cllarge to  91st Alny 1912. 

M ~ .  J .  0'1%. Donnghey to 6th February 1912 t,remcly varied, from the low, undulating 
rud from 1 ~ t  J u n e  1813. 

>rr. P. 11. Anderson f r r~m 1st February 1912. ~ l l d  intricate ~ 0 ~ l l f l ' y  On the west coast, 
Mr. H. D. W .  Stofrebury. 
nlr. 11. 11. P. I3ntterficl1l. consisting of cultivntecl valleys fringed 
Mr. J. C. St. C. Pollett. with dense groves of palms and dotted Tvith 

foot hills s i ~ d  hold crcsts of the Western 
Cfl~<its ancl fnrtllcr east the undulating ., 

.Lo~c.e~. Sztlordinate Service. k1 ysore pl a tem.  
19 Surveyoru. 
2 S~~11li1.r ciolvcyors. 
1 Trn~erser. 
l ('nluputer. 
I Tyl~rr .  
6 I'allil surveyors. 
2 C'lerkn. 

Tho field season sfacted on the 26th 
November 1011 and closed on thc 29t11 
I 1 1 .  Th(1 I~end-quarters of thc party 
wna locatcd a t  B1nngalol.e. 



The heslth of bl~e part,y wss good during tlre field season wit11 some excep- 
tions. T I I ~  health during recess has been fair. 

The area surveyed fell in the South Rnnara and Malabar districts of 
bIadras, in the Hassan and Kadiir districts of Mysore and in the Pgdinalkn~d 
tiluk of Coorg. The work was divided into tliree camps each under a provin- 
cial officer. a 

P 
Sheets 48 ;,, and $8 ,,,,, ,,,;, , amounting to 2,258 square miles, were 

completely surveyed and a portion of sheet 48 - i-, amounting to 89 square miles, 
w s  a190 survcyed, making a tots1 of 2,347 square miles. 

Thccngar1atiotz.-Triangulation was carried out by one l~rovincial officer in 
the Salrm and North Arcol; districts of Madras and in the Koliir district of 

Ilpsore. Sheets 67 & & i B  amounting to 2,321 square miles were completed. 
'llhc country triangulated is for the most part open, flat and cultivated eucept- 
ing where the Nysore plateau falls away to tlre plains where there are forest- 
clad hills. 

Recess dr6ties.-The fair mapping of tlie coast sheets is arduous owing to 
their extremely intricate nature. The fair mapping was divided into three 
tl~*amin,o sections with an average of thrae sheets each. Sheets 48 were 

cnompleted duri:~g the year under report, and i t  is hoped that  the remainder of 
the sheets surveyed, uic., sheets 48 $- and 48 ir2,3s0,7.U , mill be submittcd by 
thc mitldlc oE November 1912. 

l ' l~e computation of the triangulation of sheets 57 I;2, j, &, , ,, , has bee11 
r-ompleted aud there are no arrears O F  computations. One trisngulation chart 
LS K has been practically completed and will be submitted before the end of 
the recess. It has been impossible to bring the trianqulation charts of the 

~ ~ ~ r t y  up to date as there has heen no officer available f o r  the work ; the pre- 
1);~rations for the field seacon having taken up  a good deal of time during the 
recess owing to thc large number of 4-inch forest sheets whic*h i~avc  had lo be 
rtaduced and inked up, etc. 

NOTE.-A new method of obtaining blue pr ints  fo r  fa i r  ~uappinp has been tried and found succeeeful. 
.\ sl~ce? wne projected on drawing papcr on the  1-inch scale. The plnne-tnble sections were traced and, thc. 
correct grsticnle having lirst been traced fro111 the  projected sheet, tho necessary adjustments a e l e  made to eli- 
minate distortion. ' I l~et rnccs  werc then  mounted on tho projected sheet, t he  whole was enlarged by photo- 
graphy to  the l b i n c h  scale and two blue prints werc obtained for fnir mapping, onc for  outline ant1 one for  I~ills. 
Separate traces arc  ~ ~ s ~ m l l y  made of each 6 minute squarc but if convenient thcy can be made of larger arras.  
This new method has ndvantagee over tho method hitherto cmploycd which is sotneml~nt 8imil:rr excrpt tllnl 
tho trsc?s arc m d c  from l+. incb cnl~rgenlents  of the plnne-table sections, the  trace^ a r c  mounted on n 14-incll 
projected sheet and the  blue prints are ohtaincd by vnndyking. l h e  nd\,aotagea of tho now nictbol are  that 
t h e  amount of photography is reduccd. the vandyki l~g is done awny with, t be  resulting blue prints bcing obtnin- 
1.11 by photography are superior t o  those ol)toincd by vandyking, tho traces can bc eomnlenccd sooncr nntl t111, 
tracing is rssier and q11icl;er ns there is less arcn to  t,rnce and Ille plane-tnble sections being in  colour arc  muell 
1.lt9rrr thnn tho 14-illch enlargementa. An additional advantage i a  t ha t  t hc  plane-tablc scctions llave not t o  be 
photographed, and can conaeqoently be oompletely colourcrl up  in the ficld. A tlisadvilntaee iu that  t ho  trnccn 
l ~ w e  to bc more carefully and finely drawn lhnn tliosc on the I?-inch scale, and probably the  work could not 111. 
setisfactorily done by inferior drsftsmen, for  this reaeon i t  may not always be posaiblc to employ the  new 
method for every sheet. 

If a plane-table section be suitable for enlargement for  t h e  direct mapping proccss in cvcry respect ~ X C C I I (  

that i t  is not e colnplcte slleet i t  is probable that,  by making traces of tho incomplete portion of t h e  she& 
loonoting the  traces on tho plane-table section and then cnlnrging the plnne-tablo nection by photography to Illb 
1 )-inch aasle, #ood blue printd of t he  whole nhect could be obtnined for  fair mapping. In thin raec, of course, 
tho plnne-tal~le section sb1111l1 not be completely co!oorcd LIP in tho field. The t m e s  shor~ltl only be lightly 
~nnnntrd  . ~ t  thr i r  rornerq an11 C O I I ! ~  be q~~bqcqurnt ly  rcniovrd frnm t h r  planr-tnblr scotion. 
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No. H FA RTY ('M .I DRAS! . 
Cr CAPTIIN C. M. BIIOWXR, D.S.O., 1t.E 

PBB~ONNEL.  The work carried out by the party 
I9n.perinl 0jTce1.s. 

a p t a i n  C. M. Brornc, D.S.O., RE., in rhnrjr. of the same nature and i n  continua- 
Cnptain R. Foster, I. A .  tion of the previous yoar and covered p a r h  

Provincia l  Of icerc .  
~ r .  I{. \\'nllcr-Senior to 28th Jununrg 1912. of the Mdabar and Coimbatorc districts OE 
Mr. W. F. E. Adsmu. 
,Mr. E. -1. Bi,o$e to 4th Junc 1912. 

Madras and tllc Travancorc and Cocllin 
Mr. S. F. Normnn. States i n  .Madras. Tlle work co~nprised 
Mr. .l. 11. William* from 8th Juno 1912. 
> I t .  nr. nIaI~arIeva Mudsli~~r. surveys on thc 1-inch, 1-;-inch and .'-inch 
.\IT. B:d ~ j i  Dhondiba. 
MI..  31. S. Ganean Aiy~lr. scales and traversing along the coast for 

U p p ~  Subol.dinab S ~ I - r i c ~ .  the 1;-inch scale. 
. - 

.\lr. Annntarao L)hondiba, R.S. 
8 The Pambiyiir catchment area forms 

Xoruo.  Subo~-tli,rale Sernci(.c. part of the Pandalam Hills and cscept 
31 Surveyors. 
I Sol~lier surveyor. ~vlicre cxplored by the Public Mrorks 
1 J)raitsrnen. 
1 Traveruer. l)erartment of Madras, i t  \r,as practi:ally 
7 1'11pil surveyors. 
2 Clerk*. 

unknown and absolutely uninhaI~i:e(l. 
1 Sub-assistant surgeon. The arca is covcrcd with evet.-gl.een forest 

with densc undergrowth, t l~ere  are little or no means of cammunication 
.:lnd transport and labour are extremely hard to obtain as no men from the 
low countr~.  will go into this area, few hill-men were obtained, and all supplies 
J ~ n d  to be imported. The surveyors and their squads suffered fr3m malarial 
I'rver during tlie time tiley remained in this 1ocalit.y. Of the  rest of the 
ciluntrg in the main part of the proSr:lmme, the plains' p ~ t i o n  near the 
coast consisted of flqt country interscote.1 by numerous streams an1  back- 
\\raters, i t  is coveised with dense cwonnut plsnlationi or is under paddy 
cllltivation and i t  is studded with innumerable scattered h,lbitat,ion*, and 
thc IbilIy portion consisted of forest which becomes densar as the e le rn t io~~  in- 
c:reases with the.exception that some of the hill tops are grassy but, as in mnay 
c:lses tlie grass is very t l~ick and high, from a survc~or 's  point of ~ i c w ,  i t  is 
c~qnivalent to dense jungle. 

The party left Bmgalore ou the 13th Kovcmber 1911 afriving at Al\rayo 
nud Ern&kulam on the evening of the ncst  da.y. The experiment of taking 
a sp~cia l  train was a great sucoess, not only nr.rs there a direct saving O F  money 
t o  Government but, a9 it arrived wid1 di its equipment,, ctc., tllc pariy coulcl 
take thc field without any delay. No advance party was needed and drawing 
\vent on wit11 the full strength of the party up to wi'cirin two days of leaving for 
t.he firl(l. The head-quarters of the p:irty was locntert :tt. Pirmed (Peermade) in 
tho Trnvancoro State until the 14th May 1912 whcn i t  returned to Bnngalore. 
I7icltl work closed with ono exception in tha last weck of lUay and the recess 
sclnson was opc~ncd in June. 

Tlir licalth of the party was on the wholo good, considering thc  countr>- 
in whicli it was working, until towards the cnd of thc: season when most of the 
~ncmhars of the party suffcrcd in onc way or another. Two khalZsis died. 

Topog~*aphy.-The work was distributed am:nz camps as follo\rs :- 
Camp No. 1 mas under Mr. Waller-Senior until the 2Sth January 1912 

:~od  from tlien until thc cnd of the season under Mr. Biggie. The camp was 
rlmploycd on the survoy of ~ l ~ e e t s  t8,p,, in the Cochin and Travancore States 

and in a s m d l  portion of the Coimbatore district. The whole area was sur- 
veyed on tho 1-inah scale excepl the 8.5 square miles of the Anaimalai reserved 



22 RECORDS OF THE SURVEY OF INDIA, 1911-12. [VOL. 111. 

forest mllinh iormed tlle small portion of the Coimbatore didrict above me,,- 
tioned and l\r]licll ,\as surveyed on the 2-iuch scale as the old &inch forest map 
was ac~,noi~rledged to be inaccur:rte. 

Camp No. 1 mas under Mr. Adallis and undertook the survey on the 14- 
inch scale of slleets 58 l,CT in the Malabar district and in  the Cochin and 

Travancore States. 
Camp No. 3 was under the charge of Ur. Balaji Dhondiba and completed 

C 
the survey on the l-inch scale of sheets 58 , ,,- in t l ~ e  Travancore State and of 

the  portion remailling unfi~lished from last year in sheet 68 in the Cochin 
State. 

Carup Xo. 4 was under the clinrge of Mr. Anantarao Dhondiba, i t  corn- 
pleted the survey on the 2-inch scale of the Pambiyar catchment area which, 
falls elltirely in the Travnncore State and then worked on the l-inch scale in 

C sheet 58 in the Travancore State. 
There is a comparative absence of village site* in  the Malabar district and 

in tile Cochin and 'l'ravancore States in spite of the density of their population 
which live for the most part in  scattered huts. As i t  is impossible to show all 
these Iiuts on the ;-inch scale owing to  their numbers, the more important and 
prominent ones are now clistin,ouished a t  the time of survey with s view to 
sllowing them, if possible, on tlie degree sheets, this was not done previously to 
1910-11 and in comequencp, a t  tlie close of tlie field morlr this season, t h e  
whole of the l-inch sheets in degree sheets 49M and 49N were gone over on 
the ground and the huts, for showing on the $-inch scale, were marked on the 
I-inch shects which \Irere issued to the surveyors for that purpose ; the d i 6 -  
culty was not tl~ought of until after the  slleets had been surveyed and any 

except ou the ground, would possibly have resill ted in tlie omission of 
large masoury houses, etc., whilst merely grass buts might have been shown. 

C 
Sheets 58 7% and 58 ,, ,, , 13 were entirely surveyed, the survey of 

sheet 59 was completed and sheets 68 $ and 58 $ mere partially 

sllrveyecl ; the portion co~npleted in 58 4 comprised the survey of tho 
Psnlbiy51- catchment area ml~ich completes the materid for the special com- 
biued map on the 2-inch scale of the Periyar and Parnbiy%r catcl~ment areas. 
1,102 square miles 11 ere surveyed on the l-inch scale, 252 square milcs on the 
1;-inch scale and 66 square miles on the 2-inch scale. The total arcs surveyed 
was 1,550 square miles and is greater than that of last year by 263 square 
miles. The extraordinary di5culty of the country from a surveying point of 
view made it impossible for any of the surveyors to turn  out anything but a 
snlall portion of their usual work. 

Trin11yu1ation.-So new triangulation was u~ldertnlicn there being more 
illan rufficicnt for the nes t  two years. 

~~~,it.t~r~.si~~~.-Traverscs, with bronc11 traverses, were run along tlle coast 
from Cocbin to Allcppey and tllencc to Quilon to givc points to planc-tablcrs 

in sllccts .-18 -, n total of 182  lincar miles. Along tllc coast in these sheets 
the couutry ir Hat nncl low lyinq, covt>red with l ~ a l n ~  groves and intersected by 
strcan~s. 111e triangul:~tion could 1101, approach near c ~ ~ o u g l l  to pick ul, a suE-  
cient nu~l~l)er  of poiilts for tlie plane-tablcrs ant1 hence the necessity of 

traver-ing. 
I/rc.ca.s c1ulie.r.-In fair 111a1)pi11g q00d proqrc~4 w n ~  I I I ~ ~ C ' ,  and, at thc close 

of tli(. rccc 5\, tliere \\.ill l)c no arrcnrs except :rl~oul I:! square lniles ill shcef 
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58 +, where the discovery of :I serious inaccuracy makes i t  i~npossible to 
complete tlle fair drawing of the sheet until the matter lias been settled on the 

C The progralnme carried out was sheets 58 , ,: ,, and 58 m3, and 

.slleet 56 -;2 as above ~nentioned, completed except for a small portion. 
Bheet 58 was drawn as. an outrigger to sheet 68 -!-. Tlie whole area 
.comes to 1,447 square miles. I n  addition to the above the 0ot:rcamund Hunt  
~ i t p  on the 3-inch scale is in hand and mill, it is hoped, be completed by the 
,end of the recess. 

Triangulation charts 49 X, 49 N, 58 A and 58 B were completed this year 
and 58 C is almost complete, these are all arrears of long sta,nding. 

No~e.-Last gear, as rcporte~l,  t he  use of mill boards did n ~ t  prove very ~ u c c e s ~ f o l  and thia year the 
.ea!,eriment mas tried of 1):1ati11g a she1 t of rag-litho paper over the  boards, which was rr Ruccess, thc mersore- 
rnents gave very little difference and t l ~ c  advantage of being able t o  tnke 08 tl ,e .  section and roll it op, if 
desired, is great. I n  the  coming field se:won most of the  boards will be mounte,l  ir this waj.  
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This circls ro~nniued under tlie superintondencc of Brevet-Colonel G. B. 
Rodpon throughout the year and was strengthaned by the addition of No. 9 
Party was transforrod fro111 the Northern Circle. Last year the Circle 

Ofioo and Nos. 9 and 12 Parties wcre nccom~nodated in the offices of thch 
Amam Secretcrrint a t  Shillong wllicll had ~ C C O I ~ I O  available owing to the offices 
of the local Government bnving been rcnloved to Dacca. On tho 1st April 

1'312, ho~rcvcr, *Isaam having again been formed into a separate province, t h ~  
buildiny a t  Sllillong were again required by the local Government and four 
private houses nero rcnted for the Snrvey offices a t  a cost of Rs. 445 per 
lilenscm. 

No. 9 '  PARTY (BIHKR AND 0RISS:l). 

So. 9 Party commenced work in  the Singlibhum district and Oris~a 
Feudatory States triangulating a n  area of 7,569 square miles in  sheets 73 F and 
B and 72 L and surveying in detail on the 1-inch and 2-inch scales 2,5FCi 
square miles. 

Fsnsosxa~. Tlie field scason commenced on the 
Imperiul O f i e r s .  15th October 1911 when the first section of 

Ms?jr O. A.  Beaaeley, R.E., in chsrgo up to 
~ d t h  ~ u g u s t  1911. the party left reccss quarters a t  Shillon: 

, in and field work continued until the 13th 

Prooin~'a1 OJkerr. 
J u n e  1012 owing to the backward state of 

Mr. Dhani Rnm. the work, though some members of thc 
Mr. R. C. Newlend. 
Mr. F. Dyrnr. 

party returned to Shillong about the 
Mr. A. K. Mitra. middle of May. 
Mr. W. P. Hde% 
I r .  D. N. B ~ O R  rji. Topography.-The greater part of thc~ 

Qper Subordinate Serviet.. detail survey consisted of a supplementary 
Mr. Dtlhir hi. * 
Mr. >I. R. Mmznmdnr. survey of the maps compiled from thc 
Mr.  R. L). Th~plpsl .  

Lower Subordinate Ssrlvcc. 
16-inch cadastral survey which was carried 

38 Bumelor*. out partly in seasons 1895 to 1897 and 
1 Traverser. 
4 Cornpnt er*. 

1902 to 1904. 
6 &>!.l~er slirveyorq under training. The following 8 sheets were completely 

P s ~ ~ r r e y d ,  Nos. 73 *o,Tm%m covering a n  a r m  of only 2,199 square miles 
out of the total of 2,596 surveyed in detail. 

Xajor Beaz~lcly say9 i t  ma9 impossihle to separate the cost of the 3 classes 
of 1-inch survey M an many changes took plncc arnonprt the sllrveyors owing 
to s i c k n ~ ~ g  nnil other causes and a oost-rate is not of any value omillq to its 
being tho first csa\aon in country of n tot:~lly different nature to what the 
aurvpyori Iind h e n  hitherto accustomed. Thc outturn of detail snrvey and cost- 
rates arc! r iven in thc t7l)los on pages 3G and 38. The revision survey was n 
revi3ion of 4-i~ich forebt mspe. 

Trinrrgrr1ntim.-Thc outturn of triangulation has been very large as it, 
WDR hrpcitl that with the assistance of the excellent maps ot tJbe cadnstrnl 
aurvpy, the outturn of the party would be a t  least a wliole degree sheet and 
that in future d degree sllcetq would be surveyed each scason. Thia expectation 



VOL. I t  1.1 TOPOGRAPHICAL S U I ~ V E Y .  2 5  

does ,lot appear a t  all likely to he redised, the clltturn this season being parti- 
cularly su~all. 'l'his, however, may be ascrihed to its being the first sea~on  in a 
now provincc nnd to the very differcut nature of the country to what the  
surveyors had heen acouslonled to in the Punjab, where i t  i~ open and dry. 
Bere thc country is heavily wooded excepting in the cultivated valley8 and a 
good doal of rain was experienced dnring the field season. 

I t  has now bcen decided that the Native Ytate~ are to he ~urveyed on the 
4-inch scale, and a considerable improvement in the outturn is expected next 
scnson when fiheet 73F will be completed and probably tho eastern half of 
sheet 73B. 

Thc cost-rate of the triangulation is low as the whole area had been 
triangulated before, and i t  was only ncccssary to re-observe a t  the old etatione 
to fix fresh stations and points, only 2 zeros being used ; also out of the 4 
observers, 2 were surveyors. 

Travej*sing.-Tile traversing was all forest boundary traversing. The cost- 
rate is very high, partly, owing to its bei~;g supervised for part of the field 
season by Lic~~tonan t  Huddleston who also had charge of tho computations 
during recess and partly, to there being no trained traversers in the party. 
Survryors had to be t aug l~ t  the work an11 much of i t  had to he re-done. 

Recess duties.-The sheets surveyed, (viz. :- 73 4, e. 10, 11. L. 14, 15. IR)' were 
fair mapped and forwarded to the Circle office before the party took the field 
again. 

The cost-rate of the mapping is high as 4 officers of the Provi~loial Serb 
vice and 3 of the Upper Subordinate Service were employed on drawing. 
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A'otes otc the mourting of Bristol boards rind of cZ~.ccrti~~g paper on  plans-tables for thsJeZd. 

(1) ?'he distortion of field seot.io~ls is a great hindrance to  rapid fair mapping, and laborious processes 
bare t o  be il~trodnced for  its e~imination. 

(a) When a field seetion remains true to  projection, t h e  north and south lines having expaudeci or con- 
~ ~ a c t e d q u n U y  with tlle cnst and west lines, then i t  can be so enlarged or reduced by photography that  its 
gratie,,le mnctly fita the  t ru ly  projected fa i r  sheets. Detail may thon either 11e printed direct on t o  the  fair 

sheet or trnl~sferred straight from the  photograpl~io p i n t s  t o  tho fa i r  aheet. 
(3) When, however, t he  plane-tablo section has espnnded or contracted more in one direction than i n  the 

the  photographic enlargements or reductions will remain distorted ; and cannot be directly transferred 
t o  t he  fair s h r ~ t .  

The processes of transferring all detail by fipecially prepnred traces dur ing which t h e  distortion is elimi- 
nnted, occupy from five to iix weeks for  escll fa i r  Innp. Special traces have to  be prepared for  t h e  bill sheet as 

well a s  for t he  outline sheet. 
It is t o  save th i s  expenditure of labour in fa i r  mapping tba t  endeavours aro being made to  mount the field 

staction on !be plane-table so tba t  it shall not distort. 
(4) Any paper or tbin board which is pasted firmly down on a wooden ~lnne- table  over i t s  whole area mill 

elpndand eontraot with the  plme-table. The wooden plane-table expands and contracts more across the  

grain than i t  does with the grain ; hence the  distortion of any graticule drawn on the  mounted picper. 
The writer bas tried mounting Bristol boards by pasting them firmly down on the  plane-t.able, and the 

prsticnles werefound to distort just a s  much as  with drawing paper. 
(6) T o  mount either drnwing piper on Brisiol b a r d s  by  pasting them firmly down along t h e  edges and 

leaving them free otherwise, results a t  once in " cockling," for  paper does not naturally expand or cont,ract 
eqiially with the  wooden plane-table. Tlla pnper is more absorbent than the  plane-table, and i t  is also more 
r e d l y  affected by the  direct rags of the nun. 

(6) During senson 1911-12, Major Benzeley, R.E., in No. 9 Pa r ty  used a specin1 paper mounted on stiff 
canrns. This paper was pasted on the  plane-tables round the  edges only, and i t  wus hoped that  mould not cockle 
so much ns ordinary drawing paper, being less absorbent. 

I t  did cockle R. good deal though ; the paper was of poor and \vould not stand erasure and the 
resulting field sections were all very dirty and many almost illegible. 

Bu t  there was no distortion of graticule a t  a l l ;  t he  photograpl~ic enlargements exactly fitted the truo 
projections on the  fair sheets. Sufficient blue prints of t h e  enlargements were obtained f o r  :-- 

(1) Direct t r l rn~fe r  of outline detail t o  outline oheet. 
(2) Ente r ingup  names for typing. 
(3) Direct transfer of hill detail to hill fair shoot. 

No special ndjusted traces had to be prepared. 
(7) I n  order to get the  advnntnges of t h i ~  direct mapping and transEerring, and  to  avoid t h ~  very objoc- 

tionakle cockling, the  field sections of No. !I P a r t j  have been m o ~ ~ n t e d  this scnnou by panting one edge of the 
paper or Bristol board firmly t o  t h e  plane-table and leaving t h e  other th1.e~ edges lightly held down by cloth 
but free t o  expand or contract. 

(8) No. 9 Party  is carrying out aupplen~entary survey ovsr a n  area that  has been rer,ently surveyed cadas- 
inlly. The I-inch reductions of cndastral maps are  upp plied printed in  grey on 210 Ibs, drawing paper 
mo~ll, ted on cloth. Bristol boards a r e  being used for some field sections. 

Both Bristol boarde and the cloth mounted drawing Faper are being monnted in the  following way :- 
The field section i s  fastened firmly along one long edge of t he  plane-table by a s t r ip  of cloth pasted 

firmly round the edge of t he  board. 
The ot l~er  three sides of the field section are cut so as t o  leave a half -inch margin of plane.table round 

them. 
Strips of clothare then pnsted along theme three edgea, slong the  upper surfaeo of t he  field lrectioll and 

nlong the  underside of the  plnne-table only. The cloth must not a d l i ~ r e  to  the  plane-table a t  all 
along the  half-inch interval betweell the edge of t he  field section and  the  edge of t he  plane-tablc. 
The cloth is atretched t ight  when mounting und the field section must not be wetterl. 

If the  atmosphere now be$ns to  get  dry, the  wooden plane-table sh r i i~ks  across the  grain more than tile 
field nection dnes and the  cloth round the  three free edges beco~nss slaclc. 

There is no cockling in t h e  paper or the  Brintol board as  theg are both stiller than the  cloth mllich binds 
the  edges. 

(0) I n  actual ~lractice nome of t h e  field sections mere allowed t o  get stuck I ~ e r e  and there along tile three 
edges which wore suppoeed to  be frrc, and rocltling has followed. The edges have aiucc! beell releaeed, a n d  the 
drawing p p e r  settled flat s t  once, but  i t  is imponmible to get  all t he  cockle ou t  of the  Briatol boards. \Vbole 
tile edges had been left  properly frce to start  with, the  Bristol boards llave not  cockled "t all. 

(10) AE the  ylnne.table contracts during tllo dry weather, t l ~ e  field sections may get  inconveniently loose 
slong the free edges. Surveyors have been ~uppl ied with adhesive paper, auch as ie ueod in repairing rnueic, 
t.lC.,8tfiFa of which cen be fastened a t  intcrrvala round the  edgeg. 

(11) Brirtol board# or cloth mounted drawing paper are  more nuitable than plain drawing paper, t,lley 
ale heavier and stifler and lie more closelv to the nlane-tabla. 

The writer has  worked on a board so monnted nnd experienced n o  inconvenie~~ce from the  slight play 
1,etween paper and board. - - 

This method cannot, of course, be pronounced successful till t he  close of field aeaeon, bu t  scr f a r  i t  ha8 
norkcd rr expected, a x a p t  fo r  the accidental dropping of paste along edges which were not suppoeed to  b~ 
pasted. Tbeoficer anperinten~ling hnd not ful!y reslieed the  impoltonce of th is  point. 
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No. 10 PARTY (UIJPER BURMA).  

BY POL. G .  13. U o n o s o ~ ,  I.A. 

The party contirlued work in t,he Kntha, Bhamo and Myitkyins districts. 
PEBSONNPL. of IJpper Burma. Tlie coulltry under 

Impn-ial Oflcers. detail surrey was mountainous, the 
~ ~ ~ ~ e t - M t v j o r  E. 1'. Rich, R.E., in che~ge.  
Lieutenant W. E. Perly, R. E. valleys being deep and der~sc.ly wooded, 

P~.ovi,tcinZ Oficevs. and consequently the survey hzd to be 
Mr. 0. D. Suinrt. 
M ~ .  P. Wi1Ii:irns. done almost entirely by plane-table 
Blr. W. G. J.~rbo. 
Mr. V. W. Morton. traversing. The altitudo varied from 
Mr. Aemntullah Khnn, K.S. 
Mr. W.H.St~oag. 

300 feet on the Irmwaddy river to over 
Mr. C. G. sexton. 7,000 feet in Ilie 1;igliest I~ills. 
Jlr. Hayat filuhammad, 1C.S. 
31~ .  B. c. H. Col l i~~s .  The recess office closed on 11th Novem- 

LI,WCV Subo~.cfinate Se~.vice. her 1911 and re-opened on the 27 th iviay 
17 Survey~lrs. 
2 Traversers. 
3 Computere. 

1912 giving a field season of just five 
months. 

T l ~ e  programme O F  both t~~iaugulation anti detail survey was not com- 
pleted as Lieutenant Ptlrry and 4 of the best Surveyors of the party were 
attacllvd to the Berth Burma and Laulihaung missions and one Survejor re- 
mained sick tllrouzhout the field season. An outbreak of cholera amongst the 
khalcis,is while they were going u p  the Irrawaddy river hy steamer to join :.he 
party for the field season, also contributed to the !)on-completion O F  the Iwo- 
gramme, as the Ichalcisis were detained in a segregation comp for over a fort- 
ni7ht during which work wcts pt-acticallp a t  a stand-still, although thq surveyors 
proce~ldetl to their various destinations and started work with the amid of men 
supplird from the vi1lagi.s. 

One of' t l ~ e  t,riangulators siras also delaged by the failure oE his mule trans- 
port, (which collies from China), to arrive a t  Lbe proper time owicg to the- 
political unrest in C hiua. 

Two Surveyors ant1 one officer of the Ul)pcr Subordinate Service were 
attached to political missions in North Burma. 

Tlie st~ctiou O F  this party hitherto occupied in trainiq? officflls of the. 
BurmaLand Records Dep;u*tmeat was transferred to the Burma c;overnment, 
from t . h ~  1st April 1912. 

Tol~og/-a2~l~y.-T1~e party carried out the detail survey on the 1-inch :~ud 
2-inch scales ol' 2,689 square miles ; 71 miles of trans-frontier sketch survey 
mere also carried out. 

Tho Eollowing 1 2  sh~e tq  were completely survc~yed :- Nos. 98 7, ---I)---- 8, 11. 12. 14, 11. 10 Y 

u p  t o  tho China honndary and 03 . 92 T " : l 3 ¶  

The revisinn survey consisted 05 the rcvision of t,he maps of forests that 
had heen previously surve:cd on the 4-inch scale. The hills had to h e  
contoured ae tl1c.y 1i:~tl not becu contoured iu the old maps. 

Details of t l ~ a  forests surveyed will be f n u ~ ~ d  in tile General R,eport 
Volume for 1911-1 2. 

The cost-rnt,e of the %inch forest survey this scnson is muclr lower than it, 
\\.as last year w h c ~ ~  i t  was very high owing t80 the lack of demarcation, some 
of the rcservcs snrvcyctl then uot having been rlemarcated. as they had only 
just been r~scrved.  

Tvinnyzclut~io~t and T/*a~;er.si,tg,-2,336 square miles were triangula.tcd and 
600 square iniles were traversed, making a total of 4,600 square mi!,es prepared 
in advance. 
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The oombinrd oost-mte per square mile for triangulation nnd traversing 
for l.ioch detail surrey is Rr. 1 ,  the cost of the traversing alone being 

RY. 26.4 per square mile. 
Recess dt,ties.-The whole of the mapping was finidied and forwarded to 

hend-quruter. before the party took tho field n3ain. 
The cost of mapping is very high, but* Mnjor Rich is unable to givc any 

spc id  reason for it. 
No. 11 PARTY (LOWER BURMB). 

BY COL. G. B. HODGION, I.A. 

The party continued work in Karenni and t6e Salveen district of Lower 
B ~ u ~ n a .  

TIIO country surveyed in  detail consisted of part of the watershed oE 
PXBSONNBL. tlie S:ilween river and its tributary the 

Imperial oJire1*8. Nam Pawn, and ;as not difficult to 
Mnjor E. A. Tnndp, R.E., in oharge to 4th 

Mar 191'3. survey. Inspecting officers, however, 
captain L O .  Croathwilit, I.A., in charge from found some difficulty in getting about, 

6th May 1918. 
as the tracks were almost impossible for 

P n ) a i n r i a l  Oflcei's. 
* 

311. C. Litchfield. mr~le transport with which tlre party was 
Mr. T. P. Dew=. equipped. The hills were steep and rocky 
Mr. A. A. Grahnm. 
>lr. H .  st. .I. Kenny. biit only lightly wooded. 
M r. A. . I .  B d h .  
3lr. R. ar. Wyalt. The field season, as usual in  this party, 

[>per S ~ ~ h o r r l i ~ ~ n t e  8~1.c ice .  was a slrort one owing to  the distance of 
JIr. LRCIIIIIRU I'nji Jadu. R.B.  the field of operations from the railway. 

~ o r a ~ r  Strhnrdinirle 8eraice. The part.y left recess quarters towards the 
21 Purveyom. 

:3 Pnpilr cnd of November and returned thereto 
1 Soldier surveyor under tmining. early in  May with the exception of 2 

$urveyors who remained in  the field till the 20th June  to complete the pro- 
gramme of 2-inch forest survey wliich had been delayed owing to the illness 
of one of the Surveyon. Three Surveyors were attached to the North Burma 
mission and one to the Abor expedition ; one was clismissed at the commence- 
ment of the season and one died a t  the end of the field season, during almost the 
whole of mhicl~ h e  mas unable to work. 

Topogrq)lry.-The programme of 1-inoh 2nd 8-il1ch surveys mas completed 
1)nt that of the +-inch survey was not. This mas partly due to one of the 
S n r v ~ y o r ~  having fallen sick nnrl !laving to returrr to recess quarters before 
t l ~ ~  end of the field season and Mr. Larhman Jodu, under wllose supervision 
i t  n.ls being carried out, and who was also engaged on detail survey himself, 

to complete the 2-inch fared Furvey in slrret 94G owiug to the illness 
of another Yurvf=;~or. 

The outturn wn9 2,010 square mi11.s of 1-inch and 2-inch rlrtail survey in 
~ h e e t  9kE nnrl 1,628 square miles of $-inch surve!. in  sheet 94G. 

The cost-rate of the 1-inch survey is cnnsitlrrnhly higher than t h : ~ t  of 
last senson owing to the area surv~yed heing much smaller. 

Trinrrgt11dion.-The party carried out 3,930 square miles of tri7ngulation 
lor 1-inch surrey i n  the Tavoy and r ln~ l~ers t  diqtricuts and 530 square miles 
fnr f-inch survey in the Salween district. 

T l ~ e  coqt-rntc of the triangulation (ia c~nt~radistinntion to that O F  tlie 
detail rurrcy mentioned almve), is rnucl~ lower owinq to tlie 1:lrge :lrea 
~ r i a n ~ n l a t d  this season, nlthoiiqli the country rvaq diffit:olt, being d e ~ l ~ s l ~  
w d c c l .  A wries of Q. T. Survcy tr iang~~lation pases over t l ~ e  aren 
t risngalebd. 
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Recese dzitie8.-The following 7 sheeta ware entirely suiveped and mapped :- 
.94 " 

I, 9. .A. 6. U, 7. e - Tho m.rpping of the ;-inch work in 94G was only completed 

in outline as the sheet will have to be complr.ted to graticule limits from old 
.surveys and this will be done in  the circle drawing office. 

No. 12 PARTY (ASSdM). 

BY COL. G. B. HODGOON, I.A. 

No. 12  Party continued to ulork in Assam and triiingulated anll tr:~versed 
.3,266 square miles aud surveyed in detail on the 1-inch and %inch scales, 3,359 
square miles in the K11~si and Jaintia Hills and Kiimrkp districts. 

Lieutenant Oakes was attached to the Abor expedition throughout the 

Captnin R. H. Phillimore, R.E., in charge to 
12th Auzust IQI'?. 

Li~utennnt G .  F. T. Oaken, R.E., in  charge 
from 13th August 1912. 

P~roui~lc inl  Oflrevs. 
Mr. W. Skilling. 
MI,. Pramadnranjnn Ray. 
Blr. E. M. Iienny. 
Mr. Amja~l Ali. 
hlr. L. Will iam~.  
Mr. P. C. Mitra. 
XI.. H. 11. Creed. 

Ujper  Subordi~rate Sovice. 
Mr. Nanak Chand Puri. 

field season, and 3 s~lrveyors were attached 
to various political missions for part of 
the field season and oncB mas on siok 11,ave 
the \vhole wason, consequently neither 
t l ~ e  procramme of trinl~rrulation nor that  
of (letail surrey was completed, though 
t,lIe outturn of detail survey only fell 
short of t l ~ e  programme 1)y one sheet. 

I rk  his interesting rcport Captain l'hilli- 
more says :- 

" During season 1910-11 the p a r t , ~  had 
Lower Szrbor.di~ratc Seruice. heen surveying thcb open plateau of the 

27 S~~rveyors .  
R 'l'rnversers. Kh&i hills with its declivities and abrupt 
:1 Cnmp~lters. 
3 Soltlier r;lIrvcyors. 

descent in the Surma valley soutllwards. 
I Pupil surveyor under trnining. This season only 2 sheets lay in the open 

ground on the plateau ; some 3 or 4 sheets were occul~ietl with t l ~ e  wooded spurs 
wliich \rind northwards to tlie Brahmapfitra valley aud tlic rc:~nainder of the 
work lay in the swampy plain of tho Bral~maputra, mo.;tly in t,he ICfiruriip 
clistrict. Thtl northward falling Rpurs of tlie lihasi hi115 arc llenvily wooded, 
mainly wit11 sdl  forest, much of which is rt*scrvod by t,hr Forcst Det~artment. 
Undergrowth is very heavy but the hills sides arr  strep aud finil~gs could always 
be obtainrtl with a certain amount of clraring. I11 t.lle nc1ighho1zrhootl of 
villages tlicrt! were considerable patches of grol~llrl already rlenretl. Cllail~s 
were t,nlicn from the Surveyors wlio had hitherto al\va!.s ~vol.iicd entirely with 
chains so t,llc~ir progress was slow, but they sllould be reall!. usc.ful in the hills 
anotller sensoll. Roads and villages were not frequent, Ill(! few inhabi1,ants 
being Gdros a,nd Mikirs who werc more frieudly than eit,ller Kl:%is or 
Assamcse aud were ready to supply nrhat they could in  the \ray of labour and 
provisions." 

Describing the Brahmaputra valley in which the party will mainly I)e 
working for 'I.ilc ncxt 6 years, Captain Phillimore says :- 

"For  several miles to the south of thc river, thr  g r o ~ ~ n d  lies vcbry l o . ~  
and is mostly under water during t,he rains. Wl~en the surveyors took the 
field in Noveml~er, tlley had to confine nrorlc to t l ~ e  nc~igllbourhood of the 
Gnuhati-Goalpara trunk road which hugs thc foot of the hills, patldy mas still 
hcing cut and the iields were not passable till ls tr  in llccc~~nber. Work mas 
tllcn extencled over the populated areas 1~1iere the countrr was fairly opcn and 
paths availa1,le. It was not till the cnd of Fcbrnary t11at tlle surveyors were 
able to make much headway in the slvnlnl,y ground t,owards tll(! river ; this 
was c*o\.crrd \\-it11 tlense k11ag1.a grass p r o ~ ~ - i n g  to 20 fcct i l l  l~e ig l~ t .  Men 
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were very nerrous a t  first about entering this ground, fearing tigers, elephants 
buffalo : I~owever, no incidents of note occurred. As the season advanced, 

the swamps dried, the tall grass ~vas  burnt and villagers came in  to clear the 
fields." 

6 6  There nras very little detail to be surveyed in this area. Streams were 
found to have altered but little since the time of the old Revenue Survey. 
The lllane-tablers ran chain lines here and there through the grass, advancing 
perhaps n mile in a clay, with four or five men to cut a passage. Sometimes 
tlley met v i th  a slight depression holding water, sometimes a stream shown 
on the old map. This was follon ed up for a short clistance and if the old 
surrey mas found right. a t  points 2 mile& apart the inierval between was 
accepted. The Bra!~mapiitra river itself was not difficult to surve'y. It here 
spreads out to a width of 5 miles or more, in  constantly shifting channels ; 
the river banlis, islands and channels had completely changed since the cadas- 
tral ,naps had been prepared, so this ground should rightly have been 
classed as original survey. The rise and fall of the river is from 30 to 35 feet ; 
flood level a t  Gauh:~ti being about 160 feet above the sea. Country boats 
were not obtainecl a t  all points as there is so much waste-land along the banlis 
and the surveyors had to hire boats for a few days a t  a time and were often 
held up for lack of them." 

6 6  Here and therr alony the river, small rocky I~ills formed l~scful  point& 
for the planr-tablers, n l ~ o  were able to calry on ui th  interpolated fixings froru 

these, aud other points fixed by triangulation soutl~ of the river. North of t l ~ e  
rirer, work nas  carried on entirely from t r a v m e  points. Across the river 
there are sereral densely populated districts in north Kiimriip c-lustered round 
important centres such as Hajo, Nalbari, Barpeta. The villages are surrouncled 
by 1,amboo clumps and gardens, the int ervcning grou~ld is coatinuousIy 
cultivated, distant virws ~ver-e impossible and work was carried out entirely by 
chaining. I n  other parts there are extensive wastes of s m a r n p  land. To- 
the east of Barpcta there is a stlsetcll of 100 miles ot' such ground and i t  is 
interesting to note tllnt in the old Revenue Survey maps tl~iq is slio\vn as 
thickly populatetl so sometl~ing serious must have affectcd the drainage and 
t l~is  is generally said to have been the great earthquake of 1597." 

" ,is the ground risps :radually towards the Bhutan 11ii!s, marshy land is 
less extensive and forests ht~gin to appear ; the wido stretclles of grass land are 
full of gatne till the grass dies down or is burnt. The rivers that I)rtbnli out fro111 
the Bhutiin hills are continuaily changing their courses across the valley 
whe1.e they flow in sllallow channrls and spread out into small streams. 
During the rains new channels forrn and bring down floods to wash away 
viliaqes and ficlds. The Pagladiya is the mod  unruly of these rivers and 
efforts are still made to train i t  into a straight course t~ the Brahmapfitra. 
The shifting of rivers causes the shifting of vil!ages :~nd  the, maps of K&mrfii, 
district will always require more frequent revision than others. Thrre are 
only a few roads along which carts can be taken all tile gear round but during 
the dry months, Janual.y, Februal y and Maroh carts can bc used more freely. 
The! can only Ire obtained a t  the biq villages l~owever and o m  or two days' 
notice has al ivnys to he ~ i v e n .  Coolies are obtainable with the greatest difli- 
culty and never in greater numbers than half a dozen a t  a timr. Elrl)llants 
are the only form of transport that can 11e taken a t  any timr: up to the foot of 
the Bllutin hills or into the swampy qround near the river, and all oEcers in 
the party were much hampered by lncli of elephant transport." 
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6 g  south of the Brahmnpiitra in the Nowgong district, the country is very 
swampy and cornrnunic:~tions are 1110st meagre. The hills along the south 

sheet of 83B are fairly thickly wooded and villagea are scarce and 
elephant transport is most necessary in this area." 

Considerable difficulty mr*s expericuced tl~rouphout the valley in obtain- 
ing supplies and labour. ~Mazczaclars and head-men were on the whole quite 
polite but had little authority over the villagers who strongly resented being 

out either for jungle clearing or carrying loads. 'l'here are many 
dispensaries with subordinate medical officers a t  different centres in the 
Kgmrfip district and the surveyors made considerable use of them." 

((The Inen working in the Khisi hills left Shillong on the .7rd 
November 1911, and were all a t  work by the 10th. Tlle remainder of the 
party assembled at Gauhati, the field head-quarters, on the 13th November 
and the last surveyor started W O S ~ ~  in the plains by the 26th of that month. 
I t  is im!lossible to start field work earlier in the Brshmapi~tra valley as the 
greater part is under water till then. 'the surve? in the Khisi plateau was 
6aished during Marc11 when the surveyors mere m3ved down into t,]:t: low 
country. No rain fell in tllc valley till quite the end of i\lnrch and the 
atmospllcre became very thick with smoke haze ; plane-tablcrs lost many clays 
through not being able to see points 3 miles distant. IVhen rain cainc a t  last, 
it was very persistent and over 10 inches fell during 9pril  (nearly douhle the 
normal f:rll), and several surveyors fell sick. The reduccd programme mas corn- 
pleted by the end of April and office re-opened a t  Sllillong 011 the 6th May." 

" There were 3,RGO worliing days out of a total of 5,130 days. The 1,470 
non-worliing days were not spread evenly t.hrougli tlie season ; they include the 
periods of marching to and from the field and lengthy periods of sickness of a 
few individuals." 

Topog~~~pl~y.-The following sheets mere completely surreyed :-Nos. 78 
and the fair mapping was comldcted before tlie end 

1 . 2 . 9 .  g,!, 6.7. ell:! 78 I , , , , ,  6," 

of thc year. 

Regarding tllc nature of the season's work Captain Philli~norc says : '.The 
work nlay be classified as follows :- 

( a )  Original survey on the 2-inch scale. North Z<amri~p Forest reserve. 
( b )  Original survey on tllc 1-inch scnle. Jtostly in t,he Klistsi Hills ; 

a large area of flat ground in the valley was also included under 
this head, being uninhabited land surveycd prior to 1875 on the 
4-inch scale by the old Revenuc Survey. 

(c) Supplenlentary survey on the 1 -inch scnle in ilie Knmrup &strict ot' 
ground surveyed cadastrally on tlie 16-inch scale between 1883 
and 1897. 

(d) Revision survoy on tlie 1-inch scale of rescrvecl Porests already 
surveyccl on the 4-inch scale." 

"The work of thc 4-incli Revenue Survey rind oi' tlie 16-inch Cadastral 
Survey had been publishcd in 1-incli maps : prints of these Irere obtained 
o n  bank-post paper and sucll detail as ~vas nscful \\.as trn~lsferrerl to the plane- 
iablc scct,ions by 5 minute squares. Main roacls ancl village trijullctions prove:l 
the most useful itenls of the old surveys. Ilere ancl therc sireanls were fount1 
follorving their old courses and in such placcs the old surveys rwre found very 
accurcte, but over t,he greater part of the Brahmapi~trrt valley, streams ancl 
other water forms have entirely changed during the last 1 5 years or NO. " 
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'rile olcler Revenue work which had heen classed for original survey was 
founcl quite as useful as tlre later cadastral surveys." 

There is notlling l o  relllark about tlie cost-rates except that that  of the 

2-inch forest survey is a good deal lower than last year's which is due to easier 
ground. There mas not much detail and forest was only very dense along the 
streams. 'I'he rares for 1-inch original and supplementay survey differ from 
last year's, the total for the two classes bein$; exactly tlre same, so that the 
difference is probahlp due to diR'erences of classification. 

Triawgtrlaf ion.-" The triangulation computations worked out quite satis- 
factorily, tl~ough rery discrepant angles were obtained a t  one station. This 
mas a hench-mark on the trunk road nncl the discrepancies appear to liave been 
due to excessive refraction. As tlre rno~-k ran along a G . T. S. series and nras 
connected mitli 7 of its stations, a fair13 hig!r standard of accuracy was main- 
tained. One side cclmmon to Lieutenant Oalies' work of season 1909-10 mas 
con~putecl and one common to Mr. Williams' work of last season. I n  tlie 
former case tl~editl'erence in length vas  1 foot and in  the latter 2 feet, while 
the differences in lreiglit a t  the former 2 stations m-ere -8.0 feet and -7.4 feet 
respectively. The differences in latitude a t  t l ~ e  former 2 stations were 0".10 and 
O'"12 and in longitude O"'09 and OV.O4, while a t  the latter they were 0".02 
and O".ul and 0" 03 and 0".00 respectively. As Mr. Williams' work was based 
on the G. T. S. series, as was Mr. Mitra's, small differences were to be expected, 
but Lieutenant Oakes' work was based on the revisionary triangulation in  the 
Khisi Hills carried out by Mr. Bond after the earthquake of 1897 and appre- 
ciable discrepancies mere expected. Last season's work indicated that 
Mr. Bond's revisionary heights were from 5 to 7 feet too high (vide page 19 of 
last year's Records), and this is indicated again this year by Mr. Mitra's t w ~  
heights being 7 and 8 feet lower than Lieutenant Oakes'." 

Recess duties.-All the sheets surveyed were fair mapped with the excep- 
tion of sheet 78 + which requires some rcvision, which will be done early 
next field season. Five draftsmen of the circle drawing office were lent to the 
party during recess to assist in the mapping. Special attention was paid during 
recess to training promising Surveyors in drawing, but the results were some- 
what disappointing. 

THE LEnONG CAXTONMENT SURVEY. 
BY LIEUTBRANT J. A.  FIFLD, R.E. 

The point of origin of the cantonment survey of Lebong and the 
municipal survey of Darjeeling is Observatory Hill 3. T. H. S., height 
7.162 fcet. Tlle scale of survey is 20 inches=l mile. 

The Lchong survey staiwts from one oi' the main traverses of the 
Da1:jet.linq municipal survey and its operations are contained in two complcte 
circuits and a portion of a third one which is commor! to both the municipal 
and cantonment surveys. 

Thcse innin traverses are run along the roads ~ v i ~ i c h  surround the canton- 
ment, and nre closed up, and the errors adjusted in the usual nray. 

r l  1l1e anyular crror was found to be vcry small, but a qrcater margin of 

linoar error lrnrl to l)r allowed, olviuy to thc dificulty of chaining accurately 
donn steep SIO~>CS.  I n  soine cases crrors of 1 link In 29 chnills had to be 
pawed, while in tlie plains no errors greater than 1 link in  1 0  chains are 
pcnl~is~ihle.  



VOL. 111.1 TOPOGRAPHICAL SURVEY. 88 

The experiment was tried of remeasuring one of the lines several timee, 
but each measurelnent gave a different result, showing that the differencee. 
were due entirely to the difficulty of the work and not to faulty chaining. 
In such surreys no hard and fast rule can be laid down as to the margin 
of error permissible-every case has to be judged separately on its merits. 

1; this Bill survey, 100 feet t,apes are used to a great extent instead 
of chains. I n  " cutting" when measuring down a hill, a tape does not sag 
like a heavy chain does ; and it is also convenient somet,imes when cutting ", 
to be able to take a measurement of less than 1 link. Another advantage 

the tape possesses is, that when traversing over broken and di5cult  
count,rp, gaps or nullahs are often met with over 1 chain wide but less than 13 
chains. I n  such cases the distance can be measured with the 100 feet tape, 
whereas, if only the 66 feet cha'in were available the traverse would have 
to be taken round the obstacle, meaning extra stations and extra labour. 

The tapes have to he continually testecl against the traverser's standard 
chain. Each man ordinarily has 3 chains ;-one of wbich is used for running 
the main traverse, another for taking offsets, while tlie third is kept in reserve 
as a standard. 

All the chains were obtained from Hazaribagh, and tested before despatch 
between two marks laid down on the verandah of the Survey Office there. 

Subtense methods are considerably used in running these traverses. 
They prove useful in measuring along main cirouits over bad ground, where 
it is difficult to chain, and in some cases a subtense line of as short as 3 
chains was measured. 

Another way in which subtense work comes in very useful is for meaaur- 
ing across from one side of a circuit to the other ; this gives a very good check 
on the work, and localises any errors that there may be. 

I t  is of interest to note tliat the method laid down by Colonel Tanner 
in his note on the subtense bar is not followed in its entirety. His procedure 
was to plumb the subtense bar on its stand exactly on the station 0. 

flowad ;or71Fs\ / -/----- 

Sublense Bar 

A (Back StallOnJ~ 

He first observed the angle A 0 S, and then the angle S OT to give the 
distance. '1'0 obtain the oirctut angle, tile angle S 0 T was halved, and added 
to A08, giving the anglc AOB. The objection to this is that such a lot of 
timc is spent plumbing the subtensc bar accurately. 

Thc inethod adopted in the Lebonz survey is to first ollserve tlie horizontal 
angle ROB, and then to put tlic subtense bar up and observe for the distance 
afterwards. 'I'hc subtensc bar necd not bc placed exactly on the station -all 
that is necessary is to lileasure the clistance of tho bar from the station. 

Tho advantage of this is that much time is therel~y saved. 
Very often also it is not practicable to erect the subtense bar exactly 

over the station, owing to trees or houses or other obstructions. 
This is the pr~cedure now laid down in the new Topographical Band 

Book, Chapter IV. 
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It is found tbat in steep country stations should be close together, so 
ae to localise errors in cutting. I n  level country, of course, the distance 
between stations should be as great as possible. 

The ststions are marked by pegs, and the plane-tablers follow the 
traversers as soon as possible, so as to prevent the pegs being pulled up and lost. 

After the main circuits had been completed, subtraverses were run' in all 
directions along the roads, breaking up the main circuits into small areas 
for the plane-trtbler to work on. 

These subtraverses mere all closed and adjusted on stations of the main 
circuits. 

Owing to Observatory Hill G. 1'. H. S. being the only fixed point avail- 
able for tying the circuits on to, it is possible that the whole survey may be 
slishtly out in azimuth. 

This mill be checked by triangulating from Observatory Hill fl. S. and 
;Birch Hill H. 5. to the most N. E. portion of the Lebong circuit. If possible, 
a n  intermediate station mill be fixed, so as to provide two triangles with a common 
a&. The azimuthal error could also be checked by observing astronomical 
agimuths, and this mill be done in the case of the Takdah survey as there are 
no (7. T. stations convenient for triangulating from. The triangulation method 
is however quicker when practicable. 

As the traversers proceed with their vork, they send their field boolts in 
to the computers, who compute out the co-ordinates of the stations, and plot 
them in blue on the field sheets which are then handed over to the surveyol-s. 

The detail is practically all put in by chaining, and the siglit rule is only 
used for cntting in points inaccessible for chaining, inserting nullahs in preci- 
pitous ground, and so on. This portion of the work calls for little comment 
except to mention that each sheet is very rigorously partalled by the Officer 
in charge of the Survey. 

The levelling of these cantonments being a task of some magnitude owing 
to the difficult nature of the ground, the Superintendent of the Trigonometrical 
survey was asked to undertake the work, and he deputed Mr. Syed Zille 
Hasnain, Extra Assistant Superintendent, to carry out the levelling. 

The method adopted was, (apart from the difference in the nature of thc 
ground), precisely the same as that by mhicll the levelling in connection with 
the recent Delhi Surveys mas done. It may I)e mentioned that Mr. Hasnain 
was also in charge of t l~ i s  work. 

The Lebong levelling started from Observatory Hill G. T. H. S., and by 
ordinary double 11.velling for 1% miles, reached a point within the LebonL. 
Cantonment. Prom this point a series of circuits and sub-circuits 1s-a~ stnrtctl. 
These circuits mere so arranged that the heights of the common points wc,re 
checked by both levellers. 

T l~e  levelling in the cantonment was only single, but it was run in closed 
circuits so as to localise any error that thcre might be ; thc error alloved alOIIET 
the main lines was 0.02 of a foot per mile. 

I t  was originally intended to pick up as far as possil)le the traverse statiolls 
laid down by the traversers and use these as the level stations. It mas found 
however that these traverve stations were too small, being generally woo(len pegs 
I+ inches in diameler and 6 inches in length ; and i t  was also a matter of 
difficulty to find them when buried on one side of the road. 

The levellers thereEore went on ahead, and did their work independently of 

the traversers, leaving their stations to be picked up later. 'J'hey 60 arranged 
their cirouits that cantonment boundary pillnrd, parapets of bridges and culverts, 
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and plintlis of important buildings were all picked up and their heights 
determined. 

In addition, specially prepared large wooden pegs 3 inches square in 
section and 18 inches long were driven into tlie ground and used as intermediate 

at  junctions of roads and other important places. 
Roughly speaking, heights have been determined a t  intervals of about 

8 chains all over the cantonment. 
Each station is doubly numbered with the number of the section and its 

own number; thus $ means the second station in  section No. 5 ; and the position 
of each is plotted on an  existing rough sketch map of the cautonment. Thus, 
when tlie traversers follow the levelling, they can easily identify and pick up 
these points. I n  addition to the above plot a full description of all the 
levelled points mas prepared and supplied to the traversers. 

Lebong mas levelled, partly after the traversers had commenced mork, and 
partly before. 

I n  Takdah the whole levelling has been done in  advance. 
This work originated from a G. T. secondary station Takdah (Deoradanda), 

H. S., height 6,760 feet, and the same procedure was adopted. 

As the contouring had only to be done at a vertical interval of 60 feet, tbe 
lleights supplied for the surveyors mere given to the nearest foot, although 
ihey were observed and their computation was carried on to the third place of 
decimals as usual. 

Owing to the steepness of the ground the mork progressed slowly. A 
leveller on an average did Q a linear mile per day, while in the plains he would 
have done some 3 miles. I t  is necessary to mention that this 4 mile mould 
mean a difference in*eipht of some 300 feet and comprise 60 odd stations. 

I n  some cases shots au short as 20 links had to be observed and in conse- 
quence special levels had to be selected that would focus at such a short distance. 

Ordinary G. T. 10 feet staves were used. 
The levelling completed, the surveyor3 take their P. T. sections and 

proceed to contour tlie sheets. I n  cases where the trayersers follow the 
levelling, the heiglitv are all l~lotted on the board. Where however the 
traversers have gone first, the fixed hcights are now inserted by chaining on the 
P. T. sections. 

Tlie contouring is done with 2 wooden poles 6 end 16 feet long mith 
plumb bobs on each, and a srnall horizontal si$t piece on the emaller 
pole. Both poles b(3ing plumbed, the long pole is moved about until the top is 
secn in line mith tho liorizontal pieco on tlie 6 feet pole. This gives a 
difference in height of 10 feet and this can be either ohained to or inserted 
from detail if thrrc is suffioient available. 

From 5 of these differences in heights the 50 feet contour is inserted. 
To clreck the work rr few contours will actually be measured along the 

ground. 
Tho criticism might be made that such an accurate system of levelling is 

a wry expensive method of inserting a 60 fect contour, especially as the 10 feet 
contours has practically to be first obtained and then only every fifth one used, 

I t  would have been little if any more expense to contour the cantonment 
at 10 feet intervals than a t  58 feet. This was pointed out to the Military 
autJlorities, but they decided that a11 they wanted was the 60 feet interval, and 
the survey is therefore being contoured a t  this interval. 

F 2 
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TABLE I .  
O U ~ ~ ~ J R N S  OF DETAIL 

7 
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, 
%inch . Survey 

I 
I 

66 4 29 
4 . . . 

I 

I Lower Burma. 
! 
I plains. I 
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( b )  h 1 . d -  a1 m i l a  0100 wnrrejed on the 2-inch scale. 
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GEODETIC SURVEY. 

PART I1 ,-(ZEODETIC SURVEY. 

ASTRONOMICAL LATITUDES. 
No.  13 PARTY. 

( Vide Index Map 10.) 
B Y  CAPTAIN H. .T. COUCHMAN, R.E. 

During the season 1911-12 only one oficer was available for the two 
PBIIBONNEL. geodetic pmties. This necessitated the 

I m p n . i a l  0jTcec.s. selection of the same area for both 
Major H. L Crosthmait, R.E., in charge. latitude and pendulum operations, and 

uppel.  Subovdisa te  Service.  one, moreover, where no long marches 
Mr. Bidliu Bhushnn Shome. were necessaly. The plains of Bengal were 

Joguer Subordillate Sel.vicc. therefore chosen, and, in view of the 
2 computers, etc. large southerly deflection,+ l0"*76 found 
previously at  Hurilaong (near Daltonganj) on the Hurilaonq Meridional 
Series, this series and the Gurwani Meridional Series Tvere selectcd together 
with two stations on the Calcutta Longitudinal Series south of Hurilaong. 

In  addition to the 10 stations visited on these three series, one secondary 
station in the Siwalik hills was also occupied. Tlie health of the party 
remained good throuphout the field season. 

Thc nem Zenith Telescope by Messrs. T. Cooke and Sons mas used for the 
first time this year, and, it may be here stated, gave satisfactoiy results. 'l'his 
instrument is larger than the olcl Zenitli Telescope hitherto used, and has to be 
entirely taken to pieces on completion of work a t  a station, but, with practice, 
this does not take long. 

The principal dimensions, etc., of the new instr~unent are as follows :- 
Focal length . . 41 inches. 
Diameter of object glass . 3 ,, 
Transit axis length . . 194 ,, 

J )  ,, diameter , 2 t  ,, 
Total height of instrument (telescope vertical) . . . 4 fl. 8 inches. 
Maquifying power of eye-pieces provided . . 40, 60 aud 90. 

Of these 60 was always used for latitudc work, and 90 for measuring the micro- 
meter mire intervals A. B, and B. C. 

The total weight of the instrument is 160 lbs., and with its boxes 260 lbs. 
The illumination of the field is effccted by an electric glow lamp, placed 

either in front of the object glass and reflected dowll the tube, or at  the end of 
thc transit axis. The former was generally used as being inore satisfactory. 
An oil lamp is also provided in case the batteries or glow lamp should fail, but 
the light therefrom is not so good. 

There are two Talcott Icvels, and, i n  addition to the ordinary rim clan~p, 
a central screw clamp is provided, by tightening which the levels can be 
rigidly fixed to the telescope. 

Determinations of tlie scale values of the levels were made a t  tlie beginning 
and end of the field season. The mean values used were :- 

I 

Level No. 1 value of 1 Divieion . . 0.855 
Level S o .  4 ,, P I  . 0'975 

Thc length of 1 Division of Level No. 1 is ]nore than twice as great as that of 
No. 4. The former level is thus the more sensitive of the two. 
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Tile individual vdues on which these means are based are not very satis. 
factory, more esprcially those taken at the beginning of the field sewn, 
Each level is enclosed in an oblong wooden case, and before placing on the 
bubble tester, it is necessary to take out the glass level tubes from these cases. 
The levels are therefore quite unprotected from air currents and changes of 

temperature during testing, and this probably explains the disoordant .results, 
~t is however hoped that some device can be invented which mill obviate this, 

The probable error of the mean value of 1 division cannot however exceed 
o".o.j, and, as level corrections of over 1" are very rare and there is no tendency 
for the corrections to be of one sign, the effect on the final latitude is negli- 
gible. 

An arrangement is provided in the new instrument for turning the 
eyepiece through a right angle. This enables the micrometer value to be deter. 
mined by timing successive transits of a circumpolar star over the movable 
mire. This method was employed in the field as well as the ordinary one of 
measuring the difference of declination of two stars of the same aspect, 
Reference mill be made to these results later. 

The stations visited and the values of the deflect.ion of the plumb-line 
obtained are given in the following t&ble :- 

TABLE I. 

Bulbul H .  S. 

Teons H. S. . . 
Blednipnr T. 5. . 
Nunon T. S. . . 
Jal6lpur T. S. . 
MehwCri H. S. . 
MahSr A. S. . . 
Bibir  H. P. . 
Dubauli T. S. . 
Pahlidpur T. S. . 
Ehnjnaur h.  s. . 

Height 
I 

Longitude. ' above i Astronomical Latitude. 
1 M. S. L. 
I 

-- - -  

O 1 Feet. 
1 

84 26 ' 3,352 
I 

84 10 740 

84 22 333 

81 14 25 1 

64 23 232 

84 6h 3,163 

85 10 1,606 

83 31 391 

86 20 189 
I 

85 27 175 

77 53 2,676 

Seoonde of 
Qeodetio Latitude. 

Deflection 
A-0. 

A+ sign denotes a southerly attraction of the plumb-line. 
Bulbul H. &'.-Is on the extreme northern edge of the hills which extend 

for some distance to the south. 'l'he ground immediately to the north drops 
steeply to about 1,000 ft. and there are scattered hills, (on one of which Huri- 
laong 13. S. is situated), running up to 2,00Oft., and under. The distributioll 
of local masses leads one to expect a marked southerly deflection. 

Teo~za 8. 8.-Is on the top of a small granite hill rising some 260 ft. from 
the plain. The country generally is flat, the nearest hills bcing about 12 miles 
south. Purely local masses would seem to cause a slight northerly attraction. 

Mahwdvi, 8. $.-Is on the summit of a hill about 900 ft. abovc the 
olevated ~1at~ee.u whiali extend8 from the ld1v on which Bulbul 8. 8. sbands to 
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some east of Rmnchi. There are other scattered hills near by but other- 

wise the country is flat. The mass of the hill itself indicates e slight northerly 

deflection. 
~~m H. S,-The ridge on whioh this station stands extends for about 2 

miles in the directions N. N. E. and South. The slopes are steep to the east, 
and to the west a spur runs for about 400 yards and the ground then fall8 
rapidly, The country generally is Bat but with scattered hills rather more 
numerous than a t  Mahwiri. The distribution of local masses sliould oame a 
small northerly attraction, but the hills to the south will more than overcome 
this. 

&hale H. 8.-At this station the largest southerly defleotion as yet die- 
covered in India has been found. I t  stands on a low hill rising 200 ft. from 
the Gsngetic plain which extends to the Himalaya on the north and for vast 
distances to east and west. The nearest hills to the south are about 12 miles 
away. The hill itself extends about 600 yards E. N. E. and 900 yards 9. W. of 
the station. The ground falls almost sheer on the nort,h-west face of tlie hill, 
the latitude pillar being about 30 ft .  from the edge. To the south-east the 
slope of the hill is about 10". The closeness of the cliff to the latitude pillar 
must account for a portion of the southerly deflection and taking the mass of 
the hill as a whole there is also a preponderance to the south. 

The remaining tower stcltions are all i n  the Gangetic plain, Pnhladpur, the 
most northerly, being about 100 miles from the outer Himalaya. 

Eltajnaur h. s.-Is in the 3imalik hills about 10 miles 5. 5. W. of Dehra 
Dfin. I t  stands on a spur running slightly west of north from the main range. 
Tlie ground drops steeply to the north and the attraction of purely local masses 
is probably southerly. 

Before discussing the results some further details of the observations are 
given in Table I1 below :- 

TABLE 11. 

Apparent 
error of 

Ni~I'ometer 
value per 

revolution. 

f I  

t 0 . 0 0 6 7  

+Oe0035 

+Om0073 

+Oe0055 

+OS0067 

-0.0022 

+ 0.0031 

+ 0.0060 

+ 0.0114 

+ 0.0114 

+ 0.00G9 
.- 

+Oe0086 

STATION. 

Bulbul . . 
Teona . . 
Mednipur . . 
Nuaos , . 
Jalblpnr . . 
Mahwiri . 
Msher , . 

Bihir , . 
Dubauli . 
Pahliidpur . . 

Means . 

Nnrnher 
of 

stars, 

63 

61 

58 

60 

57 

57 

59 

59 

63 

58 

1"". . 

Khajnsur . . 36 

Numbcr of 
obaerra- 

tions. 

65 

69 

67 

70 

71 

58 

65 

60 

69 

64 

66 

22 

P. E. 

I, 

+0,065 

f 0.061 

+ 0.061 

f 0.059 

+Oe043 

k0 .051  

+Oa054 

f 0.048 

+Oe062 

f 0.017 
-- 

. . . 
f 0.087 

' P. &. of 1 
unit 

weight. , 

I 

f 0.357 

f 0.330 

t 0 . 3 2 0  

f 0.314 

f 0,224 

. - .. .- - - -- 

f 0.312 

'E.w.-W.E, 

I 

-0'10 

+0'06 

-0.15 

-0.17 

-0.17 

-0'63 

+0265  -0.06 

f 0.281 -0.01 

+ 0.245 ! + 0.26 

k0 .282  

f 0.242 

f 0.286 

+Os02 

-0.28 

-0.06 
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The probable errors in  column 9 are somewhat higher than have been 
in previous years wit11 the old Zenith Telescope. This ia no doubt due 

to tile m a n  value of one revolution of the micrometer being in error, The 
p~ietence of the positive sign in the appment error of micrometer value, (last 
aolumn of t,he table), shows that the value used was probably too high. AN 
&ted above, this value was obtained in two ways :- 

(1) By measuring the difference of declination of two stars. 
(2) 13y timing successive transits of a circumpolar star, the eyepiece being 

turned thro~rgh a rigl~t angle. 

The mean values I)y each method were :- 
(I)  6n"-011 &-O"4042 
(2) 50".C47 f 0"-0037 

and, as the probable errors by both methods were about tho same, a simple 
mean 50".029 was used in computing t!~e latitude. 

The second method has two disadvantazes : - 
(a) If  the eyepiece be not turned through exactly 90°, the micrometer 

value deduced will alnfays be too great and will equal R cosec 
7, where y is the angle through mllich the eyepiece is turned 
and R the true value of one revolution. An error of lo mill 
increase R by O"'008. 

( b )  I n  lnovi~ig the eyepiece it may possibly be slightly pulled in or out. 
This will alter t l ~ e  focus and the micrometer value. Besides these 
objections it is difficult to obtain satisfactory results by timing 
the transits by eye and ear. A chronograpl~ is almost essential 
and this means more weiql~t to carry in the field. I t  seems 
better, therefore, to keep to the old method of determining the 
micrometer value. 

The probable errors nt Dubauli and Pal~ladpur were recomputed using the 
value 50".011. Tllese were found to be 0.033 and 0.035 against 0'052 and 0'047, 
a considerable increase in accuracy. The effect on the colatitude is negligible, 
as positive arld nepative micrometer corrections are made to balance. 

Tlie deflrction of the plumb-line at Kbajnaur is less t l ~ a n  those found at 
the four Simiilik stations observed at the previous year, mlrich ranged from 
35"'00 to 29".59. Nonc of tliese stations, however, were definitely on tlie 
northern slope of t l l ~  rnnge, ac Khajnaur is, so that the decrease in northerly 
deflect,ion was t9 be exp~cted. 

At all the other stations the deflections are southerly and seeing that the 
most northerly ia only 100 miles south of the Hirn5laya and nearly 160 miles 
north of the hills round Hazaribagh, these results are a t  first surprising. Simi- 
lar results have, however, been found previously, though not perhaps quite so 
close to the Himalaya. 

The pendulums have shown that a trough of low densit.y exists over all 
tbis area north of the Ganges and that the depth of the trough increases as the 
Himalaya are approaolled. This satisfactorily explains the southerly deflections 
as the nortl~erly attracti(m of the Himnlaya is uinimised. Ths " hidden chain " 
to the south also increases the southerly de0ection.s. 

The deorease between Teona and Bulbill and between Mahjr and Mahwari 
indicntes that gravity is in excess between these statlions and the pondalum 
results have shown that this is tlie caw. 
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The position of Bulbnl a t  the extreme north edge of the hill mud account 
for a portion of the southerly deflection and, when local topography haa been 
allowed for, the change between 'I'eona and Bulbul will probably be still greater 
than at present, showing more clearly tho excess of gravity between the two 

It seems probable that the summit of the chain of high density 
passes close to Mallwari aud Bulbul and observations south of this line ahould 
be of great interest. 

The large deflection at Bihir would also seem to point to a n  excess of 
gravity between that station and Malbar but, sr explained above, it is probable 
that local masses account for a considerable portion of the deflection. 

PENDULUM OPERATIONS. 

No. 14 PARTY. 

(Vide Index Map 10.) 

By CAPTAIN H. J. COUCIIYAN, 1Z.E. 

The area selected for pendulum observiltions during the season 1911-12 
PEBBONNBL. extends from R,anchi and Ualtonganj on 

Imptrial  Oficer. the south to Muzaffarpur and Gorakh- 
Captain H. J. Couchman, R.E., in charge. pur on the north. The large southerly 

Provincial Oficer. 
Mr. Hanuman Prnsird. --- deflection of the plumb-line, (+11"), 

Lower Subordinate Service. which had been found a t  Hurilaong, near 
4 computers. Daltonganj, seemed to show that the belt 
of high density passed close to the south and gravity operations were aocoru- 
ingly undertaken to endeavour to determine more accurately the limits of this 
belt. The health of the party was good throughout the field season. The 
stations visited were :- 

TABLE I. 

0 I n 

I .  Japla . . 24 31 6Y 
I 

2. Daltong~nj . . !  24 2 5 

3. Ranchi . . I 23 23 5 

4. Gaya . . 9 4  47 42 

5. Monghyr . . 25 22 53 

6. Arrah , . j 25 YS 10 
I 

7. Savaram . 21. 57 e l  

8. Moghalsarai . . 25 17 3 

9. ntlxar . . 25 31. 42 
I 

10. Muzaffarpur . 2 6 7 5  

11. Majheuli R B ~  . . 26 17 46 

12. Gcrakhpur . 96 4L 68 

Tieight above 
meart sea level. 

Feet. 
474 

707 

2,167 

96 1 

164 

188 

340 

257 

207 

179 

219 

267 
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h n & i  is near the eastern edge of the hiqh plateau which forms the 
southern edge of the Ganges valley. Daltonganj is on the banks of tile 
gocl river and is surrounded by detached hills running up to 1,000 or 1,600 
feet. Ja$ is a few miles from the Son river on level ground with hills some 
16 miles to the south. Qaya and Sasaram are close to the extreme eouthern 
edge of the Oangetic plain. The remaining stations are in this plain, Monghyr, 
Buxar and I(doqhalsarai being close to the river. The distance of the most 
nortl,erly station, Gorakhpur, from the Himslaya is about 60 miles and its 
position is thus roughly comparable to that of Kaliann, south of Debra Dan. 

~t these stations, thanks to the kindness of Civil and Public works 
Department Officers, good rooms were placed at my disposal for the observa. 
tions. Pour complete sets of swings were made at each place, except where 
bad weether necessitated the extension of the observations. Tbe average and 
hourly changes of temperature are given in the following table :- 

Dehra Dlin . 
Japla . 
Deltonganj . 
Raucbi . 
Gaya . 
Monghyr . 

TABLE 11 

I Average Hourly 
tempere- change. 

ture. 

Average Hourly 
change. 

ture. ture. 

Sasamm . . 20-9L 

I I I I 

The hourly ohnnge i n  everywhere an increase. It is desirable that the chances at field atntiona should 
bs similsr to  that a t  Dehra Dan, since gravity resulte are differebtinl and anv error due to Ing of temperature 
"ill b npprorimately the ralue at  nll ~f.s.tions end will t k ~ r e f a r e  be cancelled. This increase of temperature 
m, therefore, desired. and in, indeed, more ensily arrnnged than a decreane. 

+ 0.01 

Gorekhpnr . . 
Dehrs Dan . . 

&foghaleami . , . 
Buxar . , 

Sluzaffarpur . . 
Majbauli Ri.i . . 

1 

27.0:5 , Cll.07 

23.08 +Os06 
1 

22.471 + 0 0 4  

I 
21-79 / +OS07 

24.35 ' +Om05 
I 

26-52 +O.Oki 

24.09 / +Oe12 2-1'00 +0.19 
I I 
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observations for the flexure of the stand were made at the commencement 
and olose of work a t  eacll station, two sets beinq as a rule taken. T l ~ e  following 
table ~ l ~ o w s  the mean value before and after work and the mean adopted for 
each station :- 

TABLE 111. 

STATION. Observed flexure. llste. Adopted flexors. 

Sec. 

38 x lo-' 

6 2 

43 

44, 

43 

36 

6 3 

43 

41 

44 

46 

4 1 

4 3 

36 

DehlaDfin . . 

Japh . . 

~altonganj . . 

Runchi . 

O y a  • . 

Monghyr . 

Amah . . 

Sasaram . . 

Moghalsarai . a 

Bnxar . . 

Muzaffarpur . . 

Majhauli R.Hj . . 

Gorakhpur - . 

Dehm Dan , , 

4th November 1911 . . 
9th ,, 8 )  . . 

22nd ,, )J  • 

29th ,, J )  . 
6th December ,, . 

11th ,, )I ' • 

29th ,, 91 

3rd January 1912 , . 
10th ,, J J  . 
16th ,, # J  

19th ,, J J  

23rd ,, )# 

29th ,, 9 )  . 
3rd February ,, . 
9th ,, J I  . . 

13th ,, )) . 
10th ,, J I  . 
R2nd ,, I J  . 
27th ,, ) J . 
2nd March ,, 

7th ,, 0, . 
11th ,, 9, 

16th ,, I P 

19th ,, )I 

26th ,, )I a 

29th ,, J )  - 
8th April ,, 

Sec. 

37.2 x 10-7 

38.9 

63.3 

81.3 

43.4 

43.4 

42.9 

45'3 

4e.6 

44'6 

36'6 

36.0 

63'8 

51.3 

47'7 

47.6 

41.7 

40.1 

43.8 

43.6 

46.6 

46.2 

40.6 

40.6 

41.9 

42.5 

36.6 

12th ,, 11 I 36.0 
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* The olock ratme was determined by Mr. Hanuman Prasld, using the Bent 
Transit Instrument by Messrs. Troughton and Simms. The mean p. e. of a 

olock rate determined from observations on two successive nights was 
10.013 sec. and the mean p. e. of the rate derived from observations to one 
star on two snccessive nights mas 0.056 sec. 

a b l e  IV ,qhoms the times of vibration of the four pendulums at l)ei1ra 
DOn in November 1911 and April 1912. The mean tittle of vibration, 
0.6072516 sec., has been adopted for reducing the season's observations : 

TABLE IV. 

1912. 

Apl. 8-9 

9-10 

10-11 

11-12 

Date. 
-- 

1911. 

Nov. 4-5 

5- 6 

0-7 

7-8 

I 

Mean . U.5072512 0.6074989 0.5071612 i I_-_ 
General mean . , 0.5072570 i 0,5074991 1 0.5071616 

- - - - - - - - 

Difference, April-Nov. + 7  -4 -7 

The increase in the meon time of vibration, which, 8s mentioned iu 
last year's report has been goinq on since Novemher 1909, has continued, the 
mean for the season 1910-11 having becn 0,6072604. 

During April the penclulurns were also swung in the new room a t  
Dehra Dfin which forms it part of the lately built bar alley and seismograi;E 
house. This room will be brought into regular use from the commencement 
of the next field reason ; the observations made tlris year show that there ie DO 

appreciable clifle.tmcc bet ween the two rooms. 

Mean. 

0'5072514 

2522 

' 2517 

2518 

131 I 138 ( 130 1 140 

0'5070887 

0877 

0882 

0886 

---- 
I 

0.5072570 

2593 

0.6074990 

'4998 

On5O71609 

1619 

?5G4 I 5001 

2574 1 '4984 

1620 

1629 
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In Table V nre sllomn the times of vibration of the mean pendulum st all 
stat,ions, together wit11 the values of g tlcduoed therefrom. The value of g at 
Debra Dan is assumed to be 979'063 dynes : 

TABLE V. 

Time of 
Vibration. 

Ranchi . ! 0.5079480 - . I  
Gaya . . 1 0.5(~729SO 

Monghyr . 
Arrali 

Sassram . 

Moghalsarai 

Ruxar 

Muzaffarpur 

Blajhauli Raj 

Gorakhpur . 

Differenae from 
Dehra DBn. 

Sec. 

Obaerved 
value of g. 

Dynes. 

978.003 

I 978.856 

978.887 

078.691 

978.884 

976'909 

978,918 

979.903 

978'919 

978.933 

978'934 

978,928 

97S.926 

Table V I  shows for each station the observed value of g, tlle corrections 
for height, mass and terrain and the deduced value of go" at sea levcl ; yo is t,he 
theoretica.1 value of gravity at sea level, derived from Helmert's 1884 fo rm~~la .  
yo =978'00 (1+'006310 sin ' +  ), where + is the latitude of the station. 
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m e  I& ~01nmn of the table shows the amount by w h i d  gravity ie in 
or defect assuming that dl surface m&ssea am entirely unoonipensetd 

and of density 9-8. The column headed GI,, shows the &dude b a d  
on the assumption that surface ma.ws ham no e h t .  Them residuals n d  
not be considered, as whatever theor! of undergmund wmpenmtion is 
rnumed, i t  is certain that surface mass* must a lmys  produce some effect on - 
gmvity. 

Considering, then, the values of g*o-Y,, it is first to be observed that them 
,w rill negative with the sole exception of Daltonganj. This was to be expected 
for the stations in the Gingetic plain, as these are fairly close to the Himila,va 
and we find the same decrease in gravity residllC& as the hills are apprcnohod 
3s was discovered from Kisnapur to S i l ip r i  and Mecrut to Dehra DQn. The 
actria/ defect here is, howerer, zpater than has been found preriously, for a t  
Kahna, n-hich is about the, smie distance from the Hi~nilaj-a as Gorakhpur, 
the defect in gravity is -05'3 and at Gesvbnri, which is slightly nearer, it 
is -058. 

The whole of this seassn's area nortli of the Ganges map, therefore, be 
considerecl as a trougli of unusuall~- lo\\- density and this may help to explain the 
large souther11 deflections ~ h i c h  have been found wuth of the river, at  Bihar, 
Alahar, Teona and Hurilaon~, cicle the Report of No. 13 Party, (Astronomical), 
page 40. The effect of this trough is to mask the attraction of the H i d j - a ,  
as in itself it produces a soutllerlp deflection a t  stations south of it. 

with regard fo the location of the hidden chain of high density, it is 
perhaps unfortunate that no obserrations were made south of Daltonganj and 
amchi. Practical considerations, however, prerented this ; there is no milway 
and an observatory for the pendulums would I r a~e  been hard to find. A stud: 
of tlie deflections of the plumb line found this Fear seems, howerer, to show 
t.hat the crest of the " Iiidden chain " must be somewliere near Rancl~i and 
though gravity is actually shewn to be slightly in defect there, it is less in 
defect than at stations to the north, G a p  and Armh. Ranchi, tlierefore, is 
probably on the " hidden chain, " but until obserrations are continued sout11- 
wards it is not possible to define the actual crest. 

The greater part of the reces wason has been spent in an investigation of 
the isostatic theory as far as concerns gravity results. The particular 1.heorp 
elnployed is that of Xr. Bayford, which, stated shortly, i n  that compensation 
is complete at  a depth of 70 miles. Above that depth, therefore, the al~lount of 
matter in a cylinder standing on a base of unit area and extendine from 
70 miles below sea-level to the earth's surface is always the same whatever the 
height of the cylinder. 

In  Vol~une Z of the Records of the Survey of India, 190b-10, nlention was 
made of this invmtigation but as a t  that time it llnd only been oarried to n dis- 
tance of 100 miles from each station, no fi-pres were given. Outside this radius 
the zones and c.ompartments into wiiich the surface of the earth is divided are 
thosc used 1)y \Ir. Hapford, who I~ns so designed them that n uieall height of 
100 feet In each compartment produce 
b i n g  an integer increasing from 4 to 6 
calculation of the r:l dii of zoneu. 

h i d e  the 100 miles r i i d i ~ ~ ,  zones 
have been used and tbe necpssary r d u c  
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by Captain H. Y. Cowie, R.E., and recomputed by me. The radii of these 

zone8 are :- 

The outer radius of zone 16 is the same as t,he inner radius O F  Mr. Hayford's 
zone 13 which, expressed as the angle subtended at the earth's centre, is 
lo 29' 68", ancl as his zones extend to t l ~ e  antipodes the whole surface of the 
earth is dealt with. 

Dealing first with the stations visited this year, the following are the 
residuals after applying " Hayford " corrections for topography and compensa- 
tion. For the sake of comparison the Bouguer residuals are also shown, and 
have been recomputed using the same surface density of the earth (2.67) as 
that assumed by Mr. Bayford. The mean surface density used in our gravity 
work is 2.8 :- 

S 

4 

5 

6 

7 

Hayford Bong ue r 

dynes. dynes. 

Outer Radius. Zone No. 

Japla . . I f . 0 2 7  1 -.011 

Sasaram . + ,033 -'001 

1 

2 

Outer Radina. 

8 ,, 

12 ,, 

20 ,, 
32 ., 

60 ,J 

6CO ,, . 

1,400 ,, . 
2,640 ,, . 

1 mile . . 
If  miles . . 

Monghyr . f '000 -'036 

Arrah -'003 -'038 

Buxar + ,010 -'023 

Muzahrpur . -.016 -.06 1 

Majbauli R i j  . -'034 -'079 

Gorakhpur . . - '046 -'lo1 

10 feet 9 miles. 

200 ,, I 5 ,, 

Zone No. 

- 

11 

12 

13 

14 

15 

Difference 
H-B 
dynes. 



VOL. 111.3 GEODETIC BURVET. 61 

~t is fist to be observed that the difference H- H is positive in  every case. 
~ f ,  however, we use Helmert's 1901 formula for the normal value of gravity at 
sea-level, we reduce these positive values. This formula referred to the Poh- 
dam syetem (as our base value at  Dchra Diin is) is 9'78.030 (1+0'006302 
sin 4 -0'000007 sin ' 2 6  ) where 4 is the latitude of the station. 

The values of y cornputed bg this formula are greater than t,he old 
values by 4 2 5  for the first 6 statious of the tabie, Ranchi to Moghalsarai, and 
by .O24 for the remainder. The values of g-y, (Hayford), ~hould therefore be 
[lecreased by this arnount and we have the following residuals :- 

Daltonganj . . +.025 

1 
Japla . . 8 +so02 

Gaya . +-oo:j 

Sasaram +*008  

Moghalsarai . --0 0 5 

Arrah . 

Buxar . 

Muzaffarpur . 

Majhaoli R i j  . 

The differencnes 11-13 will also of course be decreased by the salne 
amounts and will vary from i . 0 3 1  a t  Gorakhpur and + .026 a t  Ranclii to 
+.008 at Moghalsarrti. * 

As might have been expected from a consideration of the problem, the 
differeiltial residual between two stniions in the plains has llardly beell 
changed. It is st stations on aud near lligll ground where differences are 
to be expected. Thus we find that the excess of gravity at  lianchi is greater 
tlla~i the excess at Gaya 1)y .0!6, using Hayford's theory, whereas, by 
Bouguer's method, the increase is only -010. Similarly tlie difference between 
Idle rcsiduals nt Daltonganj and dnsaraln is increased from .009 to ,017. As 
~ v c  approacll the I l  imnlnya the tliffurences between the residuals are decre9sed 
1,y tlic new method, cf. Suxar  and Gornkhpur, but the effect of the high 
ground is the samc, as g is increased by a greater amount tlie nearer the llills 
are to the station, and as will be seen later tllc large negative residuals found 
at the foot of the Himalaya are in souno cases converted into positive ones 
and in all are very greatly reduced. 

The new residllals a t  stations south of the Ganges valley, tlle first five 
of thc table, seem to be morc in agreement wit11 the observed deflections than 
were tlie Bouguer residuals. The large excess of gravity at  Daltonganj oom- 
bined with the nearly normal value at  Japla helps to explain the big southerly 
deflrction at Hurilaong, (near Dal tonganj) , and Teona, (near Japlaj . SinlilarIy 

* All Uouguer rueidunle e1.e computod using Helmert's 1884 formole for 7,. The 1901 formula hne only 
been employed for the Hayfnrd residurls. 

H 2 
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the excess nt Ranchi cornbilled with the defect at  Arrah accounts for, the 
deflection at Bihgr, (40 miles south-east of Arrah), aud Mahg?, (elose 

to Gaga).  The hidden chain is also well shotlrn, but as mentioned above we can- 
not yet be certain of the actual orest. 

Several stations on the line Calcutta to Darjeeling were next examined 
and the Hayford residuatls found are shewn below. y has been computed 
by Helmert's 1901 formula : - 

I I l3-7. 

STATIOI. 1 Latitude. 1 -  ---, I 
-I H-B. 

Cbatw. . I 2 4 1 2  

* 13011gurr correctiolla con~pul,:d with density 2.67.  

The residuals at  the stations in the plains are not much altered, but close 
to the Himalaya, as at Jalpaiguri and Siliguri, the change is very great. It is 
probable, arguing by analogy from Mussoorie, thai at  Darjeeling the residual 
will be positive. 

On the Line of fitations from Meerut to Mussoorie on the meridian 78" we 
have the following : - 

Siliguri . - I 26 42 

+ '005 

I i 
- a():;!) -.13G +.O!lT 

I 

i 
+ 4 0 9  j - .0f)a : : I  Kisnapur . 15  2 1 +.OS'J 

i 

I 

! 

,-*US3 I +.OOti 

I 

H--R. 

--  - 

+ -024 

+ ,031 

+.051 

+'36Y 

+ . I 2 6  

+ ' I41  

+ '149 

t b ~ u q u e r  corrwtionm conly~~f ,e . l  with density 2.87. 
Thew rnlucr are sp?roximrlr orllg as t b ~  cornpotation 01. the Hayford aorrection has not Leon completeJ 

in detail. The first is probably comect within .(;0d s n d  tile second r i t l l i n  ~ 0 6 .  

I 
STATIOX. 

-. . I . La:--- 

Oesupw . . . I  is i 3  

6-7. 

H 1 B+ 

JIIeerut , 

Krlihna . . 

Roorkee . . 

Dehrn D i n  . . 

Mjpore . 

Mnasoorie, (Camels Beck) 

+.00.5 

+.005$ 

-.006 

-.i14*3$ 

+.OOY 

+'022 

+-0-1.9 

29 0 

29 31 

en 52 

30 19 

:10 2.4, 

311 29 

~ .. 

-..019 

- -026 

- '057 

-~ '106 

~ $ 1 2 3  

-.119 

---in0 
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I n  Professional Paper No. 12 " On the Origin of the Himalaya  mountain^" 
Colonel Burrard has shown that the rapid change of deflection found all along 
the foot of the Himslaya can be explained by assuming the exi~tence of a, rift 
in the earth's crust or sub-crust. The residuals given above seem to bear out 
this theory very well. l'he deepest part of the rift would seem to be near 
Roorkee and the slope on the northern side is apparently steeper than on the 
southern, vide Professional Paper No. 12, page 7, line 31. On the Calcutta- 
Darjeeling series the deepest part of the rift seems to be near Siliguri as 
Kurseong and Darjeeling will probably give positive residuals. 

The increasing positive residuals from Dehra Dfin to Mussoorie seem to 
show that the Himiilaya arc not completely compensated. This does not neces- 
sarily meen that they are uilcompensated but mercly that the assumption of 
#complete compensation does not entirely explain the observed phenomena. If 
me make some assumption of partial compensation we shall alter the Hayford 
correction a t  every station, but the change mill be small except near the 
Himalaya. A rough computation, made on the assumption that the Him&la,a 
.are three-fourths compensated, reduces the residual a t  Mussooric by -036, a t  
Kaliana by -010 and a t  Gesupur hy -005. 

I t  is, however, claimed that the assumption of complete compensation has 
materially improved thc residuals. It has to a great extent got rid of the large 
negative rcsiduals :rt the foot of the Himalaya, and has shown more clearly the 
" rift " at Roorkee and Siliguri and the " hidden chain " a t  Ranchi, Kisnapur 
and south of Gesupur. 

Hayford residuals have been computed a t  four stations in Central India. 
'l'hese are here shown :-- 

+ Boug~ior col~eotions computed with dcl~sitg 2.67. 

At all these stations gravity is now fouild to be in cxcess, but the point to  
he noted l~ere is that the pcrsistcnce of negative Bouguer residuals a t  elevated 
stations l~ns been cxplaiuotl by tho new mothod. These neqttive residuals 
point to the probability of co~npr~ns.~tion, and we nuw see that, by assuming 
compensntion, the change in rc4du:~l hetmee~l an elevated :~nd a low lying 
station i* rcduccd. Thls is also borne out in the case of Ootacamund where 
the H:~yford rc4bidual is +.017 compa~*ed w i t h  :t Bnugl~e~ rtbsirlunl nf - ~020. 

At all the stationa given ohove, with t h c ~  exception of clhntra the 
Hayford hypothesis ha3 incrclascd the residuals. Thih iq of course due to tho 
clecrcaae oi 7 o:~ust>d by tlre deficiuncies cf density ;~swmcd to lie uuder elevated 

H-B. 

-- -- 

+ '024 

+.02Y 

+.010 

+-012 

- -- - - 

B* 

t.012 

-.013 

+.040 

+ -001 

Hright. - -- 
STATION. I 1 H 

--- - - - - -. - I 1 
- I--- - I  

Sconi . . 

Saugor . . 

2,032 +.036 

I 
1,757 I +'010 

Khandwa . i . 1 1,014 1 +.0bO 
I 

I 

Bilaspur . . . 893 / +.OlY 



64 ILECORDS OF THE SUltVEY OF INDIA, 1911-12. [VOIJ. 111. 

proend, When, llowaver, we approncll the coast we expect to find the residualp 
decreased, as here the assumed excess of density under the sea \rill inorease y, 
CllRtra is about 170 miles from tile. Bay O E  Bengal and there the positive 
effect of the ocean has just oancalled the negative effect of 

+hat of tile land. A t  Cuttack, 50 miles from, and Madras on, the coast the 
effects am more marked. Tlle now residuals are +'006 at Cutt,a(:k 

rand -.063 s t  M:idras as against Bouguer residuals of+.029 and+*OU. The 
big nrgative residual a t  Madras is s0memha.t against the isostatic theorb llut 
me cannot assume anything about ocean compensation until other coast stations 

been examined. The Bouguer residual a t  Bombay is +.088 and the new 

\\till alxnost certainly be positive but small. 

,C\I--,, other stations, only, have so far been dealt with. These are 
Pat.llAnkot and Mian Mir. At the former ~e have t,he largest Bouguer 
residutll that has so far been found, -'I77 and a t  the latter thore was an 
oppa.rent small excess +'005. The Hayford 11 y potllesis has accounted Tor 
one-tllirrl of this ditlerence of residuals, the new figures heing--077 atid+.O.J,O. 

Tile defect a t  Pntllinkot by the new method is now seen to be little more 
than :~ t  Gorakhpnr and seeing that the latter is much farther from the 
H imilaya, we may reasonably expect to find still greater deficiencies a t  stations 
north of it. 

The results of applying the new method may be briefly stated thus :- 

(1) St. all stations within 200 miles of the coast and below about 1,000 
feet in height, the new residuals will be less positive than the 
Bonguer ones. 

(2) At all other stations the new residua& will be more positive or 
less negative t l ~ a n  Bouguer. The increase will roughly varp 
with the height of the station and mill become ~apirlly greater 
as the Himi'layn or other hills arc approached. 

It muat be rerneml~erecl that our knowledge of the heights in Soutl~ern 
Asia nntl Tibet is still somewhat vague. I n  -this investigation the height of 
the Tibetan pl:bte?u has been assumed to be 15,000 feet,. If we reduct? all 
our est ir~iate~ of  IIimalnynn nnrl Tibetan heights by 1,000 Ecet me shall reduce 
tho rroidual a t  Debra DGri l)y  bout '008. 

The effect of all zone* oiitside n radius of about 400 miles (Hayford 
zone yo. 12) bas been intrrl~olnted from the three cllnrts constructed last ymr 
by \I:ljor N. ii. Tnntly, R.E. T h e  cl~nrts sl~ow tlie c%ffect,s of topograpl~y 
nncl ct~ml~cnsat~ion comhinecl of t l ~ e  actual surface of tllc earth in :- 

Chart (1) Zones 11 and 10, 400 to 750 miles. 

. (2 )  Zones 9, S and 7, 760 to 1,850 miles. 
?, (3) Zones G to I., 1,850 miles to antipodes. 

For  the first c:llart the rffects a t  31 statio~la were comp~~ted ,  for the 
second, 17, anil for tile t,llirtl, 4. Lines of equal effect were then drawn sncl 
thr effect at any station can thus he read nff the chart. This has snvetl 
an immense amount of labour. 

It is onl- necefianry to add that  t,he Hayford zones 18 to 14 were divided 
int,o 10 rrlual parts and the height in each colnpartment estimated and entered 
eeparatel y, the mean I~eing then taken. 

The tahle below shows the computt~t,ioll of t l ~ e  total effect a t  three 
elected stations. The unit itj 0.00001 dyne. 
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I I 
Noie.- Flgurrs  in itnlira nrc in frrpo lnfcd  fmm rhnrts. 

The first 16 nones are those of Captain Cowie, the remainder from 18 to 1 
are Jlr. Hayford's. The radii of them latter zones are expressed for convenience 

Connmo~~on AT 

Outer rsblna. 

10 ft. 

400 ,, 

600 9, 

1,400 m 

f mile 

1 ,. 
It miles 

% ,, 
3 9,  

5 I, 

8 I, 

12 ,, 

20 ,,. 

32 ,, 

60 ,, 

103.6 ,, 
0 1  

1 41 19 

1 54 62 

4 11 53 

2 33 46 

3 3 5  

Zona. 

i 
Beds1 , Actnol No. 
NO. 

Debra Dan. 

+ 34 

+ 608 

+ 1,106 
+ 1,698 
+ 1,891 

1 

2 

3 

4 

6 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

+ 450 

+ 240 

+ 170 

+ 9,977 

I 
I 

I 
1 (Cowie! 

2 I ,  

3 u 

4 ,I 

6 ,, 
6 ,, 
7 I, 

8 1, 

9 9, 

10 I, 

11 ,, 

12 II 

13 ,, 

14 ,, 
16 3, 

16 ,, 

18 (Hayford) 

27 9, 

16 $ 9  

16 ,, 

14 ,. 

24 

26 

26 

27 

28 

'29 

30 

31 

38 

33 

34 

82 

'23 

Arrnb. 

+ 33 

+ 349 

+ 162 

+ 64 

+ 18 

13 91 C 19 13 

12 ,, 6 46 34 

Hdrss. 

+ 33 

+ 38 

+ 2 

+ 1 

0 

11 ,, 
10 ,, 

9 ,v 

a ,, 
7 ,, 

6 9 ,  

6 ., 

J ., 
3 ,, 

2 .# 

1 9, 

0 

0 

o 

0 

0 

0 

+ 7 

+ 49 

+ 138 

+ 852 

+ 932 

+ 200 

+ 191 

+ 182 

+ 166 

+ 167 

+ 209 

+ 150 

+ 1,187 I + :  + 493 

+ aor 1 
I - 

+ 181 6 I - - - 16 

- 263 - 2 6  

- 30 
- 586 I 

Dyass ... 

- 992 

- 1,291 
- 2,662 

- a,wo 

- 582 

1 - '077 I - '028 

7 " " "  ]I-(, 1 - 7 m  
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160 56 0 I 
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- 620 I - 9 1 
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- 599 
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- 1,067 
- 683 

- 101 
- 173 
- 338 
- 762 
- 613 
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as arcs of a great circle. The inner radius or zone 18 (Hayford), vk. ,  103.6 
m i l s ,  is equivalent 1.0 an arc O C  lo 29' 88". 

Dellra Ddn is n submonLme station about 7 miles from the  foot of the 
Himday& and its height is 2,210 feet. Arrah is close to the Ganges river iu 
tile centre of the Gnngotic pluin. Madras is on the coast. The signs of the 
corrections are applioable to y and not g. Topography produces a positive 
correction, its compensation a minus, and vice versa' for ooeans. 

At Dellra ! k n  we see that the effect of the topography is greater than 
that O F  the compensat ion for the first 9 zones, LC., up  to a distance of 3 miles 
from the station. lleyond this point, until the extreme zones G to 1 are ]net 
with, the corrections are all negative showing that land areas predominate. 
The llimr'tlayas first begill to make themselves felt in  zone 11 (Cowie). At 
Armh owing to its lcsser height the effect of the topography is overcorne at a 

distance of just over one mile. The corrections up  to zone 14 (Hayforcl), are 
all slna11, but at this noint the Hi~ililayas are met with. A t  Madras the local 
effects are small, since the height is only 20 feet. The positive signs beyond 
zone 11 (Cowie), sllow that ocean areas predominate. 

I11 the season 1909-10 observations were made at Sultanpur, Latitude 
2 ( i V 1 8  6", Longitnde 83" 5', height 314 feet, but tlie results were not 
includsd in the report as the height mas not then known. 'L'he value of 
9:' -- y,, (Houguer), is -.040 nud, as the station is somewhat further from the 
Himiilaya than Muzaffarpur and the Bouguer residual somewhat less, it seems 
that tlie trougli of low density, of wliicl~ rnention 11as been made d ~ o v e ,  extends 
as far as Sultanpur. 

I t  is proposed to swing the pendulums a t  l ial i inpur,  (t,he station of 
origin of the Sul-~ey) ,  and stations round during the ensuing field season. The 
resu1t.s to be ol)taiued should throw light on the assumed southerly deflection at 
Kclliinpur. 





HENRY GORDON BELL, 
LIEUTENANT, 

ROYAL ENGINEERS, 
Died at Lup Qaz in the Pamirs, July Bath, 1012, aged 27. 



TRIANGULATION 

PART 111.-TRIANGULATION. 

No. 15 PARTY. 

(Vide Index Maps 9 and 10.) 

BY CAPTAIN 3. ld. COWIE, R.E. 

During the year 1911-12, tlie party provided seven det.achments, all of 
which, however, were not a t  work con- 

PEBEONNBL. temporaneously. One detachment under 
Imperial Ofiers. Mr. Tresham. Extra Assista'nt Superin- 

nlnjor R. H. Turner, R.E., in charge. 
A 

Lieutenant E. R. Cardem. R.E., up to 30th 
tendent, was employed, during the cold' 

September 1911. weather mont,hs, on princj pal triangulation, - 
Lieatenallt F. J.  M. Icing, R.E., up to  3rd 

M o y  1911. making a con~mcncement on the Sambal- 
Lieutenant H.  G. Bell, R.E. pur Meridional Series. D~wing the same 

period, thcre were a t  work three secondary 
Provincial 0 f l cc t . s .  detachments on the Ranchi, Bhir, a n 3  

Mr. C. H. Tresham. 
Mr. Abdul Hai. Villupuram Series. Both the Ranchi and 
Xr. V. D. B. Collins. Villupuram Series were of short length and, 
Mr. 
Mr. 
Mr. 
Mr. 

F. W. Smith. 
G. A. Norman. 
B. T. Wyatt. 
Abdul Knrim. 

Mr. K. S. Gopalaobari. 
M r .  V. P. Wainright. 
Mr. C. S. McInnes. 

being campletcd before the end of the field 
season, their personnel was redistributed 
between two new detachments which 
started work on the Mndura Scries and the 
Bombay network. Still later, a t  the con- 
clusion of the cold weather season, on the- 

U11per Subordisnte S e i , ~ ~ i c c .  disbanding of the detachmcilts employed 
Mr. Jugal B i l la~ i  Lal. in India, a detachment was for~ncd to 

carry on the work in Ka,shmir, for ~rhicll  preparations had been made the 
prcvions year. l'llis last cletacllmcnt closcd its field season in  October 1912. 
The 11-ork of the Kashmir Dctachlnent during the summer ,of 1911 has been 
recounted in last year's report. 1 his jrear's report continues the narrative up 
to the end of the 1912 season. At all times during the year there has thus 
been some detachment of No. It Party at  work in  the field. 

Whercver detachments of the pasty havc becn engaged, Orissa, Bombay, 
the clistricts of South Aroot and Tanjore in  Madras, the Hyderabsd State 
and the Gilgit Agency, they I~avc met with willing and effective assist- 
ance from local officials. T\Tlien clifficulties arose, tliese mere, in  every case, 
promptly dealt with by the Civil executive and tlle x7ork of thc party was 
thereby much facilitated. 

Tlic health of the personnel varied a good deal between detachment anc? 
detachment. I n  the Sambalpnr, Ranchi, and Bhir tletachments thc number 
of cases of sickn~~ss mas not abnormal, thougli in the Bhir detachment a slight 
outhrcak of cllolera occurred. Tllnnlis, Ilomcvcr, to prompt repressive mcnsiiree, 
the disease was stamped out. I n  the Villupuram and M d u r a  establisliments 
there was a good deal of fever owing, in part, to the 10calit.v~ in  part, to the 
latenes~ ill thc season of the closing of work on tlic latter series. 

Tlw news received in July, from Hunza, of the cleat11 ol' Lieutenant H. G. 
Bell, R.I1:., came as a great sl~ock. His letters had given no illdication of llis 

1 
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being otlier than ordinarily wcll and fit and except for slight temporary 
illdisl,osition while a t  Gilgit, he does uot appear to  have been i n  ill-health. 
01lly a few days before his death, he paid a visit to Ihe Russian Survey Camp, 
,,ear Kizil Rabit, and seAms to have been well in  spirits as i n  bod!. Of his 
actual illness, i t  111s been impossible to obtain more than the most meagre 
account. l T h a t  was found afterwards by post-mortem exanlination to 
have been appendicitis began on 19th July when he was encamped pracri- 
cally alone at an observing station near the Mintaka Pass. Getting no 
rplief, he was carried down to his main camp at  Lup Gaz, some S miles from 
the Pass. Here, one of his asslstani oGcurs arrived on 25th, in response 
to a message despatched that mornin;, and found Lieutenant Bell extremely 
reduced and weak. But  until quite- near the end, neither he nor Lieutenant 
Bell hscl any idea of the extremj gravity of the cise. His vitality failing 
mpidly late that night, Lieutenant Bell died about midnight. 

It mas proposed at first to bring the body to Gilgit for burial there, but the 
state of the Kanjut river made this impossible. So interment took place at the 
Mintaka Pass. 

It mas due in  very great measure to Lieutenant Bell's energy that  the 
operations progressed so far during a short and unfavourable season. Starting 
rather late in  the year, and continually hampered by bad weather, he 
succeeded nevertheless in  having the whole course of the tri:ingulation from 
Gilgit to Beyik reconnoitred in detail, and, excepting ovsr n distance of some 
30 miles, the stations selected and built. At  a few of the stations, a t  both 
the northern and southern ends O F  the triangulation, observations also have 
been cou~pleted, When me consider the great altitude a t  which operations 
ha11 to he conducted, the diflidulties put in  the may of rapid \rock and simple 
organisation by the unpropitious nature, both of cour~try and cl~mate, the 
solitude and the pl~ysical hard5hips w~lich had to be faced at, all times, me 
must re:~lise th.lt thi.; Inclo- Russian triangulation, the ultimate success of 
which mill undoubtedly be due to Lieutenant Bell's enerzy and devotion, is 
fit to rauk wit11 the mprnorabl~ acllievements of the Survry of India. 

The following accounts deal i n  qreater or less detail with the operations 
of each detachment : 

DETAILS O F  P R I N C I P A L  TRIANG~~LB'ION. 

S,rnz,btrlptir ,S~~.ies.-The desirability of a series of principal triangulation 
on the rnericl~ali of 8 ]I", I~etween the p,irnllels of 18" and 2-to, llas lonq been 
rrcozl~i.ed; ancl on arltlttion11 urgency being qiven to the matter by the 
nece*sity in t l~is  region for ml~l l  fixed point3 on wllicl~ to 1)nsc secondary 
t r ia~~zulat ion for tol,o~rnl~llicaI purpDses, i t  I V ; ~ S  decillrd to run a principal 
rn-rldiorlal srries elnanatinq from tlie Calcutta Longitudinal to close on the 
East Coast Series in about Lat. 19". 

T l ~ e  scheme of cperntio~~s dralvn up tentatively, bcfore the delachmcnt 
untler Mr. Trvsbam 1, f t  for the Geld, contemplated the springing of the new 
trinn~lllation from the side Birpokar (XLV)-Turer (XLI) of the Ca1l:utta 
Lorlgitutlinal Srries. On hi.; arr~val on tllc ground, Mr. Tresbani found, 
Lowever, th?t  the country to the south of the ~roposed base was most unsuit- 
ahle for princilbal trianqulatiou. Plateau lay bpyootl plateau. each thickly 
wooded, on nhich tlie location a t  suitable distances apart of mutually visible 



stations mas extremely difficuit. Well-proportioned figures without grazing 
or obst.ructed rays could be laid out only by introducing tower stations. Tho 
topograplricnl conditions place this region amoh: the most ditEcult, from the  
triangulator's point of view, that India has to offer. 

This base mas accnrdingly abandoned and reconnaissances were made to 
the east to locate a suitable site from mhiclr tlie new series might spri~r:. 
13~ealiing off from the side T~irtlr-Gobra would havo entailed the introduction 
into tbe first figure of a side only 7 miles iu length and the succeeding figure 

to be still worse proportioned. The side Birpokar-Bagru was also 
found to be unsuitable. Eventually a feasible schemo of trianqulation was 
evolved, based on the side Bllursu (XL1X)-Haril~arpur (L). This consisted 
of a quadrilateral, as first fiyure, followed by a pentagon witlr a central 
station and a quadrilateral carrying the series from 8 5 O ,  the mean longitnde 
of t l ~ e  base, in n south-westerly direction till i t  lay astride thc meridian of 8a0, 
wlrence i t  trended due south. Tl~is  sclleme iuvolved a deflect,ion by lo of tlie 
series from its ruling meridian of 8A0, but this was held to be less objection- 
able than the :idoption of an  expensive proTramrue inrolvinr tlle building of 
tower stations. 

Obser~ations were commenced by Mr. Tresl~anl or1 13th Decen1l)er ancl 
continued by lrim till 10tmll January when he Ilanded over charge of tlre 
opel*ntions temporarily to Lieutenant H. Q. Bell, R.E., mllilv lie underwent 
an oprration for appendicitis. On recovering rrom this, he again assumed 
charge on 28th February and continued work till April 15th wlren field 
oper:~t,ions mere suspended for the season. The series had by that  time been 
carried south to latitude 22") and consisted of four quatlrilaterals and oue 
pentagon with a central station, the two southerninost figures lying along the 
meridian of 84'. 

An astronomical azimutlr mas observed by Mr. Treshnm, a t  Bhursu H. S. 
of tlre Calcutta Longitudinal Series, latitude 23" 16') longitnde 84" 44') the 
difference, (Astronomical-Geodetic), in the value of the Azimuth of Bagru was 
found to be -6"*07. 

Particulars of the work are given below :- 

Number of stations observed a t  1 5  

9 7 ,  ,, uemly fixed . 13 
7 ,  ,, built 17 

Length of triangulation completed in miles 1 1  2 

) I  9 ,  still remaining to be done . 180 
Aren of triangulation iu sq. miles . . 2,570 

. T. alld S. 12-inch ~nicrometer 
No. V. 

Number of triangles o l s e ~ . ~ r t l  . e 1 
Maximum tri:~ngular error . , 1".52G 
Average 9 ,  1 7  . 0".473 

Kas117~zz~ Scroltda~y 0pcrntions.-In 1900, the International Geodetic: 
C~nfcrcnoe pnssrtl n rrsolut.ion embodying tlre desirability oE effecting a 
junction bctn-cen tho  Indian triangulation and Ruscinn ~ o r l i  In the Pamirs. 
Accordingly, during tlre sunllncr months of 1911, after the cornpletion oE 
observations \vhicll carried t l ~ e  Rnshmir Principal Scries to points not far  
soutli of Ciilgit, reconuaissancrs merc undertakcn of the count,ry intervening 

r l. 
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between that series and the Pamirs, with a vicw to discoveriuv s practicable 
route to be followed by t l ~ e  Indo-Russinn connection. Threc schemes mere 

to the ofioers entrusted witli the reconnaissances. 
The first m a  to extend the Kashmir Principal Series as far as the Sakiz 

,Jarah range, on which stations mould be established to the east of the Darkot 
l'&sg. From these points i t  mas hoped that  observations might be made to 
Conoord and Salisbury Peaks on the Afghan-Russian border, which peaks would 
be included by the Russian observers in  thcir triangulation on the Pamirs. The 
investiyation of the practicability of this scheme mas undertaken by the late 
Lieutenant H. G. Beli, R.E. He reported that the main chain of peaks of 
the Sakix Jar& range was inaccessible and that the hills immediately to the 
south, only a little less difficult to negotiate, thonqh they offered a satisfactory 
view to the north, mere hidden from tlle south by high inaccessible l~eaks, 
effectually obstructing triangulation c a r r i ~ d  fro111 the terminal points of the 
Icashmir Principal Series. 

-4 second scherne involved the carrying oE secondary triangulation from the 
Principal Series, up the Yasin and Karambsr valleys to t l ~ e  neighbourhood 
of the Gazan and ljhort passes, from which the Concord and Salisbury peaks 
might be visible. Aftrr tinding that the carryin: of triangulation to the 
Darkot pass w:ts not Feasible, Lieutenant Bell turned his attentioq to the 
Karambar valley. He found that secondary triangulation could probably be 
taken as far as Barmot or Imit  but that beyond this place the valley narrows 
considerably bvtmeen precipitous hills ancl further progress was impossible. 

The t l~i rd  alternative sclicme was examined by Mr. Wainl-ight. This mas 
for secontlary triangulation to break off from the Principal Series just south 
of Gilgit and to follow tlle Hnnza and Krtajut, valleys as far as the Kilik and 
JIintaka passes and from thence to extend over t,he Taghrlumbaslr Pamir to a 
junction with t l ~ e  Russian pnints. Tliis scheme mas found to be practicable. 
The valley as far as Hunza is comparatively open and the hills, though diffi- 
cult, not inaccessible. Bcyond Hunzo, though the valley narrows in some- 
what, fairly well conditio~led figurcs can still be laid out as far as Misgar. 
IIere, in order to obtain triangles of sufficient length of sidc, thc series has to 
run ~vestmard, out of the valley, and bcnrling a y a h  in x general northerly 
direction, approach the Kilik pass from the south-west. From this pass the 
trianyulation can be easily carried across the Taghdumbash Yanlir to the 
Ru~s ian  points near the Beyik pass. 

A s ,  by thc time the reconnaissances had been carried out, tLc season mas 
yctting late and unfavonrablc weather mils setting in, nothing further could 
1)e doue that year. The Party returned, in the autumn of 1911, to India and 
a proyramme of work for 1912 was e!aborated. TVith its final schemc ~vorked 
up as far as possil)lc, the detacll~nent left India in May 1912 to cornmence 
tlle actual ol)scrvations. ltecruited under Lieutenant H. G. Bell, R.E., 
cluling the latter half of April at Ra\valpintli, after completing its cqilipment, 
it, marched to Gilgit. Banrlipur ma3 rcnclled on the 8th May, somc little 
drlay having been ~%,zused by deep snow oncountered in tho Trasbal and 
Hurzil pmscs. By .\lay 31st all the cletacliiilcnt had hcen as~cmblcd a t  Gilgit 
ant1 thcrc the p l ~ u  of operations mas given final shape. Reconnaissances of 
the previous year had shown that the Hunza and Ranjut  vallcys mere l~robably 

for triangulation, which, following this course, might. hc carricd 
up to the Tagl~dumhosh Pnnilr to effect a junction with the Russian triangu- 
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lation, the terminal points of which were situated in  the aeighbourhood of the 
Beyik and Sarikoram passes. I t  was proposed to base the triangulation 
on a side of the Kashmir Principal Series i n  latitude 35' 55' and longitude 
74' 20' ; to carry i t  thence northwards to about latitude 36' 12', where, 
following the valley, i t  would trend eastwards to longitude 7.2" 20' and a t  this 
point, near Atibad, it rvould again extend north to the Kilik pass i n  
latitude 37" 07'. 

F r o 3  this pass, the Russian points lie to the north-east on the far  side 
of the Taghdumbash Palnir in  about latitude 37" 20', iongitud(~ 75" 10'. 

Between Qilgit and Hnnza, the valley of the Kanjut  river is cornpara- 
tively open, the hills on either side are more accessible than is the case higher 
up the valley and as far  as Hunza a graded road runs along the right bank 
of the stream. In the nei~hbourhood of Baltit lofty snow masses rise above 
the valley on both banks. On the left bank, Rakiposhi peak attains a height 
of 26,650 ft., while towering over the nearer masses on the right are the 
H n z a  peak (25,050 ft.) and a group of summits all over 24,000 ft. in  height. 

Beyond Baltit the hills close in to the strcarn, the  slopeo become barren 
and rugged and progress correspondingly more difficult,. In many places the 
pathway is carried alonq the face of precipitous scarps snpported, gallerywise, 
on iron or timber struts ; in others the pathway climbs the hill side till i t  is 
possible t o  skirt the top of precipices too formidable to be dealt with by any 
such type of bridging. Thestt steep ascents and subsequent descents to the 
villages lying close to the river, make marclling in summer months most 
trying; the heat, in the narrow rocky valley is intense and travelling is, when- 
ever possible, done before sunrise. After the flood water in streams has sub- 
sided, about November, the hillside path over the difficult stretclles is generally 
forsaken for the river bed. Fonr marches above Baltit, the lower eud of the 
much serrated and crevaqsed Batur glacier is encountered. About 1 mile in 
width at this point, tllis ylarier, striking the Kanjut valley a t  right angles, 
forces its way across the river bed, butting u11 aqainst thc hills on the left bank. 
Seven inarchrs from Baltit tile jluiction of the streams from the Mintaka anlI 
Rililc 1)nsscs is reacllcd at Mnrliuslli. Hcrv therc is n small grdssy level thickly 
covered with millonrq, the last tim11c.r seen on tlic march to tlic Pnmirs. From 
Murliuslii trvo routes lead to thc Tn~hd~unhash  Pamir, onc vict thc Kilik, the 
otlicr ovcr thc Mintnka pass. 

The schcilic decided upon by Lieutenant Bcll rvas that hc n~icl Jlr. Mc- 
Inncs should lnnrch a t  oiicc to the Eussiall points on tlic Bcyik pass and, coin- 

menc in~  11nildiny and ol~sorving th(lrt1, work gradually ovcr tlic Kilik and Min- 
taka I)as.;cs ant1 down tllc Ranjut  vnllcy to cffcct n junction with thc triangtda- 
tion which Mr. Collins and Mr. Al)dnl Karim rvcrc. to carry fro111 its lowcr end 
as far nl) thc Hnnzn valley as thcg could. I n  the mealltime Mr. 1l1)clul Rai  
was to olfcct n jl~nctinn bctnrc~cii tlicl lin\lunir I'rincil~al Scricls alld I hc figures 
Inid out 11y \Ir. Colli~is in the. Hlunz;k vnllcy. 

Tho vnrions sclctions loft Gilqit for tllcir rcspcctivtl locnliticq duriny the 
first woc\k of Jnnc, l n ~ t  onrin; to uurnvour:~l~lt~ rrc:~thc.r, w r y  littlcl rcconnaissnnce 
nnd no ohscrviiiq rvns possil)l(. until 33rd. It nas  cluriaq this sl~cll of bad 
~v~itthcr that Mr. Al)dul Hai's Cam11 on Ynsho Chish Pcnk nns stntck by 
lighlninq. Iris scrvallt was liillcd ; his rccordcr was scvercly burnt. while hc. 
llimsclf rc~ccivcd a sliocli ncccssitntin~ his return to Oilgit and eventually to 
hc;rd-quartcrs in India. 
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Yasho Chish is one of the stations of the Kashmir Principal Serics and 
the fist point visited by Mr. Abdnl Ha i  i n  his attempt to effect a connection 
betmeen this Series and Mr. Collins' Hunza valley work. 011 the recall of Ifr, 
Abdul Hai, tile responsibility of this connection fell to Mr. Collins who had, in tile 

mrried the reconnaissance and building of stations up  the right ballk 
of the river as far as Hunza. Leavin? Mr. Abdul Karim to continue from there 
the building up both sides of the valley, he retuwnecl to Gilgit and took UP the 
obselvations, colnnlencing a t  thc base stations on the Kashmir Series. By ~~l~ 
28th he hacl completed ~ r o r k  a t  four stations when he received news of Lieutenant 
Bell's death aud retnrficd again to Gilgit to assume charge of the detachment, 

Lienteuant Bell and Mr. Xclnnes,  on leaving Gilgit early in June, marched 
throush the Ranjut valley and over the Mintaka pass to the Russian stations 
on the Beyik, which they reached on June 20th. Lieutenant Bell thcn took up 
the l ~ o r k  of observing while Mr. hfcInnes proceeded south~rards towards the 
Kilik pass, reconnoitring and selecting stations. While on the Hcyik, Lieulte- 
nant Bell spent one day with the Officers of the Russian Survey Party encampe(1 
near Kizil H abat. Compliments were exchanged and experiences relate(\. 
I n  one of his letters Lieutenant Bell alludes briefly to this meeting ; " dressed i l l  

long boots of the country and a cl~ogo,  escorted by three local headmen and hy 
Hunza interpreters, I crossed thc Beyik pass into the Russian territory to meet 
the Russian Surrey Officers. I mas met by a cavalcadc consisting of the Colo- 
nel, a Captain, a Licuutenani and their escort of coss:~cks and cavalry." 

Lieutenant Bell had completed observations a t  three stations and had moved 
camp to his fourth station near the Mintaka pass when he mas seized, on 19th 
July, by an  attack of appendicitis. Obtaining no relief ancl suffering much, 
he moved down to Lup Gaz, sonle 8 miles north of the Mintaka pass, and on 25th 
morning sent to Nr.  McIunes, then i n  thc neighbourhood of the Rilik pass, 
asking for assistance. Mr. McInnes arrived a t  Lup Gaz on the afternoon of 
the 25th to find Lieutenant Bell vcry weak. During the previous five days 
there had been no sign of any definite improvement in his condition and after 
Mr. McInnes' arrival a t  Lup Gaz, the malady seemed to become gradually 
more acute. Late in  the evening Lieutenant Bell began to sink rapidly and 
al,out midnight he died. His hody Tvaq interred temporarily ncnr the Mintaka 
paw to be brought down later, when the state of the Kanjut river permitted, 
to Gilgit for burial in the cemetery there. 

'i'he detachment mas now reduced to three obserl-ers. The lateness in the 
season, the remoteness of the locale of operations and the impossibility, in nny 
case, of completi~lg the triangulation this year, mere against the sending of 
another officer to take Lieutenant Bell's place. 

The charge of the deti~cllment now devolved on Mr. Collins, who conti- 
nued observations on the section between A ti1)iicl and Gilgit, directing 
Mr. JIcInnes to take up the selecting and building of stations in i11e difficult 
country between the former place and Misgar, while Mr. Al~dul Knrim ~xndcr- 
took the laying out of trinnqles soul1l1~-ards from thc Icililc pass, wliere Mr. 
IIcTnnes had stopped, to Misqar. Blr. McInnes laid out six stations, form- 
ing sufficiently yood figures, carryin? tllc scrips to Misqar mhcre lic conncctcd 
with hlr. ~ h d u l  Knrim's scction. Tl~is last portion of the trianqulation hetwecn 
h e  Kilik p a s  and Miqar ,  howerer, mas very poor. TIIC coursc selcctctl ior 
the wries mas badly chosen and the fignres laid out 11-erc unsatisfactory. 
Before, howe~er, a better disposition of statiorls could be arrived at, thc meatl~cr 







rapidly worse, and winter began to set in ; new snow had fallen down to a, 
ierel of about 11,000 feet, and the work of observing became daily more 
(lifficult. Yield operations were accordingly closed on 18th September, the 
,jetachlnent recalled to India and disbanded on October 25th a t  Debra Diin. 

Raltcl,i. Se~.ies.-A detachment under Mr. Wainright was enlployed in  
cwrying a series of secondary triangles along the parallel of 23" between the 
~ ~ u t l i  Parrtsnath Series and the new Sambaipur Series. 'l'his triangulation, 

the Ranchi Secondary Series, is based on the side Gorgabaru (I)- 
Dalma (IV) of the Soutll Parasnath, and, extending through 1 3  triangles, 
closes on a side of the Sambalpur Meridional Series. 

Some difficulty was experienced a t  tlie comnlenceuient oE operations, in 
breakins off from the principal series, o\lring to the unfavourable nature of the  
country. Bs in the case of the Sambalpur l'rincipal work, tliickly wooded 
plateaux made the selection of stations sornenrlia t difficult. T l ~ e  greater part 
of the series, however, lay i n  more easy country. 

The number of stations observed was . 1s 
S, )J newly fixed . 11 
,) 79  built . 11 

Leugth of triangulation completed . 100 
8rea of triangulatio~l in sq. milcs . . 9SS 
Theodolites used . T. and S. 8-inch 

micrometer 
No. 1055. 

Cook's 8-inch 
micrometer 
No. 10163. 

Number of triangles observed . 13 
Naximum triangular error . 6O.34 
Average )) 79 . 2".17 
;\Ican closing error in latitucie . . 0".03 

9 1  ,, longitude . OV.O3 
J J  ,, h e i ~ h t  . . 22 ft. 
j ,, a z ~ m u t h  . 1".4 

JI  ,, log sille, (the unit hciug the seventll dccimal place) 124 

Blr ST Series.--This Secondary Series, nlong tllr parallel o f  19", emanates 
from the side Dhaigaon (XXSIVj  -1In turi ( X S X I I I )  of the Khaupisura 
Series and closes on tlie side Solntana (XSX1V)-Shivalingapa (XXXVI) of 
the Great Arc. 

The detachment uucler Mr. F. FV. Smith, with I l r .  Nor~nnn as assistant, 
reached L4\~mndaagar on l ' i t l i  October. Mr. Smith tooli charqc of tlie nrorlc 
of sc\lectii~g aild I~ui ldnq stations and, after rc3pairin: the two base .tations on 
the Khanpisurn Series, l ~ u ~ l i c d  out enst,\vnrtl-, t~stal)lislriur~ stations closing tlie 
series on t11~ Grcat Arc ; tliencc e x t e n d i ~ q  still fnrt,her enstn-arcls, lie selected 
and h i l t  tliirtecn moine stnlions carrying the B l ~ i r  Secondary n-ork as far as the 
,Jnbalpur Meridionnl Serics. 

Mr. Norman, in tlic nleantimr, succeeded in  completing the olwervntions 
ovcr tho 2b trinng1t.s bct\vern tllc Rl is~~l) iso~n,  ant1 ('Trcaat Arc Series. 

No particular dilGcnltic.~ were cncountercd. The series was carried 
tllrough tllc norther11 tract oC the Byder%l,rid State wherc the toyographical 
features lencl tl~cmselveq readily to triangulation. 

Durinq the season n slight outhreak of cl~olern occurred in  the detachment, 
hut matters were kept well in hand by Mr. Norman, who, taking prompt 
and effective measures, succeeded i n  stamping out tlie disease. 
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The outturn of this detachment was inost creditable. 
The details of the work are :- 

Number of stations observed . 26 

1, ,, newly built . 22 
) I  ,, built . 36 

Length of triangulation completed in  milcs . 176 
Length of triangulation still to be completed . 80 
Area of triangulation in sq. miles . . 2,761 
Theodolite used . T. and S. #-inch 

b micromebr 
No. 1315. 

Number of triangles observed . 24 
Maximum triangular error . . 3".72 
Average )I , I  . 0 - 9 3  
Mean closing error in latitude . . 0".1H 

) I  ,, longitude . . O"'15 
I> ,, height . . 1 4  f t .  
J J  ,, azinluth . 1".27 
I t  ,, log side, (the uuit being the sercnth decimal place) 180 

PiZlzcpncrnm Series.-This is a Secondary Longitudinal Series lying along 
the parallel of 12" between the meridians of 77" 50' and 79" 20'. It emanates 
from the side Guttirayan ( LX)-Karadigutta ( LXII) of the Great Arc 
and, extending tl~ronph 18 triaagles, closes on the  side Kiliyur (1X)-Mallipnt, 
(VII) of t,he South-East Coast Series. 

The detachment employed was under Mr. ,4bdul Hai, Sub-Assistant 
Superintendeut, assisted by Mr. Gopalachari till the midd.le of March 1912. 

During November 1911, the two base stations on the Great, Arc were 
repaired ant1 five new stations built,. Observations were then commenced at 
Guttirayan H. 8. on 21st December, and from this date building and ohserv- 
ing went on concurrently till 4th April when observations were completed 
a t  Mallipat,, closing tlie second:~rp triangulation on the side of the Suuth-East 
Coast Series. 

On 9th April 31r. Abdul Hni mas ordered to join the Koshcuir Detacb- 
ment and on 14th of the same month the Villupuraln Detachment was  
disbanclcd. 

Number oE stations observed . . 20 

I. ,, newly fixcd . . 1 6  
I I ,, I~u i l t  . 1 6  

Lengtli of trin~lgulation completed . . 99 
Area of triar~gul;rtioll in sq. ~llilcs . 1,106 
Theodolite ueecl . . T. and S. S-inch 

micrometer 
No. 1311. 

Number of triangles observed . . 18 
Masimum triangu!ar error . dW.0 5 
Average J, 7 . 1".77 
Mean closing error in latitutlc . 0",06 

, , lougitude . . 0".06 
,, 1 ,  height . . 6 ft. 

,, azimuth . 3'"73 

I 7  ,, log sitle, (the unit being thc scuentl dccimal 
1il:~ce) . , 35 

Nac2fr1.u Sci-ics.-In the ~rliddle of March Mr. Gopalnchnri, mllo had 
t.ill then h e ~ n  Mr. Abdul Hai's :~ssistallt in the Villupuram Det:lchment, 
was ordered to form his building section into a detachment to bt. named. 
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the Mtldurfi Detachment and moving to Madura, commence the building 
of statiolls for a secondary series along the parallel of 10" from the Great 
Arc to the South-Bast Coast Series. By the end of June, all \jut the last 

ttlvo of the series had been selected and huilt. The final select,inn 

of tllese two remaining stations will depend on the side of the South-East 
Coast Series chosen for the secondar!r triangulation to close upon. 

This side of closure has not yet been decided upon. The question of how 
the secondary work sllall join up to the principal series is somewllat difficult. 
of as satisfactorily clear raps are not easy to obtain through the thick 
beltts of palmyra palms which exist, and further consideration on the spot 
is requirt-d belore a final scheme is drawn UP. 

Tile detachment returned from the field in the beginning of July 1912. 
Bombay T~ian,gzclation.-During 1911-12 this Party took u p  the work 

of executing a network of points covering the city and island of Bombay, on 
which to base a large scale detail survey. 125 points have been marked on 
the ground in  a manner which will ensure their permanency and, a t  the same 
time, permit of easy reference. 

The scheme of work included the connection of these points to the prin- 
cipal triangulation. The most convenient available side of the Bornbay 
Longitudinal series on which to base the network was the secondary ray 
Bombay, Colaba, S.-Iiaranja H. S. On this a pentagon with a central 
station has been cpnstructed, covering t,he whole of the island and affording 
bmes from which the network mcy extend. 

It had been hoped that by far  the greater number of the points of t h e  
network could be fixed by triangulation, tall masts suitably guycd being used 
as signals. Much dificulty has, however, been experienced in  obtaining a 
suitable mast ~ ~ h i c h  will permit of erection in the city, and recourse must be 
bad to traversing to fix some 60 to 70 points. 

Alr. Collins and Mr. Wainright, in  succession, had c h a r ~ e  of the detach- 
inent employed on this work from the iirst meek of January till the first week 
of May. During this time, the main pentagon mas connected with the prin- 
cipal triangulation and observations were made from 54 sdbsidiary points, 
the signals being luminous in  the main and opaque In most of the subsidiary 
figures. 

The instrument used was a n  8-inch micrometer, (No. 1316 by Messrs. 
Troughton and Simms). 

EXTRACTS FROM LETTERS 
FROM THE LATE LIEUTENAN'I' H. G.  BELL, R.E. 

"Bandiptcr, B a y  17th 1912.-To-rnorroiv morning early, I start off on my 
" northward way. Eve~.ything is as ready as i t  can bc ; all my loncls are made 
$ 6  up and coolies engagerl. Wc arc going in two parties, each taking about 120 
" coolies. The first pass is open for ponies ; of thc second I have no certain 
" news." 

" May 2lst.-Since leaving Bandipur, I have been through all sorts of 
" trials and tribulations. I got away from Bltndipur iu fine weather, and rode 
I (  up the zig-zag ascent to Tragbal Uungalow, height about 9,000 feet. There 
" was still some snow round the bungalow and in the evening i t  mined. Early 
" in the morning I got everything packed up  and we started off to cross the 
" Tragbal pass, 11,700 feet. It is quito an  easy pass, but it is a bad plaoe t o  

K 



66 RKCOltDS OF THE SURVEY OY INDIA, 1011-la. lvo~. 111, 

.L get esught in a storm. It started to snow just a.; we glt  Over the pass, and 

4' in the helow it was pouring with rtrin. I found the bungnlow in a 

6' only two rooms were habitable ; the otheel and most of the out- , 

6' llouses Itavo been carried away by an avalallche. Luckily i t  cleare.1 up soon 
'6 after we arrived and me were all able to dry ourselves. Next day was fairly 

fine and I \vent down to Gurai valley and then along the Kisllenganga valley 
' I  to Gurais. . There I had to change my ponies for coolies, so the loads had to 

be rearranged." 
From Gurais to Burzil, the marc11 wa3 al)parently slow and troublesome. 

The had not yet settled down to routine and the distribution and 
adjustment of loads was not cffected witllout sollle trouble. 

c 6  We Burzil ahout 3 P.M., the lasl few miles being over the snow, 
4 b  l'hl: hnngalow itself was quite surrounded I)y it. . Once more I had to re- 
g &  arrange the loads and get everything ready for an  early start on the morrow. 

" w e  all got off before 3 a M. and started the ascent of the pass by lantern light. 
a Over tile snow, I toiled along after the coolies and got u p  to the top of the 

pass by 8 A.M. just as i t  began to snow. 'l'he descent to Cllillum is long but 
gradual and we got there by 4 P. M. in  pouring rain and snow. At  Chihum 
I had syain to  change my coolies for ponies, so I paid off the coolies and 

b c  once more made up pony loads. Nes t  morning i t  nras snomiug very hard, so 
" I decided not to r n a ~ z l ~  that day and sent the ponies down the valley to get 
4 c  food and shelter. Next morning i t  mas beautifully fine I ~ u t  the ponies which 
" 1 liatl ortlercd did not turn up. -4 few came in the morning, the rest (lid not 
" come till 4 P.M. So I left my assistant there and same on wit11 what ponies 
" tliere mere. It soon began to snow again and then it got dark. Tho road 
" mas strewn with boulders tllat had lately come rlown the kllud, and some were 
" still falling. However, I went on in practical darkness, running across the 
" bad places to avoid falling rocmks; one only missed me by a few yards. Several 
" of the ponies died of exllosure, clliefly owing to the carelessness of their owners 
" who left thrm i n  the snow without any covering or food. 

" Eventually I reached Godhai bungalow at 9-30 P.M. The majority of 
" the ponies arrived a short time after. 

" I lef t  Godl~ai a t  11 A.N. and got here, (Astor), another 17 miles ularch 
" by 5-30 P.M. 'l'he scenery along this last march is vely grand. I n  one place, 
" the road passes through a deep and narrow rocky gorse a ~ ~ d  from above 
" it one pets a p ~ e p  a t  my old friend Nanga Parhat. To-day I haltod to let 
" my assistants catch me up. They got in in the ~~f ternoon.  The road in 
" front is badly broken, so tllnre is not much ci~ance of gettin:. on 
" just yet. I don't know what haq becomeof the other half of my drtnrhment, 
" which should be two days hehind me. I can't 6nd out as the tc*legrapli line 
" llas been hrokrn for three (lays. The weather has heen awful for tllis time 
" of the year and ha3 quite upset my plans. I hope. to leave here to-morrow or 
" the d:ly aftrr, so I nught tn be in Gilgit beforc the cnd of t-hc lnonth." 

Bell reacl~ed Gilgit on May 28th. Owing to thc recc~nt rain, t,lle heat in 
tile Indus valley was not as great as usual and apparelltly 110 trouhles were met 
with beyond thoee incidental to long marc1lc.s and bad roilds. 

Brtn.l.e? May 28t.b and done 4th, Bell was occupied in organisiug his 
detachment for its work in the Kanjut valley. This was no eag matter and 
eeems to have caused a good deal of worry. On June  4th he wrote, " I t  has been 
" a great difficulty arranging supplies for my whole party and now my men are 
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(6 aU disatisfied and giving me a lo t  of trouble because in a place like tliis, wliere 
( 6  food is scarce, i t  isimpossible to buy a large quantity a t  the usual baemr rate- 
'6 ~t is g~ t t ing  quite hot here. I sllall be glad to get away to a cooler climate." 
~ ~ ' t l i i s  some letter he mentions tllat on the day after his arrival in Gilgit he 
had been in bed with severe stomacllic pains which Ile put down to bad water 
whioll, Ile thought,, he must have drunk sornewllere. 

On June 4th, making an  early start, Bell wit11 one of his assistants 
marched 18 miles to Nomal in the Hunea valley. H e  seems to have been 
vreatlp rrjoiced by the greeuness of this village, well irrigated and cultivated in 
b 

the midst of a barren forbidding country. On the succeeding days, he marcl~ed 
to Chalt, Hindi, and Bnltit, whiclr he reached on the 7th. Of his arrival at 
Bltltit he wrote-" Marched from Hindi to Baltit, the residence of the Mir ot' 
(6 Flunza: quite apleasant ride tllrough a succession of villages. A few miles out 
"we were met by the Mir's younger son. On our arrival, we found a tent 
('pitclled for us in tlle Mir's garden aud presently he, his Wazir and his eldest 

son carne to welcome us." 

On 8th he stayed a t  Baltit, dismissing Itis pony trnnsport and re-arrang- 
ing the loads for coolies. 

On 9th June, " thougll we were up  very early, it \tias 7 A.M. before we 
" got all our loads packed on to  the coolieu and started off, a task made all the 
" more difficult as we had to do every tllin g througll interpreters. The Mir came 

to see us off and we started on foot as tile made road stops here, and there is 
" only a track n illdin 5 up a l ~ d  do\rn the precipicesJ no road for a nervous travel- 
(' ler, :IS it, consists in many places ot' very ku tc l~a  built g:~lleriea l~anging over 
" the  precipices atltl a false 5tep means a fall O F  several hundred feet. This 
6 6 evening n e  campcd in a flat place by the river, tlre village of Atabiid being in 

" the hills almve. 
" l0tll. W c  continuedour marc11 to Gulrnit, the road being rather worse 

" than yesterday and the ltc~at on t l ~ p  llillsidc rather trying. We camped in an 
" orcllartl of apricot trecs and were mucll worrier1 hy flies. 

" 11th. This mornins our departure n as del:~yed somewhat by our havinq 
" to change somt. oP the coolics. ETonrever me only had a s h h t  and easy march 
"to Pasu, :L vill:~ge nrar a big glacier. 

" 12th. T17c left Pasu e:lrly, and had tocross the Batur g1:icier wbich took 
" us about an  11o11r climbing up and dotrtl tlrc lunssrs of dirty blaoli ice, 
" bcstrewn ~ v i t , I ~  all sorts of dCbris. Wr breakfasted on the glacier and continued 
" our march to 1i hniber, anot11t.r small village wllrre \Ire mct the hero of hundred 
" fights, a very cheery old man agc.rl i ~ l ~ o u t  a Ilundrcd. 

" 13th. '1'0-day, we did auotller easy marc.ll, crossing the river by quite a 

"decent hridgr and camped a t  tllr village of Sost. W e  had a bail storm in the 
" nf ternoon and the dust, got blown into evcry tl~iug. Tilt! Mir's brother came 
"to me me in thc afternoou and I had a fairly long talk wit11 him. 

" l4tll. I t  was raining slightly verp early this mornins but soon cleared up 
" and wc stnrted off. Soon we had to ford the river, rather a perilous proceeding. 
" We had two ponies on wl~ich several of us got across but the coolies llad to wade. 
6 c However tl1t.y all got over safely thougli tlley were nearly washed am:ly. Tlie 
"track was very bad along this march ; in placcs it went along steep oliffs with 
" verp little footl~old. I n  the afternoon we rcachod Misgar, the last villago in 
" Britiah territory. 

K 2 
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" 16th. This mor~iing me sent the main camp on to Murkuslli and started 
" to climb a hill t~bove Misgar \vitli just enougli kit  for the two of us for one 

night. W e  got up above the snow line by about 3 P.M., and camped there, 
I n  the evening we both \lad bad headaches and tiid not eat much dinner. 

" 16th. I t  was snowing when we got up but we climbed still higller and 
reachell one peak only to find another skill Ligller iu front of us. The coolies 

" llad got behind. I I~ad  to go back to fetch them. Thus we went on a little 
I' further and came to such steep cliffs that we could not ,vet u p  there with all 

t!~e fresl~ snow ahout, so we qqve i t  up and came back to camp ; packed up aud 
6 L  came dowu to Miqgar. There we got ponies and rode on here, (M~rlcushi), 
" arriving :,bout 5 P.M.; a very strenuous day. W e  were on the move for 12 
" hours wit11 I~arely a rest." 

On 17th. They halted a t  Murkushi to reassemble their kit and to ration 
the  coolies. On the following day, they marcbed to Gul Khwija at the 
foot of the Mintaka pass in a snow storm which, however, stopped in time to 
allow of tents bcing pitched and camp established " in the dry." I n  the after- 
noon Bell went out in the hope of securing an  ibex hend, but without success. 
On lgth ,  the party orosscd the Mintakn pass. " Again the track was very 

bad, and gave no end of trouble. One jalc went over backwards and mag only 
" saved from an untimely end by several of us holding on to his horns till his 
a load was cut  loose. We crossed the blintaka pass i n  a snow storm about 12 
L I noon, leaving Brilish India behind and enter in^ Chinese Turkistan and the 
" 'Roof of the World.' The descent on this side brought us down into a wide 
" open valley covered with green grass where lots of yaks were grazing. We 

followed the valley down a long may till we renclied an  encampment where 
(' we were ushered into a 'yart ', a round dome-shaped wooden framework 
" covered with felt, draped wit11 embroidery inside and carpeted with thick 
" rugs where tea and smclets mere brouqht to us, Tlic Sarakoulis are fine big 
" men, very cheery and rood lookiug. Clotl~ecl in thcir many wadded coats, 
" lony boots and fur  caps they look very picturesque. They certainly are most 
" hospitable. They keep one ' j a r t '  always ready for guests. Some of our 
" kit did not arrive till after dark owing to the dificulties of the road and the 
" bed weather, 

" 20th. We stayed in  camp to-day as i t  was very cold and stormy ; re- 
'' packed our kit and prepared to separate on the morrow. Several headmen 
" came to see me and I had to give them tea and entertain thern." 

On 21st Bell moved towards Beyilc while his assistant, Mr. McInnes, 
turned off torrards the Karchanai pass. The next day Beyik pass was 
reached and thr two Russian trianqulation stations located, the catup being 
established in a small open valley a t  tile foot of the pass. On 23rd, he had 
a stiff climb to the eastern survey point in  a snow storm. By the time he 
had renched the summit, however, the weather had cleared and he  got a 
view aU round. H e  remarked that the Pamirs on the far  side were much 
lower tl~alr those he had crossed and the mountains quite insignificant. 

On 24tb, h e  moved caltip down the nullali Imck to Bcyik, going out i n  the 
afternoon to select his first station. He also wrote a letter, in  Prrnch, to the 
Kussian Survey Officer, whom Ile thought to I)e encarnped a t  Kizil liabat. 
He learnt inter that, though expecte3, this oacer  had not yet arrived. 

On 26th, he moved his camp into a   mall nullah close under his first 
station. 
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He writes on 27th,-" We had more snow last night, but i t  cleared up in 
16 tile morning and I mover1 UP the nullall north of my camp and climbed up a 
i r  long and pitched my small tent in a very damp and cold spot, the only 
ii more or less flat one available. 

11 28th. Up  a t  sun rise; moved f u ~ t h e r  up the nullah and got on tire 
16 r i d ~ e ;  \vent along its kaife-like cdge to a more or less flat place where I 
$1 put up a signal station. A fine sunny day but even then my feet got nearly 
ir frozen mitlr the cold. I stayed up  there some timr ancl theu cslme down to my 
r r  main camp ; a long descent from 17,000 to 12,000 feet. On my arrival, I 
ir found McInnes there. After consultatiotl, we decidcd to give up  the solleme 
rr  of tire I<arclianai passand try to go round by the Kilik." 

On 29th, camp mas moved again up the Beyik nullah towards thewestern 
Russian point. The wentl~er had improved, for Bell remarks that i t  seemed 
lr to have changed for the better a t  last." On July 3rd, he was aqain a t  his 
first station about to commenct: observitrq. On this day he was not in camp 
till 9-30 P.M., for after completing tlre m:trclr, he went out after ovis l~oli., H e  
secured one head hut the stalk had taken him a long way from camp. ( ( B y  
" the time we had cut his head off, it was dark and wr l~ad  a long trek back 

to cam!, ant1 an icy cold stream to cross. However I got there hy 9-30 P.M. 

" hungry ant1 weary h11t elatc~d and w:~s up by 6 next mort~ing." 
011 July 4th, Bell commrnced observing under diKiculties ; a high wind 

was 1)lowing and snow bc~gan to fall, and it mas not till the next day that he 
managed to get wol-k a t  this station finished, moviny down afterwards to his 
main camp. 

On July 6th' we " climbed up the l!usqian west station and found the 
" Russ~an siqnal deep in snow. However wit11 t\vrlve men aud a bucket 
" and pliowrah w e  cleared away 10 fret  of snow all round it and pitched the ob- 
" servatory tent aud made a platform for our tents. I n  the evening i t  started to 

blow and snow. 
" July 7th, I did observations and spenl the rest of my time cooking my 

" food, for when I go up  to thr stations, I can't take my cook as I have only 
" twelve coolies to take up my owu and n:y babu's kit, eto." . 

On tith, he finished \I ork and moved bacli t ~ )  his main camp, going out i n  
the evening after poli agaio but failing to get a shot. 

The next day Bell went over to the ltn~siatr Survey camp, where he mas 
received by the Russian Officers, a Colonel, a Captain and a Lieutenant, 
and entertained in a " ynrt." 

He  wrote-" W e  wcre very merry and they most hospitable. I had to 
" write my namc in their pocktlt books and tlrey in mine. Then we adjourned 
" to pl~otogmph each ot l~er  and retulned for more refreshment. Tllen they 
" escorted me back to the pass ancl me parted the best of friends. 

" So now I l~avc  been i r to  three empires this season and to the most 
" northern point the Survey of India has rrachrd." 

On 10th and Ilt,h, lic prepared thc Russian eastern point to receive his 
observatory tent, finisllcd ob~ervat~ions there and came down to his main 
oamp. On l l t h ,  he wrotc " I a m  very fit and have quite got my mountair, 
" legs and feel full of work." 

From this station, Ucll marched back tomzrds the Mintaka pass, to his 
last oamp at Lup Gaz. 
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PART 1V.-TIDAL OPERATIONS. 

No. 16 PARTY. 

(Tide Index Map 1 0.) 
BY Nu. H. G .  SHAW. 

PEBEONNRL. The personnel of the party was as 
Imperial O f i e r .  shown in  the margin. Two computers Msjor J .  N. Burn, R.E., in obarge till 27tll 

~ c t o ~ i c r  19 11. died during the year under report, 
P~ovinc ia l  Oscers .  otherwise the health of the members of 

Mr. H.  G. Shaw, in oharge from 28th Oatober 
1911. the party was good. 

Ur. S ~ c d  Zille tlasnain. The recording of the tidal curves by 
Lolcer  Suberdinats Service. self-registering tide-gauges was continued 

1 Clerk. 
16 Cornputen. during the  past sear a t  the following 

2 Artificers. 
2 Tidal Observatory clerks. ports :- 

Aden, Hariichi, Apollo Bsndar ; Bombay), Prince's Dock (Bombay ), 
Madras, Kidderpore, Rangoon, Moulmein and Port Blair. 

The work was carried out under the directmion of this department, but the 
immediate control of t.he tidal observatories rested with the Port Officers 
concerned. 

I n  addition to the automatic tidal registrations a t  the above ports, readings 
of high and lorn water were undertaken during daylight on tide-poles at 
Bhiivnnpr and Akyab, with the object of checking the predicted times and 
heights. Till the end of the year 1910 similar readings were also taken at 
Chit,tagong ; but they were discontinuecl from 1st J annary 1911, and in their 
place tlie Port O5cer of Chittagong supplied to this offirediagrams recorded by 
a small selE-registering river gauge. These diagrams, however, could not serve 
t,he purpose of checking the predicted times and heights a t  Chittagong, as 
re:~dings obtained from them mere not satisfactory, chiefly owing to the vrry 
small scale on which the tidal curves mere registered. 

The followinr is a complete list of the ports a t  which tidal observations 
have 1)een carried out from tlie commencement of tidal operations in 1574 up 
to tlie p r e s e ~ t  time. The stations shown in italics are permanent, tlie others 
being minor stations where tidal observatories we1.e closed on the completion of 
the req~usite registrations :- 

I Dnte of ' 
, Automatic , commenae- 

Statioo.. I or prraunnl 1 ment of BEMAEKE. 
obac,natione. observai- 

tione. 1 

2 P&m . . . ; Ditto . 1 1698 1902 I 5 1 
I 

I 

5 Boshire . . 1 Ditto . 189% I inol 8 j 

1 Bsosb l  . . I 

I 1 1)itto . ' 1874 1 1876 I 1 

I i I 

Tide-Tehles not puh- 
lished. 
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&rid Stations. 
No. 1 

1 -  
8 l XavBnnr . . 
9 / Okba Point . . 

108 Porbandar . . 
11 Fort Albert Victor . 

(Knl hiawir). 
11A , Port Albert Victor 

(Kathi;~w&r). 
Bhivnagnr . . 

I Date of 
Antomatio I oommenc,e- 
or pereonal ment of 

obsemtionm. o t y n c  
I t1oos. 

13 

14 

15 

16 

Automatic . 187 C 

Bombay (Apollo 
Bandar). 

Bombay (Prince's 
I Dock]. 

&lamugPo (Goa) . 
K&rm&r . . . 

Ditto . 

Personal , 

Automatic . 

I 
17 ' Begpore . . 
1 ~ ' C o c h i n  . . . 

Ditto . I ,889 
I 

19 

Ditto . 
Ditto . 
1)itto 

Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto 

Ditto , 

Ditto , 

Tuticoiin . . . 

I 
Date of 

olosing of 
observations. 

20 I Minicoy . . . 
21 Galle . . . 
2 2  , Colombo . . 
' 8  Trincomalee . . 

I 

24 / Piirnba~~ Pass . . 

1 Number 
I of ears 
I of oEaerv- 

1878 Still wolking 1 34 

1889 DittG, 1 24 
I 

18x4 , 1889 I 5 
I 

1h78 I 1083 / 5 

lHi8 I 1884 / G 
I 

1886 ; 189'2 ' 6 1  
I 

1888 
I 

I 
1893 / 5 

1891 1 1896 5 1 
1684 1 1890 1 6 / I 
1884 1 1890 , 

I 

1890 ' 1896 
I 

1 
G 1 

1878 I 1888 1 4 

' Tidc-Tablom mt pub- 
lished. 

Ycrr 1904-06 is ex- 
cluded. 

I I I I 
Negep~tnm . ])itto . 1881 1868 5 / Y a r n  1883, 1884, 1885 

I are excluded. 
Madras I 1680 i 

I ' ' Re-darted 
1896 , Still wo~king  

I 
Cocaniida . . Ditto . 1886 1891 

1 

Vlzngal~atam . D ~ t t o  1879 1685 6 I 
False Point . I Ilitt3 . 1881 ' 1885 i I 

30 1 Ihb l s t  (Siigar Island) 
I 

31 Diamond Hsrbour . 
32 Kidderpore . . 
33 I Chittagong . . 

Uitto . 1881 1886 1 5 1 
I 

Ditto . 1881 1888 1 5  
I 

Ditto . 1881 ( Still r o A i u g  : 31 ! 

Ditto . 1886 lS9i  5 

34 Akynb . . Ditto . 1887 1892 5 

36 I Diamond Island . iiitto , 1P95 1899 6 

36 1 Bassein (Burma) . Ditto 1!402 15103 1 2 

37 Elephant Point . Ditto . 1880 ' 
Re-started 1 5 Year 1880-81 la ax- 

1 h94 1888 oluded. 

38 Ron-yoon . . Ditto , 1880 Still working 32 

Amherst . . Ditto , 1880 1886 j 6 1 
I 

I 
40 Moulmetn . , Ditlo . 1880 ' 1886 1 

Rr-~tnrted 
1909 1 Still working 1 

! Mergui . . . Ditto 1889 I 11394 6 ) 
I i 

42 I Port Blob . . Ditto . , 1880 1 S t i l l w o r n  32 1 
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Tllo tidal observatories a t  Port Blair, Rangoon, Moulmein, Kidderpore 
and Madras were inspected by Mr. H. G. Shaw, and those at Apollo Bandar 
(Ijombay), Princes' Dock (Bombay), b'aritchi and Adell by Mr. Syed Zille 
Hasnain. Tile tide-qauges and other instrui~lcnts a t  all the observatories were 

thorougllly overhauled, cleaner1 and put in perfect working order. The re. 
lahive levels of the bed-plates of the tide-gauges mere also tested with the bench- 
marks of reference. 

7 T o ~ ~ ~ ~ ~  OF THE OBSERVATORIES. 
The following account gives details of the ~vorl<ing of the several observa. 

torics :- 
Adell.-The tide-gau~e at this observatory has worked well during tile 

past year. There mere a few minor interruptions in the tidal registrations 
owing to the stoppage of the driving clock. 

Earcicl1i.-The tide-gauge and auxiliary instruments have worked un- 
interruptedly during the year uncler report. At the time of the inspection 
of this observatory a good deal of mud was found to have accumulated on 
the outside of the bottom of the cylinder and the communication hole was 
partly blocked. 

The inspecting officer had the mud thoroughly cleared with the assistance 
of a diver, and free communicatioll between the sea and the cylinder was 
restored. 

Apollo Bcc?zdctr (Bonlbay).-The tide-gauge has worlted well throughout 
the year. There have been no breaks in the tidal registrations. 

Prince's Dock (Bornbuy).-There have becn several minor interruptions 
in the working of the tide-gause at  this observatory, the cause being either 
the stoppage of the driving clock or the breaking of the pencil mire. 

The latter has always been found to be a frequent source of trouble with 
this tide-gauge. 

Xadras.-'l'here have been no interruptions in the registration of the 
tide at this observatory (luring the past year. Tire new sluice fixed in the 
well last year was found to  be in perfect working order a t  the time of the 
inspection of this observatory. A little water was discovered to have found 
its way into the float, which was thoroughly repaired and put in good order 
again. 

Kidderpojle.-The tidal registrations a t  . this observatory have becn 
carried out without a break during the past year. This being a riverain 
port t!iere is a great tendency for mud to collect round the bottom of tile 
cylinder frequently. But arrangements have been made by the Deputy 
Conservator of the port to \rave the necessaary hedging carried out at  short 
intervals and thus to maillbin free communication brtween the river and 
cylinder. 

Rangoon.-With the exception of a few minor interruptions in the 
registrations, the tide-gauge and tlie auxiliary instruments have worked well 
througliout the year. 

Mozc1mein.-The tide-gauge at this observatory worked well during the 
past year ; there was a break in the registrations of over eleven days' duration 
in August 1912. The driving clock stopped early in the morning of 4th 
August and could not be repaired and restarted before the afternoon of the 
6th idem. 
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Whell tidal observations were taken at Moulmein between the yeare 
1880-86, it appeared that the configuration of the land had a remarkable effect 
on thc tides. 

It was found that at the wharf wherc observations were taken, the water, 
a l t l l~~gh  rising higher at spring tides than at neaps, fell lower at  neaps than 
at springs. The ahove peculiaiity of the tides at Moulmein is still noticeable, 
as shown from the tidal registrations taken ,since the observatory was re-started 
in 1909. The new observatory stands practically on the site of the old one. 

Port Bla.ir.-The tide gauge and the auxiliary instruments at thie 
observat~l.y have worked well throughout the year. There have becn no 
breaks in their registrations. 

All the computations pertaining to the season's work have been com- 
pleted and there are no arrears. The tidal observations for the year 1.9.Ll 
have been reduced by harmonic analysis and the tabulated values of the tidal 
constants thus determined are herewith al~pended. 
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TIDAL CONSTANTS. 

The following tables give the nmplitudes (R) and t h e  epochs ( l)  deduced 
from the 1911 observations at  the various stations ; they also give the values of 
H and K which are connected with R and 5 in  such a way, through the various 
a~tronomical quantities involved in the positions of the sun and moon, that if 
the tidal observations mere consiste~lt from year to year, H and K would come 
out the same from each year's reductions :- 

ADES, 1911. 

Short Period Tides. 

A, - 6'768 feet. 

K  

296O.90 

8O.86 

330°.73 

344P.98 

1 2b0'P% 

= 
K = ( = 
H =R = 
K = ( = 

H =R = 
K = 3 = 

H = R = 
' 0 1  K = 3 = 

-175 
ll8O.61 

.151 
51°.12 

.051 
20U0,96 

.041 
226O.84 

I-I 

-09:3 

-047 

-012 

,378 

-125 

Lunar Monthly Tide . 

,, Fortnightly , , 
Lnni-Solar ,, 11 

( J o l ~ ~ A n n i ~ s l  I I  

-097 
180°'36 

.676 
244O.97 

'007 
272O.56 

0 0  
225O.00 

- 

K = .003 

I-I = '004 
K = 21°.90 K = 

H = R  = 4 0 0  R = .771 -403 R = ,012 
K = < = 206O.67 3 = 100°.S3 

K = 125O.43 

R = '094 R =  1.435 R = ,078 
< = 210°.01 < = 322O.37 

H = 1.313 I-I= ... H = .OSO 
K = 51°.16 K = 35°a20 K =  ... K = 198O.53 

R = 
3 T 

H = 
r = 

R = 
3 = 

= 
K = 

R = 1.518 R = -237 R = -027 
3 = 251°.73 < =  4gn. l2  ( = 16O.12 

H = .028 
K  = 237O.99 K = 197O.82 

R =  .425 

K = 18G0.62 

R =  a139 R = ... 
< = 329O.11 
I-I = ,122 

K = l  S47O.28 K = 22O.01 
~ 

,, Semi-Annual ,, '124 j P8L0-13 

I -- - - - - - - - 

I 
,030 1 66O.28 

% 

,077 
, 2(g021 

a077 
25U0*79 

.065 

.012 

.37S 

R = .011 
3 = 178O.39 

K = 153O.79 

,001 
102O-5.7 

0 0 1  
4O.11 

R = -013 

("gN)c 

R = ,015 

, H = '014 

157"7l 

306O.13 

65O.06 

R = 
3 = 

L9 { H = 
K = 

( K = 

R = 
(2M2K,)8 ?, = 

H = 

( K  = 

23S0.90 

.007 
207O.65 

.007 
333O.26 
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Kanic~r ,  191 i . 

SAort Period Tides. 

A, = 7.223 feet. 

Long Period l'idcs. 

I R 

.029 Lunar Montl~ly Tide 

,, Fortnightly ,, -031 

Luni-Solar ,, 1 1  .003 

I 

L 2 

t a :  K 
I 
i 

121°m04 
I 1 0 1 1  3i9°.81 

Solar-Annual L I 

,, Semi-Anniial ,, 

179O.49 

120°.12 

1 6,30a82 

6O.99 

.I 12 

'06s 

-023 1 28°.01 

.OG3 

.I12 

-06s 

143O.23 - 

83O.66 

235O.66 
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Boar BAY (A~or.to BANDAH), 1911. 

Short  P e r i o d  'I'idcr. 

- 
A,=10'1!30 feet. 

f,ot/g P e r i o d  Tirlex. 

Lunar Monthly Tide . .035 1 
I 

,, Fortnightly ,, .084 

Lnni-Solar ,, .OIS I 
Solar-Annual 9 . I .I 57 

1 
I ,, Semi-Annrml ,, I 

I .I 5 3  

I 
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- 

A, = 8'198 feet. 

Long Pariod Tinlea. 

Lunar Monthly Tide 

,, Fortnightly ,, m 

Luni-Solar ,, 91 

Solar-Annaal J J  

,, Semi-A.nnuel ,, 

i 

R 

*0:33 

.043 

,029 

'165 

,144 

1 

63O.63 

1111°'84 

337O.99 

357O.15 

libD*60 

- 

" 1-2- 
4 8 7  

,031 

.030 

* I 6 5  

292O.13 

3 0 O . 1 1 6  

OO.71 

27UO.97 

.144 i 214,U.24 
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Short Period Tides. 

A,=0.396 feet. 

Long Period I'idea. 

K 

- 

67O.90 

36O.03 

274O.42 

200°.37 

165".66 

Lunar hlouthlp Tide 

,, Fortnightly ,, 

Lnui-Solar ,, I 

Solar-Annual )I 

,. Semi-Annual ,, 

- 

R t; 

-057 199O.56 

~ ~ 7 4  1 18a0.46 

-026 1 252O.21 
I 

,382 280°.58 

i 
-306 32C0.06 

I 

H 

.064# 

-054 

-027 

.382 

-306 
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Short Period Tidea. 

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

A, = 10.781 feet. 

L o ~ L ~  Period Irides. 

Lunar Monthly Tide . 

,, Fortnightly ,, 

Lilni-Solar ,, I ,  

Solar-A nnual I I 

,, Semi-Annual ,, 

R 

.2S3 

,332 

-913 

2.753 

'765 

< H l r  

9O.30 

4,7'.51 

4-k0.21 

152".80 

Y51°892 

1 

I 

141°~%G ,I ,316 

I 
199O.51 ' . P I P  

22' 54 

233'02 

15P0 .37  

'94'0 

2.7S3 

'765 
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Short Period Tides. 

?L0=10.3JA feet. 

Long Period Tides. 

Lunar IIontblp Tide , 

. Fortnightly ,, 

Luni-Solar ,, 9 1  

Bolar-Annual I t  

,, Semi-Annual ,, 
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MOUL~ILIX, 1911. 

Short Period Tides.  

A, = 8.589 feet. 

Long Period Tides. 

Lunar Rionthly 

,, Fortnightly ,, .397 

Lu~ii-Solar ,, ) I  1 . I  !)I 

1!1,4O.!)~~ ' -28:) 

1.227  
I 
I 

42O.23 

-1,1O.s5 



RECORDS OF THE SURVEY OF INDIA, 1911-18. [VOL. 111. 

PORT BLIIIL, 19 11. 

Short Period 7'ifle.q. 

A,= 4.805 fect. 
.- 

I I 
-- 

Long Period Tides. 

' R I 

Lunar IIonthly Tidc 

,, Fortnightly ,, 

K 

21'82 

1SC'39 

314"'36 

1 6 I C ' 7 5  

102"'86 

5 

lh3O.94 

165O.74 

292'.95 

221'438 

353O.33 

- 

.05Y 

.OYO 

H 
. - 

.065 

.058 

4 1 5  

2G7 

-1 74 

Lnni-Solar ,, I I  . -1111 

Solar-Annual I )  . 1 -267 

,, Semi-Annual ,, 
i 

. - 1  -174 

I 
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DATA FORWAI~DED TO ENGLAND. 

The following data mere supplied to the Director, National Physical 
Laboratory, Teddington, England :- 

(a)  Values of the tidal constants for 40 ports for the tide tables for 
1915, ready for use for tllc tide PI-edicting machine. 

(b) Actual values during 1910 of every high and low water measured 
in duplicate from the tidal diagrams a t  9 stations, and of tide- 
pole observations taken during daylight a t  3 stations. 

( c )  Comparisons of tlie above with predicted values for 1910, theo errors 
being tab~lat~ed in such form as  to be of use in  improving the 
predictions. 

The percentage and the amount of errors in the predicted times and 
height,s of high and low water for the year 1911, as given in tlie tide t,ables, 
have been determined by comparison with the actual values obtained from 
tidal registrations at the 9 stations now working, and from tide-pole readings 
at two other stations, where regular tidal resistrations have been stopped. 
The errors are tabulated in  the five tables herewith appended. 

Statement showing th,e pevcentage and the amount of the elvw-s in  the predicted 
times of high zoater at the various Tidal Statiolze.fot the year 1911. 

Stations. 

Aden . . .  

Apollo Bentlnr . 
Bombay 

Prince's Dock . 

Kidderpore . . . 

Akyeb . . . 

Rloulmein . . , 

Pnrt Blair . . , 

i Number 
Automatic of Errors 

or 'compsriuons of 
Tide-pole betweou 5 ~ninntes 
ob8sris- r t ~ ~ n l a n d  I and 

Auto. ( 7 0 4  1 40 

Auto. 692 / 41 I I 

T. P.  

Auto. 

Auto. 706  ' 33 

07 

Auto. 1 705 ' 30 

I 
I 

Auto. / 6!)5 24 

j 706 , II 

365 

705 

5 0  

40 

Par cent. Per  cent. Per cent. Per cent. i l l  

Errors over 
5 minntea 

nnd 
nnder 

15 minntem. 

Errore over Errors over 
15 minotee I YO minutem 

and 1 end 
under nnder 

20 minutee. 30 minntea. 

I 

Error. 
over 

30 minutes. 
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Slotement showitag the percentage and the ccrnotclat of the el-rovs in the p,*edicted 
times of low zoater at  the vnl*iotcs Ticla1 Stations for the yeav 1911. 

Staternend showiug the percentage c6lld the aurounl of the ej1rors ifi the pvedicted 
heights of high water at the vurious Tidal Stations fov the year 1911. 

Stetions. 

Aden . . . . 
Karnchi . . . 
Bhnvoagar . . . 

Apollo Bandm . 
Bombay 

Prince's Dook . 
M n a m  . . . 
Kidderpore . . . 
Akyab . , . 
Rangoon . . 
Moulmein . . . 
Port Bhir . . . 

Automatio 
or 

Ttde-pole 
observa- 

tions. 

Auto. 

Auto. 

T.P. 

Auto. 

Auto. 

A U ~ O .  

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Nnmber 
of 

oompnriaone 
between 

ectual and 

Errore 
over 12 
inches. 

----. 

Per oent. 

0 

0 

0 

0 

0 

0 

10 

1 

8 

2'a 

0 

I 

or 
1 Antometic 

Ststions. I Tide-pole 
I obnerva- 
I tions. 
I 

I 

I--._ 
I 

Aden . . . 
Kariccbi . . . 
Bhivnager . . 

Apollo Bandar . I Auto. 
Bombay ! 

Prince's Dock . i Auto. 
I 

3ladras .  . . . I  Auto. 

Kidderpore . . . 1 Auto. 

i 

Errors over 
20 minutes 

and 
nuder 

30 minutes. 

1 

Errors Errors over 
of 5 minntes 

5 mlnntes and 
and nuder 

E~~~ 
over 

30 minutes. 

Nnmber 

cornpansons j range 
of Mean 

4 iltchrs 8 inohes 
bn twrn  inches and &t 

actual and spnngu, and under 8 nuder 12 
predicted in feet. under  i n c e  inohes. 
velnes. 

Erroreover 
15 minutes 

and 
under 

predloted nnder. 15 minntes. 
vdues. 

1 

I Per  cent. Pe r  cent. 

669 , 44 40 

' 
706 , 36 I 46 

365 I 69 31  

706 38 46 

681 41 ' 41 

w I 44 Og4 

23 36 

363 98 I 2 

669 

704 

366 

705 

686 

692 

706 
i 

20 minntes. 

706 

696 

705 

Akyab . . . T. P. j 366 

Per cent. 

3 

3 

0 

3 

3 

2 

13 

0 

14 

30 

1 

Per  cent. I'er cent. 

8 i 8 

24 1 31  

13 1 27 

42 1 46 

6.7 

0'3 

31.4 

13.9 

13'9 

3'5 

11'7 

8.3 

16% 

12.7 

6.6 

h n g o o n  . . . 
Uoulmein . . . 
Port  Blak . . . 

0 

8 

11 

6 

12 

0 

12 

12 

Auto. 705 

Auto. , 696 

Auto. 705 

0 

6 

4 

4 

17 

0 

19 

18 

--- 
Per  cent. 

0 

2 

4 

4 

4 

0 

13 

2 

14 

20 

0 

Per  cent. 

93 

76 

68 

77 

69 

81  

41 

8.5 

63 

30 

93 

-~ 

Per cent. 

7 

22 

28 

18 

27 

19 

27 

12 

26 

28 

7 
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s/atememt showing the percentage and the amoulat o f  the cr-,.ore it, the pvedhted 
heights of low water at the va?*ioua Tidal Statiolzs, f o ~  the year 2.91 1 .  

Table of average errors in the predicled times and heights of high agzd low 
water at  the several Tidal Stations for the year 191 I .  

Ststions. 

Antomdic 
or 

Tide-pole 
o b s e m -  

tions. 

Stations. 

- ~- - - - 

Opcfi coast. 

Aden . 
Karichi . . . 
B h i t ~ n a ~ a r  . , . 

1 Apollo Bandar . 
Ilombay 

Prince's Dock . 
Nndras . . . . 
Akyab , . . 
PortBlair . . , 

General Mean . 

Rivernigt. 

Kidderpore . . . 
Rangoon . . , 

hlodrnein . . . 

General Mcnn . 

Aden . . . . 
. . . . 

BhRvnagar . 
Apollo Bandar 

Bombay 
Prince's Dock . 

Medran . . . . 
Kidderpore . . . 
Akyab . . . . 
Rangoon . . . 
Moulmein . . . 
Port Blair . . 

Errora 
over 12 
inch-. 

Number I 

AVERAGE ENRORS.  
-- 

Automatic 
or tide- 
pole 

observn- 
tione 

- ~ ~ -  -- 

Auto. 

Of time in 

Errors ovcr Error8 over 
4 inches 8 mohes 

Mean range 
a t  springs, 

in feet. 

- 

C.7 

1 

Of height in terms i Of l~eight in 

I 

Errors 
of 4 

o f  I Yean 

.7 

9.3 

31.4 

13'9 

13 9 

3.6 

11.7 

8.3 

16'4 

12'7 

6 6  

comparluons 

- 

Auto. 

Auto. 

T. P. 

minutes. of the rangc. , inchea 

I 
9.3 

A'1t0' 31.4 

i n c h e ~  m d  and 
and I nuder8 nuder 12 

under. incllee. iuohea 

m g e  
between 

mtnal and 
predicted 

669 

705 

305 67 

76 

73 

1 -  - 

Per cent. Per cent. 

9.3 0 0 

T. P. 

Auto. 

Auto. 

Auto. 

T. P. 

Auto. 
-- - 

... 

?t 
apnnpa, 
in feet. 

8 1 17 2 

I . W  

2 

3 

4 

3 

3 

3 

2 

a 
... 

A . W .  

P 

9 

4 

9 

11 

9 

0 

9 - 
7 

13'9 

13.9 

3'5 

8.3 

6.6 

,.. 

0 

30 / 3 

21 3 
I 

24 3 

Auto. 1 705 

Auto. 681 

0 

0 

0 

Auto. 

Auto. 

T . P .  

Auto. 

Auto. 

Auto. 

- I-- 

- - -  ~ ~~- 

I . . W .  H . W . L . \ ; . / H . W .  

I-- 
Auto. 11.7 

0 

15 

0 

19 

18 

0 

694 

705 

363 

705 

696 

705 

86 ' 16 ' I 0 

47 1 26 12 

11 1 

32 1 28 a 1 

-J- 

 to. 

Auto. 

- . . 

. . , 

37 

98 

i- 

9 

l o  

6 

9 

9 

8 

0 

8 

7 

16.4 

12.7 

. _ 
. . . 

27 18 

( ,026 

,027 
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The foregoi~lg statements for the year 1911 may be thus summarised :- 

Pel-centage of time pvedictions vc;ith,in 15 minutes of actuals. 

Pel-centage of height pvedictions zvithin 8 inches of actuals. 

I 
' High 1 Low I water. rater. 
I i 

-- 

LOW 
water. 

--- _ 

Per oent. 

84 

100 

5 1 

/ High 
Water. 

Per cent. 

6 at  ~vhich predictions mere tested by S. R .  tide gauge 
Open coast, 

i Per cent. Per ~ " t .  
I i 

st,ations. 

I )  tide pole . 

Rirerain 3 .) f p  I J  S. R. tide gauge . 
stations. 

6 a t  which predictiotls mere tested by S. R. tide gauge . 
Open coast 

stations. i ,, P P  9 I tide pole . . 07 98 
I 

100 

6 5 

Riverain 3 I I ,. . I S. R. tide gauge . 6S i 66 
stat,ions. I I 
Percentage o f  Iheight prredictio~ts within one-tenth o f  mean rarqge at springs. 

I 

I Fer cent. I Per cent. 

TIDE TABLES. 

The ide tables for the year 1913 have 1)ecn receivcd from Englanil 
and distrib~t~ecl to t,hc various o5ce1-s concerned. 

The tide tables for the year 1914 are nomr being publishecl in  England, and 
the data for tllc preparation of the tide tahles for 1916 wcre clespatched from 
this office to Enpland in 3Iarch 1912. 

The amount rcalized on the sale of the tide tahles during the ycar ending 
September 1912 is Its. 2,097-4-6. 

9 8 

100 

6 a t  which pred ic t io~)~  mere tested by S. R. tide gauge . 
Open coast 

stations. 
C 2  ) I  P I  , I  tide pole . , 

I{ irerain 3 I)  p J  9 I S R. t i e  a . 
stat,ions. 

97 

100 

90 1 90 

I 
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COMPARISON OF THE PREDICTIONS A'P RIVERUN STATIONB. 

~ h c  for the riverain stations for the year 1911 were compmd 
those for the previous year and the results are briefly summari~ed as fol- 

lows :- 
The predictions for 1911 a t  Kidderpore are on the whole better for 

high and low water times and heights. 
At Rangoon and Moulmein, respectively, the predictions for times and 

heights are about the same for high water, but slightsly worrre 
for low water. 

'Che greatest difference between the actual and predicted height8 of low 
vatcr for 1911 was as follows :- 

Kidderpore . 3' (i" on 25th September 1911, mtuals being highor. 
Rangoon . . 2' 9" on 23rd November 1911, actual6 being lower. 
hloul mein . 3' 2" on 2 bth July 1911, actual0 being highel*. 
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PART V.-LEVELLING. 
No. 17 PARTY. 

( Vide Index Map 10.) 

BY LIEUTENANT-COLONEL G. P. LENOX-CONYNOPAY, R.E. 

During the past year three Detachments were engaged on levelling opera- 
tions, their strength being as follo~vs : - 

No. 1 DETACHMENT. 
- 

Lieutenant-Cdonel G. P. Lenor-Conyngham, 1 s t  Leveller Mr. D. H. Luxa. 
R.E., in charge up to March 2c)th, 3912. 

Lieutenant K. h. Cmdew, R.E., in charge from 2nd ,, Mr. Jiyn L B ~ .  
June Jth, 1912, to  September l l t h ,  1912. Extra ,, M r .  K .  K. Dss. 

Captain V. R. Cotter, I.A., ill charge from Sep- 
tember 12th, 1912. 4 Recorders. 

Provinciirl 0flce1-s. 

Mr. Syed Z i l l ~  Hasnnin, in chsrge from March 
2lnt to June 3rd, 1915. 

Mr. U. H .  Lura. 
Mr. 0. N. Pushong. 
JIr. T. F. KitcLen. 
Mr. A. M. Talsti. 
Mr. 0. D. Jackson. 
Mr. Jiya L d .  
Mr. N. Cl~uckerbutty. 

Upper Svbor.dir~nle Setwice. 
Mr. Iiarfina Pamar Dam. 

Lou,er Stibordinnte Seri,irr. 
10 Hecordere. 

No. 2 DETACHMENT. 
I s t  Leveller Mr. 0. N. Pushoug. 
2nd Levellers Mr. T. F. Kitchen and 

Mr. N. Chuckerbutt!. 
3 Recorders. 

So. 3 DETACHMENT. 

1 s t  Leveller Mr. A .  M. Taliti. 
2nd ,, Mr. 0. D. Jackson. 
3 Recorders. 

No. 1 LEVELLING DEL~ACHMENT. 

'I'he following programme of work was allotted to the detachment :- 
(1) Check-levelling the line Khush5b-Shahpur. 
( 2 )  Continuing the line Khushiib-Sl~abpur along the high road to Sar- 

godha, thence nlong the railway line as far as Mithalalc railway 
station, and then nlong the  main road vid Pindi Bhattian, 
Bhang,ih Dogran, Shekllupura and Shahdara to Lahore. 

(3) Levelling from Sargodha along the railway line as far as Makbdum- 
pur-Pahorzn railway station wid J hang and Shorkot Road railway 

. stations and thence along the main road to Multjn vid Kabirwala 
and Riidipur Itau. 

(4) Lcrelling at Delhi iu conuectioll with the selection of a site for the 
new capital. 

No. 2 LEVELLING DJJT~~CHJIENT. 

Thc following programmc of work mas allottcd to the detachment :- 
(1) Levelling fro111 Dumpep gin" Iiarimganj and Akhaura to Comilla. 
(2) Levelling from Kari~nganj to Silclinr. 
(3) Ler-cllin;. fro111 Alihnurn to Br:~llmanharia. 

The folloning prograliirne of work was allot,led to the detaclitrient : - 
(1) Leielling fro111 AIin11u to Snlin by road, with branch li~lcs a1011g tile 

banhs of the Salin Chouug. 
13) Levelling from Promc to  1:augooll along t l ~ e  lrran-addy 

Myanaung. Hcnzida and JZaubin. 
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The Line Shcihp2c~-Lahore.-This line was levelled by No. 1 Detacllment. 
1t closes the cirouit Shiihpur-Lahore-Rawalpindi-Khushib-shahPur, all the 
lines of which have been levelled within the last 6 or 7 years. The length of 
the circuit is 447 miles and the closing error 0.142 of a foot as shown below :- 

In  deriving the above circuit error the differences in  height between 
Riwalpindi- K hushab, Kliushfib-Sh5hpur and Shahpur- Lahore have been de- 
rived from values shown in the line-forms of these lines, while for that 
between Lahore and Riiwalpindi the orthometric difference as shown in 
G. T. 8. Volume XIX B, has born used. 

The Line Snrgodha-Multdl~. -The line from Sargodha to Multan would 
have closed two circuits, but before this line closed at Multan the detachment 
was ordered by wire to proceed inmediately to Dellii in order to carry on the 
levelling that was required tliere iu collnection with the seleotion of a site for 
the new capital. The closing of the Sargodha-Multiin Line has therefore been 
postponed till next season. 

Levellin!, at Delhi.-The levelling at Delhi was carried out in compliance 
with instructions conveyed in letter No. 1720, dated 8th March 1912, from the 
survcyor Gencral of India to the Superintendent of the Trigonometrical 

N 

Lines. 

G. T. S. 
From x A t  Lahore Railway 

B. M. Station 
1 

I To Standard Bench Mark a t  
R~walpindi .  

From Standard Blench Mark a t  
R~walp iud i  

G. T. S. 
To 0 A t  K h u s h ~ b  Railway 

B. M. Station. J 

G .  T. S. 
From 0 At  Khusbib Railway 

7 
B. M. Station I G. T. S. 

To o A t  Sbihpur Dik 
B. M. Bungalow. 

G .  T. S. 
From o At Shihpur Dilr 

B. M. Bungalow 1 
1 G. T. S. 

To x A t  Lahore Railway 
B. M. Station. J 

Distance 
ln 

miles. 

180.2 

126.0 

9*8 

190.7 

- 

446.7 

Obaerved difference 
of elevetion 

in feet. 

+ 983.708 

- 1,074.659 

- 16.655 

+ 107'748 . 

+ 0,142 

Sea~ona. 

1905-06 

1910-11 

1910-11 

1911-12 

... 
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Survey. The principal object of this levelling was to fix as many heights as 
possible over the ground in the vicinity of Delhi, which was being surveyed in 
oonnection with the work for the new capital, in  order to facilitate the 

EXTEA PBRSONSBI. AT DELHI. contouring of the ground at vertical 

LerveZlcrs. interv:lls of 5 feet. NO. 1 Detachment 
Mr. Keriinr Kiimsr URS. was strengthened by the addition of two 
Mnnrhi Nhbidnd Kbnn. 

more levellars, 4 plane-tablers, 1 recorder 
Plarre-lnllers.  

Nr. Ram Singh, I{ni Snhib. and 20 menials as shown in the margin, 
Mr. J u.4 Ijihnri Lnl 
Babu Kunj Bel~nri Lsl.  The work was carried out under the 
Soldier S~~r\vcyor Chnn:ln Khan. personal supervision and direction of Mr. 
1 reconler a1111 20 meni:~ls. 5yed Zille Hasnain, O5cer in charge 

No. 17 Party, but the actua,l charge of the detachment remained in the hands 
of Mr. D. H. Luxn. 

Jlr. T. IL. J. \Yard, C.L.E., M.V.O., the Superintending Engiueer, on 
special duty at  Delhi, and Lieutenant A. A. Chasc, R.E., O5cer in charge of 
the Delhi Survey Detachment, were consulted regartling the scope of the 
levelling required and the best method of carrying i t  out. The following 
mas the plan of operations adopted :- 

(i) As the contoured maps of the country around Delhi were required 
very , urgently and within the shortest possible time, double 
levelling was abandoned and single levelling resorted to. 

( i i )  ;\lain circuits of levels were run over the principal roads and cart- 
tracks dividing the area into suitable blocks, fixing permanent 
bench-marks at distances of about 4 a mile apart. 

(iii) After closing the main circuits, cross lines of levels were run in 
such a manner that the whole area was covered with spirit- 
levelled heights at  about 600 feet apart, the positions of these 
heigl~t~s whether on permanent bench-marks or pegs were plotted 
011 the four-inch map by the plane-tablcr attached to each 
leveller, as soon as the heights of the points had been determined. 

I n  conformitr with the dlove plan, levelling was commenced over the 
ground immediately to the south and south-west of Dell~i, as this area mas 
considered most ir~lportnnt and the contoured maps of it were required first. 
Sul~sequent~ly levelling mas extended in a,ll directions and mas carried out 
wl~ererer spirit-levelled heights were required by the Dellli Survey Detachment 
for purposes of contouring ; or by the Superintending Engineer, for the special 
requirements of the new capital. 

The total outturn at Delhi amounted to 233 miles of single levelling in 
the cotuse of which the heights of 00 permanent bench-marks, 33 canal bench- 
marks and 1,852 tem1)ornry points were determined. I n  the last group were 
included 240 points on the tops or upper surfaces of water gauges, 
mile and furlong stones, bridges, wells and floors or pavements ; 12 high flood 
level marks ; 31 water level pegs along the west bank of the Jumna River, 
extending over a length of 1 2  miles ; and 1,670 pegs. 

The work a t  Delhi was commenced on the 29th March and completed on 
the 14th May 1912. 

The Lvelling at Delhi has served a very useful purpose in linking 
togetller the heights of the 3 canal systems, uiz. :- (i) Western Jumna 
Canal, (ii) Eastern Jumna Canal and (iii, the Agra Canal. A number of 
bench-marks of all the thrce system were connected by levelling and the mean 



differences between the Great Trigonometrical Survey and the Canal heights 
were found as follows :- 

Western Jumna Canal . . 2-19 feet. 
Eastern Jurnna Canal . . 1.45 ,, 
dgra Canal . 1.27 ,, 

The Canal heights in every case were higher than the G .  T. Survey 

heights. 
~ l t h o u g h  the levelling done a t  Delhi was single levelling, yet the principal 

ordinarily observed i n  levelling of precision were adhered to. The 
departures from the astahlifihed practice were that the staves were not guyed, 
and that the same staff was not always placed on every point connected ; before 
starting work, however, care was taken that every leveller used a pair of staves 
with practically accordant zeros. The work was divided into a series of circuits 
and sub-circuits and was so arranged t l ~ a t  each section commenced from and 
closed on a point whose height had been previously determined, so that i t  was 
impossible for any gross error to  creep into the work \vithout being detected. 

Traces showing all the levelling done by tlle detachment a t  Delhi and i ts  
vicinity were prepared and supplied to the Superintending Engineer before the 
detachment returned to recess quarters On these traces, the positions of all 
points, both permanent and temporary, whose heights had been determined were 
shown n ith their reference numbers and approximate heights. 

On return to recess quarters the corrections for unit length of staves and 
for the dispersion of the closing errors of circuits and sub-circuits were deter- 
mined. The closing error of the main circuit which enclosed the whole of the 
levellin; done a t  Delhi amounted to 0.114 of a Eooi, the length of circuit being 
62.3 miles. A schedule containing n list of all points connected a t  Dellri with 
the corrected heights of all bench-marks, water level pegs, high flood level 
marks, borings and gauges were forwarded to the Superintcnrling Engineer on 
special duty a t  Delhi. 

The Line Dumpep- Co!vzilla-Was carried on by No. 2 Detachment and 
was an entirely new line. 

TIje Line Ka~~inzgnt~-S~lc l rrT~~--Lere l led  by Yo. 2 Detacllinent is a new 
line. 

TIM Line Akl~azcg*a- Bralr~na~?ba~*ia-Is n new line and 1lras levelled by No. 
2 Detachlnent. 

'I'hc levelling circuit i n  n-hich this line is included will be closed next 
field season if possible. 

The L i n ~  Jlinbu-Sali~a-Waq levelled by No. 3 Detachment and is a new 
line. This was carried along tlie road between the two places with brnnch 
lines of about 10 milcs lcngtll along tlie Salin-Clioung. 

Tlre L i r ~ e  P~.ome-ran goo^^-This line is nenr and mas carried along the 
Irrawacldy clnbankment vi6 Myananng, Henziida and I\llaubin. The work was 
done by No. 3 Detachmcnt. It was a t  first proposed to carry tlie line along 
the railwav clnbankment and bench-marks mere built for tllc purpose and are 
still in existence. The question of ~rlletlicr they shall bc destroyed as mislead- 
ing is under consideration. 1 )wing  tlie ncxt field season i t  is expected that the 
levelling circuit I3 angoon-Toungoo-Meik tila-Yronle-Henzgda-Rangoon ~vil l  be 
completed. 

Deetruction of Bench-marks.-During the past year out of 86 old bench 
marks inspectcd, 10 were found destroyed and 1 could not be found. 

N 2 
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Zinc plate Bench-marks.-A new type of bench-mark was experimentauy 
O. T. A. made me of. This consisted of a zinc plate with the letters o inscribed on 
D. M. 

it, firmly nailed to a flat surface cut on the root of a tree. The results of our 
f u h e  check-levelling will prove whether this type of bench-mark is sufficiently 
reliable to be resorted to when no suitable permanent structures are available. 

AEzlminiurn Staves.-A new pattern of aluminium staff has been designed, 
and will be experimentally tried during the next field season, 

Outtarn o j  Detachments.-The combined tabular statements of the 3 de. 
hchments show the outturn of the party. The single levelling carried out 
in Delhi has been included. The tabular statements of detachments have also 
been shown separately under Table I.  

Old Gr. T. Survey Bench-marks.-Table I1 shows the discrepancies between 
the new and old values of height of bench-marks which are common to the 
linea of the new and previous operations. 

The noticeable discrepancies found in the check-levelling of Nos. 1 and 2 
Detachments are not very important except in one case and are as follows:- 

(a) The bench-mark on masonry block on milestone 6 from Shahpur on 
the line between Khushiib and Shahpur was found to have sunk 
0.04 of a foot. This was attributed to its being situated very 
near the river bank. 

(b )  The bench-mark on Badami Bkgh railway station was found to have 
sunk 0.05 of a foot. The surface of the stone appeared much 
worn, which would account for a portion of the subsidence. 

(c) The new work between Lahore and Shahdara has proved that the 
embedded bench-mark, No. 2 , at Lahore railway station has 
sunk by 0.09 of a foot. The height of this bench-mark was firet 
determined by the original levelling in 1866-67. The bench-mark 
was then made use of as a starting point for the new line to 
Peshawar carried out in 1905-06. In the same year a standard 
bench-mark was connected at Lahore Cantonment, but certain 
ben'ch-marks in its neigllbourhood were used for check-levelling, so 
the st,andard bench-mark was not connected with bench-mark 
No. Si on Lahore r:~ilway station. 

In  season 1909-10, discrepancies in levelling between bench-mark No. 2 
and Lahore Cantonment led us to believe that bench-mark No. at  Lahore 

railway station had sunk by 0.09 of a foot, between seasor~s 1866-67 and 1906- 
06. 'l'his evidence however was not considered conclusive. I n  view of the 
additional evidence obtained during this season we may now take the subsidence 
as finally proved. 

As regards the check-levelling of No. 3 Detachment in Burma, the results 
were not so satisfactory. A reference to Table I1 will show that 6 bench-marks 
have sunk by more than -05 of :I foot and that in two of these the subsidence is 
over '10 of a foot. 

Among these six bench-marks, two are on the Dala Pag6da. The whole of 

this building appears to have sunk appreciably. The Shw6 Dag6n Pagiicla 
showed no signs of subsidence and the bench-mark on it may be regarded as an 
extremely reliable one. 

It is satisfactory to note that of the 2 ~tandard bench-marks in Rangoon, 
the one in the Cantonment gardens hap remained unaltered in height, and the 
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one at the flag staff appears too have sunk by a very small quantity only, a h .  :- 
e 0 1 9  of a foot. 

In  arriving a t  the above conclusion, i t  should be noted that the sub. 
,qidences are noted relative to Graham Smith's Bench-mark, which is yearly 
levelled to by NO. 16 Partr, in connection with tidal operations and hae 
invariably been found extremely reliable. 

Standavd Bench-marks.-A statement showing the standard bench-marke 
~onstructed and connected, is appended (Table VII). 



RECORDS OF THE BURVEY OF INDIA, 1911.12. [VOL. III* 



Se
ct

io
n.

 

C
he

ck
-l

ev
el

li
ng

 
at

 
L

ah
or

e 
an

d 
be

tw
ee

n 
L

ah
or

e,
 e

tc
. 

Se
rg

or
lh

a 
to

 U
u

lt
m

 ' 
iu

el
nd

in
g 

br
an

ch
 

I 
li

ne
s 

to
 

S
id

b
ra

i 
(
 

o
sn

d
 a

nd
 C

he
rn

u.
 

Su
m

 t
ot

al
s 

of
 

do
ub

le
 

le
ve

ll
in

g 
. 

Si
ug

le
 l

ev
el

li
ng

 
a

t 
D

ei
hi

 i
n 

co
nn

eo
ti

on
 

w
it

h
 t

he
 n

ew
 c

ap
it

al
 

Su
m

 t
ot

al
s 

of
 

si
ng

le
 

T
A

B
L

E
 I

 
(c

on
td

.)
-N

o.
 

1
 L
E
V
E
L
L
I
N
G
 

D
E
T
A
C
H
M
E
N
T
.
 

3
 

T
a6

ul
ar

 S
la

te
m

en
t 

of
 O

rt
tu

rn
 o

f 
w

or
k,

 s
ea

so
n 

19
11

-1
2.

 

N
U

M
B

E
B

 
O

P
 X

I
L

P
~

 
O

F
 D

O
U

B
L

E
 

T
O

T
A

L
 N

U
M

B
P

H
 

LB
V

EL
LI

N
B

. 
-
-
 -

-
 

O
F

 F
EE

T.
 

J$
 ' 

I 
m;; 

C
 

a 
p

s
 

M
on

th
. 

E
xt

ra
 

L
in

e.
 

an
d 

A
ar

il
ia

ry
. 

1 
T

ot
al

. 
x

se
. 

~
1

.
 

M
ls

.c
ha

. 
lk

s.
 M

le
. c

be
.l

ks
.'~

ls
.e

he
. l

ks
. 

N
ov

em
be

r 
19

11
 
. 

...
 

9 
23

 
98

 / 
9 

23
 

98
 

71
.5

98
 

78
.3

75
 

15
9 

i 
N

ov
em

be
r 

19
11

 . ,
 
36

 
55

 
98

 ' 1
 

71
 

00
 i 

38
 

46
 

98
 

2
1

0
.2

0
 

D
ec

em
be

r 
19

11
 . 

I 7
3 

03
 

96
 

15
 

42
 

66
 1 

88
 

46
 

62
 

J
U

U
B

~
 

19
11

 
. 

24
 

SL
 

78
 / 0 

(9
 

62
 
1
 1

 4
0 

I 
I 

-
-
 

T
O

T
A

L
E

 
. i1

34
 

14
 

7.2
 

17
 

78
 

28
 

15
2 

12
 

00
 

11
18

'6
30

 
I--

 
Ja

nu
ar

y 
lg

l.!
 

. 
/ 

..
 

1 11
 

78
 

i 1
1 

7s
 

54
 

46
.3

38
 1 

45
.9

21
 1 

15
6 



RECORDS OF TEE SURVEY OF INDIA, ieil.ia. [VOL. UI. 



LEVELLING. 



98 RECORDS OF T H E  SURVEY O F  INDIA, 1911-12. [VOL- m1. 

TABLE 11. 

Tabular stotsrnent of di ference  qf he+At between original and c k e c k - l c v e l ~ k ~ ~ .  

I I I I 

Benoh-mute of the orl 'na1 levelling 
that were oonnectsrfor oheok- 

levelling. 

Deaoription. 

Die- 
tenoe 
from 
start- 

OBBEBVRD HEIGHT ABOVE 
(+ )  O R  BELOW (-) ETAPT- 

I N Q  BXRCH-YARE A8 
D E T E B P l N l D  BY 

'Differenoe in 
height (Cheok- 

levellin OWT; 
The elgn + 
denote8 that 

the hoight was 
greater nnd 

the sign - lees 
in 1911-12 
than when 
originally 
levelled. 

RE MAR^,,, 

I I 

Feet. 

Check-levelling between Hhushcib nnd Shdhpzcr, p a ~ t  of line 55E (Ehrshcib-Lahore), 1911-12, 

Feet. 

Check-levelling between Lahore and SAohrltarn nt Lnhorr and hetweon Lahove a91d Lnhore Ca?rto?iment, 
part of main Line No. 56, 1905-Ofi. 

Check-lsvelling between Lahore and Shahdarn. 

Q. T. S. At  Khurheb Diik Bungalow 
0 

B. M. 

Q. T. S. In the Central pnseage, 
0 Khushtib By. Station. 

B. M. 

Q. T. 8. On coping of platform, 
0 Khashib Ry. Station 

B. I. 

Q. T. 9. A t  Kabulee gate, K h u s h ~ b  . 
0 

B. I. 

Q.  T. 9. At Lnhoree gate, ditto . 
0 

B. M. 

G .  T. S. On maeonry blook a t  M. S. 6 
from Shnhpur. 

G. T. S. At S. abntment of Rivi / 2.9 +0844 
0 bridge 

B. M. 

0.000 

+9'867 

+rJ.727 

+4'826 

-3'789 

-13'029 

Surface of stono very 
r n l ~ a l ~  worn. 

t0.866 

Q. T. 8. At N. ~butmenb of R ~ v i  1.3 1 +0.824 
0 bridge. 

B. hr. ! ( 

0.0 

0.3 

0'3 

0'2 

0'8 

2'9 

0. T. '3x Lahore Ry. Station . I 0.0 

+(a632 

B. M. 

Q. T. S. At Lahoree gate, Shahpur 
0 City. 

B. M. 

a. T. S. A t  &Iuneif's Coal-&, Shfihpnr 
0 Civil Ststion. 

B. M. 

3'000 

+0.001 

+0'00'1 

-0'001 

- 4 0 1 3  

-0'039 

0.000 

+9'866 

+S'724 

+4'826 

- 3'776 

-12,990 

0'000 

-8'376 

X 
B. M. 

Q. T. S. At coping of atform at  
0 Bndirni Bsgf Railway 

B. M. Station. 

Probebl sunk site 
too ofoae to river 

+0.008 

+0'017 

1'7 

(1. T. 8. A t  District Board's Office, 
0 Shiihpnr. 

B. N. 

G. T. S. At  Chnroh, ShAhpnr Civil 
0 Station. 

B. M. 

Q. T. S. At KntuhBri, Shiihpur Civil 
0 Station. 

bank. 

6'1 

9'2 

0.000 1 0'000 

I 
-5.297 / -5.288 

I 
- 4 . 2 2 0  I -4203 

-8'426 

8'7 

8'6 

1 8'8 

- U.051 

+0'005 

-3'911 I -3.946 I +no16 

1 
-3.354 I -3P37 1 +0.011 

B. M. 

G .  T. S. At Shfihpur Diik Bunga1ow 8.9 / -1.931 
I O 

R.  M. 

-6'926 

+0'022 
I 1 

-2.000 -1'978 
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TABLE 11-contd. 

Tabular state~nent of diference o f  Wei,yht between original and check-levelling. 

Bench-marku of the original levelling 
that were conneoted for oheok- 

levelling. 

Deeoription. 

G. T. S. At  (old) Shahdara Railwaj 
Station. 

B. u. 
G. T. S. At bridge No. 10, 3 che 
0 

B.N. S . E . 0 f T . P .  No. 34l 
3 

13. T. S. At Drain No. 3, between 
0 

B. M. T. P. Nos. e1 and 3 4 1  
12 1 3  

13. T. S. At bridge near T .  P ,  
0 39'2 B. M. No. 

20 

G. T. S. At Lahore Ry. Station . 
0 

B. M. 

Q. T. S. At W. end of No. 2 plet- 
0 form, Lahore Ry. Station. 

B. M. 

Q. T. 8. At centre of No. 2 platform, 
0 Lahore Ry. Station. 

B. N. 

Q. T. S. At E. end of N o  a platform, 
0 Lahore Ry. Station. 

R. h1. 

Q. T. S. Embedded at  X.-W. Railway 
Institnte, Lahore. 

B. M. 

Q. T. 9. B. M. E~nbcdded a t  N.-W. 
h Rnilwey Central 

Otfiees, Lnhore. 

& On ntepa a t  N.-W. 
Rnilway Central 
Offices, Lahore. 

Q. T. 8. On sill under N. porch of the 
B. M. Cathedral, Idahore. 
0 

Q. T. 8. On sill under W. poroh of 
B. M, the Cathedrnl, Lahore. 

0 

(3. T. S. At  Chief Court, Lahore . 
0 

H. M. 

a. T. S. At S. side of Genernl Post 
0 Offico, Lnhorc. 

B. El 

0. T. Y. At P. clide of Genelo1 Post 
0 Office, L~rhore. 

R, hl .  

Die- 
tanoe 
from 

bench 
mark. 

OBEEBVED H E l O E T  ABOVE 
(+ )  OR BELOW (-) BTART- 

I N Q  B E N C H - M A B E  A 0  
D E T E R M I N E D  B Y  

Original 
levelling. 

Check. 

l ~ ! , ' ~ ~ ~ ~  

1 Milee. Feet. 
6.0 1 -13.796 

Differenon in 
height (Cheok 

lavelling- 
Original). 

The sign + 
donotee that 
the height was 

greater and 
the sign - leas 

in 1911-12 
than when 
originally 
levelled. 

Feet. 

1 3 . 7 7 8  

Check-levelling at Lahore. 

0.0 

0.0 

0.1 

0.1 

0.4 

1.0 

1'0 

2'4 

0.000 

$2812 

+2'670 

+ a m  

-1.734 

-9.628 

- .6'636 

-2,864 

0'000 

+2'G19 

.t2.667 

+zmt 

-1.737 

-9.639 

-5'644 

-2'6S4 

-2801 

- 7'427 

-16'62i 

-16'710 

2.1 1 -2916 

2 7  

2'H 

2'8 

-- 7.438 

-16,(ii6 

-15'691 
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TABLE 11-contd. 

Tab,l/nr s/obe?nenb qf diferenee o f  Aeigkt between original and c i e c k - l e ~ e l l i ~ ~ ~ .  

1x0 BENCB-MANX A 6  
Benob-mtuk0 of the 0riginnl Dis- DETERMINED BY 

lcvrlling that mero connroted for tmoe  
oheck-levelliog. from 

REMARUB. 
Ink? 

Desoription. / levelled. ! 

--- 
I Feet. I I 

4:. T. S. Embedded a t  Lshore Rail- 
x way Station. 

n M. 

43. T. S. At  S. side of University 
0 Hall, Lahore. 

B. M. 

G.  T. S. At  N. side of Museum, 
0 Lahore. 

.O. T. S. Embedded a t  North-Western 
0 Railway General Stores, 

B .  Lnhore. 

G .  T. S. Embedded a t  Shalamar Road 
over bridgr. 

B. 36. 

B. M. 
Cheok-levelling between Lnho2.e a n d  Lahore  Cantonment. 

3'2 

3'3 

G. T. S. At Drain nenr Running Shed 
0 and Engine Reversing 

B. M. Table. 

a. T. S. A t  bridge No. 213, $ mile 
0 south-east of Shnlamar 

B. M. Rond over bridge. 

-17'851 

-16'842 

G. T. S. On coping of platform, 
0 Lnhore Cantonment, Eas t  

B. M. Railway Station. * 

G. T. S. A t  Lahore 
Standard Bench hlark Cantonment. 

-17'866 

-15'844 

19P.b. 
+ On step under nteeplr tower Church 

oE England, Lnhore Ca~~tonment .  

+ On sill of dwrwny under steeple 
tower Church of Englnnd, Lnhore 
Can tonme~~t .  

-0'016 

-0'002 

43. T. 0. Embe,lded a t  Church of + England, Lahore Cantoll- 
2. N. ment. 

I 

1 

Check-levelling a t  Mi~rbrc : L i n e  88 (Thnzi lo  Mgzue) .  

0 On rock near D. C.'s Hnngn- 
G. T. 9. low, Minbu. 
B. M. 

G. T. S. Embedded a t  P. W. 
0 I). Inspection 

B. A. D. 1903 M. Boagalow, Minbu. 

d. T. 8. At C u l v r ~ t ,  4 chs. N. W. of 
0 Taukehabin Inspection 

B. M. Bungalow. 

Connected by No. 3 
Levelling Detach- 
ment on Line Lahore- 
Dharmkot, scoson 
19o!r-10. 

On first examina- 
tion these 6 bench- 
marlrs from the 
check-levelling ap- 
penred to  have altered 
their values, but thia 
is really not the  case, 
ns the  embedded B. 
M. a t  tho Lahore 
Rnilwng S tn~ ioo  hns 
been loved to  have 
punk 0.09 of a 

foot. 

I u  good condition. 

-0.081 The briok on which 
I he circle wne cut mas 
found chipped a t  one ( c0,mor. 
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TABLE 11-contd. 

T(~L,ilar atatemen2 of d i f i r ence  o f  height between original and check-lesefling. 

~ ~ n c l ~ - m a r k s  of the original 
leve:ling that wcre connected 

for cl~ccli-levclling. 

Description. - 
Check-levelling at 

.Graham Smith's Bench-merk, Ran- 
goon. 

4. T. S. 1 at  Dale . . . 
0 

8. Dl. 

.G. T. S. 2 at  do. . . . 
0 

B. M. 

B. y M. of Mile 0 of Rangoon- 
Twrrnte Road. 

.Q. T. 9. A t  Level-crossing No. 1 of 
0 wharf siding. 

B. 31. 

B. $ M. On W. side of Lower Kern- 
mendino Road. 

Q. T. 9. At Britlge near Level Cross- 
0 ing No. 3. 

B. M. 

A About 1 chain N. of Supply 
B. %I. m(1 'l'ranaport Corps wharf, 
168. Rnngoo~~.  

0 About 1 1-hnin N. of Supply 
E. \Y M. and Transport Corpe wharf, 

Rangoon. 

4 Near gntewny of Crisp Street 
B. ht. jetty, Hnngoon. 

169. 

O. T. 6. C At rubbishbin, near wharl 
0 godown No. 16. 

B. &I. 

G .  T. S. At Qoneral Post Office, 
0 Rangoon. 

L'. M. 

Standard 
Bench-Mark At Flag-Staff, Ran- for I ltnngoon goon. 

B. 0. Al. At N. W. cornor of 
Brooking Street, wharf 
godomn. 

B.O.BII.At S. W, corner of 
llrooking Street, whnrf 
~odown.  

h At l l~~nio ips l  Office, Rangoon 
U. i\I. 

31. 

Q. T. 8. At Sh16 Pagbde, Rangoon . 
0 

B. A!. 

from 
start- 
lug 

2:;: 

- 

Rangoon 

0.0 

11'3 

1 1 3  

11.1 

3'6 

3'3 

2.8 

1.3 

1'3 

1.2 

1.1 

0.6 

0.4 

0.1 

0.1 

0.8 

0 8 

DiRercnce in 
heiEht(Check- 

levelling- 
Original). The 
sign + denoles 
that the he~gbt 

ww greater 
end the sign- 
lese in 1911-1.2 
than i t  wae 

when original- 
ly lovellrd. 

I 
Miles. I Peet. Feet. 

~ ) B ~ E B V E ~  HEIGHT A B O V E  
( + >  OR B B L O W  (-1 @TART- 

INQ BENCH-MARK 
DETERMINED B Y  

I 

i - 
Feet. 

I 

Original 
levelling. 

Mytkyina).  

I n  good condition. 

I The png6do appesm 

1 """ 
1 . 

The mile poet hae 
most probirbly sunk. 

I n  good col~dition. 

Mark intact, but the 
plastey had cracked 
off In places, the 
pillar was repaired. 

The mark appears to  be 
intact, but the eur- 
r o u ~ ~ d i n g  plaster had 
all fallen away. I t  
mas repaired. 

I n  good condition. 

Ditto. 
B 

Ditto. 

Ditto. 

Ditto. 

: Main f i n e  87 (Elephant  Point to 

Check-level- 
licg. 

0.0 

--0.086 

- 4 1 2 4  

- 4 . 0 6 2  

-4 010 

- 0042  

+3.633 I 

0.0 

-0.168 

+0.158 

-3.600 

$10'853 

+8.826 

0.0 

-- 0 2 4 3  

$0'034 

-3.681 

+10.843 

+8'784 

+2.201 

+1'196 

+la163 

+0.808 

+@920 

+0'676 

+3.014 

I 
! 

$2,094 1 -0,107 

4 . 0 1 9  

+1.107 1 +1.099 
I 

! 

+1'172 1 4-1'168 

+ lS083  

Ditto. 

-0.008 

-0'014 

- 0 . 0 2 8  

-0.014 

+1'996 

+8'472 

- 0.05:3 

Ditto. 

Dittn. 

Ditto. 

Ditto. 

+1'967 

+3.468 

+1'096 

+O'762 

+0.900 

+On569 

-0.069 

- 4 0 4 6  

4 0 2 0  

-Of07 I 
I 
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TABLE 11-eorcld. 

TabttJar staletnenl o f  JiJerence of heighf between origi~cal and check-levelling. 

Benoh-marks of tho original 
levelling that were conneoted 

for Cl~eoblevelling. 

G. T. S. At  Railway Audit OBices, 
Rangoon. 

South of Eutinnce gate to 
B. M. Preabyterinn Church. 

66. 

Dis- 
tanoo 
from 
sqart- 

lag 
henoh, 
mark. 

O B ~ E E V E D  HBIQHT ABOVE Differenoe in 
( + )  0s BELOW (-) ETART- height (Cheok 

INQ BENCH-YABK levelling - 
DETERMINBD BY I Original). The 1 

sign + denotes1 
I 

I 
that the height 

was merter I kBM~'xs. 
md t& sign - 

Origiud 1 Cheok-level- I lene in 1911-12 I 
ling. than i t  wka 

when original- I / ly levelled. ( 
Miles. 

1.3 Hnlf the blwk has- 
been broken off prob. 
sbly in  diggin for 
garden. It was found 
in came condition in 
1909-10. 

Feet. 

+ia.ass 

+am67  

Feet. 

+13.879 

I n  good condition. 

Feet. 

-wold 

4 0 1 2  

At ShweDrrgbn PaKbda, Ran- 2 8  
B. I ,  goon. 
108. 

I 
Jtandnrd Bench-Xark a t  Cantonment 1 3.0 

gnrdens. 

+92.603 

+93.003 

+93.610 

+93'003 

$0.001 ' Ditto. 

0.000 1 Ditto. 



TABLE 111. 

of Great Trigonometrical Survey stat ions connected by sp i r i t  levelling i n  season 191.1-19, 

No. of Detaohment. 

Detaohment. 

I 
NO. 1 Levelling < 

Name of station. 

No. 2 Levelling 
Detachment. 

H a j a n  Tower station . 

Fatt i  ,, ,, 

Sirngla Hill Station . 
Asrir  Tower Station . 

I 

H ~ I Q A T  I N  WEmT ABOVE 
MEAN 0mA-LEVEL. I 

Eastern Frontier Seriea Seclion 23' to  26'. 

Dilerenoe 
in 

h e i ~ h t  from 
Trisngole- 

tion 
in feet. 

- .  

BY 
spirit level- 

ling. 

- 

BY 
Triangnls. 

tion. 

I 
Rangsanobo H. S. . . 4157'026 

I 

Lnmbusiira ,, . . 183'088 

Barjstua ,, . i 
. 156.039 

Abangi Tile ,, , 

Kailas Tila ,, . 

Mama Bhagna Tila T. S. 

Dali Tila ,, . . ' 168.062 

257.800 

?,08'687 

82'190 

CachBr Branch of  t h e  Eastern I+ont icr  Serier. 

Lauraga Tile H. S. . 1 193.200 
I 

Churamani H. S. . . 282.892 

Ground door merk-~tonp. 

Ditto ditto. 

672.67 

220 

Murphats  Tiln H. 5. , 572'669 

a On bed roak. 

Msrk-stone about 3 feet 
below top ~ur faoe  of 
pillar. 

221.233 

No. 2, Levelling 
Detschment. 

* Approximalu. 

Upper mark-stone. 

Balama 'El13 . , 

Ditto ditto. 

4 feot above foundation. 

Lowest mnrk-stsono. 

I( Ditto ditto. 

I Middle mark-st?ne. 

Lowest mnrk-stone. 

Ditto -litto. 

I Upper mark-stone. 

Lowest mnrk-5io1tc 

Ditto ditto. 

No. 3 Levelling BIyinmyindnung 11. S. 6745.17 676 / + 116:l 1 Upper mark-rtorr. 
Detachment. 



' I ' A B L E  1V.- No. 1 LEVELLINQ DETAOEYENT. 

RewJt o f  comparison o f  slaves, season 1911-12-&ingle faces. 

The results were obtained by comparing the staves with portable lo-foot  

s h n d a d  steel bars during the field season. The correction for difference 
in unit of pair of staves has been applied to the observed heights in order to 
&bin  the absolute heights : 

Place end.date of 
comparleon. 

~ l , ~ ~ ~ ~ i b ,  10th November 
1911. 

Shfihpur, 113th November 
1911. 

brgodha, 26th November 
1911. 

I.ak~.in, 6th 1)erember 1911 

Yindi Bltnttinn. 14th Decem- 
ber 1911. 

g l l i n g i h  Dogran, 23rd I)ece 
ember 1911. 

Shekhnpfira, 3 1 ~ t  December 
1911. 

Shahdarn, 8th January 1912 

Sargodhe, lSth J r n a a r s  1912 

s i l i ~ n ~ n l i .  24th January 1912 

Shnlyewina, 30th January 
1b12. 

Jlrang JI~ghinnn, 7/11 Febrn- 
ary 1912. 

Rnrtam Snrgnnn, 14th FeL- 
r n a y  1912. 

&+rkhsn.u, 22nd February 
1812. 

Abdul Hakim, 1st blarcli 
1812. 

Jlaklldirnprr Pahoran, 13th 
March 1!412. 

Kidipar  Ran, 2lat  Msrch 1918 

Dellll, 1 s t  April 1812 . . 

B ~ M A R R E .  

- - .. --- 

Light scattered CloUdR,, 
cool ~I .RPZO.  

Rain once since lad 
compnrison, light 
scattered clouds, cool 
breeze. 

Clear and dry. 

Light scattered clouds 
811d cool breeze. 

Rain once sillre last 
comparison, clou,iy. 

Sanlistorm ollce, light 
scattered clouds, cool 
nnil dly. 

Mornings clo~~dy,  after. 
noons clear, cool and 
a ry. 

Drizzled tmive, foggy 
twice, clouds. 

Rain once, rnorninga 
mist! and cloudy. 

Rain, light scattered 
clouda, cool. 

I1rizzle? twice, clol~dy 
mornings, weather 
very variable. 

Clear and cool morn- 
ings, weather very 
variab!e. 

Drizzled ouce, next day 
oloudy, otl~envi~e 
olear and cool. 

Cloudy, once drizzled, 
once otherwise dust, 
haze and cool brueze. 

Light sc,tttered cloude, 
nudden uqte of cool 
breeze, $esr nnd dry. 

Clenr and dry, sudden 
gusts of cool bl-eeze, 
 afternoon^ dnntp. 
dust-storm and ram 
once. 

Clear and dry after- 
noons, light scattered 
cloudn. 

Rain thrice, scattered 
clq~u(1s and strong 
gusts of cool breeze. 

0s. 

Feet. 

-0 00241 

-000310 

- 0.00690 

- 4 0 0 6 5 4  

-0'01r650 

-0.00704 

-0 .00653  

4 0 0 6 0 3  

-0 00491 

4 0 0 4 4 7  

-0'00E66 

--0'00661 

-0.00692 

- 0.00581 

-0.00726 

--0,00816 

-0.00942 

4 0 0 9 8 6  

09 BTAFF. 

01. 

Feet. 

.-0.00228 

-4 '00227 

-0'00449 

-0.00398 

-0 00385 

-0.00516 

-000464 

-0'00471 

-0'00389 

-0'00382 

-0'00414 

4 0 0 4 0 4  

-4 '00486 

-4 '00491  

-4 '00563 

-0'00649 

- 4 0 0 7 3 1  

-4 -00773  

NUMBER 

05. 

Feet. 

+0'00252 

+ 0'00126 

- 4 0 0 0 5 9  

+'J'm12 

+0.00047 

-000021 

-0'OCA)67 

-0.00048 

+0'00079 

+ l ~ 0 0 0 6 0  

-0'0(1005 

-0.00020 

4 ' 0 0 0 1 8  

+0'00000 

--0'00110 

-0 00198 

--OW301 

- 4 ~ 0 0 2 1 6  

I 02. 

Feet,. 

+@00119 

+0'00102 

-0'00000 

+0'0'1018 

+ @COO03 

-0'000$a 

-0'00023 

-0'00052 

+0'00031 

+0r0336  

-0'00035 

-0'00018 

+Oa00003 

+0.00022 

-4 ,00075  

- 4 0 0 1 6 2  

-0.01268 

-000262 
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TABLE 

Date and phce of 
oompmson. 

Dumpep, 14th December 1911 

Serraritn, 22nd December 1911 

Cherrapunji, 29th December 
1911. 

Therriagh~t, 3rd Jan. 1912 . 

Do., 5th Jan. 1912 . 

Do., 8th Jan.  1912 . 

Silhrt, 15th Jan. 1912 . 

Sheolarnukh,28thJan.1912 

Knrimganj, 7th Feb. 1912 

Salchapira, 16thFeb.  1912 

Bnrlekha, 27th Feb. 1912 

Samsernagsr, 8th Mar. 1912 

Srimangal, 19th Mar. 1912 

Shahji h a i r ,  28th Mar. 1912 

Akhaurn, 12th Apl. 1912 

Knm6la Sagar, 21st Apl. 1912 

Comilln, 30th Apl. 1912 

IV-(co)lt(l.)-So. 2 LEVELLING DETACHMENT. 
Reazrlt of con~pnr i son  o f '  rtaver, mason 1911-12. 

K o n n ~ n  or ETABI. 

- - ~  

I 
-I 

208. 20Fl. 16A. 

I---- -- 

Feet. 

4 0 0 0 1 3  

-0.00061 

Feet. 

+0'00048 

-0'00019 

-000071 

16B. 

Fect. 

+@00140 

+0'00035 

-0'00027 

DO. 

Scattered c1ou.d. 

Clear,skyhazy. 

Scattered cloudr 

Skyhaay. 

Clear. 

DO. 

Clear, cool breeze. 

Bcattered clouds. 

Clear. 

Cloudy. 

Scattered clouds and 
warm. 

P 

BEMABKB. 

Feet. 

+ O W 4 1  

+0'00073 

-0'00025 ' +0'00033 

-0'00~055 --0'00024 

. Sosttered clonda, drr 
and owl. 

' Cloudy, cool. 

+0.00073 

' +0.00)89 

+0'00126 

+0.00165 

+0.00066 

+ 0.00008 

+0.00030 

4 ' 0 0 0 2 7  

+0.00035 

1 ,  I 
-0.00007 , +0'0@013 4 ' 0 0 0 6 4  

Soattered clondn. 

Clear. 

Do. 

4001185 , +0.00001 

-0.00036 

-0.00084 

+ OM013 

$0.00065 

+0'00033 

-0.00154 

-0.00168 

-0.001160 

-0'00183 

-4'00050 

I 

+O~OOO12 

-0'0000i 

+0'00060 

-0'00050 

-4.00068 

-0'00068 

-0'00141 

-0'00016 

I 
-I-0'00080 

+0.00053 

! +0'00090 

+0'00066 

+0'00062 

-0'0004.5 

-0.00084 

-0.00026 

-0'00097 

+0,00010 

+0.00062 

+ 00009fi 

+0.00068 

+003093 

+ 0.00137 

+0,00107 

I 
-400065 1 +0*00110 

+0-00031 

+0.00020 

$0.00160 

+0'00218 
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TABLE IV-(conc1d.)-NO. 3 LEVELLING D ~ A O H ~ ~ E ~ .  

Dste m d  plnce of 
compson.  

I 

-- 

Minbu, 3rd Dec. 1911 

Ggaing, 10th Dec. 1911 

Salin, 18th Dec. 1911 

i n ,  28th Dec. 1911 I 
NwCternB, 5th Jan. 1912 

Prome, 13th Jan. 1912 

?aanggyok, 22nd Jan. 1912 

Naungzyaye, 29th Jan. 1912 

Myenrung, 7th Feb. 1912 

Ngabatchaanq, 14th Feb. 1912 

Ngawun, 23rd Feb. 1912 

hnnggyi ,  2nd Mar. 1912 

Ky6nnha, 10th Mar. 1912 

Sekhw, 21et Mar. 1912 

Yele, 29th Mar. 1913 

Sakangyi, 6th Apl. 1912 

Yaabin, 12th Apl. 1912 

Twante, 23rd Apl. 1912 

Seikgyi, 1st May 1913 

Rangoon Cantt.,8th May 1912 

RIIAPLI. 

---- - --. 

Scattered 

Clear, oool breeze, 

Clear. 

Light cIoud8, 

Ditto. 

Cloudy. 

Clear. 

Scattered cloub. 

Clear. 

Haze, cool bree~e. 

Clear. 

Light oloude. 

Haze. 

Beze, oool breeze. 

Clear. 

Do. 

Haze. 

Clear. 

Light oloude, or101 
breeze. 

Clear. 

I 

Reuult of eotnpariaou of ulnve.v, .qeouon 1911- 12. 

196. 

Feet. 

+0.00076 

+0,00070 

+0.00046 

+OOOl5 

+@Of3019 

+0.00104 

+0.00025 

+0'00002 

- 400001  

-0'00027 

-400013  

-0 '00044 

-000019 

+0-00014 

+0.00003 

+0'00003 

-0.00006 

-0.00013 

-0'00012 

+0.00019 

I 

24B. 

Feet. 

-400110 

-0'00289 

-Of0213 

-0.00248 

4 0 0 2 1 3  

-0.00246 

-0'00278 

-0'00268 

-400339  

-0,00373 

-0'00381 

-0,00373 

-0.00346 

-0'00308 

-0.00361 

-0.00344 

4 . 0 0 3 2 0  

- 4 0 0 3 7 4  

-0.00366 

- 4 0 0 3 2 1  

N I ~ M B B U  OF BTAPF. 

10B. 

- 

Feet. 

+0.00098 

+0.00026 

$0.00034 

246. 

Feet. 

-*00268 

-0.00396 

4 0 0 3 5 6  

4 0 0 0 2 3  / 4 0 4 2 0  

$0.00039; 

+0.00086 

+O.~H)050 

+0.00022 

-400019  

-400003  

--OmO0016 

-0'00037 

-0.00C28 

+0.00020 

+0.00008 

-0.00032 

-400313  

-0'00348 

-000404 

4 0 0 3 8 7  

-0.00461 

4 0 0 4 9 1  

-4.00554 

-0.00491 

-4.00440 

-0'00960 

1 -0.00453 

-0'00485 

I 
+1).00010 

+0'00023 

-0.00449 

-400638  

-0.00010 / -0.00516 

+0.00015 -400447  

i 
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TARLE VII .  

Alphabetical Ziat of StanJ,rrrl Bench-Mnrkr. 

Agra Fort 
Abmediibiid 
Abmednagar 
Akola 
Aligarh . 
Allahiibad (Katcheri) . 
Allahibad (Scotch Kirk) 
Ambaln 
Attock 
Bahiw~lpur . 
Balnsore 
Bangalore . 
Bankipore . 
Bareilly . 
Barieirl 
Barbda 
Basseio 
Bel,ortum . 
Belliry 
Benares 
Berhampur (Qanjem) 
Bezmida . 
Bhagalpur . 
Bhopl  (Edward's Musenm) 
Bhopal (arehra hill) 
Bijapur 
Bikanir 
Bilsspur . 
Iiol8rum . 
Burdwin 
Calcutta . 
Calicut 
Chittagong . 
Cocan~da . 
Comilla 
Cuddapah . 
Cuttack 
Dacca 
Deesa 
Dehra Diin . 
Del hi 
Deohli 
])era Ismail Kh5u . 
Dhubri 
D hnlia 
Dibrugarh . 
Dinajpur . 
Ferozepore . 
Fyzabad . 
Ganhati . 
Ohazipur . 

Connected. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Not connected. 
Connected. 

Not connected. 
Connected. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Not connected. 
Connected. 

Do. 
Not connected. 

Connected 
Do. 
Do. 
Do. 

Not connected. 
Connected. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Godhra , . 
Goraklipur . t 

Gwalior . 
H e ~ ~ z i d a  
Hi11:aughit 
Hydergbd (Sind) . 
Jj~cobabid 
Jhansi 
Jhelulil . 
Jodhpur . 
Jubbulpore 
Karachi . 
Khanpur . 
Kirkee 
Lahore 
Lucknow . 
Llldhiana . 
Madras . 
Mad 11 1.a 
Magwe 
Mandalitv 
Meerut (P. W. D. O5ces) 
Meerut (St. John's Church) 
Meiktila . 
Mhow 
Mirzapur . 
Motihari . 
Moulmein . 
Multan 
Xluesooree . 
Muttra 
Muzaffarnagar . 
Muzaffarpur 
Myanaung . 
Myitkyinii . 
Mymensingh . 
Nagpur . 
Negapatam . 
Nellore 
Pegu 
Peehimar 
Poona (A.  C. R. E.'R Ofice) 
Poona (St. Mary's Church) 
Prome 
Puruea 
Raichur . 
Raipur 
Rejkot . 
Rangoon . 
Riwalpincii 
Rewah 

Connected. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Not connected. 
Connected. 

Do. 
Do. 
Do. 
Do. 
110. 

Do. 
Not connected. 

Connected. 
Do. 
Do. 
Co. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



Roorkee : 

Sadiqganj . 
S&Hranpur . 
.Salem 
.Salin 
Sambalpur . 
S:~tPra 
Saugol 
Seconderabid 
Sbahjahtinpur 
Sbolap~~r . 
.Shwebo 

Alphabetical .List of Standard Bench- Marks -contd. 

Connected. 
DO. 
Do. 
D ~ .  
D ~ .  
DO. 
D ~ .  
D ~ .  
D ~ ,  
Do. 
Do. 
Do. 

Silchir Connected. 
Sitapur Do. 
Sukkur 00. 
Surat Do. 
Sylhet DO. 
Taungsryi . . S o l  conuc:cted. 
Tinnevelly . C'o~~necled. 
Toungoo , Do. 
Trichinopoly . DO. 

Trimulgher y . . 20. 
Vimgapatem . Do. 
Wuntho . Do. 



RECORDS OF THE SURVEY OF INDIA, 1011-12. 
[VOL. 111,. 

PART V1.-MAGNETIC SURVEY. 
No. 18 PARTY. 

( T i d e  Index Map 11 .) 
BY CAPTAIN R. H. THOMAS, R.E. 

PEBSONNBL. 
lmperial Oflcer. T l ~ e  present report deals with the 

Cnptain R. H. Thomas, R. E., in charge. work of the magnetic snrvey in 1911-- 
Pro~*inc ia l  Oflcers. 12 ; i t  consists of :- 

Mr. H .  P. D. Morton. 
Mr. R. P. Rag. 
Mr. N. R. M a j u m h .  I. An account of ihe operations in, 
Ill.. R. B. Nathur. 

the field and work in recess p a r -  
Lower Subordinate Service. 

2 surveyors. tern. 
2 magnetic observers. 

13 recorders. 11. A note on the observatories 
1 computer. 
1 clerk. during the survey y eer 191 1-12. 

111. Tables of results, comprising preliminary values of the magnetic. 
elements a t  field and repeat stations, in 1910-11 and the " quiet day " 
tabulations derived from the survey base stations. 

I.-FIELD OPERATIONS A N D  RECESS WORK IN 1911-12. 

1. Work of the Jield detachments.-The field season opened on October 
23rd, 1911 and closed a t  the end of April 1912. The health of the party was 
mtisfactorp. Two field detachments each under a Provincial officer were em- 
ployed on detail survey in Central India and Hyderiib~d Statt: where the Deccan 
trap area exhibits considerable abnormalities ; repeat st,ations in the vicinity of 
these areas were also visited. 

During the season the values of the magnetic elements mere determined 
at 78 new stations of the detail survey and 74 repeat stations including thoee 
visited by the officer in  charge. 

During the previous Beason four Beld detachments were employed. The 
reduction of the number of detacllments this year is due to tlie strength of the 
party having been diminisbed by one Provincial officer, wliile another is being 
employecl a t  head-quarters in the reduction of the declination data of the 
survey. 

2. Field zcork of the ofice?* in chccrge.-The officer in charge, (Captain 
Thomas, R.E.,) inspected the four survey base stations, and carried out corn- - 
parative observations at each and a t  Alibag magnetic observatory; in addition 
37 repeat stations were reoccupied. 

3. W o r k  cltcriny recess.-The computation of the field mork and the 
reductio~l and tabulation of the " quiet day" results from thc base station 
recnrds for 1911 have been completed. 

From January 1912 the measurement of all days has been commenced, as 
proposcll in last year's report ; the hourly measurements are made and checlted 
by the observatory staffs, while a further check is provided by independent 
measurements of the ordir~ates for 5 quiet days each mouth, which are made, 
as i n  previous years, by the computing section a t  Dehra DGn. 

Good progress 11as been made with the reduction of the declination data - - 
of the survey, although oving to tile unforeseen absencs of tehc Provincial 

officer in chnrgc of this section, who 
Reduction of the declination data. 

was rcquircd to hold charge of Tounqoo 
observatory during a leave va.cancy, this mork could not 11c begun till late in 
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January 1012. The correotion for diurnal variation has been practically com- e 
p]eted, the amount of correction being deduced by meane of a simpli6ecl empirical 
formula devised by Mr. J. deGraaff Hunter, M.A.; witli this formula the 
correction is based upon the results of one, two, t-hree or four base stations 

to the number available at the date of any p i v e ~  field observa- 
tion. The declination base lines are now being examined in conjunction with 
the comparative observations with field instruments to determine whether any 
correction in the direction of smoothing the curve of observed values is justi- 
fied, after which the corrections for disturhance and secular change, (for 

to the selected epoch), will be applied. 
It may be noted that  the four base stations agree in indicating thatsecular 

.change in declination is increasing. 
Corrections for disturbance have been tentatively applied to all observa- 

tions at repeat and re-observed stations to ohtnin approximate values of secular 
change ; it was found that  while the permanently marked stations in all cases 
and the unmarked stations in undisturbed localities pave consistent results 
repeat observations a t  unmarked stations in regions of disturbance were quite 
unreliable, small errors in re-siting the instrument introducing varying " sta- 
tion errors ". 

4. In~t?~urnental dife?.ences in E .  F.-The officer in charge has been 
runinly occupied during the recess Reason in  co~ltinuing the investigation of 
the instrumental differences in H. P. 

I n  last year's report it was observed that  the observed discrepancies were 
for the most part to be attributed to  " personal error" in the vibration observa- 
tions, anrl further, that, provided the changes in the constants liable to alter, 
aiz.:-the moment of inertia and the distribution constants were accurately 
known, there seerned no reason for tile inst,rumental differences to vary a t  all. 

Changes in the distribution constants were dealt with in last year's report 
where i t  mas sl~omn that changes had occurred in the standard and one Seld 
instrument only. 

I t  remained to determine the probable changes in the moment of inertia 
and the probable personal errors for all the instruments for the period 1902- 
1910, during which the vibration experiments had been made only by the eye 
and ear method. 

As regards the moment of inertia, there existed some uncertainty as to the 
initial values for the field instruments, owing to a11 unexplained chauge in the 
length of the inertia bar, when the latter mas remeasured in 1004 : the 
moment of incrtia of the standard, however, had been measured throughout with 
nuother bar and the changes from time to timo mere known with considerable 
accuracy ; thcre was a steady fall in the value equivalent to a reduction of the 
observed valuc of H. F. by 32y  in 1012. 

Rcliable vallics of tllc moment of inertia of the field magnets arc av,zilal)le 
sincc 1906 when n new standard bar was obtaii~etl ; the values show slight de- 
crcascs since tllst ycar, in each case considorably lcss than in  the standnrcl. 
SOW since t l ~ e  diminubion in ~ a l u e  in the stand:ud was sensibly uniform over 
the whole period 1902-12 thurc was evcrg reason to suppose that the smaller 
cllai~ges in the field magnets would also be uniform and values for 1902 mere 
obtained thcreforc by an extension of the curves for 19G6-12. 

These values were furlhcr cheoked by comparing the diffcrcnces of the 
magnetograph base line deduced from the observed values with each instru- 
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mput a t  Dellra DBo at the t i m e  of comparative observation in 1902 and 1910, 
wlreu the ohronograph was used for the vibration experiruents and the result, 
ing vdues could be considered to be free from " personal error." 

'ihe orpiinally accepted values of v2 K had been used in the compu~tions 
in both comparisons and if other sources of error could be assumed to have 
bern eliminated, it mas clear thnt any variation in the differences would be a 
mensnre of the relative olianges of ma K. 

Tire following are the differences of base line found for the period 1902-10 :- 
17 ( S ~ ~ r v e y  
standard). 3A. 4A. SA. 6A. 

1902 ,  53245 268 260 274 259 
I n l o .  33070 o ' i ~  070 079 064 - .-- - - 

Difference, 1901-1910 175 194 190 195 195 - - -  - 
  his shows that  the change of .ia K in for example No. 6 instrument 

during the period 1302-10 has been equivalent to 20y less than the fall in the 
s~.andard instrument and knowicg the actual fall in t,he standard to be equi- 
valent to 27y, the resulting - change in the value of ma K in No. 6 for the same 
period is equivalent to 7y. Further the values with the standard corrected for 
change i n  n% are in 1902 '33234 c.g.s. and i n  1910 .33032 c.g.s., a differ- 
ence of 202y : the change of 7y in 6 should be applied, to give the same differ- 
ence ; i t  is k~lomn that the correction in 1910 is-2y and consequently the 
1002 value requires to becorrected by+5yon account of =' I<. T l ~ e  curve for 
1906-12 extended to 1903 gives a correction of + 6y  : the assumption of a 

ailiform decrease in m2 K seems therefore reasonable. 
Changes in the moment of inertia having been determined the question 

of " personal error" remained to be dealt with. Owing to  frequent changes 
of lllnment in  some of the field magnets, this question lias proved more oom- 
plex than was anticipated and though st the  time of writing the investigation 
is prsctically completed, time does not admit of the inclusion of tlie results in 
this report. 

The inetrumental differences have been found to be as follows, after inch- 
sion of the Q t,erm :- 

17-1-1 l y  
2-887 
3-4.27 
4-1 67 
5-4,47 
6-307 

10-4.07 

5.  Prograntme fop 191 1-12.-During the ensuing field season three 
detachments will he employed in the field, one under the offlcer in charge and 
two under Provincial officers. 

The officer i n  charge mill inspect the survey observatories, observe at re- 
peat stations and carry out a general magnetic survey of Ceylon. 

One detachment will carry on thc detailed sul-v~y in HyderiihBd and Berir, 
the third will be occupied tl~rongliout thp season in viqiting repent stalions. 

G .  Resfclts ptcblieked i?t tlrie rcpovt.-Tahlcs sllowing tho al)proximate - 

~ a l u e ~  (uncorrccted) of the magnetic elements a t  the field and repeat stations 
in 1911-12 arc npp~nded, with an index clinrt slloming the progross of the 
~nayuetic survcy to date. 

T l ~ c  tnhnlnt,ions of the "quiet day " results at, the four observatories are 
pnl)l~+hed for 1011. 



MAGNETIC SURVEY. 

11.-WORKING OF THE OBSERVATORIES. 

1. &lae~al Remarks on wotvking.-The observatory remained in oharge 
of magnetic observer Shri Dhar throughout the year. 

The magnetographs were dismantled a t  the end of May 1912 wllen the 
to the llndergrorind room referred to in last year's report were carried 

out ; the instruments were re-erected:on the 9th of June  1912. 
I t  is satisfactory to note that the room remained quite dry during the past 

rainy season. 
The opportunity was taken to thoroughly clean the instruments, during 

which the quartz fibre suspension of the 8. F. instrument mas unfortunately 
broken ; a new fibre mas mounted ant1 the temperature coefficient redetermin- 
ed in October 1912. The resulting value was f 12. Gy for 1°C, wllich 
agrees with the previous value. 

The ohauges in the H. F. during the temperature experiment were deter- 
mined by two magnetometers, deflection observations being made a t  22- 5 Cms. 

every 74 minutes alternately with each instrument. 
The temperature coefficient of the V. F. magnetograph was determined 

at the same time and the valuo obtained, viz. : f 6.2 for PF, agrees with 
tliose obtained in March 1907. 

The definition of the curves has been greatly improved by fitting stops 
of smaller apert~iro than those previously used. 

2. Mea~a values cf H. F. and decli?zalion constants.--The table below 
give3 the mean monthly values of magnetic colliluation, the distribution coeffi- 
cients P, ant1 P, and the mean values of mo used in  the computation of the 
resulta wit11 the survey standard for 1911. 

In Nay 1911 tlierc: mas an  app,rrrnt fall in the observed value of m, 
which oould onl!r be accepted on the hypothesis of instrumental c!~ange ; on 
further investigation in July 1911 i t  was found tllnt the apparent fall was dne 
to an error in the ther~nomcter used iu the vibration experiment, and another 
thermometer was t,lierefore substituted. 

From tlic " Clironograpl~ic " coml~ttrisous tliis thermolaeter error seems to 
have developed between Februarg 1910 and Map 1911, and it mould therefore 
appear desirable to ]lave two tl~ermorncters fitted to a magnetometer, at any 
rate for observatory work. 

MONTIIE. Aoceptcd 

I tion. ; I > , . ?  1 I>?.:, 1 
-- - ~ -  - - _ - -- - 1  ~- - I - . - -- - - -. - -. . 

-1nnunry . . 
50 893'31 

Jlrtrch , 

April . 893.27 

e 
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Heas ealicrs 1Ae constant8 ?f tRc JIagnc,lonleter No. 17 i n  1911. 

H. F. CONSTANTS. 
- - .  

, C O N -  
) 8TANTS. I MEAN VALUEB OP P'E. 

3. Mean  bas^ line valzce8.-The table below gives the m(,an values of tile 
H. F. and declination base lines, actually used to obtain the  values of H. 3'. 
etc., given in the tnbles attached to this report. 

Tliese values of H. P. and V. F. should be regarded as preliminary only, 
as they will be corrected subsequently for " personal error " ant1 the Q term, 
they have heen obt:tined in the same way as those of previous years, with 
which they are compar:~ hle. 

The V. F. base linrs are not given, as irregular chances are to be expected 
in these inetruments which require frequent cleaning and readjustment. 

B a a e  l ine  values of Mrsgnetographa i n  1911. 

Oonrss. lBI1. 

January . . . 

D~c~rnrrron.  
----..- .-~ - 

Mean Dnne 
I ~ ~ ~ ~ ~ )  line 1 1 1  E X A B X ~ .  

B o a l z o n r ~ ~  Fosoa. 

Bs,e line. 

D I O  

1 : 4.1'4 

Moon 
valor of 

Bnae line. 

-32993 

-38006 

98010 

'38010 

I : LI 

1 :  UI 

1 : 46.0 

~ e t m m y  . . I : W E  

Much . .I 1 

uccepted. I 

April - . 

- 
! 

line nocept- R a r ~ a r u .  
ed I 

i 33006 

1 .33008 

( 93008 

39011 i 
1.33014 

I ,33014 

'33017 

1-3JC20 

-. - 

1 : 44'4 

1 : e 0  

- 
( ,32996 

,32999 i ,33002 

f .33002 

8th to P U ~ .  

220d to 28th 

lot to 7th. 

8 th  to 22od. 

23rd to 31st. 

1st to 7th. 

8th to 22nd. 

29rd to 80th. 

I 

i 

--- 
1st to 7th. 

8th to 22nd. 

23rd to 31st. 

1st to 7th. 
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Base l iae  valzces qf MugnetograpAs i n  1911. 

4.  Menn scale values and tenzperature ranges.-The mea.n scale values for 
1911, for an ordinate of 0.04 inches, were as follows : H. I?. 4-12;., V .  P .  g-j7. 

to 4-Ty, Declination 1' '03. 
The mean temperature for the year was S'iO.2 C, the maximum and mini- 

lnum monthly values being 27O.3 C and 27O.1 C ; the temperature of reduc- ' 
tion is 27" C. 

5.  Neal8 monthl,~ values and secular change, 1910-21 .-The following 
table gives the mean monthly values of the magnetic elements for 1910-1'1 
and the secular changes during that period deduced therefrom :- 

Secular cha7~,qes at Debra DCiila in 1910-11. 

D ~ c L 1 n ~ ~ l o n .  H O ~ I Z O ~ T A L  Ponon. 1 

1. Gelrerocb Remarlca on wo~*kithg.-Magnetic Observer K. N. Mukerjl 

remained in charge througllout the year cscept for two lnonlhs during which hc 
was on sick leave when Abdul Majitl o5ciated. 

Q 2 

filon~as. 1n11. 

;:l:qiEi, 
.___--.- -. -. -. . 

I o l e t  Jr,,s. . . . 1 : 45.0 

BonlzoNTrL Fosce DECLINATION V ~ U T I C A L  Fonca 
.3:,000 C. U. S.+ E. 2"+ A'.rWO+ '31000 C. Q. 8.+ 

Rnnc l i ~ ~ o  
acccptcd. 

1 : 45.0 

1 : 4,s-3 

1 : 45.2 

1 : 4,5'2 

1 : 45.1 

1 : 45.2 

1 1 65.4 

J~~~ . . . 
j U l p  . . . 

*upst . . , 

September . . 

October . . . 
November . . 
December . . 

1 : 45.3 

1 : 4 5 2  

1 : 46'2 

1 : 45.1 

1 : 45.2 

1 : 45.4 

1 : 45.2 

alonras. - - - - -. . - - - - - -- - 

Sccolor lolo, Recolnr 
1 9  10. 1811. ,.lInnge. ohsnge. 

Secular 1810. c h o ~ g c .  "". 

I 

Penn 
I ~ B x A ~ K ~ .  value of 

Ilnae l h c .  

-- i 
I 

I .33022 

'33019 

I .33016 

1 
'33012 

1 
I 
I 
! .33006- 

i 
,33001 

,33002 

Jnonnrg. . , 

February . 
r . . . 
April . . . 
Mn, . 
June . . . 
J U ~ Y  . . . 
,,,,a , . 
~ ~ ~ t ~ ~ b ~ ~  . 
o c l o b e r .  . , 

,,,, hr . 
D~~~~~~~ . 

la'" I change. 
1 eecular 

-1- 

'I , Y  

1 . 0 7 8 ;  2106 

1 , 0 9 4 i  +I20 

1 : 45.2 / 
I 

'33005 

1.100 

1,114 

1,130 

33005 1 

Rnro 
line accept- 

ed. 

-. 

.33022 

.3'1019 

33016 

I 'a3014 

33012 
I 
( ,33010 

r .33008 
I 
/. ,33005 
I 
[ '33002 

.33001 

7 

289 

261 

288 

268 

270 

2M 

288 

26, 

256 

241 

248 

+IAN 

+I28 

+I24 

- . 

U ~ u r n r r .  

i ~ t  to 7th. 

8th to 22ud. 

23rd to glut. 

1st to 7th. 

8th to 22nd. 

23rd to 30tC. 

. I 

1 , 0 1 6 ' 1 , 1 4 9 ~  +I28 

1.147 

1,184 1 ::l: 
1,140 1 +l(V 

i 
1,176 1 + I ( "  

1,181 1 ,110 

- -- 

1.130 ( + l l i  

.33002 

7 

2M 

238 

218 

241 

249 

24, 

219 

236 

220 

,,I 

222 

- 
138 

7 

-23 

-23 

-20 

-16 

-27 

- I7  

-20 

-12 

-20 

-12 

-12 

-26 

---- 

-10 / 31,. 

3 3 4  

33.4 

33 3 

32.2 

32.2 

3 1 8  

31'9 

3 . 4  

31.1 

31'3 

30.0 

30.4 

l w Z  U 8  -11  

30'6 

30.2 

30.3 

30'0 

20.6 

1 3  

20.0 

2 

28'4 

28'3 

2 8 0  

27'8 

-. 

I 

68.0 

62.2 

62.4 

63'1 

69'5 

6Q3 

64'8 

68.8 

66.0 

67'7 

6Wl 

60.1 

-- 

-2.0 

-3.2 

-3'0 

- 2.2 

-2'7 

-2'6 

- 2'3 

-2.6 

-2.7 

-3'0 

-'!I 

--a'@ 

~- 

8 1 0  7 I 1010 

68.0 

69'8 

60'7 

80 7 

81'4 

l U 0  

02.4 

8 2 8  

82.7 

09.0 

06'3 

+8.8 

+7.8 

+ 1'3 

7 

+I'0 

+ I 7  

c7.a  

+ 7 3  

+6.7 

7 

0 7 2 '  

074 

082 

088 

1,OW 

1,030 

1.020 

1.030 

1,067 

+7'a 1 1,071 

.~ 
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4. Mean scale values and temperature ratzge.-The mean scale values for 
the year for an  ordinate of 0'04 inch mere: for H. F. 4.86y, V. F. 
Declination 1' -08. 

The mean temperature for the year was 32O.3 C with maximum and 
minimum values of 33O.1 C and 31O.9 C ; the temperature of reduction i~ 31°C. 

5. Mean monthly values and secular change.-The follnn-ing table gives the 
mean monthly valrles of the magnetic element0 in  1910-11 with the secular 
change for that period. 

The values of El'. F. and V. I?. are preliminary only : they will be subse- 
quently corrected for " personal error ", Q term and difference from the Burvey 
standard. 

~ S e c u l a ~  chcnges at Bairackpore in. 1910-11. 

1. Oeneval Remarks on, worJcing.-Nr. R. P. Ray was in charge of tljc 
observatory until 20th Jannary 1912 when he ~vas  relieved by Surveyor K. 
K. Dutta who was in  charge for tllc remainder of the yem. 

The officer in charge inspccted the observatory ea,rly in December 1911 
and readjusted thc V. F. and Declination mnqnetographs. Tlle temperature 
coefficient of the V. F. instruinent mas redetermined and found to be 2 9 y 
p c r F  lo F ; the value - previously (letermined in  July 1912 was fi 0. 4 y per 
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lo F ; this change is accounted for by a slight displacenleut of the tempera- 
ture compensation bar during the readjustment. 

Tile 8. F. and Declinatio~i magnetographs mrlced well throl~,oho~t, the 
lat,ter being readjusted only hecanse owing to the effect of ~ecular change the 
curve mas approaching the edge of the sensitizetl paper. 

The V. P. lnagnetograph gave frequent trouble owing to t,he balance 
being somewhat unstable; Lieutena~~t  Mors11e:ld remedied this defect in the 
previous year by lowering t,he centre O F  gravity at  the expense of tha flcale 
value which. m a  raised to 16.5 y ; this was reduced in July 1911 to 6.0,,, 
raised again by the observer at the end of September to 11.3 y and reduced 
in December 1911 to 4'8 y. 

Changes of zero have again given trouble during the present pear, but as 

t,he similar instrilments a t  the other observatories give little trouble with scale 
values of about 5 y i t  is hoped that the necessary stability will be obtained by 
shifting the knife edge of the magnet a little further from the edge of the 
agate plane upon which it rests (of Narrative Report, 1906-07). 

2. ixecc~a valzles of Decl,ination and H. I?. constants.-The table belo\\. 
gives thc mean monthly observed values of collimation, ohserved 
and crcceptecl values of the distribution constants P, and P, and the magnetic 
moment m, ; the accepted values are t,hose used in computing the monthly mean 
values. 

It will  be noticed that the monthly values of magnetic collimation show 
considerahie fluctuations for ~vhicll no oause can be at  present assigned wit11 
any certainty. 

The observed vali~es of m, show a rapid fall as during previous years. 

i l leun values o f  / h e  C o n s t a n t s  o j ' t h e  AWagneto)aeter N o .  19 i n  1911. 
i DECLINA- 

'TION H .  F. CONSTANTS. / C O N 6 1 1 8 1 9 . '  
-- ~ 

i 
I MEAN V A L O E B  O? P'a. 

REs*nrs. - . Rnu~ans. 
Moa~es .  i Acccpterl 

! m o p e t i c  v n l ~ ~ e  of 

rollimation.~ 

1 
I) I 

- -  -- 
I 

~- - - 

1 / ( 3 20 ' TO 11th. 
J annaq  ' 8.61 0.31 , 

0 17 1 From l a t l ~ .  i 
February , 

. , o  
181 

! I I 
blnreh . . I 0  3 1 ,  8-64 1 8.01 1 

67 To i t h .  
I 

I I I 
April . . 1 53 I I M I  to 17th. 8.48 : 8.13 1 ' 802.18 

1 U 
19 , From 18th. 

* 
May . . . ) I  331 

i 
8.13 8.11 5 8IJ?B 1 - 

8nl.n 1st . ILIIIC lo 20111 IYIJ. 

8.44 8 08 3 ... 1 
I I 

Aowt . . . I 0 801.3; 122nd d t l l y  t o  20111 Soplrllt. 
I 1 brr. 

8.45 ' 8.89 1 1 8~1.17 Plst  gcptrmber to 30111. 

Nnicmbor  . i 1 ,I4 .To :Sth. I 

HDU'EE , I ?  3, 1 Fr<mn l i t lb,  8 %  ' 0' 17 / 
Drcember . . l 2 2; 4.37 0.4.; I I ~ 0 0 . 0 9  2nd to 7111. 

i 
m n  011 FOI nlh. 

810-64 ' lot11 t n  831.d. 

88fl.o.j 20th to30fh. 
I 
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3. Mealr Base Line- values.-The following table gives tho observed and 
acacel,ted Base Lines of the H. F. and Declination magncatographe. 

The observed declination base lines show a variation which though smdler 
tllnn in 1909 and 1?10 is still larger thzn is to be expected; the comparisons 

No. 10 lnagnetometer in 1911 aud 1912 show that the change in bme line 
was negligible before the readjustment in Deceml~er 1911 and the base line for 
the whole period has for this reason beell taken as the same as in December 
1910. 

I t  seems probable that the defects in the wooden magnetometer box, 
referred to in last year's report, have not yet been effectually remedied and the 
inst.rument mill be carefully examined during the next inspection oE the 
observatory. 

The difference between the accepted and observed Base Lines in H. F. ie 
due partly to the smoothing of the curve of m, and partly to a correction of 
-19y to reduce to the magnet No. 19 ~vliich was used in the earlier years of 
the observatory. 

B l ~ s e  L i n e  values o f  A!asgnetog~uphs in 1911. 

DECLINATION. 
- - - 

I MONTHE, 1911. 
REMARKS. 

HORIZONTAL FORCE. 

I I 

-. - - 
I 

- - -- 
I 

v2:z~t ; Base line REMABE#. 
Base line. 

38519 ' ,38197 1 
I 

,38517 .3849G 

.:i8623 : .38496 

I 

,38510 '38J99 

'38508 

.38413:> Up to 15th. 

,3H 180 From lGt11. 

I 

J m u a y  . . ' -4 : 7'9 i 
8.3 

8.6 
&I;;roh . 

. -- 

April , . 

! 
October . . 8.1 

Novsrnber . . 7.9 
I 

8'6 
December . . ' { 

20'1 

I 

I 
I 

i 
1 Up to 8th. 

Fro111 1 0 t h .  

7.0 
P a = 
d 
a 5 
3 f! - a 2 ,o 
2 
7 6 
b , 

I 
7.7 

8.6 

M a y .  , i ,.2 
1 

June . . 7.3 

July . . I  @8 

7.9 

I 

To 9th. 

From 11th. 

To 16th. 

From 19th. 1 .384,98 :38477 8th to 22nd. 

1 1 [ '3837d 
I 

'3849", '38473 

1 1 .18181 1 .31167 
I I 

To 9th. I .IPLW ' 38462 
From 18th ( I 

when inetru- 
ment R B S  re- 
ntljusted. 

I 
I 

From 23rd. 
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4, Mecsta male values and tempe~*atul*e q*afige.-The meeu soale values in 
1910 are as follows :- 

H. F. 5.43-, 

16.57 
v . .  { t o  

4-97 

Declination l l .O-l .  

) for nn ordinate of 0.04 inch. 

The mean temperature for t,he year was 89°.1 F. with maxinlum alld 
~uinimunl mouthly values of 89O.3 C and 88O.9 C; the temperature of reduction 
is 89" F. 

6 .  Seculnr chnnge, 1910-11.-'l'he t,able below gives the mean monthly 
values of the magnetic olements for 1910 and 1911 and the seoular change 
during this period : - 

1. Generla2 Rejnnrke on zoork.ing.-S. 9. Ramaswami Aiyaagar in 

charge th~.ougliout the survey year 1910-11, except for three months when he 
was reliered by K. K. Dutta. 

Thanks are duc to the Director, 3olar Physics Observatory, for liis cordial 
assietance in all matters connected with the magnetic work ; since May ol the 
~ r w n t  yeor, he has kindly placed his electric-chronograph a t  the disposnl of 
the nisgnetic ol:scrver for pcridical determinations of crror." 

Secular changer at Toungoo i n  1910-11. 

Monar .  

_ _ -  

I l u n ~ a o s ~ ~ h  Fornor 
' W O O  C. 0 .8 .  + 

1910. 

I 

I T  7 Y '  , I t  Y  Y I Y  

JanuarJ . . . I i l  1 I. + 61 27.3 21'8 / -6.6 1'6 2'4 +0'8 4.53 616 + 32 

510 + 30 

March . . 
April . . . 

A l g o l t  . . . 

Bcplember . . 1 858 

Mean observed vnlne of Dip. 

D E C ~ I N A T I O ~  DIP 
E. O0 + N. 23' + 

-. .- I- lolo. 

- - -  

1811. 

VEBTIOAL P o n c ~  
'1@m C. ti. S.+ 

S C R I I ~  
1910 

-- - 

I 

10". "en"' 
ohauge. 

1010. 

-- 
1 1 1  , ; 
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The officer in  charge inspected the observatory in March 1912 when all the 
magnetographs were readjusted ; in the H. F. and lleclination instruments fhe- 

had approached the edge of the sensitized paper owing to secular changes. 
2. E. F. artd Declination constants.-'Ihe table below gives the monthly 

mean values of the magnetic collimation, the distribution oon~tan t s  P, and P,. 
and the accepted values of the magnetic monlent m,: the accepted values 'are 
those used in computing the monthly mean values :- 

Mean valzcee of the cons tad8  o j '  the dlugnetumcttr  No. 16 i n  1911. 

DECLINA- 

CON- 
H. F. CONSTAXTS. 

BTANTE. 

cepted values have been used in computiug the monthly mean values. 
I n  last year's report i t  was noted that t,he apparent changes of m, during 

1910 had to be disregarded as thcy wets(: not substantiated by the resulting 
lnonthly mean values of H. F. and the bmc line was computed with the value 
of m, found a t  the beginning of the year. For the same reason the observed 
values of m, in 1911 have been rejected ; from the oompalisons made with 
magnetometer No. 1 0  in  1910-11 and 1911-12 the Base Line value is shown 
to have fallen by 13y during twelve montlls and the accepted monthly base 
1ine.q given below have therefore been derived fram that for December 1910 by 
applying a gradual fall of l y  per month. 
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 he H. p. base lines a n  then only be considered provisional and liable to 
eubsequent correotion. 

Ab~t rac t  o j '  Base Line values of ilfag~relographs i n  1911. 

I 

January . . 1 : 33.0 

I 
February . . J : 32.(j - 

March . I . I I : 32.5 

MONTH~. 

- 
HORIZONTAL Fonc~.  

-- --- 

April . . I : 32.6 

May . . I : 3 ~ i  

Mean value 
of 

Base line. 

I : 33.0 

1 : 82 .6  

1 : 32.5 

June . 
I 

. 1:JZ.Y 

July . . 1 : 3 2 ' ( i  

August . . 1 : 32.7 

DECLINATION. 
-- 

Bnse 
line 

accepted. 

1 : 32.6 

1 : 32.7 

September . . 1 : :j?g 

I I 
4. M e w  wale  valzcee arrd tenaperatn~.e ~*ange.-The mean scale values for 

1911 are as follows :- 
H. F. 6.147 \ 

-. 

Mean value 
of 

Bnse line. 

I d '  

- 

'36914 

'36911 

.369OS 

1 : 92.6 

1 : 32-G 

1 : 82.7 

v . .  is7 I 
I 

for an ordinate of 0 .04  inch. 
5.97 

- - - -. - 

Hsse 
line 

necepted 

0 I 

.3698\; 

.36947 

'36946 

'3 6894 

,36897 

I : 32.9 

October . . I : :>St )  1 : 33.0 

Declination 1'.03 1 
TLe mean temperature was 1 9 O . 3  C with maximum and minimam monthly 

values of 18".7 C and 1 7 O . 8  C ; the temperature of reduction is 19" C. 

.36945 

.3694% 

'36896 

.36\95 

.3680:3 

-3689% 

*:36SS5 November . . 1 : 33.1 
I 

,36946 

,36944 

,36941 

.:36?83 

,36939 

,38938 

December . I : 33.0 1 : 33.0 ,36856 
I 

I 

1 : 33.1 

.Xi940 

.JG937 
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5.  SeczcZav* change, 1910-1 1 .-The following table gives the mean 
monthly values of the magnetic elements for 1910 and 1911 with the secular 
change deduced during the interval :- 
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111. -TABLES OF RESULTS. 

INDBX TO TABLEE. 

A. Mean values of the magnetic elements a t  the observatories for 1911. 
B. Claesification of onrves nnd dates of magnetic disturbances in  1911. 
C. Tables of resnlte a t  Dehrn Dan. 

D. 8 ,  ,, Barmkpore. 
3. ,I ,, Toongoo. 
p. ,I ,,a Kodaikinol. 

For each observatory the following tablee are given :- 
I .  Hourly means, (corrected for temperature), of Declination, H. F., V, F, 

and Inclination from 5 selected quiet days'per month. 
2 .  Diurnal inequality of each element deduced from 1. 

6. Preliminary values of the magnetic elemants at field and repeat statione in 1911-12. 

.I.-dleon values o f  the magnetic elements at observatories i n  1911. 

1)eclinetion. 

0 1 

Observatory. Lntitude and Longitude. 

- - -- - - .  

0 1 11 

H. F. 

C. O. S. 

.33238 

-37337 

-38853 

-37515 

Dip. 
- .  -- 

0 I 

V. F. 

C. G .  S. 

'92136 

-22220 

.I6533 

,02536 

i E 2 29.2 
30 19 19 N 

Debra DSn N 4b 2.0 
79 3 19 E 

Rarrackpore j P 2  46 09 I s8 21 39 E 

. ( 
1 s  55 45 N) 

Toungoo 
96 '27 3 EJ 

. i 10 I3  50 N 3 Kodsikrnal 
77  27 46 E 

i N :lo 45.5 E 0 49-9 

N 23 3-0 E 0 19.3 

I 
I 

N 3 52.0 W 1 0'2 
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G.-Abriract rhotoing approrimale ?liag%etk v a d ~ 1 8  a( alat io l~r  obreroed at  by NO,  18 part,, 

d u r i ~ g  rearor 1911-12. 

DETAIL SURVEY STATIONS. 

6 - 
2 
m 

P74D 

875 D 

276D 

277D 

278D 

Latitude. 

O I I I  

19 48 0 

19 41 10 

19 36 0 

19 24 10 

19 26 20 

19 31 50 

19 28 10 

10 36 10 

19 41 20 

19 23 20 

19 12 10 

Nalve of Stations. 

----. 

Hirnpur . . 
Ergohen . . 
Nnrnr i  ,Gudd . 
Sonepali . . 
Omri , . 

Longitude, 

O , , ,  

79 6 60 

79 0 60 

78 37 60 

78 34 0 

78 45 20 

78 55 40 

79 9 10 

79 13 0 

79 21 0 

79 21 60 

79 13 50 

2791, ) Omli . . 
080D Indapu: . . 

I 

285D ' Rali . . 1 18 68 0 79 19 40 

19 6 40 

78 57 60 

78 48 30 

78 37 0 

281D 

282D 

283D 

284D 

286D 

I 

Dip. 

0 I 

26 26 

26 2 

21 17 

23 28 

24 0 

26 53 

24 38 

24 10 

24 29 

24 36 

23 62 

Kark i  . . 
Temburwai . . 
K a n a r p o  . . 
Ginejari , . 

I i ~ s i p e t  . . i I 18 57 10 

23 20 

26 10 

23 0 

23 32 

26 1 

1 

Deolinefion. 

W. 0 16 

,, 0 46 

E. 0 9 

,, 0 19 

,, 1 0 

,, 4 31 

W. 0 2 

E. 0 4 

,, 0 17 

,, 0 6 

,, 0 2 

78 44 l O  

W. 0 6 

,, 0 30 

E. 0 6 

,, 0 23 

W. 1 2 

19 2 60 

19 10 20 

19 16 40 

19 13 50 

290D 

287D Kohal . . 
I 

28813 1 Birsaipet . . 

Hmizonhl 
Foroe. 

- 

C. Q. 9. 

0.3732 

0'3726 

0.3646 

0.3764 

0.3794 

0.3682 

0.3712 

0.3704 

0.3742 

0.3734 

0.3734 

Tellagndpa . . 
2SQD 

23 24 

RIUABKB, 

w 

0.3755 

0.3695 

0.3746 

0 3728 

0.3830 Itkenl . 

23 28 

23 1 

23 27 

2.2 36 

22 63 

23 3 

22 30 

22 36 

22 3 

22 34 

24 18 

22 36 

22 28 

19 62 

19 26 

30 47 

, 
2 M 

291D 

292D 

293D 

294D 

296D 

298D 

297D 

,, 0 17 

Mamda . . 
Warasekota . . 
Koretln . . 
Kotttpot , . 
H a r n p u n d ~ m  . 
Csgampet . . 

I Ttlderee  . . 

19 4 20 , 78 31 40 E. 0 12 

,, 0 17 

,, 0 11 

,, 0 36 

W. 0 4 

,, 0 19 

,, 1 16 

E. 0 21 

,, 0 26 

W. 0 20 

,, 0 9 

,, 0 

,, 9 2: 

19 64 60 

18 49 10 

l e  46 40 

18 4i 40 

18 38 0 

18 27 10 

18 25 30 

18 31 60 

18 37 60 

0.3736 

78 3'2 20 

1 78 43 30 

79 12 10 

79 27 I0  

79 8 60 

79 15 10 

79 3 10 

i 8  64 40 

i 8  41 30 

298D I Elguntlal , . 
2 9 9 ~  1 Kolrln . . 

,, 0 48 

,, 0 31 

,, 0 63 

,, 1 35 

,, 1 24 

30in 

308D 

SWD 

3101) 

311D 

e 
5 

0.3726 

0.3765 

0.3748 

0'3716 

0'3601 

0.3813 

03800 

0.3722 

0.374 

0'3729 

0.3744 

0.3767 

0.3791 

300D 

0.3662 

0.3060 

0.3660 

0.3670 

0.3863 

X i m k l ~ e ~ a  . 1 22 31 00 

Kantaphor . . 22 34 40 

Ajnns . . / 32 33 30 

Hamngaon . . 1 22 46 0 

Dsulatpur . . 22 63 30 

76 19 20 

76 33 60 

76 60 20 

76 68 0 

76 66 50 

s" 
! a 
El 
2 

"4 

% . - 
a I 
.3 

Roodlnngee . 

42 10 1 78 27 10 

1'3 3.3 80 , 78 31 40 

,, 0 10 

,, 0 20 

E. 1 6 

30 17 

30 64 

30 22 

29 40 

31 34 

18 22 40 

I i  21 10 

17 12 30 

22 3 i  20 

03796 

0.3781 

03637 

301D Blmgul . , 

:8 4.9 20 

79 7 60 

78 37 40 

i 6  3 10 I 

90zD 

3113D 

304D 

Cheemulpully . 
Sircilln . 
Yemalltondn . 

305D Ibrshrnlpntan , I 
weD ' Kitampel . . 
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~b , t? f i e t  shorokng approsimate n~agnelic aalfces at s tat ions ob86rved at  by No.  18 Par t y  daring 
season 1911-12-continued, 

312D Ashts . . 
313D Tappa . . 

Sonkach . . 
Dewas . 
Maaglia . . 
Sewungmou . . 
Ashti . . 
Karanja . 
Chikhli . . 
Bizirgaon . . 
Kalmeshwar . 
Bhoogao~i . . 
Panchgaon 

G h g a o n  . . 
Sindi . . 
Hiagni . . 
Anji . . 
ICiahiila . . 
Arvi . . 
Rasiilabrd . . 
Chsndur . . 
Uhirrnak . . 
Bsbiilgaon . . 
Bhidi , . 
IChaogeon . . 
Waigaon , . 
Hingnagl~at  . 
JCor a . . 
Girnr . . 
Nnnd . . 
Amgnon . . 
Qondia . . 
Tnmasr . . 
Dulee . . 
Shirpur , . 
Pnthri , . 
Chipah , . 

Latitude. 

0 , r, 

a3 1 30 

22 60 60 

22 68 40 

22 68 0 

22 49 0 

21 2 10 

a1 12 26 

21 10 0 

Longitude. Dip. I Deolinatiun. H o r i ~ o n ~  
! Force. 

I o , j  I C.Q.S. 
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~ l o t r n c t  s t i o w i y  approaimale magnetic uolues a t  stations observed at by NO.  18 p a c ~  
during seaaolc 1911-12-continued. 

DETAIL S G ~ V E Y   STATION^-concluded. 

Serial 
No. 

RE-OBSERVED FIELD STATIONS. 

I / Latitude. Longitude. 
Name of Stations. -- 

I 
I 
I 

I 
I 

R E M A R K ~ .  

- 
a =I  
.g g 2 
5 6 2  
a g 5% .z 0 .o 
G~ 6 

Declination. Horizontal 
Force. I -- 0 I C. G. S. 

Dip. 

0 1 

-- 

E. 0 36 

,, 0 38 

, 0 41 

20 32 

30 IG 

31 12 

21 56 

22 22 

20 4 

380 

619 

28 9 

28 28 

0.3720 

0.9707 , 
03710 

349D, Dhord~h . . 1 21 17 50 
I I 

360D Khnlrngn~h . ; 21 25 60 

17 38 30 

22 46 10 

22 46 0 

18 16  40 

18 36 30 

Alir . . . 
Thoria . . 

351U Lnchnn . . 21 22 0 80 48 40 28 20 I 

80 56 40 

80 58 20 

79 2 50 

76 41 20 

76 17 10 

79 6 30 

79 22 80 

731 , Sbarnsli.ibRd . , 17 15 30 

620 Rat Piplin . . 
I 

717 Thavioppully . 
718 / Pednpnli . . 

e 
5 
a' 
c 
a 
a 
8 
U 

5 . - 
a -a 
V1 .- 
E 

78 26 60 

REPE.IT ST.\TIORS. 

ci 

0 C 

bD 

W. 0 4 

,, 1 3 

,, 0 16 

,, 0 19 

E. 1 6 

W. 0 32 

YJJ 'I'nndur . . 19 9 0 
l 

747 D.~nura . 19 46 50 

748 ' Kupti . . 19 '71 10  

0.3782 

0,3645 

0.3637 

0,3730 

0.3787 

0.376$ 

79 26 M 

78 45 10 

78 25 10 

80 30 *O 

79 12 40 

78 42 40 

169 'SaI&asn . . 
775 Knmptee . . 
-- , , I ,  . Pnnnar . . 

221 17 30 

21 12 30 

2 0  46 60 

23 52 

25 56 

23 24 

27 55 

27 58 

26 40 

778 'Dhnmangson . 

802 K a t ~ ~ l  . . 
803 Urure~  . . 
1331 JIussoorie . . 

20 46 50 it3 8 40 

21 16 0 78 35 50 

20 51 0 79 20 0 

30 27 40 78 5 10 

0,3679 

0.3694 

0.3708 

0,3305 

,, 0 4 

E. U 26 

,, 0 4 

.. 0 21 

,, 0 35 

,, 0 9 

26 46 .. 0 31 

27 51 1 ,, 0 49 

0,3761 

0.3728 

0.3725 

0.3191 

0.3690 

0.3696 

27 47 

44 15 

,, 0 54 

,, 2 30 
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Ab~troct showing approximate rnag?tstic valuer at etatioar obseroed at  by No. 18 Porty 
duriny seanoll 1911-12-continued. 

i 
3 
m 

XIV 

XV 

XVI 

XVlI 

XXI 

XXII 

XXIII  

46 

71 

88 

92 

105 

124 

130 

L~titndo. 

- 

24 46 30 

17 27 11 

21 2 46 

23 8 67 

24 49 43 

27 29 24 

11 39 10 

27 48 20 

31 35 60 

34 0 40 

32 27 30 

21 4 40 

28 0 4D 

26 27 30 

26 31 40 

23 8 10 

18 28 0 

17 33 40 

13 6 40 

16 49 10 

20 14 40 

29 40 20 

29 32 10 

10 46 40 

19 15 20 

16 31 0 

26 3 10 

25 23 10 

22 47 0 

25 6 30 

22 42 10 

26 27 0 

19 18 10 

Name of Stetione. 

Gaya . . 
Sec~lndelab~d . 
Bhus?ival . . 
Jubbulpore . 
Silohar or Cachar 

Dib~ugnrh . 

Port Blair . 
Ruk Junction . 
Lnhtpre . . 
Pe*l~iwar . . 
Rut~dian . . 
Sachin . . 
Bikanir . . 
Ajmere . . 

746 

796 

774 

831 

871 

*61 

134 

139 

172 

176 

187 

216 

223 

232 

283 

rj7 

375 

384 

583 

489 

600 

644 

667 

673 

699 

79 17 40 

81 38 20 

77 46 10 

R8 60 20 

91 7  20 

9; 6 30 1 

REPEAT 

Longitude 
-- 

O I D o r , ,  

84 68 54 

78 20 16 

76 47 18 

79 66 44 

92 47 21 

94 66 40 

92 43 13 

68 58 20 

14 18 60 

71 33 40 

71 23 20 

72 62 40 

73 18 60 

74 38 30 

69 0 40 

72 3 30 

74 36 10 

76 0 20 

80 16 0 

74 38 10 

74 26 20 

77 14 a0 

76 a 40 

79 8 20 

76 48 60 

80 36 60 

81 6 20 

86 27 60 

I Mirpur k h ~ s  . 
Virarngam . . 
Dhond . . 
Botgi . . 
Perambar . . 
Mirij  . . 
Manmgd . . 
Delhi . . 
sirsG . . . 
Tanjore , . 
Parbhani . . 
Bmw&da . . 
N ~ n i k p a r  , . 
Yonghyr , . 
Sini . , . 
Baran . . 
Indore . . 
Cnwnpore . . I  
Berhnmpnr (Qsn- 

STATIONS--continued. 

Dip. 

0 r 

34 36 

20 33 

27 30 

31 34 

34 63 

39 40 

6 17 

39 61 

46 18 

49 10 

47 68 

27 60 

40 20 

37 37 

36 7 

31 38 

22 40 

20 60 

10 33 

19 46 

27 8 

41 30 

42 48 

4 49 

24 66 

18 0 

36 

36 47 

Deolination. 

0 I 

--- 

E. 0 62 

, 0 0 

,, 0 31; 

,, 0 44 

,, 0 60 

,, 0 61 

W. 0 20 

E. 2 2 

,, 2 48 

, 3 49 

, 3 27 

,, 0 20 

,, 1 68 

,, 1 52 

,. 1 62 

,, 1 3 

,, 0 18 

jam). 

Chnndo . . 

a 66 60 

76 30 30 

76 52 40 

80 21 0 

84 48 40 

19 67 60 

Hdcontal 
Force. 

C.0 8. 

0.9660 

0.3800 

0.3681 

03663 

03692 

o.3684 

03965 

0.3342 

x 

Rripul 21 15 50 
' ' I  

Amrnoti . . 1 20 55 30 

Siioltihtir . . 24 48 10 

I d ~ k ~ n r n  . . / 23 16 $0 

Mllnn~lll . . j 22 o 60 

1 .* O 2 l  0.3808 I 

BEHABX~.  

30 36 .. 0 47 / 0.3738 

?6 22 ,, o a3 

28 12 ,, 0 32 

27 60 ' ., 0 11 

a 

,!i 
B 
Y 2 

? .- 
E 
'-0 
m ." 
X 

,. 0 6 1 0.3757 

36 36 ,, 1 19 

31 0 p, 0 41 

37 48 ,, 1 33 

0 , 3 7 4 ~  

03719 

0'3647 

0'3202 

03072 

0'3088 

0'3649 

0'3377 

0'3469 

0.3438 

0'3563 

0'3712 

W. 0 64 

,, 0 13 

E. 1 6 

,, 1 66 

,, 2 30 

W. 1 27 

E. 0 34 

0.3626 

0'3680 

0 3635 

34 41 , 

1 2 1 0,3670 

31 60 ,, 0 41 0.3738 

a9 19 .. o 21 0.3807 

1 

Y 
9 
3 
M 

b o 
=! 
i 

0'3839 

0.3766 

03676 

0.3399 

03328 

03822 

0'3710 

23 62 

N. 0 36 1 09817 

E. lo l 0.3687 

,, 1 6 0'3626 



Ab,traet #homing approxitnate magretic valse8 at stalz'ons observed a t  by No. 18 party 
dlrriag reason 1911-12--concluded. 

NOTE.-Tlie above values of Dip, Declination and Horizontal Force are uncorrected for seoular change, 
diurnal variation, instromeutal differences, etc., and are to  be coneidered preliminary values only. 

A11 Longitudes are referable to t l ~ n t  of the Madrae Observatory tnken a t  the value 80" 14' 47" east from 
Greenwich. 

Hori '~nhl 
Force. 

C.G.S. 

03622 

0.3736 

d 

-: m 

976 

977 

R E M A R X ~ .  

- 
a 
I 
ad 

Name of ~ t a t i o ~ o .  

Myitkyinii . . 
E h ~ r n o  . . 

18 49 3 2 0 11 0.3886 no 

16 46 

16 29 0 17 0.3940 

25 44 1 49 03433 

Deolination. 

0 I 

-- 

E. 1 19 

,, 0 39 

1068 

LO71 

1196 

1398 

Prome . . 
Bassein . . 
Moulmein . . 
Barmer . . 

Dip. 

0 I 

36 17 

33 47 

Latitude. , Longitude. 
I-- 

0 It  

26 23 20 

24 15 30 

0 ,  1 

97 24 10 

97 13 10 



REPRODUCING OFFICES. 

PART VI1.-REPRODUCING OFFICES. 

PHOTO.-LITHO. OFFICE. 

BY CAPTAIN C. M. THOMPBOIO, I.A. 

Photo-Bf*anch.-The outturn of negatives with the cost per 100 square 
inches for the last three years was as follows :- 

No changes of importance have been made in the lnethods or f o r m u l ~  of 
the negative section. The improvement due to the introduction of iron base 

Year. 

1909-10 

1910-11 

1911-12 

cameras, iron stands and Cooke lenses has been well maintained, and a still 
further improvement has been made by the use of office made silver nitrate. 
This chemical manufactured locally out of silver recovered from our residue 
tanks, is cheaper than that obtained from home and this enables the intensi- 
fying baths to be ltept up to full strength at  less cost. The quality of the 
negatives has improved owing to the greater density obtained in the stronger 

Number of 
negatives. 

3,098 

2,905 

3,882 

baths. Althougll the above table shows a large increase in outturn, the cost 
of the English silver nitrate used has decreased by Rs. 640. 

The large Zeiss " Apochro~nat Planar " lens and prism indented for in 1906 
arrived. The total cost of the lens and prism was S621. The lens llas a focal 
length of 1700 mm. and works at an aperture of A. Pending the conver- 

Area in square 
inches. 

sion of No. 1 camera into an iron base camera wit,h an iron stand, it has been 

Cost per 100 square 
inches. 

found impossible to employ this lens owing to the vibration of the present 
apparatus. The camera and stand should be ready by December. 

Rs. A. P. 

1,9433,889 1 0 1 7  

1,786,295 0 6 0  

2,157,820 

- - 

A glass plate polisl~ing machine has been installed this year. This should 
eifect a saving, as i t  will be possible to repolish tarnished negative glasses 
which would be otlierwise useless. 

The outturns of the Itetoncl~ing, Helio and Vanclyke, and Photo. En- 
graving Sections for the last three years were as follows :- 

Retouching Section. . 
Year. 13laclc plntes. Colour plates. Total. 
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Helio and Vandyke Sectiom. 

- 

Photo-Enpaving Section. 

Year. 

- - --. . - -. - - 

1908-10 

1810-11 

The value of the mork of Photo-Engraving Section exceeded the cost by 
RE. 2,884-14-2. 

Lit110 B~anch.-The outturns for the last three ymss were as follows :- 

Helioe. 

3,843 

2,851 

i Year. of 'qnam 
inches. 

It, 1d.I be noticed that, while the outturn oE pulls in the Litho. Section is 
practically the same as in 1909-10, the outturn of negatives and plates has in- 
crertsed matrrially. This is due to the greater use nonr made of blue prints 
and reductions for fair drawing by which much labour is saved in  circle and 
party offices. 

An offset machine for printing from rubber has been recently installed, 
but, pending the arrival of a proving press from home, it has only been used 
for direct printing. The offset method of printing it is hoped will offer mate- 
rial advantages in the printing of our 1-inch standard sheets, but as yet no 
detinite opinion on this p i n t  can be given. 

Type-Printing Section.-The outturns for the la3t three years were as 
follows :- 

D. Z. Plates. 

- -  

359 

606 

1 

Half-tone pulls. 1 Line pulls. 

- 
Total. 

:4,GO!2 

3,467 

Total. 

- 
;CIiscellaneoue Depart- Tear. mental work. 

183,236 

214,200 

497,876 

i 
1909-10 . 15,091 i l l 4 ,S lG 1 68,390 

I- 

Mi~c~l laneous extra 
depnrtmental work. 

- - . - 

19U9-10 . . 
1010-11 . 
1911-12 . 

Yenr. 

~ - --- 

1909-10 

1'110-11 

1911-12 

1910-11 . 9,206 

l,911-12 . : 13,223 

Total. 

1OlJ90U I 111,3CO 

60,056 I , 437,~eo 

Maps. 

2,697 

2,559 

Pagee or items. 

- 
12,186 

14,604 

7,988 

I I I 

Pulls. 

1,i49;302 

833,762 

hlaps. 

1:053 1 4MJb78 1 3,750 l,674,180 

2,686 I lIU45,486 

Copies. 

- -- -- . . . . - 

1 ,4,35,093 

l ,Zd6,l6l 

1,131 ,012 

1,383,147 

1,504,498 

1,104 

1,203 

Irnpreeaions. 

2,616,';S5 

2,104,756 

3,014,766 

649,335 3,663 

5lDJU7U 3,949 
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The type-printing outturn shows a decrease owing to the fact that the 
work of printing the "Professional " forms has been transferred to the Dehra 
Dan Office, also that the blocks and weather charts previously printed in tile 
~ ~ ~ e - Y r i n t i n g  Section are now printed in the Photo-Engraving Section. 

General.-The general increase of work has shown that the space allotted 
to the Photo.-Litho Office is now inadequate. More room is required for nearly 
every branch, especially for cameras in the Studio for the Helio Section and 
for negative and paper storage. 

A marked advance has been made in the rate of progress of the publica- 
tion of standard sheets. The first modern standard sheets in oolours took some 
8 months to publish. This time has now been considerably reduced and some 
sh~ets have recently been published within three months of the date of their 
receipt at  head-quarters. This increase iiz speed is due to all handa, notably 
the men in the duffing section, becoming more expert in their duties. 

The cost of tlie office and the value of the total office outt,urn at  coat ratew 
for thc past three years were as follows :- 

Year. Cost of office. Value of onttnrn st 
O O R ~  rnt.e. 

. - . - . > - - -- - 

R.. 1 Rr. 

1911-12 . ! 1,47,SGi* 0,,01,391. 
I .. - 

' T l ~ i s  decrease in tlie cost of the offico is a l~uost  entirely due t.o reductioua in expendit,ore on est~~bl iuhment~.  
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APPENDIX I. 

SYNOPSIS OF GEODETIC WORK IN THE VICINITY OF DEHRA DUN. 

(Vide Map 1'1.) 

LIST OF STATIOXS. 

Degond the limits 01 the mao. 

Name 01 Statton 

Amsot . . . . . 
Assrary . . . . . 
Bilhak? . . . . . 
Bajamara* . . . . 
Banog . . . . . 
Bulawila . , . . . 
Dchra Dun hat (E. End)  . . 
Debra Dun (Haig Observatory) , 

Fatehpur . . . . , 

Hardwar . . , , . 
Hatni . , . , . 
K a l a i .  . . . 
Khojnaur . . . . , 

Kidnlknnta* . , , . 
Lachkua . , . , . 
Iambatach. . . . . 
Mohnn . . . . . 
Muqsooree, Cnmel's Back . . 
bI.lnqsoorec Dome Obselvetorp . 
llusroorcc (Dunaeverick) . . 
Kng Tibbn* . . , 

Nojli . . , . . 
Rnjpir  . . . . . 
Rrijpur . , . , . 
Roolkee . . . . . 
Shorpur , . . , . 

i I 

Oeodetic Latnlode Gedct lc  l.ongbtode R ~ v r n r s  

I - 
- - I  

0 , .  I O , l ,  

30 22 48.86 

30 14 25 

3005 6.22 

30 45 6620 

30 28 36.91 

30 6 51.29 

30 17 7.35 

30 19 28.73 

30 25 63 

29 66 29 

30 13 1.52 

9031 8 

30 16 23.63 

31 1 21.71 

30 4 34.24 

31 1 8.46 

30 10 63 

30 27 35 

30 27 40.55 

30 27 28 

30 36 11.09 

19 63 27.76 

30 23 56.83 

30 24 12 

296220 

301346.43 

feet 
I 

3140 j Latitade. 

2467 P e n d ~ l n m .  

9716 !Latitude. 

9681 : Latitude. 

7433 Let. and Azimuth. 

2432 h t i t u d e .  

1967 , la t i tude.  
I 

3240 : Lat., Long., Az., 

77 bl 1477 

77 5s 3 

781337.26 

77 51 0.19 

78 0 55-96 

77 59 11.27 

77 58 30.74 

78 3 2'2.12 

77 43 37 

78 9 19 

77 52 19 

77 50 26 

77 52 58.67 

78 10 23.74 

78 1 41'67 

77 54 2-96 

77 64 37 

78 4 32 

78 4 17.41 

78 3 33 

78 9 9.57 

77 10 2J.59 

78 6 0 

78 5 47 

77 53 59 

175730 

1434 

949 

3069 

1684 

2576 

12609 

2674 

10174 

1660 

6924 

6937 

7120 

9915 

929 

3500 

3321 

867 

2916 

I Pondm., and Stand. 
B. M. near thir point. 

Pendulum. 

Pondolom. 

Latitude. 

Pendulum. 

Latitude. 

Latitude. 

Lotitode. 

Latitude. 

Pundulum. 

Pendulum. 

Lnt. nnfl Azimuth. 

Pendulorn. 

Azimr~th. 

Lat. and Peotlulum. 

Latitude. 

Pondulum. 

Pendulum, Standard 
B. a. 

Latitude. 



168 RECORDS OF THE SURVEY OF INDIA.  1911-12. [VOL. 111,. 

L A T I T U D E  STATIONS. 

Nsmo of stntion I Oeodetir Lntiludo I Astronomlcol Lntltudo I A-G 

A m s o t . .  , . . . . . . 
BaLak* . . . . . . . 
Bajamara* . . . . . . . 
Bsnog . . . . . . . 
Bulnw&ln . . . . . . .  
D e h ~ n  Dun B:~so (E. Eudr . . . . 

Dnh1.n Dun (Hnig 0bservntol.y) . ., . 
Dehrn Dun 0 bservntor!- (old) . . . .  
Batni . . . . . . .  
Khujnaur . . . . . 

Shorpnr . . . . . . . I ;3J 13 44.43 ( 30 13 15*30 1 -29.13 

Beyond the limils of the map. 

Kidarlinnte* . . . . . . . 
Lscbkua , . . . , . . 
Lambatach* . . 

AZIMUTH STATIONS. 

Name nf atation Grodelic Azi,nuth Obssrped Azlmnth A-O 

31 1 21.71 

30 4 34.24 

31 1 8.46 

(A-G1 cot.@ 
=Deflection In 

Prilno Vertical 

Mussooree Dome O b s e m t o r  . . , 30 27 4056 

Nojl i . . . . . .  : 1 29 53 27.16 

Debra Dun Obny. (old) . I Banog 1 165 11 11.8 1 165 10 68.5 1 -13.3 ( ,, 22.7 

31 0 51'58 

30 4 5'34 

31  0 34'38 

Dehra Obsy. 
3lassoo ee Dome Obsg.  ole's Sake11 6 17 36.7 1 6 17 20'1 1 -16.6 1 , 282 

lite Station. 

-30.13 

I -28.90 

-38'08 

30 27 4'02 

29 51 1412 

Mussooree 
N ~ g l ' i b b a *  . . . (Eug la ' sNeat  I 32 58 555 1 32 58 41.6 / -13.1 I ,, 236  

-36.53 

-13.64 

I I I 

Ueyond tho llmits of tbc map. 

LONGITU I)E STATION. 

IlilTerenre of Lonpitudr from Kaliunpur. I A - o  I (1% - G I  cot @ 
Name of b:atio~l =Deflcrl~a>n In 'Pllnlo 

Oeodet~c ' Elcctro.tclegraphic Vcrlornl 

- .. -- I I 
0 I I 0 , I, 

Dun ( a  a . 0 24 4 55 1 23 38 99 ) - 2 i 7  ) t, 

E 22'1 



S'QL. I1 I.] 

PENDULUM STI~TIOXS. 

Nnme 01 alnf loll 1 0b.c ,.pC, 1 2- 1 " 

* Rednerd nccordiug to Bouguer's rncthcd nssun~iog naenn density of the cnr l l~  6.6, menu s u ~ . h ~ c e  denelly 2'0. 
t According to  Helmerl's lormuls of 1901. mk. : - 

y0=078'(MB (1 4 0'006302 sing @-0'000007 sill' 2 @ ) .  

0 Correcliol~ r0.ra1 * i d  

+Ofl03 

-t 0 001. 

+0'003 

+0'OtO 

$0'011 

$0'003 
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+0'001 

i 0.010 

+0fl01 

-0 '087 

- 4 0 i 9  

-00411 

-0'033 

4 0 5 9  

4 0 5 8  

a 2 4 3  

- 4 2 5 1  

4 . 0 3 1  

-0.117 

-0'030 

:.:::,!+t, 
9:'' 

979.205 

979.198 

LjiY233 

979'180 

979.241 

979'20Y 

97W225 

579.219 

979 195 

979.1206 

979'181 

+0231 

+0.210 

+0'132 

f0.089 

+Ol58 

+0'166 

+Oe649 

+a668 

+0'082 

$ 0  311 

+0.081 

- -  - - - 

),snl.ori . . . . I  9i9.059 

Dellra Dun . . . 979'063 

h k L p u l . .  . . . I  979147 

H a r d r r r  . . . . ' 9i9.122 

7Ft 

-.. - -  

979'356 

979'363 

979.371 

979.333 

979.378 

979.361 

979.373 

979'373 

979.329 

979'369 

979'327 

Ralsi . . . . 
Mohan , . . . 
Mussooree, Camel's IJIIcI~ . 
hlussooree (Dunsrvorick) . 
Nojli . . . . 
Itajpur . . . . 

Roorkee . . . . 

979'131 

979.109 

978,793 

978,776 

979.143 

9711'002 

!Ji9.12!) 



RECORDS OF THE S U R V E Y  OF I N D I A ,  1911-12 

APPENDIX 11. 
LIST OF SURVEY OF INDIA PUBLICATIONS. 

pnblieations can be obtained from the  Superintendent of the  Trigouomotrical Survey, Dehm 1)fin. 
,. t ,. ,, the  Officer in charge, Map Iiecord & Issue Office, 13, Wood Street. Calcutts. 

I, ,, the Officer iu  charge. Natlrematic:~l I n ~ t r t l m e n t  Office, 15. Wood Stroet, calcuttR, 
,, the Officer in charge, Surveyor Geliernl's Office, 13, Wood Street, Calcutta. 

~ ~ ~ ~ ~ ~ ~ $ l l ~  p~tblications are either out of print or are not available for issue. 

Do. 

Do. 

Do. 

Do. 

D o. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

ACCOUXT O F  T H E  OPERATION6 O F  T H E  GREAT'  T R I G O N O I E T R I C A L  S U R V E Y  OF INDIA. 

Price Rtqvees 10-8per voltone, except iaheve otherzuise stated. 

I. The Standards of Measure and the  Base-Lines. a h 0  511 Introdnctorg Account of the  early Operationo 
Survey, during the period of 1800-1830. R y  Ci~lo~zel .J. 7'. JVirlker, R.E., P.R.S., etc., ete., ,yupe,,is~pa. 
dent of the St~ruey.  Dehra Diin. 1870 (out of print). 

11. History and General Desnr ipt io~~ or the Principel Tri:~ngolation, and of i t s  Reduction. By colonel J. T. 
Walkn- .  C.B., R.E., F.R.S., elc., etc., Ssrue?/o~.-Ge~te~nl of India a n d  SuperinLendent of the s ~ ~ ~ ~ ~ ~ ,  and 
his Assistants. Dehra Diin, 1879 (out of print,). 

111. The Principal Triangulation, the  Base-Line Figures, the  Karrichi Longitudinal, N. W. H i m i l i p ,  alld the 
.Great l ndus  Series of t he  North-West Quadrilateral. B y  Colonel J. T. Walker ,  R.E., F.R.,g., etc., 
Sup~r in t rade~r t  of the T~igonometrirnl  Srirce!/, iotd his Ax.~istonta. Dehrn Diiu, 1873 (out. of print). 

IV.  Thc Principrrl Trinrigolntion, the Grent Arc-Section 24O-30°, Rahiin, Gurh;igarh and Jogi-Tila Meri~innnl 
Series and the Sutlej Series of the Nortll-West Qoadrilateral. B,y Colo~rcl J. T .  Walker,  R.E., F.R.s., 
rtr., rtc., Snperi~rtendent of the IT,*igu~iomet~.irnl Si11~uc.y~ aand his Assistants. Debra Dill, 1876.* 

IVA.  Genornl Description of t h e  Principal Triangulntion of t he  Jodhporc and the  Eastern Sind Melidiollnl 
Series of t he  North-West Qt~adril:~teral,  with the  Details of their Reduction sod the Final 
Results. Prcpnrrci in the Ofice oJ the T/.i,yononcet~-ical B~nanch, 8.1.ue.y of India, Colonel C. z 
Huig,  R.X., C?flictling Deprity S a ~ ~ a e y o r - C r n ~ ~ . a l  i n  cl~arqe, and published under the or(lrl~.s i f  
Cclonel G. C. D e P r C ,  S.C.. ~ u ; . u e ? / o r - ~ e ~ ~ e r a l  of India.  Dehra D i n ,  1886.* 

V. Details of the Pendulum Operations by Captains J. P.  Basevi, R. E., and W. J. Heaviside, R.E., 
and of their Reduction. Prepared tinrlrr the d i r c c t i o ~  of M~ior -Genera l  J. T. Walker, C.B.,  
R.E., F.R.S., etc.. etc., Sr~rueyor-Grne~wl f f  India a ~ z d  Superintendent of the T r i g o n o a r t ~ ~ i ~ ~ ~  

.Survey. Dehra Diin and ~alout ta , '  1879.. 
VI.  The P ~ i n c i p a l  Triangulation of t h e  South-East Quadrilateral, including the  Great Arc-Scetio:i 

18' t o  24' the Eas t  C'oast Series, tho C;~lcot tn  and the  Bider Llngitudinal Series, the .T;~bnlprlr 
and the B i l u p u r  Meridional Series, and the  details of their Simultaneous Reduction. Prepare11 
under the directions of Majo~.-General J. T. Wnbke~., C. B., R. E., F. R.S., ctc., etc., Saroeyor- 
Generd  of India and Superintendent of the Trigonometrical Suruey. Dehra ,Dun. 1881) 
(out of print). 

V I I .  General Description o f  t h e  Principal T~iangulet ion of the North-Enqt Quadrilat,eral, including the 
Simultaneous Reduction and t h e  Details of five of the  component Scries, tho North-East Lollxi- 
tudinal, t h e  Budhon Meridiooal, t he  Rungir bIeridional, the Amua Meridional, and the Kartirn 
Meridional. P~.cpared tinder the directions of Lieutenant-Qeneral J. T. Wulker,  C. B., R. R., 
F.R.S., etc., etc., Surveyor-General of Ind ia  and Superintendent of the Triyonometrical rYrirrlr,y. 
Dehra Diin, 1883.f 

VIIT. Details of the Principal Tria~igulation of eleven of the component Series of the North-Eest Qondri- 
lateral, including the  following Series ; the Qarwini  Meridional, the  Gora hIeridional, the 
H u r i l h n g  Meridional, t he  Chendw.ir Meridional, North Pariisnfith Meridionsl, the No~lh 
Maliincha Bleridional, the  Calcutta nleridionnl, the  East  Calcutta Longitudinal, the Brnh~nnpillrn 
Meridionnl, the  Eastern Frontier-Srction 23'' t o  26O, and the AssRm Longitudinal. Prrpflrrfl 
under the directions of L ie l i t enan t -Gr~~~rrc l  J.  T. T a l k e r ,  C.B.,  R.E., F.R.S., etr., ctc., S r ~ ~ ~ r , y n j ~  

General of I?rdia and Sl~perintendent ?f thr Tri,yol~oqnrtrical Suru[,!/. 1)chrn D i n ,  1882.' 
1X. Electro-Telegrapl~ic Longitude Opcra t inn~  exccutrd dur ing the  ye:m 1876-77 and 1880-81, by 

Lieutenant-Colonel W. X. Campbell, I t .  P., ~ n l i  BInjor W. .I. He:~vinicle, R.E. Prepared ii~der 16r 
directions of Lietitenant-General J. 7'. TVn,lX,er, C.B., R.E., 1J.R.S., etc., clc., S I L I - U ~ , ~ O ~ . - C ~ ~ P I ~ ~ ~  
of India and Buperintendent of the Triyonometriced Survey. Delira I)iin, 1883." 

S .  Electro-Telegrnphic Longitude Operations rxccuted doring tho year8 1881-82. 1882-83, and 1883-8-I. I'J 
JInjor G .  Strnhan, R. E., and M:ljor I V .  .I. Henuiside. R. E .  P ~ ~ J J ~ I - e d  u ~ z d e ~ .  the direrfio~lr?f 
Colonel C. T. IToiy, R. E., Depul1 S~i~.rie,yor.Gore~-nl, T~~i ,qu~rome~t~ icn l  Brn~rch ,  and yttbbi~h~d fi~~rlrr 
the ovders of ~ h l o n e l  R. R. Il'huihier, R. I?., Sa~.r,r.qo~.-General ?, India. Dchrn ])fin, 1887." 

XI.  Astronomical Observ;~tionc; for  Latitude m n d ~  d u r i l ~ g  tho pcriod 180.5 to 1885, with n Gltllrral 
Description of the  Operations and Final R r ~ ~ i l t g .  Prepared ~ L I L ~ C I .  the dircclions ?f L i r ~ ~ t r ~ ~ a n l -  
Colonel G .  Strahari, R. A'., Depaty Ru~ .ue~or  Ge~trral ,  T~~i,yo~iuntetricnl Bruttch, and pt~.l~l;.~hrd 
under the orders of Colonel El. R. !l'hiiillir;., R.E,, S ~ r o e ~ o r - G c ~ ~ e ~ ~ n l  of  Indin. Dol~rn Din,  IH!IO.* 

SIJ. General Description o f  the Principal Triangulation of the  Soothcrn Trigon, including the Si~nult:r:ll.- 
ous Reduction and the  L)etnile of two of khr  c o ~ n p o ~ ~ c ~ ~ t  S~,rics,  t he  Great Arc Yrrillirlll:ll- 
Section 8" to 18", and the  Bornhay Longitndinnl. Prepn~.ed zr~rder the direction9 of Lie~rfrj~~jrl. 
Colonel G .  Slrahan, R. E., Deputy  Survr!/u/ur.-General, Trigo~tornrtrical Branch, (ind prthlirbrrl 
under the orders of Colonel 8. R. l 'huillirr, R.R., Sr~?-ue~o,.-General of l~rrl ia .  Dehra Dan, 1890.* 

X I I I .  Deteils of the Principal Triangulation of firv of t l ~ c  componcrnt Series of thc  ?thorll Tcixoll. i l l -  

clnding tho following srries ; the  South Konli;ln Coast, tho Mangnlorc Jferidlonnl, tllp ~ f ~ ' l ' a r  
Meridional and C o n ~ t ,  the  South-Eant Coast, and the  31;~dl:rs Longitudinal. Yreplr+~d .fltfrf' 

dimctionr of Lieutenant-Colonel G .  Strcrhan, R. E., Deput Surveyor-Gene**al, Tr470710~"t~'"~ 
Branch, and publinhed under the c r d e ~ . ~  of Colonel liT/ E. ILkillier. & Jc., jqltrllr.Y'r 
General o f  India. Dehra Dan, 1890.. 



Do. . 

Do. 

Do. 

Do. 

Do. 

Do. 

X I V .  General Description o f  t he  Principal Triangulation o f  t he  South-Weet Quodrilaternl, including t h e  
Simnltnneour Reduction and the  Detnilr o f  i t s  component Series. Prepared under  t he  d i ~ e c t w n s  
o f  W. a. Cole, Esq., ill. A., OfFciatin Depicly Surveyor-General,  l'rigonometrical Branch ,  a n d  
puhlishrd zrnder the  or.ders of Colone? H. R. Thui l l ier ,  R. E., Suraeyur General of Ind ia .  
Dehra Dun,  1890." 

XV.  Electro-Telegraphic Longitude Operations executed during thc  jerra 1886-06, 1887-88, 1080-DO nnd 1891-92. 
and thc  Reviscd Results o f  Alcs  contained i n  Volumee I X  and X ; also t he  Bimultaneoue Beduotion and the 
Pinnl Results o f  the wholo o f  the  Oyciations. Prepared  under  the directions o f  Co lme l  G .  Strahan. 
IZ.3.. D e p u t y  Sur7:ryoi.- General ,  Triguiromrtrical Branrh ,  and published under the  orders of C'olonel 
H. R. Thu i l l i e r ,  R.E., P s r r v y o r - G ~ a c r a l  o j l n d i a .  Dehia Dull, 1893.1 

X V I .  Details o f  tllc Tidal Observntions taken during the  period from 1873 t o  1892 and 8 Desciiptiol~ o f  the  
 method^ o f  Reduction. Prepared under  t he  direction8 of M q j o r  S. B. B u r r a r d ,  R.E., Superintendent,  
Trigonomelricnl Survryr ,  and publinhed under  the orders of Colonel S t .  G .  C.  Gore, R.E., S u r u y o r -  
Genereil o f  I i id iu .  Dc'hrn l ) i in ,  1901.1 

X V I I .  Elcctro-Tclegrnphic I,ona-itode Operations executed during tlie ycnrs 1894-96-96. The  Indo-Europenn Arcs 
f rom Karsehi t o  ~ r e e n G c h .  IJ?+eporrd zrnder tlre directions qf M c ~ j o r  S. G. B u r r a ~ d ,  R.E.. S u p e h h -  
tendent ,  Trigwsunretr.icnr! Sro.ueys,, and published under the or-ders o f  Colonel St.  8. C. Gore ,  R.E., 
Surveyot.-Geaeval o f  Indict. D i h ~ a  Dun,  1901." 

X V I I I .  Astronomicnl Ohscrvationo for Latitude made during thc period 1886 t o  1905 and tlie Deduced Vnluou o f  tho 
J)efleotions o f  the  Plulnb-line. P r q ~ a r e d  u n d i r  t he  Jitrcliuns of Licuter~aut-Colonel S. G. Bwrrord ,  
R.E., F.R.S..  S~ripc.vi~rtendcnt, Triqoaoirrc!rical Sarcrys ,  o ~ i d  pulliohed urrdei- the  orders of Colonel 
F. B. Lon.qe, R . E . ,  c ~ r t r t , c y o ~ . - ~ e ~ r t r ~ u ~  o f  Ind ia .  Dehr;~ Uiin, 1906.' 

X I Y .  Levelling o f  Precision i n  India (1858 to  190!)). B y  Colonrl 8. G?. B u r r a r d ,  R.E., F.R.S.. Superinten- 
dent,  Triyoironretr-iral Surz,e?/.v. 1)chr:l D i n ,  I'JlO.* 

XIXA. Descriptions and Beiglite o f  Bench-mic~ks  on tho Sootliein Idincs o f  Levelling. Prepared under  the  
directions o f  Cologcrl AS. G. B s r ~ . n r d ,  IZ.E., F.B.S., Supc9~1wteirdent, Trigonornetrieal Surveys.  D e h m  
Dun ,  1910. Price Re. 6." 

XlXB. Desoriptionv and Heights o f  Rencll-marks on t he  Nor the~n  Lines o f  Levelling. Prepared under  the  
directions of Colonel S. G .  B u r r a r d ,  R.E., F.R.S., Superintendent,  Trigonometrical Surveys.  Dehra 
Dun,  1910. Prico Rs. 5." 

SYNOPSES OF T H E  R E S U L T S  OF THE O P E R A T I O N S  OF T H E  G R E A T  T R I G O N O M E T R I C A L  S U R V E Y  OF I N D I A ,  
COMPRISING D E S C R I P T I O N S ,  C O - O R D I N A T E S ,  ETC., OF T H E  P R I N C I P A L  A N D  SECONDARY S T 9 T I O N a  
AND O T H E R  F I X E D  P O I N T S  OF T H E  S E V E R A L  S E R I E S  OF T R I A N G L E S .  

Volume 

l)o. 

Do. 

Do. 

Do. 

Do. 

Do 

Do. 

Do. 

110. 

no. 

110. 

110. 

Do. 

P r i c e  Ricpees 2 per ?:ohtme, ercept where otherzcise stated. 

I. T h e  Grent Indns  Series, or Series ll of  tho North- W e s t  Qundrilnteral. By Colonel J. T. W a l k e r ,  
R.E., F.R.S..  rlc., etc., Srcper.inte~ident o f  tltc Trigo~ionzetrical Survey ,  and  h i s  Assistants.  
Dehra Dan,  1874.* 

11. The  Great Arc-Sect io~~ 44Oto 3b0, or Series A o f  the  North-West Quadrilatcial. B y  Colonel J. T. 
I.Valkei., R.B., F .X .S . ,  elc., elc., Supcvintendent if t he  Survey ,  and his  Aasistaatr. Dehra D i n ,  
1876.* 

111. T h o  Kartichi Longiti~dinal Fcrics, or fcries B o f  the  Nortll-West Qnadrilnteral. B y  Colonel J. T. 
lvaralker, lt.h'., F.R .S . ,  efc.. ell,., Sr/pcvi~rteredcnl oj ' lhe S u v v q ,  and  h i s  Asatstanfa. Dchra D i n ,  
1874.* 

I V .  T h o  Gorl1iigm.11 Ilcriilionnl Series, or Serirs 17 o f  the Noi th-West  Quadrilateral. B y  Colonel J. T. 
FValker, 1t. E., E:R.S.. etc., ele., Ivrrpttiirtend~nt q f l h e  Surve,y, and his Aseistants.  Dehra L)iin, 
1876.* 

V .  T h c  Rnhiin Meridionnl Scrics, c~r Srriex I? of  thn N o ~ , t h - R e s t  Quadrilnternl. B y  Colonel J. T. 
FValker, R.E., F.R.S..  rtc.. etr., I('rrpe~~i~11endent qf /he  S N ~ I . C J ,  and  h i s  Assirtanls.  Dehra Diin, 
1875.* 

V I .  The  Jogi.Tila Jleridinl~nl Sc~.irs.  or Scl,ies O, and th r  Stitlrj Sciics, 01. So~,ies H o f  tho North-Wcst 
Qundrilntc.ral. B.y C"loner! J. 1'. rr;rlXer, R.E., E'.R.S., ctc., etc., Superinteiident of the Survey ,  
nnd his  dss is tanis .  Dobra Dun,  1875.* 

V I I .  T h e  No i th -Wes t  H imi l f i j a  Scrirn, or  Serjes C o f  the North-West Qundrilatoral, and the  Tr ianguh-  
t ion o f  the  Knshmir Survey. B?/ Mqjor-General  J. T. TValker, C.B., R.E., F.R.S., ate., etc., 
Svtrceyor-General of I n d i a  and  Superintendent of the Sirruey u n d  his Assistauts.  Del~rn Diin, 
1879. (Th i s  volumo is o f  great uso t o  mountaineers.)* 

V I J A .  Tho  Jodhpore Mcridional Series and the  Eastern Sind Moridional Series o f  t he  North-West Quadri- 
Interal. Prepared  i n  the  O f l ce  i f  t h e  Tr igo~on te t v i rn l  Brairrlt, S a v ~ - c y  o f  I nd ia ,  Colonel C. 1'. 
Hai.q, R . E . ,  Deprrt?y Suraeyor-G'rrreral, i o  churge, toid 71iillished under the ordoas of Colonel H. R. 
Il'haillier, B.E., S i c ~ * r e ~ / o r . G e ~ i r ~ ~ a l  o f  I nd ia .  D c l i ~ a  Iliin, 1887.1 

V I T I .  T h e  Grent Arc-Srction 18" t o  2d0, or Srrios A of  tlie South-East Qi1:ldril:rteral. By Colonel J .  T. 
TValke~.,  C.II., R.E., F.I?.S., c~lc., rlc., Supet-iriteno'e?tl of tire S re~ . f~ey ,  nnd his Assistants.  l)ehra 
Dun,  1878.' 

I X .  Tho  Jnlrnlpiu &Icridionnl So~ ic r ,  or Srvies E o f  tho S O ~ I ~ ~ I - E a s t  q ~ l a ~ l ~ , i l : ~ t r r : ~ l .  By Colo?icl J. 2'. 
TValker,  C.B., R.E., F.R.R., rtc., cfc., Szrrrryov-(:enern/ qf Ind in  ctnd Stcperiritcniic~rt of the  
Sarzlr?, and his dssistcciits. 1)1,11re 1Iiii1, 1R78.* 

S. T11(1 Bidt~r Irongit~idinnl Srrirs, or Sorics D o f  thr Sonth-Enst Qu:~drilatclnl. By Zajor-Geirernl  
J. T. TVnlIcer, C. B., R. l?.,'F. R. S., rtr.. r.tc., Stc~.r,c!/or--Gorr~:al of Iirdin and Stlpcrintcndcnt of 
t he  Szcracy, ond  his rl~sirt ,rrits.  1)rllm D ~ I I I ,  18h0.'Y 

X I .  T l ~ e  l3 i l i i~ l~nr  &Ieridio~~nl Srries, or Snries F o f  thc Snut11-East Q,l;tdl.il:~trral. B y  Xy jor -Genera l  
J .  T. JTYnlA.o.. c. 13.. R. x., b'. a. S., elr., rle.. ~ l c r ~ e ~ c ~ ~ o v - ( ~ c ~ r c r a /  i f  India  arid bupe~i?l tcndel l t  uf. 
the  Sur t , ry ,  and  h i 9  A.~si.vt .nnt~. De111.a D i n ,  1880." 

X I I .  T h o  Cnlcut t :~  Longitudinnl Svrics, or &.rics II o f  t l ~ n  Sol~t l~-I ' : :~>t  Qu:~,lril:ltcral. B y  .iIfiz,or-Gerrwcrt 
J. T. W n l k r ? - ,  ('. I) . ,  R. E., I? R. 9.. ctr.. ctr., S ? ~ r ~ ~ ~ ~ : y o v - C e ~ i e ~ ~ t c l  qf I n d i a  nnd Super-rntr~rdcirt 4 1 h e  
SN~.VC?/,  nird h is  A ~ s i s t a n l ~ .  I ) c I I ~ R  Dim,  l880.* 

X I I I .  T h o  Enst Conat Series, or Scri?s C or tho  Soutll-Ens1 Q~~:ulrilnternl. I+, Nq jor -Ge~rr ra l  J. T. TVr1lkc7, 
C. B., R. I?., F. H .  AT., d r . .  t~to., Srr~*uryor-Qe~tonl  of hrdiir nnd Srr;Ocrinte~rdotl of the S t t r v f y ,  u n d  
his  dssisltrnts.  Urhrn ])ha, 1880.' 





A P P E N D I X  11. 

xXXIII. The  Cutch Coast Sericb, or Series L of the Yoath-West (Jua~lrilntcral. P r t y a r e d  in  the O s e e  of t h  
Tbigonon~elricnl Brtorrh. Sw-vey of Ind ia ,  Colonel G. ~Str-d.un. R. E., D e p u t  Surveyor-General,  in 
charge, and published under  the orders of Colonel H. H. [rlrrciElier, C1.I.E., R. Srvueyor-General of 
Ind ia .  Debra Dim, 1893.a 

Addendum to the  Cutclt Coast Seried. (Syn. Vol. X S X I I I ) .  Dclua Ilfit~, 1912.. 

pb. l(XXLV. 'I'he KnthinarRr Meridional Series, or Series J o f  t,he South-West Quadrilateral. P r e p a r e d  i n  the Ofie  of 
the  T ~ i g o m m e t r i r a l  U r a ~ r r h ,  Su rvey  of Ind ia .  Colo~rel C;. SI~*cthcot. R. E., Depu ty  Surveyor-Genera;, in 
clmrge, a n d  publishpd , t~nde r  the  orders of Colonrl H. R. Il'l~rtillirr, C I .  B.. R. I%., S~ovryov-(lfenerat 
of I n d i a .  Llehra D i n ,  1894.' 

, D,,, XXXV.  ' T l ~ e  N o ~ t h - E a s t  Longitudinal Series, o r  Series 1 oE thc Noi th-E:~st  (lu:ldril:~ter:~l. P r r p n r c a  under  the Dir- 
cctioas of Colonel S. G.  B u ~ r a r d .  H. E., F. B. S., Stc~)evir r te~rde~t~,  I'r-i,qo~tomrti.ical Survcys, a n d  
publ ishrd undev the or t le~*s  of Colo~rel F. B. Longe, R. E., S ~ i ~ v c ~ o r . . G e n e ~ ~ a l  of Ind ia .  l)ehl.r~ Dun, 
1909. Price RY. 6.* 

L E V E L L I N G  O F  P R E C I S I O N  I N  I N D I A  A F D  BURMA. * 
EReh p a ~ ~ l p l ~ l e t  c o r l e ~ p o n d ~  t o  a sheet of the  one-millioclh map and contains the  heights nod description* of all Bench-Marlin 

t h a t  lie within the  aren tha t  the  sh r r t  covers. Printed nnd putllshed et I)ehrn Dfin. 
Pvice Rupees  2 peT pamphle t  except tchere o thc rc~ i se  s ta ted.  

(rr) PI ice Rupee 1. 
-- - 

PIEOFESSIONAL P A P E R S  OF T I t E  SIIRYEY O F  INDIA.  

lndiu 

:: 
, 

P r i c e  Rlipce 1 pel* rsolumr, c r ~ . r p t  r c 4 c 1 - s  othwrt~i.sc staled. 
No. I .  On tht- Projcrtion Tor :I N r ~ p  of Ind i ;~  snll :~ili.lcclit Countries on the wale of 1 : 10CH)000. B!j C~lo11c1 8 t .  C .  C. 

G o w ,  R. I?. Sccond Rdition, Drhra I)C~II, IHOR. 

k t  
-- 

35 
311 
40 
44 

,. 2. 3Ietliod oT I I I ~ : I S I I ~ ~ I I ~  Geodctio Bows by means of ; \ lrt ;~llic IVires. B!j N .  Jiirlcri~r.  ( ' l '~a~~L;lntc~l  frotn Rl61111nivcs 
l'r8senlbs P;I I  1)ivt.r~ S:lr,:111t3 h I'hcail6111ie ill-s Scienrt,?; d r  I ' lnstitut de I('rnnr18). I)chl.;~ I ) ~ I I I ,  1899. 

'"' cation. of rubli- 

1912 
1911 
1012 

I I I  tllu Prcna. 

Notcs on tlic C;~l i l~rnl io l~ of Lrvc>ls. By L i e u t r ~ ~ o ~ t t  .I?. -4. Y'irrrQ, N. E. D e l ~ r : ~  L)Bn, l!lOO.*t 

The Att1.acti011 of tlio I I im~l . i ,v :~  h l o r ~ ~ ~ t n i l ~ s  I I ~ I I I I I  t l l i~ P l r ~ n ~ h - L i n r  i n  Illdin. Cn~ i s ide~~ :~ t io r~s  of ~ c c c t ~ t  I ~ : I ~ : I .  B y  
M ~ j o r  S. G .  U t r ~ ~ ~ ~ ~ r r d ,  I t .  .h'. S r r o ~ ~ d F d i t i ~ ~ ~ ~ .  l)c~h~.n 11i111, 1901. Price RL;. ?.*t 

.41.ronnt of :I 1)rterminntinn of the C o - ~ , h c i r ~ i t s  of I ( : S ~ I ; I I I F ~ ~ ~ I  of t l~v  IYivrs of tllis .lldcrin Basr.Lino Apl):rr:~tus, By 
Cap tn in  G.  P. I;e~~r,.c-170?ryn,vhunr, 11'. 1;. I ) r l ~ r : ~  Ilhn, I!lll'L.t 

RIiscellaneous. C;llcutt:~, 1ROR.t 

(1) On t l ~ c  values of I~ongi tudc emliloyed it1 Innlis of thc S ~ ~ r r r y  of India. (2) Lc\cllit)g across tho G:iugcs a t  
l)a~nul<di:~. (3) Rxlie~irnrwt to test t , l~e  incrcasr i n  the length of n Lovclling Stnlf dnc t o  1n0istlu.c and 
t r rnp~ratore .  (4,) n c s c r i p t i o ~ ~  of a Son-dial designed For use wit11 bide glulges. ( 5 )  Nickcl-steel :~llnya 
:~nd  their a1)pJi1.:1ti011 to Grodesy. (Trnnsl:~ted frorn the Plrncll.) (G) Tlleory of rlcctric projectors. 
('l'r:~nslatcil from the Frcnch). 

E x p e r i n ~ e ~ ~ t s  niadc to clotrrmi~ic t h r  l'rrol)cralure Cn-rfficir~~ts of W s t s o l ~ ' ~  Nngnct,ngrnlrl~s. B;J Citptairr if. A. 
Ur~rho lm F ,~ , a re r ,  12. E. Cnlrottn, 1SO5.t 

All Acrnn~it. of t l ~ e  Pcirntific work of t111, SI:I,\VCY 11f Inilin 2nd n Comparison of i t s  prog~.r?; will1 t . l ~ : ~ t  of Folvign 
Sorrrys. l J r ~ ~ ~ n ? ~ r d , f i , i ~  the lrrr of lhr  A'rcvt?;!/ Co~~rnriltrc,  1.905, h y  Lic. t r tonn~; l -Colo~~rl  S. (:. BU~I.III.I/, It. E., 
I+'. A'. 8. Cnlcntta, 1905.1- 

T l ~ c  P r n i h ~ l u n ~  Ope~,ntions in India, I903 to 1007. By dlfqju~.  C .  1'. I . c ~ r o . ~ ~ - C o ~ ~ ~ ~ n ~ ~ h r r ~ r ~ ,  R. .F. Del~l.:~ I )u~i :  1908. 
I'ricc Rs. 2-H.* 

Ol)snrv;~lio~i of Atn~osl,l~eric Rt,fraction, 1905-0!1. B!/ I [ .  G.  Shirris, Snr.t)ry of I ~ ~ r l r n .  h>lil.a 11i111, 1911.* 

On l h r  01,igill of thr  I ~ ~ ~ I R ~ R J ~ I  M ~ I U I I ~ ; I ~ I I S .  1 3 ~  Colo~ic? S. C .  B u r ~ . n ~ d ,  C'. dq. I., 3. .I?'., p. It. S. Calcllt ta, 
l!Il?.t 

I ~ ~ v ~ s t i g ; ~ t  ion I I ~  tlirt l ' l ~ c o ~ , ~  of I I I O S ~ F I ~ ~  in Indi:~. D!j Ilh!jor. II .  I,. C~-osthrcnit. R. 1;. IJcII I.:I DCn, 1!)12.* 
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1912 
1912 
1012 
191 1 
1911 
1911 
1911 

(1:or I ) c l )n~ . t~n r~ i l :~ l  11~1 ,  o ~ l l , ~ ) .  
''a 1. A r~)nsi~lt.rntion nf t l ~ r  nlost suitnblc f o r ~ ~ ~ s  of type fan usc rill 1n:lps. 113 C'aptr r i~~ .If. O'C'. Tnrrdu, X. I;:', D c l ~ r : ~  I ) ~ I I ,  
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Ne. 3. Extract from " Tho f in  Map of Italr. S a l e  I : lofi,mo. " By Lrigt  ~ i u m i c m p r u i .  T ~ n s l ~ t d  fronl t~ 
by ,+fc?ior I I :  JW. Coldstrean. R. E. Dobm Din ,  1913. 

HAh'D-BOOKS O F  THE SURVEY OF INDIA. 

1. Hand-book of General Instruotions for tho Survey of 111db Department. Thiid E d i t i o ~ ~ .  Calnntto, 1907, price lls. 3,t 
a ~ . ~ ~ ~ d - b k  ,-f Professio~lnl Instructions for the T r i p n o m e t r i d  Branch. Survey of India Deprtment. Deonnd ~ d i ~ ~ ~ ~ ~  

C a l c ~ t h ,  1908. Prico RE. 3. t  
$3, ~ ~ ~ d - b o o k  of Profeesional Instructiol~s for the Topogmphical Branoh, Survey of Indiii. T h i r l  Edition. ~ ~ l ~ ~ t ~ ~  

Pricc BE. 3.t 
4 Auxiliarv Tablea t o  facilitclte the calc~~lntionn of the Survey of India. Fourtli Edition, revisod and uxtended. ~~h~~ D ~ ~ ,  

1~1; .  Price R S . ~  iu cloth and c:~lf, or Hs. 2 in paper and bonrdL*f 
5. Table for determilling Hrights in Traversiug. Dehrn Diin, 1598. Price As. 8.' 
6. Tables for Graticillcs of JInps. Extracts from the  Auxiliary Tnhles of tho Survey of India for the use of ~ ~ ~ l ~ ~ ~ ~ ~ ,  

Dehrn D i n ,  1910. Prico As. 4.* 

5. hgttrithrnic Sines a ~ i d  Cosines to 5 places of decimals. Dohm Dim, 1986. Price As. 4.' 
8. Tables of distauccs io Chains and Links corresponding to a subtense of SO feet. Pricc h.4.t 

MISCELLANEOUS PUI3LICATIONS OF T H E  SUHVEY O F  INDIA. 

(Chicfly for Dopaitmental use only.) . 
1. Repolt of the C ~ r t o ~ r a p h i r  Appl' ations OF Photography as used in the Topographical Departments of tho prineipe! 

St :~tcs  in Central Europ .  By Colonel 3 TTnterAoase. Calcutta, 1870.t 
a. Report of the Oprntions connected with the Observation oE the Total Solar Eclipse of 6th April 1875 a t  Camoh in the 

Xicobar Islands. By Colo~rel J. TJTaterhouse. Calcottn, 1875 
3. The ap lication of Photoq~aphy to tho Reproduction of Naps and Plans by tho Photo-Mechanical aud other Proecsses, 

Bq Colonel J. baberhouse. C:~lcotta, 1878. 

4. Metric Weights nnd Rlcasures and other Tables. P~.epared for the use o f  the P8otop.apAic and Lithogmphic oflcsr 
Svrvsy o f  India, by Colo~rrl J. lKtte~.house, B .S .C . ,  Assistant Sutveyur-Ce~isrul of India, assisted by W. 8. Cola,.x8p: 
M.A., and T. Archdlrle Pope. E q . ,  S ~ i r v e y  o f  Indin. Calcutta. 1889. Price Ks. 1-11. 

6. The Practical Not2s on Preparation of Drawings for photographic Rcprotluotiol~a. B y  Colo7tel J. Waterhorcss. Calcutta, 
1890. R i c e  Rs. 2.t  

6. Cataloglle of 248 S t ~ r s  for the epoch January 1, 1893, from observations by tlle Great Trigo~~ornetricnl Surrey of India. 
Dehrn Dtn,  1893. Prico Its. 2.* 

7. Report on Local Attrnction iu India, 1893.94. By Captain S. G .  Buvvard, R. E. Calcutta, 1896. 
8. Inst~uctions for taking JIagnetic Observations. By J. h'ccles, M A .  D e l ~ r : ~  Di~li. IS!%. Price Rs. 1-P * 
9. Report on the Recent Determination of the Longitude of Madras Calcutta, 11197.t 

10. Beport on the T~i~onometr ical  Results of tho Earthquake in Assam. C:rlcutt;i, 18D8.t 
11. The Total Solar Eclipse, January T2, 1898. Drhro Dim, 1898. Pricc Hs. 2.*t 

(1) Report on the obsel~ations at  Dummon. 
('2) Rcport on tho observation at  Polgaon. 
(3) Rcport on the obsorvations a t  Sahdol. 

12. Star Chnrts for Latitude 20° N. B y  Colonel J. R. Bobday, I.S.C. C:~lcutt.~, 1909. Price Rs. 1-8.t 
13. Specimens of the Papers set a t  Examinations for the Provincir~l Servicr. Dehra 1)ii11, 1903. Gratis.l[ 

14. Notes on the Thottrr of Errors of Observation. By Eccles. M.A. Llchra Diln, 1903. Price As. R.* 
15. Report on the Identification and Nomenclature of the H i m k l i r ~ a ~ ~  Peaks as *cell from Katmandu, Nepirl. (,'nlcntlr 

1W. Price Rs. 2.t 
16. Notes on tllc use of the J:ial~-rin B.tsr-linr .ippnratus. Prepared unttcr LAC dircctio?r qf Lieutenant-Colonel li: D. 

L n g e ,  R. E. Dohra Diin, lViW.*t 
17. The reproduction of 3Ial)s and Dluwings-a haod-book for the 1180 oE Govortlmel~t oWcials and othera who prepare Yaps, 

Plans and other subjects for rrproductiou in the Photographic and Lithographic Otficc of tho Survoy of India. BI T. A. pqe. 
Calcutta, 1905.* 

18. Rainfall from 1869 to  1903, measured n t  the G. T.-Survo5 Ofice. De l~ra  L)i~n. 

19. Notea on the Topogl.nphica1 Survey of tho AO- Sheets of Algcrin by tho Topographical Soction of the " Service 
Ghgraphiqlle do l'hm6e." q v  Captain TF. M. C'ol~istrea~n, R. E. Ualcntt;i, 1906.t 

20. Star Cl~arts for L:~tituilo 30' N. n,t/ Lieutenaat-Colonel S. G. U I L ~ I . , I I ~ ,  R.E., ER.9. Dohra Diin, 1906. Prim 
Rs. 1-9.*1 

21. Insliuctions fo r  thr pr~paration of Naps of thc one-inch Stalltln~rl Sl~eetu, ctc. U~irlct. the direction of Colonel Dm 
Longr. R.E. S~mln. lW7. 

'32. A Slirtc,lt of the I;eoglnphy and Oco11~g.v of thr Hirnila!.;~ J l o u ~ ~ t a i l ~ *  and Tibct. By Colonel 9. a. Barrard, R.N.1 
I.R.S.. Sxaerin/e~rden/. T~,iqonomrt~.irnl Sro.r~eys, unr l  fir. If. H. B~?,?/rfen, IJ.A., l#!G.8., St'perintendent, Geologirol SffrvflY 
if ~ n d i u .  ' Calc~ t ta ,  191,7-'r~.+ - ~ - . . ~ 

T l ~ c  following chnptcwi 01' a revi?i~l.edition of this Hand-book nl,c ;~veil;tblo for issuo i l l  pamphlet. corm :- 
C11alltc.r I.-1ntroductory.t 

, I I . 4 o n s t i t u t i o n  and 0rganiz:ltitrn of a Surveg P a r t j , t  
.. 111.-Trinngulatiol~ and it3 Con~l~ntntion.t 
,, lV.-Traversing and its C o n ~ ~ ~ ~ ~ i : t t i r ~ n . t  
,, V.-Plane-tab1ing.t 
, V1.-Fair b1apping.t 

,, V 11. -Tians-frontier 1~ccoo11 : ~ i ~ s n ~ ~ r ~ * . t  
,, 1X.-Fo~rst Porrcys ond hlnps.f 

X.-Rcpioluction of tbe Sheet.; of tl-e .me-inch J1ap.t 



Part  I.-The High Poaks of Asia.' 

,, 11.-The Principal Mountain Rangca of Asia. 
,, 111.-Tho Rivers of the HimirlicSa nud Tibet. 
,, I\'.-The Geology of the Himilfiya. Priuc Rn. 2 per p r t .  

23, Notes on t l ~ c  I)mwing of New Standard Mops. B,y Major  W. M. Coldxtreain, R.E. Calcutta, l9Ct8.t 
24. Routes in the Western H i m ~ l ~ y n s ,  Kashmir, otc. By Lieutenant-Colonel T. G. MontgomWie, R.E., F.R.N., E R . @ . ~ .  

~ b i ~ d  Edition. lievised and Corrected. 1)ehra Dim, 1909. Price RR. 1-8.f 
25. On a Simplificatioll of the Computatiot~u relating to Rectangular Co-ordi~~ntes. By ,J. Ecclex, M.A., oflciatjng 

guperintesdent, Trigonometrical Surveys. Dehra Diin, 191l.C 

26. Notes on the Use of Thermometers, Barometers and Hyysometew with Tables For the Computation of Heighh. B~ 
J, GrcraJHunter, M.A. Uchra D i n ,  1911.1 

27. Report on Rubber Offset Print i~rg lor Maps. By Major  W7 M. Coldxtream, R.E.  Calcntta, 1911.t 
28. Notes on Printing Ptbpere saitable for Mape nnd on Whatrnan Dwwing Paper. B.y X a j o r  W. Y.. Coldfirram, R,E, 

,Cnlcuttn, 1 9 l l . t  
29. Roport on the Worlcing of the Light Field Litho Press (Experimental) in November and December 1910 with Appeodiecs. 

By Lieutenaxt A. A. Chose, R.E. Calcutta, I 9 l l . t  
(1) Notes on Some of the Methods of Reproduction auitable for the Field. 
(2) Suggested Equipment Tables for thn J ~ i g h t  Field Litho Presa (Expori~nental). 

30. Note on a Change of the Axes of the Terrestrial Splleroid in rclntiot~ to the Triangulation of thc G. T. Survey of ~ ~ ( l i ~ .  
By J. de Grccafl Hunte r ,  M.A. Dehra Diin, 1912.' 

31. JIiscellaneons Papers relating to the Measurement of Gcodrtia Bases by Jjderin Inser  Appnratue. Dehra L)fin, 
1912: .. -- 

32. Ou the deformation resulting from tho luetl~od of constructing t l ~ e  Intrrl~ational Atlas of the World on the seale of one to 
one miIIi011. U,y M. Ch. Lallemaad. Translated by J. Eccles, ,V. A., together wit11 tables for the projection of ?- On 

Y. 
the ~ ~ ~ t e r l ~ n t i o ~ ~ a l  Systeln. I)ehrn 1912.* 

33. A Note I?y Mnjor  C. L. Robertson, C.iW.G., R.E. ,  on the rrpresmtation of I~ills. Debra Diln, 19I2.m 

34. Reliort on a trial of the oquipmellt of tho 1st (h'illco of \Vales' Own) St~pprrs : I I I ~  i \ lil~ers for reproducing mapa in the 
&Id. By Lieatcnar~t A. A. Clcrse, B.E. Calcutta, 1012.t 

3;. A cousiderntion of the Contour Intervals alldcolol~r scales best suited to Indian $ maps. B y  Captqin x. 0 . ' ~ .  y:l,rdy, 
R. E. Calcutta, 1913.t 

36. Notes on the " V n n d ~ k c  " or Direct Zinc Printiug Process, with det:rils of Appal.atus al:rl Che~nicals required for a sm;,ll 
seet~on. ('oi~tpilcd in  the Photo. and  Lithe. Ofice, Suc.ve.y q t  Illdin, under the direction of Coloncl I! F. B. Renny-Tnilyoltr., 
C. S. L, H. E., Offy. Suraeyo~. General of Indta .  Calcutta, 1913.t 

REPORTS ON EXPLORATI0NS.t  

P r i c e  Rupees 1-8 p e r  voltcme. 

I .  Ril~1rt on the Exploretione in Great Tibet and Mongolia, madc by A-K., in 1970-83. Uchrn D t n ,  1891. 
2. Report 011 the Trans-Himiilnyan Explor;~tions during 1867. 

3. ,, ,, 1868. 
4. ,, P ?, 1869. 
5- ,, I )  . ,, 1870. 
6. ,, , ,, 1876.76 and 1878. 
7. llcport on tho Explorations of :- 

(a) Lama Ser;~p Gyntslro, 1866-68, 
(b) Explorer K-P., 1880-84, 
(c) Lama U .  G., 1883, 
( d )  Esplorcr R. N., 1885-86, 
ic) Exploror P. A., 1R86-86, 

ill Sikltim, B l l u t ~ n  a l ~ d  Tibet. 11i.hrn Diin, 1889. 
8. Rcport on tho Emplorntions in N e p ~ l  and Tibet by Esplorcr M-1-1. (Season 1885-86.) Dclna  dill^, 1887. 
9. ICxplorntions on t l ~ c  l ' r : t~~g .Po  in 1880.83, by Explorer Kinthnp. 1)c.hr:~ Diin, 1011. 
10. Report on tho Sarvcy Oprrntions, Xiri Mission, 1911-13. By Lieutenant C. G. Leruis, R.E. Del~ra D i n ,  1912. 
11. Report on tho Sorvey Opcrntions, Hlnmti  J J O I I ~  Expedition, 1!)11.12. B y  Lieulcrnrtt E . U .  Cdrdciu, R.E. D c l ~ r ; ~  Dfin, 

1512. 

CATALOGUE OF SCIENTIFIC BOOKS, ETC., ETC. 

1. ('a(:~loguc of Boolis iu tlrv TImd-Qunrtcrs Library, C':~lru(t:~, 1901. 
2. C:~t:~Iogur of ilJnps pu\~l is l~r , l  by tho Stlrvoj of Indin. Calootta, 1010. Pricc Rc. I.? 
3. Pricc List of JI:~Il~c~nntivnl Inrtrnmrnt Ollicc. Cnlcuttt~, 1907. G1.atis.T 

ANNUAL QENEKAL REPOILTS ON T H E  OPERATIONS OF T H E  SURVEY OF INDIA. 

P r i c e  of each uohime f~sorn 1878 to 1900 Rs. 3. 

9 ,, 1.901 t o  1912 ,. 2. 



RECOI!l)S OF T H E  SURVEY OF I N D I A ,  1911-13. POL. 111. 

PI- ice  Rtryecs 1-8 p e r  z~olrcme. 
1. 1.ow.01. Recent I n ~ p ~ n r e m c n t s  in Photo-%inCogrnphy. (1. T. Trinngulation, Upper Burma. Latitude opcrationg 

Erprimrlltnl BHpr M c ~ ~ u r e m e n t  with Jiiderin A p p : ~ ~ ~ r t n s .  llafi.netic Survey. l'idnl and Levelling Heport. T~~~~~~~~~~ in 
U u ~ r  Burnla. L'l~lcnttn. 1903. . . 

9. 1901.0?. G. T. l'rinn nlntion, Upper Bnrma. Lntitndc Oprs t ione.  l lognet ic  Sulvcy. Tidnl and IAevolling R ~ ~ ~ ~ ~ ~ ,  
Tommyhy ill Upper Rorma. %opogrnphy in  Sind. Topogmphj in the Ponjnb. Cnlcntt~l, 1901. . - 

3. 1.~?.0.1. Prin'ipl Trinngulntion. Uppor Burma. T0po~rnp11.v. UpptBr Burma. Topogr~phy.  Shan Stetes, surrey or 
the S m h b R r  Lake. h t i t o d e  Operations. Tidal nnd Ie\.ellinq Opc*ra~ions. vngne t i c  ~ u r v o y .  Introduction ,-f the contract 
e a t e n l  of P n y m u ~ ~ t  ill Tmrerse  Porvoys. Trnvcrsing wit11 the Pnbteuse Bar. Conlpilation and Reproduohr  a' mno Blaps, 
Cnlrutta. 1!)05. 

4 1.403-04. The Maonetic Sn r rey  of Indin. Pundulunl Operations. Tidnl and Levelling Ciporations. ~~t~~~~~~~~~ 
Alimuths. IJtilisnt,ion oC old Traverse l h t n  for Jloderu Surveys in t.he United Proviuccs of Agrn and Oudh. Identification or snow 
PBnkn ill Mpitl. Topogrnphical Survejs  i n  Sind. Notcs OII Town a ~ i d  Zdu~iicipal Surveys. Notes on R i r e r n i ~ ~  SurvegR in tllo 
Pun,jab. C:tlcottn. 1!IOb. 

5. 190.1-0:. The J I n ~ n e t i c  Snrvcp of India. P P ~ ~ ~ l o l u i n  Oprrl~tions. Tidal 11i1d Levelling Operations. Triangulation ill ~ ~ 1 ~ .  
chistiin. Survcy Operntions with thn So~nalil:md Field Force. Calcutta, 1907. 

6. 1905-06. Thr  alagnctic Surroy of India. Pcndn luu~  Operations. Tidal nlld Lcvolling Opnrutions. Extract from 
Karc:t(i\t. Hr l~or t  or No. 11 Party. C a l c ~ ~ t t n ,  19019. 
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