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NOTICE. 

MAPS PUBLlSHED BY THE SURVEY OF INDIA 

are obtainable from the Map Record and Issue Offlce, 13, Wood Street, 
Calcutta, on the Public Service-on Cash Payment or Book-Transfer, 
and, for private use-on Cash Payment or V. P. P. 

Forest maps are obtainable only from the Offlcer in charge, Forest 
Map Offlce, Dehra Dun. 

Geological maps are obtainable from the Director, Geological Survey 
of ,India, Calcutta. 

The Survey of India poblish maps for the greater part of S O U T I I E R N  A S I A  

between the meridians of 4.4' and i 2 4 . O  East  of Green~vicll and between parallels 4' and 

40' north latitncle. 

2. Surveys executed after 1905 are classed as " M O D E R N  ", those P R I O R  to tha t  date 

are classed as " O L D  ". 
3, Maps are printed in two styles or editions c i r . ,  L A Y E R E D  ancl P O L I T I C A L  :- 

( a )  The LAYEl tED edition reprcsents a, map llrillied in colours with gladuated 

layer tints of colour to show altitudes, and, shading to emphasize the  
hills. This edition gives prominence to the physical features. 

(L) The P O L I T I C A L  edition represents a map printed in colours, but  without 

graduated layer tints. Hills are rep~esented by contours and shading. 

This ecliiion gives prominence to the Civil Di\ieions of India which are 

shown by ribands of colour along bounclaries of administrative partitions. 

h'O1'E.-When maps nrc priutcd in colom-e, from mined or old survecs, tbc  cclition is  s t j lcd  "I 'RELIhl l -  

NARY"; nud when publitbed iu blnck ouly or \\it11 hills iu bro~vn, the  e d i t i o ~ ~  is d j l e d  "PHOVISIOSAL" issue. 

4. The series of Modern maps are grouped under three Divisions :- 

( I )  GEOGRAPHICAL,  enlbracing- 

( a )  SOUllI-IERN A S I A  S E l t l E S ,  scale 1 :?,000,000 or nearly 1 inch 
=SZ miles, in L A Y E R E D  and P O L I T I C A L  editions, size 36 inches 
x 24 inches, price Rs. 3 per copy. 

(6) I N D I A  A N D  A D J A C E N T  C O U N T R I E S ,  scale 1 : 1,000,000 or 

nearly 1 inch = 16 milcs, in L A Y E R E D  and P O L I T I C A L  editions, 

or if from old snrve!s, as P R E L I M I N A R Y  editions; size 2 4  

inches x 19  inches, price Re. 1-6 per copy. If printed on linen-backed 
paper Hs. 2-4. 

( c )  I N T E R N A T I O N A L  M A P  O F  I N D I A ,  scale 1 : 1,000,000 or nearly 
1 inch = I G  milcs, in LAYERED edition (without shading of hills), 

size 30 inches x 26 inches, price Iie. 1-0 per copy. 

(11) TOPOGR.Al'IIICAL, comprising maps on : - 
(a) SC.\I.E 1 ISCII  = 1 AIILE,  in the I 'OLITICAL edition, size 24 x 19 

inches, price Rc. 1-8 per copy. 

(6)  scar.^ 1 INC1I = 2 ~III.ES, in the P O L I T l C A L  edition, size 24 x 19 
inches, pricc Rs. 3-0 per copy. 

( c )  sc.11.~: 1 I S C I I  = 4 ;\III.ES, in t,he L A Y E R E D  and P O L I T I C A L  editions, 
size 2.1 x I!) inclles, price Re. 1-6 per copy, and from old surveys as 

P R O V I S I O N I ~ L  issues, price Re. 1 per copy. 

h'OTE.-Morlcr~~ Trq>ogrnl~hirnl mnps ~wintr-cl on l i ~ ~ e n - l ~ n c k c d  pnpcr nro As. 12 extre per copy. Index 

charta or Kcy maps to the Cfcogrnpl~ical I I I I ~  '~01)ogrnl111icnI ~ c r i o a  aro obtni~~ablu grntin. 



(111) G E N E R A L  MAPS wllicll include :- 

( 0 )  G E N E R A L  MAPS O F  I N D I A ,  scale 1 inch = 32 miles, in s e t ~  of 

12 sheets, each sheet 25 x 32 inches, in L A Y E R E D  and P O L I T I C A L  

editions, price Rs. 12 per set, and on scale 1 inch=64 miles, P O L I T I C A L  

edition only, size about 33 feet square, a t  Rs. 6 the copy. Also various 
,naps of India on the same and smaller ecales and miscellaneous special 

maps illustrating Railways, kc.  

( b )  P R O V I N C I A L  MAPS, on scales 1 inch = 16 miles and 1 inch 

= 32 miles. 

( c )  D I S T R I C T  MAPS, on scales 1 inch = 4 miles and 1 inch = 8 ~niles. 

(d )  C A N T O N I I E K T  A N D  T O W N  M A P S  A N D  O T H E R  MISCELLA-  

N E O U S  MAPS, of various scales and prices. 

5 .  M A P  CATALOGUES can be obtained a t  O N E  R U P E E  per copy. 

G. Maps can be mounted on cloth and folded or mounted on rollers for hanging, &c., 

a t  an extra charge. 

7. For particular purposes, copies of any map can be supplied in black or black 

and brown on request and a t  special rates. 

8. Any map, chart or diagram can be reproduced if the applicant submits a 

suitable original drawing. Special rates exist for such worli and estimates can be 

given on request. 

9. The prices quoted for various maps are exclusive of postage and V. P. P. 
charges. Any further information may be obtained free of charge from the OBicer in 

charge, Map Record nnd Issue Office, 13, IVood Street, Calcutta. 
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PART I.-TOPOGRAPHICAL SURVEY. 
NORTHERN CIRCLE. 

(Vide Intlex hIap No. I ) .  

~ N l l l R L ~ , y . - - ~ ~ ~ ~ s  circle was under the superintentlence of Licut.-Colonel H. ~ Y o o c ~ ,  R.E. 
l)llrin,n tile year Nos. 2, 3, 4 Parties co~npleted 11,.52H square miles of detail survey 

on tile ~ - i l r c ~ , ,  l-incl1, and 12-incll scales, excluding 37 sqnare miles surveyed on I~alf-inell 
scale i n  1940-2 1 and re-s~~rveyed on one-inch scale i l l  1921-22 and 9 square miles surveyed 
on ei;ht-incl~ wale. 

Ill arldition an area of 9,318 square miles was triangolatcd by Nos. 1, 2 and 4 
Perties an(1 "S!) scjuarc miles was traversed by 3-0. 4 Party for detail survey next rea r .  

'rhc detail survey consisted of :- 
492 square miles of half-inch original survey. 
294 ,, ,, of o n e - i ~ ~ c h  o~ig ina l  sorvey. 

G,31S ,, ,, of one-inch revision survey. 
2,425 ,, ,, of one-inch rc-snlvey. 
1,969 ,, ,, of two-inch original survey. 

No. 22 (ltiverain) Party and 23 (Punjab Rcctangulation) Party (late Sind Sftgar 
Part,,) con t in~~ed  special work in the F'unjab for the Local Go\ -e r~~ment .  The former carried 

out the uwal riverain survey in the Pnujab and the latter, xectangulatiot~ work in con~lection 
with the Sutlej Vt~lley Canal and Colonisatio~: Project. 

A detachment tlesignated t l ~ c  Bhopiil Traverse netachment was formed to carry out  
traverse work in the Bhopal State a t  the recll~est of the Bhopal Durbar. 

No. 20 Party (Cantonment) was re-transferred to this circle from 1st  April 1922. 

No. 1 PARTY (PUNJAB,  P U N J A B  STATES A N D  TJNITED PROT'INCES). 
BY C. C. B Y I ~ N E .  

The llead-quarters of the party remained a t  Mussoorie during the whole year. The 
health of the party has been fairly good, there 

PEUSONNUIL. were no cases of serious illness and no deaths. 
Class I Oflcers. 

Jlalarial fever and a mild form of Influenza were 
Lt. Q.H. Osrunston, M.C., R E.. (on probation), 

from 1st \lap to 11th July 1922. however prevalent t h r o n g h o ~ ~ t  the year, a large 
~ t .  0 . ~ .  Henney, R.E., (on probation), from percentage of the staff being attacked a t  varioils 

 IS^ L I R ~  to I l t h  J U I  1922. times. 
Clnss II 0flcer.n. 

hfr. C,C. H ~ ~ ~ ~ ,  i u  charge frool 18th February P z a ~ t e - t a ~ l i ~ ~ . ~ . - f i c e p t  for a small area, which 
1922. remained to be completed a t  the  end of the pre- 

,, 11.4.'1'. Kcnllg, O.11.E.. ill cllarac u? t o  17th vious year, no (letail srlrvey was done dllring the 
Pebrnnry 1922. year. T l ~ i s  area was included in last year's report, ,, A.M. Tnln'i. I,.(:.E., from 1st. July t o  18th 
Septcml~er 1922. but the cost was not taken into account. The cost- 

hfajor O.H.  I renbn~ii. rates for the whole area of 8,400 sqoare miles, 
MI. 1t.C. M ~ ~ I S I I I I .  to 31st Jfir~nnry 1922. rel'orted as surveyed last year, on the one-inch, 
,, A.J.A. Drnkc. I).G.hl.. to 30th .Illno 1922. half-~nch ant1 quarter-inch scales, are therefore 
,. lI.'P. M l ~ ~ b e q ,  t o  14th \Inrch 1922. 
,, O. 1). ,Tn~.lis~n. 11,s. 11 . 0  per square mile for original survey, and 

C ' I J ~ P ~  Stt~,nrdi~rnIr Srrvice. Its. 15 .!2 per square mile for reviaion survey. 

Mr. Sller Jnnp. K.n, from 27th E ' c ~ ~ I I H ~ ) '  1!1::2. Trinrtu 1t lal ion.-~4n area of 2,700 sqnare miles, ,, M ~ ~ l i r t n i t ~ ~ n ~ l  1€11~nir1 I<linn, K.S., fro111 IGtb 
.Inn~lnr,v 1 0  1st S ~ l ~ t c i n h e r  1922. for detail survey next year, was trinngolated 

,, A ~ ~ R K  (1111 I < I I R I I .  K.s.. l o  3lsbI)eccnl l~er  by Mr .  X . J . A .  Drake, D C.31.. assisted. bv . ~ 

1911. - "' 
Mr. J i t  S i q h  ltawat. T l ~ i s  area lies along the ,, h l ~ ~ l ~ n u ~ t t ~ n t l  101n11. 
l~ills in the sonth-mes~ern portion of the Ders .. hlnlinmn~n~l I lnmt~,  fmm I H ~ I I  April 1922. 

,. .lit, Sing11 IInwnt.. Gh;izi h'l~irn tlistrict,, of the Punjab a ~ ~ d  the adja- 
,, Sijn\vnI Klinn. cent portion of the Sibi tlistrict, of B a l ~ ~ c l ~ i s t a n ,  
,, 1,ntif I < I I ~ I I .  falling in sheets 3 ' 3 ~ ; / 1 1 . 1 2 . l . i . l ~ .  3911/9.10.13.14 and 
,, Mc~h~ttitnnd Jnlii~i*d. (on ~ ~ r o l ~ a t , i o n ) ,  from 

parts of 39 K / 2 , 3  4.5.  
1st. Rcl~tcnil~rr 1952. 

,,' M ~ ~ R I I I I I I I I I ~  Ah~lnr S n t t n ~ ,  (on prol~nt~on) ,  The conntry i s  bare and inl~ospit:rble, support. Irom I c t  +el , lcl i~l~c.r 1!l22. 

J.nalrr Stihorrl~nnl~ Srrl.rcr. ing few inhabitants; water is scarce and generally 

3 0  Survcynrn. etc brackish; the altitntle ranges from about 300 to 
4#,500 feet above sea level and, except for a few 
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calnel tracks along the larger streams, there are practically no communicat~ions. The 
nisin n-atersl~erl, running roaghly sor~th-\\vest t,o north-cast, forms the boundary between 
the Yunjab and Ualochistiin. 

The main triangnlat.ion \\,as done by Mr. Drake; the supplementary work of fixing 
point,s in tho foot hills and the plains on the east, was done by Mr.  J i t  Singh Rawat over 
an area of 1,170 square miles. 

I n  adclition to the triangulation there are ilk the plains a fairly large number of per- 
manently niarlietl village trijunctions, the geogmphical positions of which mere fixed, in the 
course of previous cadl~stral surveys, by traverses based on twenty stations of the Principal: 
triangulation (Indus Series). These will provide sufficient points for the revision of t h e '  
existing one-inch maps covering the Dera Gliiizi KIlRn, JBmpur and RBjanpur 'l'uhsils of; 
the Dera Ghiizi K h l n  district. The cost of the triangulation is Rs. 7 a8 per square mile. 

Rectpss D ~ t l i e s  :-The party, having been in the field during the whole of the previous- 
year, spent the whole of the current year in doing recess worlr. I n  the report of the 
previous xear it  is mentioned tha t  the greater part of the fair-mapping of that  year was done 
by pupils mit'hout aclequate supervision; this work, in varioiis stages of completion, has 
passed into this year's programme and has caused serious delay in the execution of the other 
work of the party. Nearly all the typing has had to be redone and the examination and 
correction of these sheets has been a long a ~ ~ d  very tedious process. I t  has been found 
impossible to separate the work of last year from tha t  of the current season with any degree 
of certainty ant1 consequently i t  has been necessary, after careful investigation, to  make a 
distribution of the fair-mapping ill sllc11 a way as t o  convey a fairly accurate idea of the 
relative cost. The work to which this report refers covers twenty-nine sheets on the one-- 
inch scale and seven sheets on the half-inch scale, viz : 

( I )  one-inch sheets :-4YP/ls, 3ZC/s.iz.16 and 52D/i.2 3.6.6 7.9.10.11.13 to 16, 53A/ 
5.1 1.12.15.1fi. 58E/3.i.n.11 and 53F/5.13.14. 

T l ~ e  area to  be mapped on the above sheets = 7,777 sqllare miles. 
( i f )  Half-inch sheets :- 
52 D / ~ \ v .  SE., .52 H/s\v., 5 3  A/XE., 5 3  E/NIV. NE. SE. 

The area to  be mapped on these sheets = 6,384 square miles. 
With the esceptiou of Nos. 52 D / i ~ i j . ~ t i a n d  53 F/13 all the one-inch sheets were 

con~pleted and sent for publication during the year. The sheets above mentioned 
mere also completed, except for a few finishing touches; but  the final examination and 

of 58 I?/ 13  remains to  be done. This sheet will be completed and submitted ' 

from the field. The other three sheets will be submitted before the part>y takes the field,. 
in the first. week of October. 

As nearly as can be calculated the area fair-mapped during the year, including the 
four s l~eets  mentioned above, works out to  6,498 scluare miles ; the cost-rate of the mapping 
011 the one and half-inch scale, for publication on the one-inch scale = Its. 8 .  1 per q l l a r e  
mile; the cost-rate for mappirlg the cornplet,e set of 29 sheets (7,777 square miles) ' f o i  
p\tblication on the one-inch scale = R3. 11 . 5  per square mile. 

Of the sheets to be j)nblishecl on the I~alf-inch scale, the mapping of Nos. 62 D/sw.sE. 
and 5 3  E/sE. was hl ien over by No. 3 Drawing Office; the mapping of No. 53 A/NE, 
mas conipletetl and examined, esce l~ t  for the ornamentation and touching up of the, 
linlit, of cultivation ; tile drawing of the remaining three sheets was taken in hand and 
carried on till the end of the year. T l ~ c  sheets were then transferred to No. 3 Drawing- 
Oflice for conlpletion. It is estimated t ' l~at  the mork done is ecjllivalent' to  the completion of 
&out one sheet and a half, representing an area of 1,500 square miles. The cost-rate of 
nlapping on t l ~ e  tl~ree-cinarter-111c1i scale, for publication on the half-inch scale, works out 
to Rr.  3 . 8  per square ni~le. 

The heavy arrears wit11 nrhich the party \\-as burdened, the freqrlent changes of per- 
s ? n ~ ~ e I  both in the supervising ant1 drawing staffr, thc emplojnient of pupils for  fair-rnapping. 
afirl thc depletion of the supervising ~ t a f f ,  are some of the c i rc~~~ns tances  which combined. 

render the task, whicl~ the party has hat1 to  perform, one of peculiar difficulty. This has 
felt a t  every stage of the work and the fact that 7,908 square milcs have been success-- 

frlllv nial)perl is ~ I I C  to the patient and persevering effort4 of those concerned. 
I~~a~*c/ionr.-The party was inspected weekly by the Superintendent, Northern 

Circle, throughout the year arid by the S ~ i r v e ~ o r  General in April 1922. 
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No. 3 PARTY (Cl3NTlCAL I N D I A ,  D E L H I  PROVINCE,  R A J P I J T A N A  A N D  

I J N I T E D  PROVINCES) .  

BY BT.-LIEUT.-COLONEL S. W. S. HA>III:CON, D. S. O., R. E.  

The normal topographical programme of the party was continued. 

( a )  Original survey on the half-inch scale 
of sheets 54 J / i o . ~ r  (parti .  

P E R S ~ N N B L .  (b) Re-survey on the one-inch scale of 
sheets 54 1/3.7.12.16, 54 M13.4 and 54 J/ 

Clarr I Qflcers. 1.5.9.14 (part) 
~ t . . ~ t . - C o l .  6. W. S. U a m i l t o ~ ~ ,  11.S. O., H. E.. in 

charge to 28th April 1922. 
Captain L. H. Jackson, I .  A . ,  in charge from 29th ( c )  Revision survey on the one-inch scale 

April 1922. of sheets 5 1  E/7(part), 54 1/4.e.1l.is. 54 MI7.e 
Captain \V. d.  Norrnn~~, hI. C., R. 1:. (on probation), 
Captain 'l'.W.lt. Hapcruft, 1t.E. (on ~robnt ion)  to 

and 54 N/11.12.16.16. 

3ls t  Mag 1922. 
1,ient. G. 11. osmhston, AI. c., R. E. (on ((2) Original s ~ ~ r v e y  on the eight-inch scale 

to 30th ;lpriI 1922. of the l~eadworks of the Western Jumna  Canal. 
Lient. G.F. Henney, It. E. (on probation) t o  30th 

April 1922. 
(e) Triangulation for original survey on the  

Czars II  Oflcers. half-inch scale in sheets 54 F/ (less 51 FIl.5 and 
Afr. J .  fiIcCmken, M .  H. E. parts of 9.18 ) and in sheet 5 4  J/( less  04 J / ~ . s . o . ~ a ) .  
,, C. 0 .  Pical.d, t,o 31st May 1922. 
,, Dnni Chand Puri. 

,, P. J i .  Ohosb, B. Sc. (on probation). ( , f )  Traversing for original survey 011 the  
. . 

L'pper Subo~di,rnte Seri9ice. sixteen-iuch and sixty-four-inch scales in t h e  

Mr. Mnharnmad Susain IChi~n, I(. S.,  from 22nd Municipal areas of Allahgbid City. 
October 1921 to 1.5th Jnnuary 1922. 

,, hlnharnmad Ilnsain. (g )  Traversing of the boundaries of demar- 
,, Imam Din. cated areas of leased land in Imperial Ilelhi. 
,, bfmz Gu: Khan, K.S.,  from 1st January 1922. 
,, Jesannnth. 
,, Narnsingh I)ass Joshi, 1%. A .  ( ( 1 )  The country surveye(1veye on the half-inch 
,, Mohn~nmad Jalnsed (on probation). and one-inch scales consisted entirely of cultivated 
,, Mohnmmad Abdus Sattar (on probation). plains, for the most part open and easy except in 

Loruer s ~ r r ~ m r / ~ , r r n t e  Srr~*icr. a few places where trees were nnrnerous. There 
67 Surt egors, etc.  was a great deal of broken ground along the 

banks of the Jomna  and Chambal rivers. Along 
the tributaries of the Jumna in Jalaon and 
Camnpore districts, this broken ground, though 
not of great height or difficult of negotiatiotl 

was much spread out over the conntry ; wl1ile tItat along the Chambal, was from two to tlrree 
miles in witlth on either side of the river, f o r m i ~ ~ g  deep ravines, averaging a ltundred and 
more feet in height, and brokeu n l ~  into pinllncles or flat tops with cliffs on all siclea i n ~ p o s s i b l ~  
of access. The traclis follon.ed the main streams and were few and far  between arltl mostly 
o11ly fit for foot trafic. There wcre no hills in the areas surveyed. 

, l h e  I head-quarters opened in the field at Agra on tne '2nd November 1921 and 
re-opened in recess a t  Afr~ssoorie on the 4th 1922. The health of the party was excellent. 

P!~r~tc-f~l~liw,q.-:\s in the previous t \ ~ o  lielcl seasons, all first year soldier surveyors and 
a Iargc nnml~er of thc I I I I ~ ~ I  sllrvcyors in the circle, nu~nbering 11 and 6 respectively, \vere 
attaclletl to No. 3 Party for tmining. I n  additiotl, there were four Class I, one Class I1 and 
two U l ) l ) ~ r  Sllbordinat>r officers on probation. The conntr>- lent itself well for trair~illg 
purposes, though it  was not possible to  givc any real instruction in contouring or in the 
depiction of l~i l l  features. It is hoped that it will prove possible to give such instruction n e s t  
year wlten the party will be working in t , l~e hilly areas of Gmalior and Eastern R%jput , ina.  
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The party \\.as divided into 5 canlps as given in the table below :- 

I n  cases where surveyors worked under two different camp officers, they are counted 
as having been in each camp. Mr. Afraz Gul Khan, K.S., was attached to No. 1 Camp for 
a s]lort period during the season, for instruction in a camp 05cer1s duties. Mr. D.C. Puri 
,]id not have an ordinary camp charge but was employed in teaching and helping the officers 
and survepors in charge of Nos. 4 ancl 5 Camps, none of whom had previously any experience 
of these duties ; in addition he geuerally supervised the instruction being imparted to their 
men under training. H e  was also in charge of the traverse work in Allahibid City and in 
Imperial Delhi. 

1-inch revision survey was carried out by trained and partially trained surveyors, 
while I-inch re-survey, which was specially arranged for them in lieu of revision survey, ww 
done by all the officers under instr~lction ancl by the first pear soldier surveyors and pupils. 
Later in the season the two junior Class I officers were given an area of original survey on 
the half-inch scale, the tn-o sheets O F  which had been specially included in the programme 
with a vlew to these officers1 instruction. 

The one-inch survey was bared on old revenue traverse data supplemented by new 
tmrewe work carried out the previous season in sheets 54 J11.6. 9, while the half-inch 
allrl-e!- was based on trianpolation, obserred and computed in the field earlier in the same year. 

For tlir initial period of instruction, a convenient area of one-inch re-survey, not too 
tliffic~llt. but containing as much variety of detail as possible, was selected for each camp. 
Tile graticnles, travcr~ed trijn~lctions, scales, lists, etc. of this area were plotted in recess, on 
to rr lialf Rristol board, one for each man tinder training. Each camp officer then devoted 
from a month to 1; weeks, within the area aelectetl, to the individual training of his men 
accordinp to their several capabilities : after n-hicli, if the officer in charge of the party waw 
eatisfictl with their progres*, the men were given separate and independent plane-table sections. 
'l'hese t h e -  hat1 licl~wd to p repre  during their collective training, the plottirag being done by the 
men themselves. The officers in charge of Nos. 2, 3 and 3 Camps were each allowed one first 

No. of 
officers 

nnder ins- 
tructiou. 
Sold~er 

surveyors 
and 11npils. 

1 

2 

7 

9 

9 

5 

I scale and 
Sheets surveyed. clue of No, of 

8urve)'ors' 

10 

9 

1 2  

6 

7 

6 

I 

54 N / ~ ~ . l o . i a . ~ s  

54 J/Io.  14 

54 MIs.r.7.s 

54 ~/11.12.16.16& 
54 J/9. 

54 113.4. 7 

64 11.9 nod . 
54 J / I .  S. 

54 El7  

Camp 
Head- 

qnnrtrrs. 

Akbarpur 
and 

Bliind 

Maiupuri 

Shikohii- 
b ~ d  aucl 
Gliiror 

T i ~ n d l a  

PinAhat 

". of 
camp. 

1 

2 

3 

4 

1 
I 

survey. 

1-inch 
revision. 

4-inch 
original 

ancl 1-inch 
re-s~~rvey. 

1-inch re- 
survey and 

1-inch 
revision. 

do. 

do. 

1-inch 
re-survey 

and 1-inch 
revision. 

1-inch 
revision. 

I M.C., R.E 

i I I r ~ ~ d e r  O.C. P a r t r  1 . . .  

' '  I 

Name of cnump ollicer. 

-- 

Mr. Aid. Husain Khan, 
I(. S., and later 

Mr. J .  McCraken M.R.E. 

Mr. C.O. Yicard . . . 

Mr. Imnnl Din .. . 

1st class sorvejor 
Bliushnl Khan and later 
Capt. T.W.R. Haycraft, 

R. E .  

5 I 1st class surveyor Abdul 
1 A z i a  Khan and later I Capt. W. J. Norman, 
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class surveyor to assist them ~ i n t i l  their men utrtler instrrtction conld work i n d e p e t ~ d e t ~ t l ~  and 
witllout freqoent supervision. This period was found to vary from (i weeks to :! montl~s.  

In  ortler to  give a greater nsefolness to  the l~ublislietl sheets, the l ~ e i g l ~ t s  along main 
canals and distributaries have been ohtaincd from tlie varior~s E x e c ~ ~ t i v e  Engineers concerned 
and selected values have been inserted on the fair maps i r ~  these areas i t 1  the  plains wl~ere  no 
other information was available. A not,e to  this effect has been entered on the plane-table 
sectior~s. IYhere possible these were compared in 1920-21 with levellcd hrnch-marks and 
other traversed heights and mere found not to  vary more than two or three feet. 

The survey of the I-Ieadworks of the Western Jumna  Canal, 11ntlcrtal;cn st tlie reqnest 
of the S u l ~ e r i n t e u d i n ~  Engineer of the Irrigation Circle. on the eight-i11cl1 scale was a small, 
simplc, and straight-forwa~d piece of work which calls for 110 sl~ecial rcn~a.~.k. I t  was based 

on triangulated 1)oints from the Himalayan triangulation and was carrie(1 out by a s ~ ~ r v e y o r  
011 deputation worliing tlirectl! under the Executive ISngineer. 

Out-turn and cost-rates are given below :- 

Scale. 

a-iuch 

I 8-incl~ Original I 1 1 2 1 . 3  

1 -inch 

1-inch 

The cost-rate for half-inch original survey is very hiqh due to various reasous; the  
triangulation being done the same season, the data  in consequence were not ready earlier and 
i t  proved necessary to move a number of survej-ors to small areas, i n  many cases from long 
distances, to  ensure that  the survey was completed in the season, thus causing extra expense. 
Also this survey has to hear the charges of pay of the two junior Class I oflicers under ins- 
truction during the period, as well as the pay of senior surveyors, sufficiently trained to 
complete the work efficiently nncl well. The cost-rate for one-inch re-survey has also been 
adversely affected by the charges of pay of officers nnder instruction. 

Re-survey 

Revision 

7\~inngrrlntio~~.-I~~ its course of progress the party has now reached Gnralior State  in 
Central India and the Indian States of Eastern Bi jpu t ina ,  and the country iriangnlated was of 
a different nature to the heavily cultivated plains of the Vnited Provinces. The  country 
coveretl by sheet 54 F and the south-west portion of 64 J consistedfor the most part of small 
ranges of hills varying in height from 900 to 1,400 feet, outcrops from the Vindh!-a Range 
to the sontli. These were mostly covered mith long grass and dense j n ~ ~ g l e ,  a t ~ d  often proved cliffi- 
cult to negot,iate. Colnnlr~nications were poor and habit,at,ions sparse, but on the whole the  
country was easy to triangulate, though necessitating extensive clearing and requiring many 
stations. T l ~ e  central ant1 so11t11-east portions of 5-1. J ,  t,hongh not heavily cnltivated,r~evel.theless, 
owing to their flatness, to numerolls trees round villages, and to the absence of Ilills, also 
necessitatetl a very large number of stations and required a careful and intelligent recon- 
naissance. The nvork was based on the Great Arc i\leridional and on tlte J3udhon Series, 
rvhich run parallel t,l~rough the a.rea from north to sol~tli ,  and on the old Gwalior and Central 

India Tope. Triangulation. A large number of the ripper marlistones of the G. T. series, 
and in many rases tlie lower markstones also, were font~d n ~ i s s i t l ~ ,  and a s l~erial  report on 

this 1nat.ter has hecn snl)n~itt.etl to the Superintendent of the Trigononletrical Survey. The  
trixnglllation of sllret 54 1" (less F / I . s )  was done by MI-. P. TC. Gl~osh,  B.Sc., Extra  
Assistant J~~perintr t ident ,  who completed an area of 3,500 s(1llare ~nilcs, ant1 illat in 54 J by 
Mr. Jagannath, S111)-Assistant S~tperintenclent, who completed an area of 3,0ti0 sqllare miles. 

Tllc t r i ang~~la t io t~  of sheets 54. J / l o . l ~ .  was completed in the field. I t s  sllrvey 
on thr  I~alf-illell sca.lc, coml)letetl t lr~ring the anlc senson for the instruction of officers under 
t r a i t l i ~ ~ ~ ,  is refewnl to i~nder  plane-tabling above. Tlle total oat- tart^ was 6,560 sqoare 
miles ant1 the cost-rate per square mile was Rs, 2 . 0 .  

Cost-rnte per squnre 111i1e. 

I~upecu. 

22 .1  

C!uss of survcy. Area i u  sqnnre n~ilcs.  

Original 1 1,92 
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T,.n~*ersia!~.-'I'lle traverse of AIla11ib.id City and its Municipal areas for  detail survey 
on tile sisteell-inch ant1 sixty-four-inch scales, commenced in 1920-21 for the Allahi~bsd 
Iml~,ovenient 'I'rnst, was conti1111ct1 ill Decrmbcr l!)dl and completetl in Febrnary 1!)22. The 
work \vas in c l l i ~ r g ~  of hIr. 1)111ii Cllarltl l'uri, Kxtra Assislant. Superintendent,, mith two 
t,raverscrs al~t l  t\vo c o ~ i ~ ~ ~ ~ i t e r ~ ,  conlplitat.ion being carried out / j r l r i  pawu wit11 the traverse. 
T~venty-one plol ellarts of t,lle work in the sixty-four-ir~ch area, wl~ich were urgently required 
for detail survey, were cornpletetl ill thc tieltl. (Src~ ~ ~ l s o  I'nrl 111-5j)ec.inl Ir'cl)orla). 

On the conll>lrtion O F  work in A I l ~ h ~ L i d ,  the traversers and computers were trans- 
ferred to In~llerial 1)elhi to  nntlertake t.lx t,raverse of the boundaries of tlemarcated areas 
in the Nen, <:it.y, w111cl1 Ilave been, or are to be, leased in perpetuity t o  the holders. The 
traversers were started on work by Lient.-Col. S.  I\'. S.  Han~il t~on,  D.S.O., R.E., a main 
line bein: run a(*ross the area of the I:nl~erial Cit)y f l o n ~  north to  sou t l~  via Kritab Road, 
Pri t l~vi  l i a j  Iioad, Hartlinge Avenue, Lyt,ton Zi.oatl ant1 I'ancl~ Kumar Road, joining up 
Pillars Xos. 607 a ~ l d  201 of the boundary t,raverse of Imperial I)ell~i esecutecl by No. 18 
I'arty in I !) 15-1 (;, tlre various sub-traverses requiretl to  connect up  the arca demarcated 
being taken olt' this ~ n a i n  line. 'I'l~e work and the nunll~er of stat,ions required entailed 
consitlerably more labour than nras originally expected, but by keeping the traversers out 
nnt.il t l ~ e  entl of April all the work asked for was completed. 

No traverse work for topographical survey was undertaken. 
Cost-rates a r e  given ill the table below :- 

The cost-rates given include computation of tlle work. 
Necesr Un1ies.-For the purpose of fair-r~~apping the party was divided into four 

sections as given in the table below :- 

Sr ale O E  d e t n ~ l  snrrcy 

16-inch . . . 
6 k-incl~ . . . 

12-inch (boundary tra- 
verse) . . . 

Fifteen o~lc-inch slleets have hecn sn1)mittcd in 8eptcniher In'!? ahd t,he ~.emaining 
one-inrl~ ant1 I~alf- inr l~ sheets will 11e s ~ ~ h n i i t t c d  1)efol.e the party leaven for tllc fieltl. No. d 
Y:\rt!- will t1111s I~ave no arrears of fair-mapping. The o t ~ t l i ~ l c  of :1 sllects, viz., 5 1. .J/!1.14 atltl 
5 4  lilt; has Iwrn tlrawn on contract ovcrt,imc sysLem atlol~tetl i n  this ~)ar t ,y  last recess. 1\11 

estirnafe is ~ n a ~ l r  of t11e n11m1)c.r of I~otlrs r ~ t ~ ~ ~ i r e t l  a~l t l  tile tlraftsmarl, who must I~avn first 
rlnci clllnlifirntioll~, i* tllrn gi\-en the sheet to (1ra11~ ~ l l t , i l . ~ 1 ~  ollt of oflice ~ I O I I ~ S ,  ~ )c~I I , " "  I ) ~ i d  his 
overti~nr on coml~lt~t inn, wit 11 thc proviso, I~on-ever t , l~at  ally ~ o r r e r t i o ~ l s  11l11st he ca~,rirtl out 

I I ~ I I I  :IS n \ - c b ~ - t i ~ ~ l r .  \villlo~lt payment. 'l'l~e a1no1111t c s l ) c ~ ~ t l e ~ l  on  ovcrtirnc 1)ayn1cllts tlr~ring 
rccws \ \ . i l l  total Hs. 4.14. 

lniles 

78 

3 5 

57 

P l ~ ~ c c  

Allahebacl 

do. 

Delhi . . . 

C"st-l,nte 
per linenr mile 

Hs. 

1 8 . 0  

79.7 

5 8 . 8  

Scale of fnir- 
drnnFing. 

14-inch and 
$-inch 

l +-inch 

I 4-inch and 
P-inch 

14-inch 

~ o .  of ~ h e e t u .  

54 N / i 1 . 1 2 . 1 . 5 . 1 6 ,  5/14,  ~ ~ , J / N E .  

54 M13.4.7.~ 

54 1/11 12.15.lf i ,  J / g .  F , ~ E / N ~ .  

54J/1.r,  & I/3. ,4 .7.~ 

A r e ~  ill 
ncrej 

31 .91  
(sq. miles). 
1 ,324-8 

941 . 2  

No. of 
rlrnftsn~en. 

7 

5 

(i 

5 

, 1 ~ n m e  o ~ e c t i o n  ofliccr. 

No. of  
traverse 
rtations 

514 

623 

1,188 

I 

2 

:3 

Mr. J .  hlc Craken, 
A[. 13. E. 

Captain 1 v . J .  Norman, 
hl.  C., R. 15. 

3Ir. In~ani  1)i~ 

I 1 \ l r  1). c ~ u r i  

I 
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The cost-rates of fair-mapping are give11 below :- 

I 14-inell for I-inch sheet,s 6,054- I 6.7 

Scnlc o f  inir-111n1111i11g. .iren i n  sq~iarc  11ii1w. 

- 

(!OR~-rnte per Rqiinre n ~ i l c .  

ILupees. 
-- 

A section was also maintained under Mr. Afraz (3111 Khan, K. S., for the training of 

soldier sllrveyors and l )~~l) i ls .  Ipor~r soldier sllrveyors reverted to their units during recess. 

(:aptaill Mr. R. Haycraft, B. E. (on l ) r o b ~ t i ~ ~ ~ )  and Mr. (:. 0. Picard were transferred to 
No. 3 Party and No. :J Drawing Oftice resl)ectivelp from 1st June 1912, ant1 Lieutenants 
(;. H .  Osmaston, M. C., K. 14:. and C+. P. Heaney, K. 15. (hot11 on prohation), were t,ransferred 
to No. 1 Part,! from 1st  May 1922. 

(6 )  A section composed of one kriangl;lator, 2 tra\.e~.sers and 2 coml)uters, under Mr. 

1'. K. Cillosl~, R .  Sc., has been employed t h r o ~ ~ g h o r ~ t  the recess on the coml)r~tat,ion of last 
season's triang~llation For original sllrvey on the half-i11c11 scale, t,he l)rcl~aration of traverse 
Illot c l~arte  from the old traverse records of Agra tlis~ricat for re-s~~rve?- on t,lle one-inc.11 s a l e ,  
and the preparation of traverse plot charts of 1920-21 traversc for o r i g i ~ ~ a l  snrvey on the 
half-inch scale, reclllired for nest  season. 'I'he conil,atation of t l ~ e  traverse of Allal~iibid City 

llas also 11ce11 romplebed, and 9 1)lot cl)art,s for tletail s ~ ~ r \ o y  on the sixty-four-incl~ scale and 
4 4  plot charts for detail survey on t l ~ e  sixteen-i11ch scale I~avc been drawn ant1 sent to the  
(:hieF I$ngi~~eer, .\llal~>bitl In1l)rovernent Trust .\ sc l~e t l~~le ,  toyet l~er  \vitl~ an index plot 
(:hart, of the bountlarics of dema~,catctl areas tra.versed i n  the New City of Imperial Tlelhi has 
been prepared in boolr form in recess, ant1 s ~ ~ l ~ l ~ l i e d  for recortl to the (Ihief ISngineer, P. Mr. D., 
1)eIhi. Other miscellar~eons ~vork 11as consistetl in lieeping t l ~ e  part,y records, etc., 1111 to date, 
Iwel'aratio~~ of 13ristol boards for training of nest year's pul)ils, l>rel,aration of Index maps, 
ticltl progress c~l~arts ,  t,riangulation r l~arts ,  ant1 extraction of data for the continr~ation of the  
srlrvey of the \Vestern Jrunnn Carial on the scale of 1/4.,000. 

il!i*c~bln~troirs:-'l'l~erc  re no marked ~ ) l ~ ~ - s i o g r a l ~ l ~ i c a I  changes in t,l,r area that came 
111)(1er slll,\ley d ~ i r i n ~  the year. 

#-inch for +-inch sheets 

Itrspec~io~~s.--Tl~e part>- \\,as i11r.pected once I)! the Snrvcyor General and on numerous 
occasions h\- the Sr~l~erintendent,  norther^^ Circlc. 

1,749 1 3 . 0  

No. PA€lllY (ITNITI31~ I 'HOVINCES). 

])uring the year under report the sllrvey of the Garhmil ancl Eumauo hills on 
the two-inch scale was continued, tho area required 

PFHRoNKRI . .  
by the Yorest l)el)artment being nearly completed. 

C/,I.Y.T I 0 f i r ~ r . v .  The field head-quarbers wel-e moved from Bareilly 
( ~ : l l l ~ : l i l l  I , .~I .  . I n c k n o c ~ ,  I .  A . in cl~nl.gc- 1113 1 1 1  to Almori,  where t ' l~e  ])arty office opened on 

24th Alwil  1922.  November. hros. 1 and 2 Camps took t,he field 
>l;~jqbr (:.G, t,e\vi~, It I,:.. i l l  cbnrge  fro111 29tI1 

earlier than the ren~ainder of the partj- in order to 
April 1922. 

(.:,l,~,,,in '~ . \v .II .  ~ a g r r n l t ,  R.#. ((,I, 131~0b~ti011). comlllete the slll.ve!. of the Ilighcr ground iu their 
Trnn~  15t  . I I I I ~ C  1!122. areas before tlhe arrival of the sno\lr. They leached 

('inns I I  OJ;CPV.<. their resl)ective head-quarters a t  the end of October. 
r 3 ( !n l , t n i l~  .l.H. \ V i l l i n ~ i ~ a ,  n p  t,o l l t h  > l ~ y  1421. 1 he area ~11r~e.ved ~0nsi3ted of 1 1 1 ~ h  Ilills, 

~ I V  R . I I .  \ V ~ q t ,  111) to lfit,h J n l y  1922. tlensel!. wootled 011 the norther11 slopes, and deep 
,, L. \\ ' i l linnlea M. I\. E. 

valleys, the lolrer slopes being terraced for cultiva- . .l.H . l o h ~ l s ~ ~ n .  

I , ~ I , - , ~ V  S ,~bovr l ; r rn / r  Srrr l icr .  'I'l~e three camps completed their \\fork by the 

88 Snrvryors, etc. 24th February, 'Wth March and 9th April respect- 
ively. 

T l ~ r  healtli of the party MS very good. The 17 surveyors of Nos. 1 and 2 Camp 
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Each camp officer entertained from 50 to 80 permanent Nepilese coolies. Theae 

were nsed for moving camp officers' and burveyors' camps and for the distribution 
of rations from cam\> head-quarters to  surveyors. For the conveyance of rations from 

Alrnori to the head-qnarters of the three camps, 1 4  troops (144 mules) of the 2:jrd Pack 
Mule Cadre, complete with l)ersounel, equipment etc., were hired a t  a cost of Rs. 16 per 
mule per mensem. I n  A n g ~ ~ s t  arrangements for the supply of dumps of grass a t  pre- 
arranged camps were made nit11 the Forest Department. The mule cadre supplied their own 
rations for men aud animals, which haJ t o  be carried with them on convoy work. This  

meant that  for a trip of 5 marches to camp heacl-quarters and back (viz. 9 days) only 7 0  
mules were available for the party rations, the remainder being required for the rations and 
kit of the mule cadre. 

A time-table of marches for the ~l lole  couvoys was drawn up by the Officer in charge, 
by which each camp was rationed on ar, average every five weeks. This time-table was 

strictly adhered to by the convoys. 'I'l~e routes were in a very bad state of repair, which 
resulted in accidents to n111les on several occasions, though only one animal was killed 
during the season. No local transport could have operated continuo!~sly on these roads 
under such conditions. The cost of this transport was high, b u t  was well repaid by the gain 
in time and efficiency, which e~lablecl the survey of the high ground to be completed before 
the coming of snow. 

Tt~i (~ , igx la l ion . -  The programme included the triangulation of sheets 53 N/J. 2. 3. 6. 7 
but i t  was found impossible to attempt this w r k  owing to the difficulties of supply and 
transport in Garhwil distrrct, and it  was abanclonecl. 

No traversing \\-as carriecl out. 

Recess Duties.--The fair-mapping including 16 sheets of arrears which remained 
over from last year. was distributed in three sections- 

No. 1 ,  under Mr. West and later Afr. Drake. 

C n r r e ~ ~ t  2-inch sheets 53 N/4 S. 8 8. 12  S. 16 S. 

Arrears 2-iuch sheets 53 J/16 h', 31.1. N .  0/16 3, 62  C/3 S. 

Arrears 1-inch sheet 5 3  0116. 

No. 2, under Afr. L. Williams. 
Current 2.illch sheebs ($2 B/s S. 8 8. 12 6 ,  62 C/1 N ,(: S. 6 N ,r. s. 9 N a s. 
Arrears 2-inch sheets 53 O/in s .\- 8, 62 C/4 N .  8 N. 

Arrears 1-inch sheets 62C/4. F. 

No. 3, under Mr. Jnhnson. 

Current 2-inch shects 62 C/2 N k S. 3 N. 6 N k S.  7 N. 

Arrears 2-inch shects 53  011 I s ,\: s I J X  ,e s. 
Arrears 1-inch sheets 53 0 1 1 2 .  

Capt.ain I-laycraft :issisted in t,llr examination of slleets for No. 3 section. 

Considerable use ~ s a s  agailr made of overtime, -1, outline sheets and 3 contot~r  sheets 
were drawn on contract all(\ all t.ypiuq in overtime was done as I' piece-work," special rates 
being worked ont for the various items such as village names, spscecl names, heights and 
contour values. 

The cost-ntr  01' ?-inch fair-nlal>l>i~l,n for 2-i1lclr slleets was abollt Rs. 25 0 per square 
mile. Otving to t l ~ c  r1.real.s it  is lmpo~sible t o  estimate accorately tlle area of mapping 
actually coml~leterl. 

Eight arrears sllrcts have hrrn saPsritted for l~ublication and it  is 
that  the  remainder will be submitted by t l ~ c  c1o.e of recess. The current sheets are well adpaneed ; 

they will be co~nplctcd b,v a small [)art) 1 1 1 r w i s ~  section during the cold weather and should 
d l  be submitted bcforr the com~nencement of nest recess. 

~ ~ i t ~ p r r / i ~ ~ . - l ' l ~ ~  ~)a~.t~,v \VW i~ispected once in  recess by the Sarveyor General and was 
qisited weekly b.y the Saperi t~te~ldent ,  Nortbern Circle, t t ~ m u ~ l ~ o ~ ~ t  the recess season. 
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No. 4 PARTY ( U N I T E D  PROVINCES) .  

Tllis party whicb ltad been in abeyat~ce sitrce 1917 took llte field in full strength and 
completed the detail survey on the oue-inch scale 

PERSONNEL. of sheets 63 M/j.7.~.11.12.15.11i and 63 N/9.10.11.~~. 
clans I O @ C P V .  13.14.15 I G .  The p;rrty also completed the triang- 

Llr. hl. C. PztLcrs, in rhnrge to 13th alnrch end ulation of the llilly tract in 63 MI 16 and the from 25tl1 hlnrch 1922. 
traversing of the cultivated plains in Nepi l  lying 

Class I I  OjTcers. in sheets 63 M/3.7.11.ln. 
hlr. Q .  A .  Normon. N.H.lt., from 10th Deccrn- 

ber I921 to 131h Mnrt.l~ 1922 nnd f ~ o m  25th The reserved forest areas are densely wood- 
March 1922, n chnrge Iron> 14t l1  to 21th ed ; the remaintler of t,he co~intry consists of well 
hlarch 1922. cultivated plains clotted over with lakes, marshes 

hlr. F. C .  Eniot. to  30th April 1922. and Ilntnerolts groves of tnaiigo trees and inter- 
,. BIoqim~.cldi~~, from 1st Jnne 1942. 

sected b!. several rivers the principal of which are 
Upper Sshordi~~nlr Sorice. the Gogrfi, Ganclak and Rripti. 

h l r .  Chnoi Lnl Knpor. The field season ollened on tlre it11 November 
,. I.nkshmi D n t t  Joshi. 
,. \'idyn Dhnr Choprn. 1921 and closed on the 15th hIarcl~ 1922. The 
., 1,nltan I<llnn. I. I) .  S. hl. .  ro I O ~ I I  Apr i l  1922, field head-quarters was a t  Cforakltpur. 
, Blo:;nb.ot Lnl Bobli (on prc~lintion), from 17th Tlre Itealth of the party was on the whole Octrb1,cr I!ll'l to 15th Scprclubcr 1922. 
,, K ~ , . : ~ ~ ~ ~ ~  (:bnnc,,.n ling (on prol,ntion), f roun  very goo(1, Lrit tlrere were a few cases of malarial 

~ ( I L I I  N n y  1924. fever among the rl~elt ~vorkitig in the Nel~ril area. 
.. I ) n l ~ p  Singh Gsl~c lh i  (on prol>ntion). f r o u ~  Plane-tatli71g.-'l'lie ~tature of most of the  

2s1h \lay 1922. connt.ry surveyed is flat and highly cultivated 
Lorrev Ssbordi~rnlr Ser.t.ive with some hill!- groond in the north-eastern 

36 S I I V V ~ O I . ~ ,  etc. corner. The reserved forest areas are densely 

\vooded. The detail survey of tlle hilly area in sheet 63  hI/i;, alnd of t l ~ e  plains 
of Nep.il was based on points fised respectivel~. by triangulation and travcrsing (luring the  
cllrrent *enson. Tlre snrvey of tlte rernaiuiug area except sheets 63 N/9.10 was carried 
o ~ l t  on blue l>rilrts of existin: one-inch sheet's, tire 1)lalre-table tr:~vcrses I~eing Lasetl 011 the 
I)ositions of trijr~nctio~r ~ , i l l a~ , s  as slle~vu on the blue prints. 

Tlre work was divitletl into four camps as follo\vs :- 
1%. I Cotnli, under Mr. F. C. Saint with 11 surveyors completer1 t,lle revision survey 

01, the one-inch scale of sheets 63 hI /~ , lz . l a  ancl (iJ N/13.14. $11.. Cltopra was placer1 i n  this 
calrlp but proceeded on metlical leave very sltortly after the field sthasotr commenced. Towards 
t l l r  elitl of the season tltc camp was stre~igtltened b!. 4, surveyors transferrctl from tlte Train- 
ill: Camp. 

2 Carnp.-hI1.. (;. 11. Norman. &I. B. I<., took over cllarge of tllis canip on the 
1 st11 1)erernl)er 1!)21 from 3Ir.  Lakeltnri n n t t  Joslti wllo proceetlecl on medical leave, ancl 
csecntetl the rrvisio~r snrvey on the one-i~rclr swl r  oF slreets fiY N/11.12.l,i I ( ; .  T l ~ e  camp 
ori4inally ronsistetl of !) snrreyors, but, during tlrc last 1nolrt11 of tlie field season, was 
s t renyt l~e~~ecl  I,! J prrpils from the Training Camp who I~ad  colnl)letecl their allot,ted work 
I r l  that canil~. 

S o .  3 Ccrn~,,, ~ ~ n r l e r  RIr. ( : l l ~ ~ r r i  Lal Kapnr \vit,lr Y surveyors con~l)leted t,ltc one-inch 
snrre\. in Se1)iI and thc one-inch revision sllrve>- of tlte remaining area in sheets 

: One sarvr!-or from the Training Camp was transfer.rcd to this camp towards 
t,lle clt,sr trl' tlie field season. 

No. 4 Ca~tr,, forn1etl.a training camp ronntl Pi1)raiclt untlcr AII-. Laltnn Khan, 

1.1). s .  SF. Olre l-pper Snbortlinate officer antl 1:: pupils \rere instrnctetl i l l  p1:rrrr-tabling 
alld tolretliel. counliletetl the one-inch snrve!- of slreets 03  N/n.lc. Tho survey was based 

tile ,,lottetl l~ositio~rs of village trijl~nction pillars \ V ~ I O S C  coordilrafc values werc obtained 
f rom Revenup traverse recortls. The area ltas been treated as revision snl.vey. I':igltt, of the 
Illlpils on coml)lrting tlrcir allottctl areas were t,ratisferred to\\-artls thc close of thtn season to 
other camps. 

'l']lc orlt-t~trns R I I ~  cost-rates are as follows :-- 
Orte inch original survey 294 sclllarc miles at 11s. H e : !  11er stllraremile. 
One inch revisiolr ., 9R!)1 ,, ,, a t  Rs. 1 3 . 8  ,, 1) 

The cost-rate for the original surrey is less than that  of the revision survey owing 
t o  the llatllre of t h r  cor~ntry in h'epll being less intricate than the TJnitetl Provinces and to 
tile fact tllnt tlte most experienced sllrveyors \vcrc enrployed on the work. 
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Trinngn1ation.-Tltc nature of the coontry is itndulating and llilly and corerecl \vitll 
dense forest growth. It was intendccl that the triang~llation should emallate fmrn the bast 
Chanda T.S.-Ualua T.S., geodetic stations of the North-East Lonpit~ldinal Series, hut  orin. 
t o  heavy tree growth having sprung up  between these tower stations since they were built, 
after a good deal of tree-felling had been done, to satre time, i t  was considerecl erpeclient t o  
abandon the line and s tar t  the triangulation from the base Balua T.S.-Barar h.s., the latter 
of which is a minor station. Mr. M. L. Kohli triangulated an area of 6 3  square rn i le~  in 
sheet 63 to  fix snfficient points arld heights for the (letail survey. 

The cost-rate including co~nputations is Rs. 1 8 . 9  Per square mile. 
T , . ~ ~ ~ ~ ~ ~ ~ , ~ . - A  total length of 133 linear miles of traversing with l t e i ~ h t s j  repre- 

senting an area of 299 square miles, was run by 2 traversers in the 1li~hl.v cultivated l'lains 
of Nepil comprised in sheets 63 Ptl/a.7.11. l a  to  S L I ~ ~ ~ Y  data for the 

The cost-rate including computations is Rs. 15 per square mile. 
Recess DtL/ips.-.These comprised tile fair-mapping On tjhe scale of one a half inch 

to a for on the scalr! of one inch to a mile of fifteen sheets surveyed d'lring 

the year, the final of triangnlation and the plotting of villa%e trijunction 
pillars for 2 one-incll sheets from Revenae traverse records for instructional purposes 

nest field season, TIle work and personnel was divided eqrlallj- into t,hree sections a s  

follolvs :- 
ljTo. 1 Sectiof~, under Mr. G. A. Norman, I f .  13. I:., was allotted tllc fair-nlnpping of 

shect,s 63 N/l1.12.14.15.l6. 
ATo. 2 fiCfiofL n7as plxced in charge of RIr. Rloqimnddin who mas responsible for the  

completion of the fair-mapping of sheets 63 R,f/8.12 and 6 3  N/9.10.13. 

No. 3 Sectiol~, under Air. C.L. Kapur carried out the fair-mapping of sheets  
63 1\f/3.7.11.1:1.16. 

An area of 3,67 1 sqriare miles a t  a cost-rate of Rs. 7.4 per square mile was fair- 
mapped. 

Sheets 63 M/3.i.ll and 63 Y / ~ . I o  mere submit,tecl for before 30th Septem- 
ber 1922 and the remainin: sheets G3 R9/s.lz.l5.l~ and 6 3  N/11.12.13.14.ij.16 mill be completed 
before the party takes the field. 

The final computations of triangulation were completed by 311.. C. L. Kapnr assisted 
by a computer. 

jlfiacellnfteo1ts.-Owing to  the non-co-operstion movement,, which had macle itself fe l t  
in some parts of the area under surrey, it  was often difficult to  obtain carts and those secured 
had to be paid for a t  any fancy price t,he owner chose to  name. This movement c~ilminated in 
t,he holocaust a t  the police station a t  Chauri Chaura, 12 miles from Goralrhprlr ou the 4 t h  
February 1922. 

A t  the request of the United Provinces Government and wit,lt the concurrence of the 
Benares State Dnrbar, Mr.  J i .  C. Petters was placed on deputation from the 14th to  the 2-It11 
March 1922 to examine ancl report on the d i s p u t d  boundary bet,ween Benares State  and 
TTnitecl Provinces lying along the Ganges river. The dispute, which dates back to 1548, is 
due to t,he lateral movements of the river and reaches an acllt,e stage \\,henever s~lfficient silt 

has I~een tlepositcd by flootls on the sanrl banks to makc them cu1tiv;tble. The mait, in 
tlisl~1te was \vllcthcr the southern bo~~nclary of Renares State in the area concerned was a fixed 

lillc or n~hetllcr i t , s l ~ o ~ ~ l d  vary according to the movements of the Oatlges river. rSfter 
exa,l1linillg all ol(l nlaps fol.\vardctl bj- the parhies on bot,h sides ancl pevious rulings on the 
s~!l)jcct, a s~lrvey on tllc eixllt-incll srxlc was ~ r c p a r c d  and i t  mas decidetl tlrat the sontllern 

h011'1(1r2r!. of 13cl'arcs s t a t e  follol~-etl a fiscil linr. 'l'lre aIqea is sandy and sltbject to annua l  
inrlndation ; the (lclltll of \\.atcr n.lrtl a st,ronz current tlnrin? tile rain. seasol1 \\,ill not a]]om 
ho1l"(lal'!- nlarlis to remain. 'I'llrer guide pillars \\.ere accorJingly built i n  a straigllt line 

f ro ln  \vl'icl it lvil l  al\va) I ) ?  11ossil)le to rr lar  the h o ~ i ~ l d n r r  line marlie(1 011 tile s,lrvey 
"7it1' tile of a ~ l l~nc- t* l ) l r  alld nlagllct,ic coml>aas. 111 tl:e event of olle of tile goide 
being (lestro!-ed, the honntlar\. can shill be Inid (lown 

Tllere \vcl'c no RI.I.CRI.S of fair-maPl~illfi from seasolls. 
I 1  
l l l c  be"s (iml(lalc and O0grfi rivers hare altered t,lleir coorses to the 

west and sollth since t.hc last survey in tile earlp ,,igllties. 
ll'"l"'('"ol"~-T~~e party was inspected by t l ~ e  S ~ I ~ \ * P y o ~  General on the 20th rlpril 

In''; i t  jVas i n s ~ e c b d  once during the field season and ~ v e e l i l ~  during the recess 
by the Superintendent, Northern Circle. 



No. 20 PARTY (CANTONMENT). 
BY C. E. C. l ' n ~ ~ c ~ r .  

During the year the party continued survey 01)erations in the Southern Circle, and on 

PRRSONNRL. the 1s t  April 1921, camo under the administra- 
Live Control of the Superintendent, Nortllern' 

Clnsr I Ofict-1.. Circle. A temporary suspension of the field oper- 
Cnl'tnin J. R. DOII~I:IS,  R .  E., in cllnrge to I G I I I  ations mas cdnsit~ered necessary as tile field lvork. 

October 1921. showed signs of outstripping the pace of tile 
CI~.*S 11 Oflrers. drawing ; the party was therefore collectecl at 

Mr. J. tl. S. \Yilsol~, 1111 to :]]st Jnunnry 1922. 1)ehra D a n  during the hot weather r n o ~ l t h ~  t o  
, C'. 11:. C .  F1.encl1, in charge from 1;tll ~ ~ t ~ l , ~ ~  deal with t,he mapping. 

1~2 .1 .  The health of the party has been good 
., Y IY. Snl i th ,  fro111 13th F C ~ T I I D I . ~  1922. t l ~ r o ~ i g l ~ o u t  the year. 

V p ~ w r  S e L o r d i ~ ~ n l c  Service. Plane-tvhling,-The cantonments of Deolili 
Dlr. I ) l~nrn>o,  to 30111 JIIIIC 1912. and Ahmadfibid werc surveyecl on the sixteen- 
,, ,l. Al. h111kerji. inch scale, \vith their bdzilrs on the sixty-four- 

1,nrrrr. Srrhnrdi~rnte  averr,irr. inch. The remaining sixteen-inch areas in the  

28 S~~rveyors, c tc .  
Civil ant1 Jlili tary Shtiort of Bangalore and 
remnants of the bizdr areas on the scale of fifty 

feet to onr inch were also completed, the aggregate,areas on these scales being 5 , 5 2 5 . 0  acres 
on tllc sixteen-it1c-11, 106 .36  on the sixty-four-inch and 65 a 6 3  on the fifty fect scale respectively. 

At1 area, of 4 0 . 2  1 scluare miles a t  Deollili was surveyed on the six-inch scale for the 
purpose of i l lus t ra t i~~g  f ~ ~ t , u r e  military developments. , 

The accuracy of the field work has been tested by a chain-line of 60.60 linear miles 
and 206 irr s i t t r  fixings. 

?r~a,~trsi,~g.-Yl .91. linear miles were done by Mr. Dharmu and surveyor Arthur Fran- 
cis; !)ci stations I t . i~tg fixed, the average number of stations per mile being 3 .  U l  and the cost- 
rate Hs. 237 .6ti ller mile. 

Lerriling.-The ef standard bench-marks in these ca~ltonments offered a good 

~ ~ ~ ~ o r t n n i t y  of testing the accuracy of the existing heights, previo~~sly obtained by triang- 
"lation and traverse ; these proved very satisfactorily and in no case were alteratiolls of more 
than a foot found necessary. 

Messrs. Yharml~,  hlukerji and one surveyor completed 96.83 liuear miles of levelling in 
these cantonments a t  a cost of Rs. 18.30 per mile. 

Rrcrxs bu!ie.~.-The lair drawings of Pallfivaram, St.  Thomas's Mount, Poonamallee, 
\-eliclli llrcst, Hi]] comprising :39 sheets have been submitted for prlblication ; the remainder 
coml\rise Secnt\cler;ibnd, C:~nnanore, hladras &Iilitar!- Lantls, 13angalore, 1)eolili and Ahmad- 
irbilcl in 96 sl~eet,s, the mapping of which is well ill hand. 

In.yrctin,~r.-Tlle party was inspected by the Superintendent, Sout,hern Circle a t  
on the z9tll January 1922 and by the Sul)elintendent, Northern Circle a t  Ilehra DCo 

on the 24th July 1922. 
No. 2% (KIVEHAIN)  PARTY (PUNJAB).  

BY DH.\NI RAM V e n ~ n ,  R A I  SAIIIB. 

~l~~ IwogramnIe tlte \]arty consisted in traversing the riverain estates along the  

L'XRSOXNRL. Intlus, Chenib and l'anjnad rivers In Muzaffar- 
clrrst I Ofirer garlt district for radastral sltrvey by the Settle- 

Mr. 1 1 .  11. K. IIan\,y, to ~L\arge fr(tn1 111111 F e h l n n r ~  ment Ilepnrtment and snrvey of Lahore '' Naz~rl"  
10 : # I u ~  Angnvt 1!122 lantl in cor~tir~ttation of last year's work. 

( ' l o r  I I Ofi(.~r. 
'I'lte lield season ope~~et l  on t l ~ e  I s t  October 

)Ir. O I B I U I I ~  l (nm Vero~n, I t .  S.,  i n  cl~nrse np to 9 th  
Fe,,rosr\. 10.,2 RII,I RLYnill  F r  IP t  Seyte,,,l,cr ]!I21 atld closed on the 25th i\Iarch 1922. 
1 9 ~ 2 ,  ~ I I C I  : I I I ~ C I I V ~ I  in ~ L I W  ~ I I I C I I - C I I ~ U ~  per11111. Special soryeg of K h a ~ ~ r  oil tieltls in Aitock 

c ' , , ~ , . , .  .\st,urJi,~n/e S~rl.icr. district was undertaken in recess. It lasted from 
Mr. Jnunne Prn=ml ,  I < . * .  the 17th t \ l~ r i l  to 2'itlt J I I ~ ~  1922. 
,. 11:bul S B ~ R !  :I,, Ilnstir. 
,, (;n:nb bi!,gh, np to 4th Nnrrmbcr  19?1. The head-quarters of the party remained a t  

1 h n p ~ . r t  loor. Lahore t h r o l ~ ~ l t o ~ ~ t  the year. 
Lnswr S ~ b o r d ~ r ~ a l r  Sw~.rrc. The health of thc party was, on the wltole. 

33 'lrmrerscra, etc. nncl 2% pnrely tcnlk~olary gootl. Several men working on the Indus soffrred 
t m r c r ~ e r 8  CLC. from malarial fever in the early part of the season. 
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Mr. Golab Sinph and traverser I t ra t  H u s d n  were coml)elled to take leave from the  6 th  
November 1921 and (ith January 1922 respect,ively. Three khalisis died of malaria. 

The detail traversing on the Indus in Alipur tnltzil was carried out under hlr.  J a m n a  
Prasad, R.S., and in Rfuzaffargarh t n h ~ i l  u~rdcr Rf r. Gulab Singh and s t~bsec~r~ent ly under 
traverser Roda Ram and on the CIien%b and the Panjnad in Alipur I/clt.vil under Mr.  Ram 
Narayan Hastir. The base lines on the Panjnad were laid out  under Mr.  Itam Narayan 
Hastir. At  tlie request of the Settlement Officer, Aluzaffargarli, the missing pillars of old 
base lines along the Indus in  Alil,ur and BInzaffargarli /trltsils \Irere relaid under Mr. J a m n a  
Prasacl, R.S., and traverser Hoda Ran1 r e s p e ~ t i v c l ~ .  The traversing and topograplly of the 
Kliaur special survey was carried out by Rfr. Ram Narayan Hastir hirnself as no surveyor 
was available. The Lahore "Nazt~I" lancl survey was tlone directly under the officer in charge 
of t l ~ e  party. 

During the field season the c o m p u t i ~ ~ g  and tttanrir.i sections a t  the head-quarters were 
by coml~uter Badlu Ram and draftsman Rlakbul Husain respectively. 

The party contin~ied the work of traversing and la) ing down base lines. 2,269 linear 
and 413 square miles of minor traverse in the Intlus, Cheuib and Panjnad riverain tracts in 
Muzaffargarli district were executed, 10,28-4 theodolite stations in 85 villages were fixed. 
218 corners of 71 squares in 246 square miles were demarcated with ~ e r m a n e n t  mark-stones 
011 both banks of the Panjnad river in Afuzaffargarh district and Bahiwalpur State, to  serve 
as bases for future survey and demarcation of boundaries and fields In tlie bed of the  river. 
21 missin: stones of 9 old base lines along the Indus river iu AIuzaffargrarli district were 
re-laid a t  t l ~ e  request of the Settlement Officer, RI~lzaffargarh. 1,154 plotted and 453 
boundary lnasivls (settlement nial~ping sheets) on the scale of 112,640, and 28 four-inch 
1,heets were traced and supplied in time to the Settlement Officer, AIuzaffargarh. Besides 
these, 564 boundary ~t~tlscir.ls were partly compiled on tlie scale of one inch=220 feet for the 
next season's work ; atld 257 iniscellaneo~~s traces were prepared, all the traverse stations 
marked during the field season mere plotted on 28 four-inch sheets. l,G68 llages of field 
books and 361 cf set-up forming 8 v o l u ~ ~ ~ e s  of field books aud 5 volumes of set-up of the 
riverain work of the year \Irere completed. 

The ~ninor  traverse was based on the main circuits run in the previous seasons. The 
average daily out-turn per man \\.as 6 stations and 1 .Y2 linear miles. This low average is 
due partly to  heavy line clearing along the rivers and partly to  the inexperience of traversers 
newly entertained. 

The average daily out-turn of laying out base-lines per man was 3 corners. 

There was general scarcity of labour especially in t l ~ e  Indus riverain tract extending 
down to Llie confluence of the Indus and Pan,jnad rivers and much jungle clearing had to be 
done by kllalisis. 

The following tables give full details of the riverain work con~pleted during the 
year :- 
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OFFICE WORK DONE FOR THE CADASTRAL SllRVEYS OF lLlVERAIN ESTATES. 

Resides t,hese 257 miscellaneons traces were prepared ant1 56.1. b o r ~ n d a r ~  I)IUS~C;S mere 
partly compiled in advance for t,he 11est season's \ ~ o r k .  

LaAore N a z r ~ l  land sio.r.ey.-l'l~c .;nrve!-, on the .scale of 1 inch = 40 feet, nntlertxken 
towards the enrl of the 1)revions recess at the recluest of the Del)oty Commissioner, Lahore 
in connection n,it,h t,he Lahore cit,y estcnsion schemc was continued t.ill the 10th November 
1921. T l ~ e  area surveyetl till t , l~e cntl of Sclltern1)cr 1 !):!I was 33 . 5  acres and the area of the 
rem:lining portion most,ly consist,ill: of tllr ntljoininp congested part of the city s ~ ~ r v e ~ c d  
siil~sec~net~tly \\.as 1 6 . 0  acrcs, making t l ~ e  total ont-turn of -1.!).5 acres. T l ~ c  cost-rate for 
the area snrvc!.cd i l l  the year nntler rcl)ort comes to lis. 29 * 1, per arrc X I I ~  t l ~ a t  for t.lle whole 
arva to Rs. 1 1 , .  5 per acre. 

h-lrntct. sl,vc1(11 sur,c.c.,/.-This mas ut~dert:~ltc.~~, in contin~iatiol~ of tile last ?-car's work, 
for the Attork oil colllpaily a t  tl~ctir rccl~lesl tl1r01ig11 t l ~ e  I ) c p ~ ~ t , y  Con~.llissioner, Iittock 
district. The work consisted in survcs!.inz on the eight-inch sci~le, with cotitonrs a t  10 feet 
verbical intervals, t .11~ atljoir~ing p~~otlnetivr area t,o thr- sout l~ of t , l~c eastern estensiot~ and 
re-cletnnrcat,inq the 11or111tlarics of the cnstel,n ant1 sol~t,herl~ estetisions dealt wit,l~ last year. 
The topograpl~!- was I):~scd or1 s n p ~ ~ l e n ~ c ~ ~ t : ~ r y  theodolite t,raversi~r=. 111 all, 123 theodolite 
stations were laid tlown and 1!).07 linear miles wel .~ traversed antl (i ilrtersrcted points with 
heigl~ts  were fixed for detail survey ant1 boundary tlenlarcation. The work was commenced 
in April and finished in July 1922. An area O F  0 . 1 5  square mile was survej.cd. The last 
year's snrvey of the centrsl portion, area -1. sqna.re miles, \\,as corrected a t  t.he rcqliest of the 
company, to sho\\r new works t.hat had been completed subseqliently. 

Cost-rates are as given below :- 
. . .  'I'raversir~g ~ ) e r  linear mile . . .  ... Its. 9 2 -  7 

. . .  Original survey per square mile . . .  . . .  ,, 866 .7  
Sul)plcmentary survey per sqllare mile ... . . .  ,, 1 7 2 . 5  

177 I~agesoof field books forminx 2 voliimes ant1 29 pages of set-up Portning 1 volume 
\\.ere coml>letc.tl. -1, miscellaneous traces wcrc prepared ant1 all t,he traverse stations marked 
and interscctrd points nrcrc plottetl on the three 8-illcl1 plot sheets oF the last year's jvork. 

;\~,tlrt,.c, ol'llrr cou~~l~:y.-'l'l~c area tlralt \\,it11 by the party was of varietl cl~aracter. 
'l1l1e rivera.i~l arc:% ~in(lcr water artion \\.as huoken an(1 full O C  swa1nl)s antl partly under 
cnItivatioo a11t1 j);lrtly tlcnse!y wootlctl. 'l'l~c L a h o ~ ~ c  " Nnzrll" land was a plain wa,stc land 

wit11 lo\\. grass at~t l  road a v e n ~ ~ c s  \\,it11 the atljoining congcstcd 1);~rt of t l ~ c  city. The 
Kll;tnr tn i t~ i r~g  area \\.as cl~arnctc~~isctl I I ~  low bare rocky hills and open n n d ~ ~ l a t i n g  ground 
I)artly c~~lti\-at,cd ant1 1)ar t . l~ cove~,csd wit11 scrnl) jangle. 

r '  1 Ire average errors mere as follo~vs :- 
( u )  Base 1i11cs :- 
0. 6!) foot I)er corner of a ~.i\,crain base-line as coml)ared with its tl~eorctical valne. 

Name of river. 

. . .  Chenitb 

Panjnad . . .  

Inclus ... 

1,int-nr error i l l  links por 
10 cbnios. 

Khaur mining area ... I 3.81  I 0 . 6 6  

. . .  I Total 

-. 

(6) Minor traverses 
I n d ~ i s  River 

Chenlb River ... 
Panjnad River . . .  

Nnme of district. 

Number of 
sheets traced 
for the use of 

settlement 
officers on 

scale 4 inches 
i e  

scale of 
r,ln,~fil,;r, 

Number of 
plotted 

masdl~ir show- 
ing traversed 

points. 

Number 
4-inch 

On 

work 
plotted. 

. . .  , 1,154 

6 . 3 0  

7 . 5 5  

7 . 2 8  

. . .  Mazaffargarh 

, 1 . . .  

1 1 . .  

Number of 
compiled 

maad~~isshow. 
iug riverain 
boundnriee. 

4.53 i 28 3-1, 

0 .67  

0 . 5 9  

0 . 6 6  

1/2,64.0 

1/2,640 

1/2,640 

7 

10 

17  , - 

4 

8 

16 
- . - 

208 6 6 

368 1 I 165 

578 222 
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Recess Dutira-(a). The computiug and plotting section consisting of, on the e v e r e p ,  

17 draftsmen, etc., was under the supervisio~l of Mr. Jarnna Prasad, R.S., and su&equently 
under draftsman Makbul Husain. The section 11art1.1. con~piled 564 boundary maaicir and 

cornplehd preliminary work on l,56b village maadsir in advance for t,hc next aeaaon's work. 
Besides this i t  made rniscellaneor~s traces and prel~ared rough field traverse charts for the nee 
of the traversers in the next field season. 

(I) The computing section consisting of on the avcraqe 12 compntera, etc., waa under 
the supervision of computer Radlu Ram. The section completed all traverse computetions 
appertaining to the work of the year and its records detailed in  the previous paragraphs. 
Besides this 5,604 pages of field buoks forming 19 volllmes and 1,456 of se t -u l~  forming 14 
volumes of the riverain traverse of the Kajaupnr raheil (])era Ghiizi I i h i n )  executed in seasons 
1915-19 were completed, leaving no work in arrears. 

(c) The triangrrlation ant1 traverse chart section consisting of on the average 1 0  
computers ancl draftsmen was formed from the 2 l s t  Ju ly  192% and put  under the supervision 
of Mr. Jamna Prasad, R.S. The s e c t i ~ n  compiletl data of t,he old Lower B i r i  Doib work 
for incorporation in the manuscript charts for the degree sheets 4311, and ~~/B.c.E.? .o 
undertaken last year. It is inteuded to cornplcte them in the ensuing field season. 

The total expenditure of t,he party from the 1st October 1921 to the 30 th  September 
1922 was Hs. 1,07,121, as detailed below :- 

... . . .  (a) Riverain survey . . .  ... Hs. I ,02,661 
... ... (6) Lahore town traverse, additional debit ,, 1,4-77 

. . .  (c) Lahore " Narirl " land survey ... ... I ,  470 
... . . .  ( 1 1 )  Khaur special s l~rvey . . .  9,  2,513 

Inspectiows.-The Superintendent, Northern Circle, inspected the party in the field on 
the 11th December and a t  its head-quarters a t  Lahore from tbe 19th to  the 2Ist 
December 1921. 

No. 23 ( P U N J A B  R E C T A N G U L A T I O N )  PARTY (LATE SIND-SAGAH. 

PARTY) ( P U N J A B ) .  

The party was employed on rectangular demarcation in connection with the Punjab 
Government Sutlej Valley Canal and Colonisation 

L'EI~EONNB;L. Project consisting of :- 
~ l a s s  I Ofice,,. 

( ( 1 )  l lrarersing for the locatiou of the corners 
Major R. Foster. 1. A,, in oharge. of 2,-100-acre r e c t a ~ ~ ~ ~ s  in parts of sheets 

Class XI O&rers. ~90/2.3.5.(;.7.10.11.13.14, 44C/1.2, ~4~E'/ll.ll.l2.16.16. and 

Mr. J. C. C. Lears, tip to 15th Seplembcr 1Y22. 44 G/1.2.5.ti. 

,, C. 0. Picard, from 1st beptember 1922. (6)  Location of the corners of .',400-acre 
,, D. N.  Uanerjee. rectangles from the traversed ~)oints,  base lines, and 

Upper Subor(1innle aSert.icr. village t r i ju~~ct ions  ill  palts of sheets 39 0/2.3.5.6.7, 

blr. Lakshmi Dntt Josl~i, fro~n 19111 July 1922. I O . I I . ~ ~ . I . I .  44 l~/n.11.18.15.1(i, 4.4 C/1.6.9.13, 'b4 F/ 2.3.4. 

,, AniriL Iinm. 7.8, and 44 G!1.2.6.6. 
2 6opervisors. (c) S l ~ b t l e n ~ a r c a t i o ~ ~  of 2,400-acre rectangles 

Lower  Subor,dina!e Srriirr. into 25-acre rectangles in the area falling in sheets 
44. l! /r .s  a11d -I4 CIl.5 aud into 100-acre rectangles 17 slllVRyOlB, et(.. 

76 Pnrcly Teml~ornrg l'raver~ers. in the area falling in sheets S!) 0/ 6.6.7.10.13.14, 
-1-1. 1313 I 1.12.l5.1 ti, 4-4 C/1.5.9. 13 ant1 -1% I, b1/2.3,.t. 

The locale of ol)cratior~s was the tract hetween the oltl bed of the Reis ant1 the Snt lej  
rivers in the Mul t in  and h.Iont,gomery districts of the l'rlnjab. Except for a cultivated 
strip along the latter, the c o ~ ~ n t r y  is a flat plain covc~~cd wit11 scrub jlll~gle, tllicl: only in 
those parts wliich are reserved as Government " 1Cakhs ". 'l'lre Bahiwalpur ant1 blincl~in%biid 
tahsils of Ballirwalpur Sta.tc are well cnltivated ill bhe north, and consist of a dry plain 
covered wit11 scrub in tlle south. 

'l'he I~ead-quarters of the party closed a t  hlrlssoorie on lot11 October 192 1, and opened 
in the field a t  lllultiin Cantonment on ?Oth October 1921; the party closed it.s fielcl season on 

0th May I!)2!2, ancl re-opener1 iu hlussoorie on 17th May 1922. At  the commencement of t h e  
field season the party was divitled into 4 camps; from 1st  December 1921 into 5 camps, and  
from 2 l s t  February 1922 into tj camps. 
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The healtll of the party was fair. The number of khalisis mas large, and, partly 
through the failure of the blanket contractor, partly through the ignorance of the Ithalssis 
in not reporting sick, a large number fell ill with pneumonia, and, during the season 8 
khaltisis died, chielly from this cause. One khalisi died from the effect of a mouud 
inflicted by a traverser nritll a shotgnn. 

liat~rrsi~ag.-The nature of the cor~ntry traversed varied from nraterless tracts covered 
\\,it11 scrnb jungle to fairly thickly cnltivated plains. 

Traversing to fis corners of 2,4.00-acre rectangles was carried out  by No. 4 Camp, 
consist,infi of Fi traversers under hlr.  Amrit Itam. Lines mere rlln for the ptlrpose of laying 
tlon-II tctnporary marks near t,lle 2,,lOO-acre corners, and connected, in the area falling in the 
X111lt;in clisbrict, to previons triangulation carrietl out by this party and riverain base lines 

laid do\vn by No. 22 Party and in Ral15walpur State  to the Sutlej Meridional Series. 1,643.2 
linear rnilcs were tra\-ersetl, 3,112 stations observed a t  and 4.3 azimuths nzere observed. The 
cost-rate an~ounted to Rs. 26.9 per l ~ n e a r  mile. 

f i ~ c ~ ( l ~ r ~ u l t r t i o l r . - T h e  nature of tjlle coantry rectangulated is the same as in the area 
ment ioneil above. 

'l'l~e work consisted of ( 1 )  location on the ground of main corners of 2,400-ac1.~ rect- 
anzles bj- niexns of traverse base;lint.s and village trijunctions. previously laid don.n, and the 
ten~porary stntions tisecl by traverse ( 2 )  location on the ground of 25-acre and 100-acre cor- 
ners 011 the lo~l: sitlcs of 2,-1-00-acre rectnnfiles by means of t'lleotlolitc, s l~or t  and long chains 
(3)  snb~1t.marration of 2,-1,00-acre rectangles into 25-acre and 100-acre t.ectangles. All corners 
\\.ere ~rlarketl Iby Hat topped stone ~~ill:irs, 6 incl~es square and 30 inches long, embedded up t o  
21 inches in the gronntl. 

111 the 1wevio11s year the part! carried out subdernarcat,ion to 25-acre rectangles, bnt  
this year it  was decided, to enable this party to  complete the vvhole area of thc project in 
:I fielcl ?easonr, that subiletnarcntion to 100-acre rectangles only shonld be carrietl out. This 
was done except for a n  area of 1 5 7 .  1 square miles in which the 25-acre corners on 611e long 
slcle of 2.-100-acre rectangles had been laid out the previons year, which was subdemarcated t o  
"-acre recta~~gles .  

:,u 1x1  cent of the work mas tested by 5 ,137 .7  linear miles partalled. 
No. -k Clamp. under J I r .  i lnirit  Earn, besides carryi:lg out traversing, located 413 main 

corners of 2.400-acre rectangles. 
No. 1 Camp, under J I r .  J. C. C. Lears, with 10 traversers laid out 203 main corners of 

2,400-acre rectangles and 1,6 I9 100-acre corners on the long side of 2,400-acre rectangles. 
No. 2 Camp, under Mr. Gr~rdi t ta  Ram, Assistant Engineer, P. W. D., attached, with 

f rom 22 to 3? traversers laid out 1,128 25-acre corners and 2,835 100-acre corners on the in- 
terior sidcbs a11,l No. :3 C:tml) under Mr. Cfirdhari La1 Nl~ola, tlssistant Engineer, P. W. D., 
at,tnclletl, wi t l~  from l ! )  to 30 traversers laid out 1,305 25-acre corners and 2,632 100-acre 
corllers on the interior side. 

N o  j ('amp ~vasforrmed of 13  to 1 7  traversers under Mr. D. N. Ranerjee on 1st  
Decenlher l!):!l, after that officer had completed the training of the new traversers and the 
two ;lSsist,:ult ICnrSineers. I t  carrier1 orll rlelnarcation of long sides of 2,400-acre rectangles 
nllJ Inid out 2,732 100-acre corners. 

xo. c Camp n.xs formed of 7 traversers under Mr.  M, FI. Pr~nmani, Supervisor, on 
2Ist  Febr~~:tr!- 1932, after t l ~ a t  officer had completecl Iris traininq, and carried out demarcation 
of l o n g  si(le5 of 2,400-acre rectangles, laying out 61.9 100-acre corners. 

The out-tr~rn of the party for the season is as follows :- 
6 L6 Innin corners of 2,400-acre rectangles, 10,:367 100-acre corners and 2,4833 25-acre corners 
loca t~ t l  9,l5!J 100-acre rectangles, and 4,020 26-acre rectangles laid out, comprising a total 
of 1,5SR. 2 sclrlarc miles. 

The cost-rate of rectangulation is Rs. 181 . 2  per square~mile or Re. 0 . 2 8  per acre. 
Rrr~esa /)tr/ie.~.-The strength of the party mas considerably reduced in recess, all 

the porely temporary staff being sent on leave. 
No. 1 Section, uncler N r .  J .  C. C. Lears, assisted by Mr. Indar Singh Supervisor, and 

5 surveyor. ~ t c . ,  ant1 No. 2 Section, under Mr. D. N. Banerjee, assisted by Mr.  M. H. Punwani 
Soperviaor, and .i traversers, took r ~ p  the compilation of ~trnsdvir  and drawing of index maps. 

No. 3 Section, onder Mr. Amrit Ram, with 5 computers, completed the computation 
of the correntfieason's traverse, and plotted the traverse stations on to maffduis in  reparation 
for the next season. 

In.ql~rctiunn.-The Superintendent, Northern Circle, inspected the party in the field from 
12th to 18th)December 1921 and frequently in recese. The Surveyor General of Indiaaccom- 
panied by the Sul)erintendent, Northern Circle, inepected the party in recess in April 192% 
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THE BHOPAL TRAVERSE DETACHMENT. 

The detachment was formed on the 18th October 1021 to traverse village boundaries 
for the cadastral survej- of the Uhop51 State, on t h e  

PERSONNEL. sixteen-inch scale. As the Government of India's 

Clnsr I I Oficer .  sanction for  the formation of the detachment was 

Mr. Maya ])as Puri, I{.  S., in charge. 11ot received till late i l l  the season, the first two 

Uppet. Strbordi,~ntc Sercire. months were spent in making preliminary arrange- 

Mr. Nahidnd Kbnn, from t l ~ c  1 ~ t  Sovembel. ments. 
1921. The ofice a t  hlussoorie \\.as closed on the 11 t h  

Lotvrr Sahovrliuat~ Sot:ire.  November 1:)21 and opened on the 'Llst November 
5  traverser.^, Coml)utere, ctr. nod 11 putwly 

trrnl~orar~' tr~~versers  ctr.  
1921 at, B1iop%1 \\,here it remained till t l ~ e  close of 
the season. Tbe field operations were closed on t,lie 
31st Rlay 1922. 

During the field t,he traversers eml,loyed on main circuits, as well as the compr~ting 
section were s~~l)erviscd by the Officer in charge; ancl the new traversers nnder training 
divided into two camps under Rfr. Nabidacl I<llan, Snb-.\ssist,ant Saperintenclent, and 
Harkishan Das, traverser. I n  recess bile con~pllting rec.t.ion was clirectly r~utler the Oflicer in 
charge, \vllile the plotting section was supervised by Mr.  Nabidad Khan. 

The 13Iiol>:il 7)rcrhci~. desired tha t  local Inen sho~~lcl  bc en~ployecl oii the work, as  far  as  
possible, and intimater1 tllat k/rr,lrisr's could be obtained a t  c l~eap  rates. F r ~ r  this reason only 
a few trained lower sa1~01,tlinates mere transferred to  the detacl~tnent,, whilc all the other 
hands were to be locally entertained and trained. IChal%sis ho~vcvel. proved to be nnobtainable 
locally, ancl eventually had to be imported from outside the State, 01: account of ~ v l ~ i c h  there 
was a delay of nearly a n1ont.11. 

On the 30th November 1921 a t  the recluest of t l ~ e  Revenue Rlinister, Hl~opfil, the 
proposecl locale of operations was clianged a t ~ d  file D u r i l ~ i  t o k s i l  of tlie northern district n a s  
decided on as the area in which \vorlr slionld be commencetl. Owing to this change in 
programme, tho orders r e g a r d i ~ ~ g  the demarca t i~n  of villas~e bol~ndaries and to afford 
assistance to t l ~ e  det:~cllment were late in arrivinz and considerable trouble was, a t  first, 
experienced in obtaining local labour ancl conveyance and in tracing out village boundaries 
on the ground. 

l~ r l i c re  the bound:tries were not traceable, points \\,ere tllrom~l aboat 25 cllains apart  
on both sides of the a l i g ~ ~ m c n t  pointed otlt by villagers. I n  large villages, sub-circuits were 
run in tlie intrriov : ~ b o ~ ~ t  l~xlf a mile apart to aid in the detail survey, ant1 lor the same reason 
t \ ~ o  or three drcs~cil stones were eml~cdded along tlie boundaries of each villagc- to serve as  
permanent marks. 

I n  all, 030 lineal- miles O F  mail1 and sub-circuits were executed, and 3,987 t l~eodolite 
stations laid ont in 327 square miles along tlie boundaries and interior of 166 villages; and 
2:35 dressed stones enibedtlcd on the theodolite stations. 

8.55 sl~eet:: (size of a sllcet 1)eing 00 incl~es x 2S inclres) were plotted on tlie sixteen-inch 
sca.le, "1, fonr-inch s l ~ c c t . ~  IVCI-C traced, atltl tllc areas of 169  polygons wcre c o ~ n l ~ ~ ~ t c d  1,y 
universal tllcorem and ~)la.nin~cter.  Thcse were supplied to the State  authorities during the  
year. I3csirles t,l~is, scvcra.1 ~niscellancor~s traces were prcp:~red, and all the worlc done (luring 
t'he year', ~vaq~ ' lo t , t r t l  on tlle four-inch scalc. 

Tllc n~ork was ent,iwly based on C h a t  Trigonometrical values. Main circnibs were 
run het~vecn O.T. stations over favourable gron~ld ~vitli  a 330-foot crinoline tape and a ti-inch 
tllr~otlolitr ; ant1 wcrc conncrtcd with Rlan~i iL l~ar  I-I.S., Tuna M.S., Singpur I-I.S., Mal~iicleo 

II.S., H:i~ntt~l< I I .S . ,  K l ~ s h a ~ n d i  I-I.S., I3arli I1.S., Pin11i5.r H.S. nnrl Taliii Tonlc I-I.S. I n  
sub-rirenits along villagc Lonudaries generally, 5" illeoclolitcs and t,wo chains G6 ancl 100 feet 
I o n ~  wcrc used. 

T l ~ e  ~ ia ture  of g r o ~ ~ n d  ~lnder  survey was undulating, hilly, interspersed with rocky 
knolls, partly covered with dense jungle and partly well cultivated. 
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As 110 nieclical aid was available in the area llnder survey, there being no dispensary 
in the t , r / rr i / ,  a11 I,xtients Ilad to be brought to nliopiil for treatment. Several Inen fell sick 
specially a t  the entl of the tieltl season doe to heat and malaria but all recovered. 

Tlie averaye errors of the work are :- 

I 

I ( ( I )  Main circ~iits . . . . . . 
I b )  Minor traverses ... ... 

The total expenditure of tho detachment including contribution tonalcls pension from 
the 18th October 1921 to the 30th September 1922 was Rs. 50,016. 

111~~pertio~rs.-The detachnlent was inspected by the Superintendent, Northern Circle, 
on the 27th ant1 28th July 1922. 
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SOUTHERN CIRCLE. 
( Vide Index Map No. 1 ) .  

Sunlmcrry.-This circle was under the superintendence of Colonel IT. H. Turner, R. E., 
ul, to 17tll ~ ~ ~ i l  1922, all(l again from 30th May 1922 to 9th k ~ g u s t  1922, under Lieat.- 

Colonel C.P. Gunher, O.B.E., R.E., from 18th April 1!)22 to 29th May L!)22 and again from 
10th A u g ~ ~ s t  1S22. I t  comprisetl Nos. 5, 6, 7 and 8 Parties, No. 4 Drawing Ofice, Record 

Section and the Training Section. 
Durillg the year Nos. 5, 0, 7 and 8 Parties cor~rpleted 21,961 square miles of detail  

survey anti 9,869 square miles of triangulatioll. During recess the fair-mxpping of the  area 

sllrveyed was talceo up and mill be coml~leted before the parties proceed to the field. 
The detail survey consisted of :- 

7,916 square miles of half-inch original survey. 
365 ,, ,, ,, half-inch sulq~lernentary survey. 

(3,906 ,, ,, ,, one-inch original survey. 
3,356 , ,, ,, one-inch revision snrvey. 
2,763 ,, ,, ,, one-inch supplementary survey. 

218 ,, ,, ,, one-ir~ch original forest survey. 
353 ,, ,, ,, two-inch original forest survey. 
1 ,, ,, ,, four-inch original forest survey. 

No. 20 Party (Cantonn~ent) on complet,ion of its proy.amnie in t,he Southern Command 
was pI;~ce,l untler the dministrat ive control ot' the S:lparintendent, Northern Circle from t h e  
1st  April 192.'. 

The hlvsore - South Kanara Bo~indary c1emarc:rtion \\,.IS contirruetl but  not completed. 

The Trailling Section, composed of Upper S~tbortlinate probationers and pr~pil 
surveyors, worlred thronghout the year. 

A survey course for tlrtillerg officers was completed in September. 
The following ~vork  was completed by t l ~ e  Photo-Zinc0 Sect,ion of No. 4 Drawing 

Office :- 
... Reproductions ... 212 
... Enlargements ... 195 

Reductions . . .  . . .  221 
Vanc1yl;e plaics prel~areil ... ] 83 

... Prints pulled . . .  7,037 

The Rccord Section submitted for publication 6 trianzulation pamplllets ant[ ,-.om- 
pleted data for S triangulation l)nmphlets for record in t l ~ e  circle oftice. 

Nos. 5, 0, 7 and 6 Parties and the llrainillg section weve inspectecl once i n  the field 
ancl 011 several occasions during recess by the Superintendent, Soutllern Circle. 

No. 5 PAltTY (CENTRAL I N D I A ,  CENTlLAL P l t O V I N C E S  A N D  GIVI.'ALIOR). 

Dl. M A J O ~  1'. u. SC'OT.~, I. A .  
T l ~ i s  party com1)lcted t,he clr.tai1 survey on the +-inch scale of sheets -LO N/yjr and 

I ' I ~ . ~ S O N N R I , .  4'6 N/SIC, less -1.6 N/lci ant1 isolatetl portions of 
~ ~ n s s  I (?f i~ . rrs .  Intlore State  forests, on the I-inch scaleof sheets 

I ,  . I .  I 1. A .  I I f r o  4 1  1 -  55 1~/:3.i.8.11.ll'.tj.l1i ant1 5 5  I'l/:i.-1.8 ant1 ivolatetl 
rnn ry  IRI'?. portions of Indore Stnt>e forests in sheets -10 N/ 

Cnl ' tn i l l  G .  1,ennox. I. 1\.. In rhnrgc to  :3rd Vcb- 
vllnry l<l?2. N E . S R .  anci on the 4,-incl1 scalc of small hlocks of 

~ ~ n r r  I I Q0ivr.r~.  reserved forests i l l  s l~eets  55 H/lj, 5 5  F/l.i.9.11 

BIr. .T. I t .  S. \\'ilson F ~ O I I I  ls t ,  F c l ~ r n n ~ y  I!l2L'. and 55 a/?. 
,, IT. ('. l'iI1~11or. 
,, 17. \V. S ln i th  In 1 1  t11 I"cl~l.nnry 1!)'"1. 

,, .I. A .  (::ll\.~%l.t to  I l t l l  . I : I I I I I : I I . ~  19?2 .  

.. h l : r l l n n l n ~ n t l  S : I ~ : L I I I I I ( ~ ( ~ ~ I I ,  13. .A. (011 ~ ) r ( ~ l ~ n t i o ~ i )  

1Jplw1. S,rhor,lirr,rl~ S'~~.r,irr. 

Mr. 1'. H. \'(.ny!*vnlni to  l i t 11  Scl~Lru~l)cr 1!122. 

,, n. It. \:ollr:r fro111 la t ,  .lnnnnr?. 1932. 

,, .T. A .  Cnl~rn l .  

,, h1. It .  rjllnnnn (on prolrntion). 
Lororr Sahovdi~~ir le Ser.ricr. 

37 Sl~rvayors.  otr .  

The country consists of well caltivated 
~ ~ ~ o o d ~ t l  p l a l ~ ~ s  and intricate jnnqle-clad 11111s. 

The, fitbltl sc:lsoll opcwed 011 the 20th October 
13'21 ant1 ciosctl on the 1st April 1922. The  
field I~eacl-qnartcsrs was a t  Khancl\v%. 

The Ile:~ltl~ of the party was not very good, 
a number of snrvejFors sufferin? from fever. 

I'lnne-fobllng.-The area surveyed on t h e  
a-inch scale comprises the  Malwib plateau, open 
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cultivated conntry, in the north, the Vindhya Range, consisting of intricate jungle-clad hills, 
in the centre, and the Narbadi\ valley, well cultivated and wooded, in the soutli. 

The area surveyed on the I-inch scale consists of the valley of the  Narbadi  river, 
densely wooded and broken ground, and cultivated and wooded plains to  the south of the 
river. 

The work was divided into three camps as  under :- 

fi. I Cnt,tp.-1Jncler Mr. F. C. Pilcher, with one Upper Subordinate officer and 
eleven surveyors carricd out oriqinal survey on the 4-inch scale of sheets 46 NINE. and 
46 Nlss .  less sheet 4G N / I G  and oriqinal survey on the 1-inch scale of 278 square miles of 
Indore State  forests in these sheets. 

n'o. 11 Camp.-ITnder Mr. F .  W. Smith till the 11th February 1922 and then under 
Mr .  J. H. S. IVilson, with twel\.e surveyors carried out origiual and supplementary survey 
on the I- incl~ scale of sheets 55 R/is.is and 55.F13.4.8, and original survey on the 4.-inch 
scale of small blocks of reserved forest in sheets 35 B/is, 55 F/4.7.e.ll and 55  J/2.  

No. I I Z  Cnj~t~).-Under Mr.  P. S V e n ~ u s v a m i  till the 22nd February 1922 and then 
under 3Ir.  Najamnddin, 1~it11 one Upper Subordinate oficer and eleven surveyors carried O L I ~  

origiual ant1 snl~l~lementary surve:; on the 1-~nch  scale of sheets 55 B/3,i.e.ll.l~. 

The original survey calls for no special note. The 1-inch suppleme~ltary survey was 
carried out by transferring photographic reductions of 4-inch forest surveys to the plane-table 
sections and cliecking the detail on the ground. 

irri,r,~,Irrlntro~~.-Snbsidiary triangulation was carried out by surveyor Nur  Muham- 
mad in slieets -16 N/?J\V.S\V., 55 B/N\v.  and 45 B/NE. less 55 B/13, and by Mr. Vengusvami 
in sheets 55 R/IA, 55 F / N w .  and 55 FINE.  (north half;, for survey on tlie &-inch scale 
except for isolated portions of Indore State forest on the I-inch scale. The country triangula- 
ted consists of open u n d u l a t i n ~  cultivated plains in the north, intricate jungle-clad hills of 
the Vinclhya R a r ~ g e  in the centre and the valley of the Narbadn river in the south. 

Re,-ess 1)t~fies.-(0) The fair-mapping and typing was divided into three sections as  
under :- 

No. I Section.-Under Mr.  J. H. S. Wilson drew 1-inch sheets 55 B/e.~a 16.1s and 
55 F/B.J.R. 

AT(,,. 11 Secrion.-Under Mr. F.C. Pilcher drew &-inch s l~eets  4.6 N / N E . s ~ .  and 1-inch 
sheets 5 5  Bla 7 and 290.11 square miles of Indore State  forests on the 1-inch scale. 

'I$prny and 7i.aining Sectio~~.-Captain G. Lennox was in charge of the typing of 
the rar ty and the training of young surveyors. 

There will he no arrears of fair-mapl~ing by the end of recess. 

The fair-mappin: of sheet .55 B/I I  mas not undertaken as large errors were found and 
a part of the area will have to  be re-surveyed. 

(6) All computations have been completed, with the exception of the synopsis of sheet 

55 N. 
The party was inspected both in the field ant1 recess by the Superintendent, Sor~thertl 

Circle. 

No. 6 PARTY (IJYDERASAD). 

This party rompleted the detail Sllrvep on the 4-inch scale of sheets 58 nlxlc.,  
66 H / N w .  sm. NE. SE. and 56  L/Nw. This area 

P ~ R s n y n s L .  included 365 square miles oE reserved forests 
~ / n a s  I Oflcers. previously surveyed on the 2-inch scale. &inch 

I,ient,-C,,lonpl C, P, 0, B, E,, R,  E., in  rednct.ions were used and found correct. 
c\tnree from 3rd October 1921 to 15th 
A r l r l l  1922 a n d  from 301b blny to  9th The field season opened on the 28th October 
August 1922. 1921 and closed on the 4th April 1922. The 

CuplnIn J. li. I)o@L% (on ~ r o b n t i o n ) , f r o m  field head-cluarters were at Secunderib&d. 
17th Octol,er 1021 to 19th Mnrch 1922 
nod from 1 s t  Mny 1922; i n  cllnrge fro111 
l r t  hlny to 29th Mny 1922 nod from loch The health of the party mas good on the 
Anyunt 1922. whole, 2 menials died of cholera. 
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Class 11 O $ c ~ 8 .  Plane-labling.-Most of the country is open, 

ur. H . ~ .  amons to  17th octoher 1 ~ ~ 2 1  i n  r~ndulat inp and cultivated with portion, of hilly 

irnm 1st t I 2nd October 1921. and somewhat intricate ground covered with low 
- -  

,, E.A. hleyrr, from IOth Jtlnllnry 1922 and in scrub and stones. The reserved forest areas 
charge from 18th April to 30th April 1922. consist of hills mole or less densely wooded. 

,, J.C. St. C. I'ollett, Erom lit11 October 1921. 
.. E.N. Nntrann, B.A. The work was divided as fol!ows :- 

U p ~ ~ ~ .  ,Suborrlinnte Seruice. fi. 1 Cornp, first under Captain I>ouglas, 

~ I I . .  g.0. Jl81nd;lnnn. R.R. ,  with one I:pper Subordinate officer for a 
., D.R.  Vohr:i, from 14th October to 30tll ne- s l ~ o r t  period and then under Mr.  $:.A. M e ~ e r  with 

cember 1921. 
,, T. S. 11,10, LI.l (o, ,  pmbalion), 5 sr~rveyors ant1 Captai~l  D011gIas \ras m d e r  

22ii(i ~ n y  1922. ins t ruc t io~~ in plane-tabling completed the 4-inch 
Loroe, S~il,ordi~rnte Service. original survey of slieels 66 D / & ~ . a n d  5 6  H/,\.w. 

26 S ~ ~ r v r y o r s ,  etc. 1%. 2 Cun~p ,  uncler Mr. J .  C. S t .  C. Pollebt 

9 srtrveyors completerl the 4-inch original sllrvej. 01' s l~eets  56 H/he. sly.  

N,). 3 ~;lmnp, untlel. 1\11. E .N.  Natesan, B. A,, with H snrveyo1.s rompleted the 4-inch 

originzl sttrvey O F  slicets 5 ( i  H/?il:.. alld S ( i  L/s\ \ . .  
'rllc tot,al area stlrve!.ed \\.as 6,635 sc1tlal.e ~liilcs \vIticl~ inclndes 3G5 square miles of 

snpplelllrntR,r). survey in \vIiich 4-inch reductions fro111 2-iuclt f o ~ e s t  maps l~reviouslp esecuted 
\\ere rIsetl. 'I'l~e rednct.ions \\-ere tested 13)- various i l l  sil~r fixings and ~ ( I I I I I ~  col.rret. 

'l'hc \vl~ole of t l ~ e  arcs surveyed is in Hytleril.):id State. 
~~. l .n~l~u/ofio?t . -m:e \vork cousistetl solely of s u ] ~ ~ ) ~ e m e n l a ~ ~ y  triangnlation in t h e  

Amr:ib:itl, I)evarl<o~~cl:r ant1 JIirialgnda Iporeet areits, iu the 1Iahl)Cibnngar ant1 Nalgonda 

tlistricts. 
, Ilic 7 ~ O I I I I ~ I . ! -  cotisists 11iait11~ of tl~icltly \\.ootlcrl I~ills. 311.. ~ I ~ I I ~ R I I I I R  eoml~leied 690 

square miles of sul)plcrne~~tar!- t r i a ~ ~ g t i l a t , i o ~ ~ .  ' 1 ' 1 1 ~  \vl~ole of tile aI.en conccl.necl is in EIJdar;i- 
hid Stat,e. 

2'rncrersi~ig.-No traversing \\-as earrietl ant. 
Hecess /)rr/ic~s.-'~'~~c f:tir-lnnpl~ing was tlivitletl as follo\vs :- 
AVO. 1 So:lt'ol~, unt11.r hlr. Jlcyer, 4-incl1 sl~eet,s 5f i  n/sl ; ,ant l  5 6  H / s \ v ,  
LVO. 2 Scc/io,/, nntler 111.. l'ollrtt,, 4-inch s l~ccts  56 I-l/sl\.. a ~ i d  56 I-l/sB. 
i\'o. 3 Secliu~t, trndcr 311.. Natesan. 4-incl~ S I I P C ~ S  5fi ~ 1 1 ~ 1  j(i LlNW,, l - inch 

slreets 67  ( ; / l o .  11 surveyed by tlie Tra i~ i ing  Sect,ion. 
:\I1 t l ~ c  ;ll)ovc~ sl~ccts  1ia.ve heen srtbmittetl for pnblicatioll. 
'I'l~e conrl)r~tatio~~s of tllc s~~pplenienta~.,v t~.iangrilatio~t Te1.r con,l,letecl dlll . ing recess. 

'I'lie arrears of  con~pntatious consist of slieets 5(i  O / l , ? . s . ~ ; , ~ . l o ,  \v l l jc l ,  \,.ill be taken ,ly 
as soon as slieets 5f i  O/t:i.14 have been triangrtlated. 

Trirrngt~lat io~~ charts of 56 1) ant1 H I~ave beell taken i n  hand, 

No. 7 PARTY (AIllDllAS). 

BY M.~.TOIL J. 1).  C . \ \ r ~ ~ n ~ r ~ r ~ ,  1 ) .  S. O., R. K .  
'I'llis party cornplet.et1 the deta.il survey on the 1-incll ant1 >inch scales of sheets 

5 7  1/1.?.:+ - ~ ~ . ~ ~ . 1 ~ . ~ . 8 . ! 1 . ! 0 . 1 l , 1 2 . l 3 . ~ ~ , ~ ~ . ~ ~  an[] 57 J/l.5, 
I'RRYONNBL. and of tile al'eas falling in the Presidency 

CInss I f!@crrr. in sheets 5 6  1 ~ / 3 . 1 2  I(; and t(i p/+,H,14 not 
hlnjol. .I. D. ~ n m l ) h c l l .  1).S.O., R.R., i n  c 1 l n ~ c .  viotrsly s \ t r \ 'e~cd on tlte 2-inell scale, also certain 
Coptn;" (:. \\'. (~e~n~nrl l ,  1 . A .  (on probntion), frnll~ reserved forests fallin: partly or n.llolly in  sheets 

15t,l1 3:rnnnrg 1922. 
I,ientcnnnt (t. n n n ~ f n r r l ,  R .  E. (~,II prol)ntioll), frotn 57 ] V ~ J . . ~ S  and 57 J / ~ . G  on the ?-inch scale. 

13t11 . lnnnnrg t,o 2ni1 r \11~11at  1422. 
The na.trrre of the country generally corn- 

Clnrs I 1  Q@ccI'.v. priced cultivated open espanses of level or nli(lulat- 
Mr. lp .  1-1, 0rn11t. 

in: land, rocky scrub coveretl l~ills and the forest ,. A .  Y. Murphy. 
,, X .  S. 11nri11nl.n Igcr. clad ranges of the Nallarnalais and Erramalas 
,, 1'. 0. Tl~rclfnll (on  robat at ion). 

T T ~ I I P ~  Grhor i l i~ rn lp  Srrt~icr. 

Xlr. K .  N nmynnnsvnmi C111,tti. 
,, R l ~ i l )  I nl, lt. S ,  

., S l ~ n d i  IInl U I I ~ I C .  

., K. B. U n t l ~ n i ~ n n  (on probntion). 
Lower St~bordinale Service. 

39 Borveyors, etc. 

The office of the party opened a t  Kl~rnool, 
the field head-clr~arters, on the 1st November 1921. 
The office mas closed a t  Kurnool on the 4- t l~ April 
1922 and opened a t  Nandyil  on the 6th April 
1922 and finally closed a t  Nandyil  on the 17th 
April 1922 and reopened a t  Rangalore on t h e  
24th April 1932. There was practimlly no lain 
during the field season. 
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The health of the p r t y  was fair only, the forest tracts of the Nallamalais and Erramalas 
being ~~otoriously feverisl~. 

There was an average absence of about two surveyors from thiscause.during the 
field season. 

Plarre-tn6lin.q.-The country surveyed is partly flat or sliglrtly nndulating, open and 
cult,ivated, the cultivation being mainly dry. The  minor ll~ills are rocky and bare with a 
little scrnh. The reserved forests in the higher ranges are covered with bamboo and other 
jungle of varying density. 

The surrey presented no difficulties, chaining having seldom to be resorted to. Work 
was done on blue prints on mounted straw boards of both Madras Revenue work and 4-inch 
Forest surveys. 111 the case of the latter, 1-inch reductions were printed in blue and detail 
required on that  scale inked np. Contours mere accepted to a greater extent than hitherto 
and were inked up on the blue print rerlnctions. Information mas obtained from the Forest 
Department, as to where new work was to be expected and the 4-inch maps were accepted except 
(a) where addit,ions or alterations were ascertainecl to have been made since the 48-incl~ survey 
( h )  where contouring was known to be doubtfnl owing to its not agreeing with   he heights, on 
the  &inch maps (c) Heights destined to appear on the fair sheets were checkecl and revised. 

The  work was divided into five camps as  fol~ows:- 
NO. 2 cnm,p.-Under Mr. F.H. Grant,  head-quarters Atmakiir, ~ v i t h  6 surveyors, com- 

pleted sheets 56 L / B . ~ P . I G ,  56  P/4.a.14 and 57 I / ~ . I J .  The work in this camp was mainly 
sopplement,ar.v, (" to  Madras-HyderAbld boundary only). 

No. 3 Camp.-Under Mr. A.F. Murphy, head-quarters Nandyil,  with H surveyors, 
completed I-inch survey in sheets 57 I/z.a.t.fi7.8 and some 2-inch work in 57  Il3.4. 

No. 3 Cn9p.-Under Mr. K. Narapanasvarni Chetti, head-quarters Giddaliir with 7 
surveyors, completed sheets 57 1/10.11.1~.14.1~,.lfi and some 2-inch work in 57 I/12.15.16. The 

of this camp was mainly supplementary. 
Arn. 1 Camp.-TJncler R. S. Shib Lal, head-quarters, Knrnool, with one surveyor and 

6 pupils, completed sheets 57 I/~.F,,  57  J11.5 and some 2-inch work in 57  J/z.fi. This camp 
mns ~ t r e n ~ t h e n e c l  towards the close of the field season when surveyors were available from 
other camps. 

NO. 5 Ctrtttn.--Under Mr.  T .  0. Threlfall, head-quarters Retamcherla with 7 surveyors 
completed %inch survey in sheets 57 1/2.3.8.7 with some areas falling in 57E/14,1s. 

Two Class I officers, Captain Gemmell, I .  A., and Lieutenant Romford. K. E. joined 
the  party in January 1922 and carried out plane-tabling in Camp I V  area during the rernain- 
der of the field season. 

Trinn!,al,rtinrt.-There were three triangulators as follon~s :- 
31". N. S. I-larihara Iyer who triangulated 1,827 sqnare miles in sheets 57 J /  ~l.lz.ls.lfi ,  

sntl 5 7  K/n . l s  ~.~. l : . l f i .  Mr. Shatli La1 nuhe  2,018 sclnare miles in sheets 5 7  .J/3.4.7.s and 57 K /  
5 . G  allrl s ~ ~ r ~ e y t ) r  Iltifat Hrisain who commenced in .January 1922 and tltlangulnted 61 7 

S ~ , ~ ~ r e  miles in  57 I(17.10 11.12. The collnt,ry trianqnlate!l is m u r l ~  like illat surveyed except 

t,hat rocky scrnh coveretl hills are much more numerolls and estrl~aive. 
RCCI..P.P Dtlt;es.-(0) The fair-mnppino \\,as divitled into folll- srrtions as follo\vs :- 
,\;,. 1 8~cfioit.-Untler J I r .  Grant,  ant1 after\vartls Mr. Clant l i~~s,  r-l~ects bG 1~/~.12.1t;, 

56 P/J.R.I.~ an11 57 I , 'Y . I~ .  
,I7,,. ', RI~-tinu.-TJnd~r hfr. M ~ ~ r p l l y ,  sl~cets 5 ;  I/R 4.6.7 H 10. 

.\;,. .7 SI,t-/iot~.-lTnd~r MI.. Nnrayanasvami Chetti, sheets 57  1/11.1~.14.1~.1~.  

.\;I. -I S~~~~/t'o,~.--ITnder Mr. S l ~ i h  T~al, R. S . ,  sheets 57 I/l.z.s ant1 .57 .J/I.F,. 
(I,) ComP~itations have been brought practically nl) to date 1,y a s c c t i o ~ ~  of varying 

g t r e n ~ t h  on(lrr Lielit. Rornfortl, R. E., and afterwarrls Captain Gcmmell, I .  A .  
(I,) Pr~pnrn/ in~r.v, f 'or  Ihr.field.-These have tlifferetl slightly from l)rcvious years in 

that  instead OF, as hitherto, obtaining blue print rednctions of 4-inch f o r ~ s t  ~vork ant1 inking 
up the necessary tletail preparatory to re-photography, black 1)rints I~nve heen obtained after 
thickeninq 1111 tllc 250 rontours on the original 4-inch rnal)s. Where this cn111(1 not be done 
on-inq, an is fre~~$lcntl,v t,he vase, to the contol~ra 11ot agreein? wit11 t,hp Ileights, t.he 250 
cont,ollr has been left l~nelnphasizetl an11 bhe areas will he recontol~rctl on t , l~e ground. 'I'he 
blwk print retlr~ctions have been mounted, t.ogetl1~1. wit11 pri l~ts  of the oltl Mysore I-inch 
rna1m, on the Jlatlras Revenue Survey sheets ant1 the whole I,hotogral)lietl to obtain blne 
prints for plane-tablea. This q-stem is satisfactory and has saved immensc labour in inking 
pp bll~e reductions. 
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No. 8 PARTY (BOMBAY AND MADRAS).  

BY LIEIIT.-COLONEL M. O'C. TABDY, D.B.O., 0 B.E., R.E. 

The party completed the survey of 4,516 square mile8 on the  1-inch scale in sheeb  
58 F/II . IP.IS.I~~,  47 F/9.10.11.12.13 14.16.16, 47 J/3.4.7.8. 

PRNEONNRL. The field season opened with head-quarters 
Olasr I ~ f i c e r s .  a t  Kirkee on 22nd November 1021 and cloeed 

y e u t . . ~ d o n e l  M.O.C. 'randy, D.B.o., O. U. E., there on 10th April 19% but  Camp No. 1 in 
R.E., in churge, except while on leave from Madras did not complete field work until 27th 
23rd March t o  30th April 1922. April. Wi th  the exception of one surveyor in 

Captnin J. K. Donglap. li. U. (on probation), in 
charge from 23rd March to  30th A p ~ i l  1922. 

the Madras area who 11acl to be sent on medical 
leave early in the season on account of malaria 

Class I1 Oficers. the health of the party was excellent. 
MT. bf. Mahadevn Mndaliar, 11.A. The area surveyed in Madras consisted of 
,, H. T. Wyatt.  almost equal proportions of highly cultivated 
,, N. S. Ganesa Aiyar. 

plains and of forest-clad hills rising to about 
Upper Strbordinate Service. 7,000 feet. 

Mr. 11. Narasimhnmurti Rao. The count,ry surveyed in the Bombay Presi- 
,, Shaikh >Inhammad Salik. dency includecl portions of the Western Ghats  ,, Abdol Ghafor. 

,, Jnnam Raj Chibbar (011 probation). rising to about 4,000 feet and the bold spurs 
stretching eastwards from the Ghats to  the  more 

Lowel. Subordillate Service. 
open and cultivated areas to  the east. 

42 Surveyors, etc. I n  tlie Madras area original survey was 
carried out on blue prints of t,he Madras Revenue Surveys and s ~ ~ p l ~ l e m e n t a r ~  survey on 
blue prints of one-inch reductions of the old 4,-inch forest maps of the Survey of India. 
I n  the Bombay area revision survey was carried out on blue priuts of the tlepartmental maps 
surveyed about 4.0 years ago. 

Field work was divided in 4, camps. 

No. 1 Camp.-Uncler Rir. 34. Mahacleva Mudaliar, assisted by Rfr. Abclul Ghafur with 
11 surveyors conipleted 970 square miles of original survey and 199 square miles of supple- 
mentary survey in sheets 56 ~/11.12.16.16, the supplenientary triangulation in 58 F/15 being 
done by Mr. Abdol (;hafur. 

No. 2 Cn111p.-1Jnder Mr. R .  T .  Wyat t  with Mr. Janam R a j  Cliibbar and a t  tirst 
10 and later on 7 surveyors completetl 1,126 square miles of revision survey in sheets 
47 F/s.l0.13.14, this area inclntling Poona City and Cantonment and Kirkee. 

N o .  3 Cnjwp.-Untler Mr. M.S. Ganesa Aiyar, assisted by Mr.  I-I. Narasimllamurti Rao 
with a t  first 13 itncl later on 12 surveyors completed 1,412 square miles of revision survey 
in sheets 4.7 1'/16 and 4'7 .T/3.4; s. 

No. 4 Cn~~tp.-TJncler Mr. Sl~aikli 3fuhammad Salilr took the field with 5 surveyors 
and was subsequently strengthelled by the transfer of 3 surveyors frsln camps Nos. 2 and 3 :  
this camp completetl the revision survey of 847 s~luare miles in sheets 67 F /  I I 12 ,  16. 

Supplementary trinngnla.t,ion to 1)rovitle a few extra I~eights  in 48 F/15 was carried out 
during the first. mont,li of the field season. 

Recrs.9 I)rrfic.~.-The fair-mapping nras tlivided into 3 sections :- 

No. 1 Sectton.-Undt,r 111.. I f .  Malladera AIudaliar (on leave from 1st  J u ~ l e  1932 
to 31st August 1022) and assisted by Air. Abdnl Ghafor, sheets 53 F/II. 12.15 16. 

No. 2 Seclio~r.- -Under 341.. l3. T. W y a t t  assisted by Mr.  Shaikli Alnhammad Salik (on 
leave from 2nd August 1922 to 30th September 1922), sheets 4,7 F/o. 1o.11. 12.13.14. 

No. 3 Srctio~1.-Untler R4r. M. S. Ganesa Aiyar assisted for the first montll of recess 
by Mr. 11. Namsimhamarti Itao, sheets 47 F/rs.rs and 4,7 J/3.4.7.8. Rlr. Narasimhamurti Rao 
was employecl durillg the I:lst 4 months of recess in charge of a section revising the heights 
and projecting and plotting plane-tables for the coming season's work. 

All fail  drawing will be completed before tlie party talces the field ba t  the final 
examination of some of tlie sheets will have t o  be completed a t  fieltl head-quarters. 
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T R A I N I N G  S E C T I O N  

BY S.S. McA'F. FIELDING. 

Of the 20 pupil surveyors, 3 had bezn recruited the previous season but  had been 

retained in NO. 4 Drawing Office, the remaining 
PBIIBONNRL. 17 had been recruited between January and March 

Cims II  Oflcers. 1921, and hacl received some training in drawing 
Mr. S.S. BfcA'F. Fielding, in chnrge. in NO. 4 Drawing Office. 
,, V.W. Morton, up to 12th Bebrnnry 1922. They were transferred to the Section in May 

Upper Subordinnle Probationrrs, 2nd yeor. and received preliminary training in drawing and 
plane-tabling in Bangalore throughout the recess Mr. Suresh Chnudra Chntterjec, B. 6c. 

,. Abani Iiumnr Sen aupta .  season in 1921. 
,. Dnlip Singh Gnndhi. Five Upper Subordinate probationers recruited 
,, Karnyana Chnndrn Cay. 
,. T.S. Nnrn~nnan,  B . A .  in January 1921, had completed one course bu t  

were not considerecl efficient plane-tablers a t  tile 
Upper Stbborrli~inle Probatio~~ers, lat ?/ear. encl of their field season in Ma!-, and mere retained 

Mr. Abdnl Gl~nui Qnreshi. for frirther training in plane-tabling. 
,, Hhntleb I{;rtnbynl. 
,. 1 . 6 .  Pounnppn. A new class of '3 Upper Subordinate pro- 
,. Nilrntan Chowdhnry. bationers was entertained in October 1921. One 
,, P. Rajamnnikkam. probationer resigned alrnost immediately before 
,. Sntreudrn Chnndra Chakrab:irti. taking the field, and one mole joined early in 
,, Biran Chnudra Sen Qdyta. 
., Abdul Jal~har. November. 
,, N n r e n d r ~  Nath Gnnguli. The section took the field on the 2nd Nov- 

LOICP) .  S~ibordinate Service. ember a r ~ d  proceeded to the field head.quarters a t  

3 1st Class Survejore. 
20 Pupil Surveyors. 

Srinir.ispur in the Kolir  district. The new class 
of IJpper Subordinate 1)robationel.s remained in 
Banzalore till the 15th November with Rlr. Morton 

and one 1st class srirve!.or, to  receive some ,,relin~inary training and to allow them time for 
preparation. 

The area selected for survey was sheet 57 K/3 for pupil surveyors and Upper Sub- 
ordinate probationers 2nd year, and 57 K l 4  for the new class of Upper Sobordinates, with 
head-quart,ers a t  Koliir town. 

Sheet 57 K/;r mas a suitable sheet for instrncticn on the whole though i t  was found 
that  the eastern portion was too low lying and heavily woocled, wit11 trigonometrical points 
scarce. The western portion is fairly open, undulating ancl contains gronps of hills suilable 
for instruction in sketching and contooring. 

Comn~nnications (main roads and a light railway running through the sheet) were 
excellent and every assist,ance was given when required by the local authorities. The whole 

of sheet 5 7  K/:j was con~pletetl. 

Six pul)il surveyors were discharged or allowed to resign as they were found unsuitable. 

I n  atldition to 57 K/3. the portions left unsurveyetl in the previous season in K/4 were 
con~l)leted by two Upper Subordinates (2nd year) on the one-inch scale. 

The average out-tarn for the season was as follon,s :- 

1Tpper Sobortlit~ate probationers 2nd year (la-inch) 32 stloare miles. 

7 Y 9 7 1 7  ,, (1-inch) 32 7 ,  

Pul'il snrveyol-s 1 4-inch . . . . . .  ... 24 J 9 

Tlle camp of t l ~ c  1st year class of IJppcr Suborclinate probationers remained a t  Kolir 
in  57 Klr  thronghont the season. 'L'liey were !given preliminary instruction in plane-tabling, 

use of a theodolite (reading ronnds of anales temporary and permanent adjustments etc.) 
and were then put through a course of triangulation. The area triangulated was approx- 

imately ::i scluare miles with 5 stations ba4ed or1 a (;. T.  base. Pour men (working in pairs) 

triangulated a t  one time, the remainder being cml)loyetl on plane-tabling, On completion 

of  the triangrllation all were put on to plane-tabling over an area of about 30 square miles 
consisting of plains and l~ills in the neighbourhood of head-quarters. During the season 

4 were allowed t o  resign their nppointments, being considered unsuitable. 
I n  February Mr. Morton was transferred from the section, and the head-quartere 

oE the section was transferred from Sriuivispur to Kolir.  
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The field season closed a t  the end of April and the eection returned to recese quartem 
in Bangalore. The health of all members throughout the season had been fairly good. One 
menial died from natural causes. There was a good deal of fever of a mild type among 
the menials iu t,lte months of March and April but  all were snceessfnlly treated in the  local 
hospital. A case of small-pox in a pupils scl~lstl, in April delayed tlle return t o  recess 
quarters of some pupils for about 10 days. 

Immediately on return to recess quarters, the five 1rpl)er Subordinates of the 211d year, 
were transferred to  varions circles. 

, , I wo more pupil surveyors mere discharged, which recluced the strength of the section t o  

5 l :p l~er  Sr~bortlinates, 
1 2  Pul)il Surveyors. 

The Upper Subordinates continued and completecl their instruction in tl~eodolite tra- 
versing, (with subtense work) levellinq, drawing and computations. They also completed 
the survey of a portion of the military grass farm area on the scale of 16 inches = 1 mile 
and fixed ranges for artillery purlloses by means of trianqnlation ant1 traverse. Five pupils 
were attached to No. 1 Drawing Oflice for ins~ruction in dralrlng owing to want of nccommo- 
dation with the sectiou. The rema~ninq 7 practised fa i r -dmw~ng with the n ~ a t l ~ e m a t i ~ a l  
and swivel pens. 

A11 the Upper S~tbordinate probationers ant1 pupil surveyors were drafted to various 
circles and parties on completion of their course i n  October 1922. 

The Training Section will he closecl down a t  the end of this season as IIO new proba- 
tioners or pupils have been recruited. 



EASTERN CIRCLE. 

(Vide Index Map No. 1). 

[Vol. XVIII, 

S,ot,,,,nry~.-Tl~is circle was under the superintendence of Colonel W. M. Coldstream 
t h r o n ~ l ~ o o t  the snrveg year. It coml~rised Nos. 9 ,10,  11 and 12 Topographical Parties, 
No. 21 Forest Party and No. 5 Drawing Office, esclusive of survey units of Local Govern- 
ments 1111cler the administrative charge of the Superintendent. 

During the year the 5  field parties completed 11,480 square miles of detail survey 
on the I1 llf-inch, one-inch, two-inch and four-inch scales, the triangulation of 5,076 square 
miles and the traversing of 8,077 square miles. The maps of the areas surveyed have been 
drawn in 55 sheets. 

The detail survey consisted of :- 
4,051 square miles of half-inrh original survey 
3,624 ,, ,, ,, one-inch original survey 
3,267 ,, ,, ,, one-inch supplementary survey 

518 ,, ,, ,, two-inch original survey 
20 ,, ,, ,, four-inch original survey. 

The Officer in charge of No. 9 Party, in aclclition to  the work of his party, mas allotted 
the Iwc]~aration of a draft for a new chapter or the Handbook of Topography to replace the 
e \ ; ~ s t ~ ~ r g  chapter IV ('I'raversing). This work, mhicl~ had been begun the previous year, has 
beell clone in consultation with other officers of the Department. The draf t  has been 
submitted to the Surveyor General and is now a t  press. 

I n  the summer months a detachment, consisting of one military officer and one Sub- 
A s s i s t a ~ ~ t  Superintendent, accompanied the Political Officer of Sikkim on a mission to Burntang 
t o  confer the  insignia of the G.  C. I. E. ou His I-Iighness the llahirfija of I!hutfin. It 
returned with the Political Officer through a portion of southern Tibet Iraving obtained 6,500 
square ~niles: of geographical survey on the  scale of four miles to  the inch. 

NO. 9 P A R T Y  (BENGAL,  RIHBR A N D  ORISSA). 

BY BT.-LT.-COLONEL R. H. P~IILLIJIOHE, D. S. O., R. E. 
The party completed the one-inch survey of sheets 79 l3/:i. 4.7, south of Calcutta, 

which had been left incomplete last season. 
PETIBONNEL. 

~ l a t s  I Oflcerr. It also surveyed the following sheets in 
Bihir  on one-inch scale :-72 L / I I .  1 2 . 1 3 . 1 4 .  IS. 16 

B t . . T , t . - l ' o l ~ ~ ~ ~ ~ l  1:. FI. I'blllinll~rr, n. S. O.,  n. E.7 ancl 72 PI1, 2, 5 .  6, 7, hesides completing sllects 
in vllnrrrt.. 

Cnl>t I I I I  I:. S. 1'. \IncIl-or. I .  .\.. (on prr,l>ntioul, 
7 2  L / 9 .  1 0  wlricl~ had been left incomplete in 

frgvrn dnr~unry 2'0111. 1922. pre\.ioas seasons. 
Licllt .  11. .\. Bnzl,*y. 1:. C., (on  prolrnlioll), from 

. T ; I I I I I ~ ~ ~  l - l t l ~ .  11122. 
42 atiuarc miles of forest were surveyed on 

two-i11cI1 scalc in sheets 72 PIS. 7. 

Sheets 72 C / l r  ant1 G/2 were traversed for 
detail survey nest season, a11d triangr~lation was 

L ~ , - I I ~ .  t '  3. \ I ~ [ I ~ I I C * - .  cqrried or~t.  in sol~tll of sheet '73 G. 
Cnptnnl .I. I ) ' ( ' .  Fitzpaltrick, from Sovenlbcr l ~ t .  

I ! ) ~ I .  I'icltl hrad-quarters mere opened a t  13higall111r 
3lr. I i i ~ ~ ~ ~ ~ r ~ ~ ~ t l r n  Snth  Hnl~n, > I .  sc., (011 probst.ion). On November 25tII, ] !) '~l  anti closed on Ma?l 

Mr. .Tn~tlrr.h I'rncn~l Ynstnr. to 2 i i h  \Inrrh 1!)!2l'. A c t ~ ~ a l  plane-tabling comrnencetl in Billfir 
Bfr. l ; # ) ! n l  1.31 J l i tr :~ .  

011 November 1 7thJ and t,he last man closed work 
Alr. S.~.nrlllnl. !I~~knrit-r.  
5lr.  I:rtijir,~ linlllnr Tnlny,ntrn. R . . \ .  (on prol~ntinn). in  l'enaal O n  'Ia!. 8 t l r ,  

Lorvrr  . ~ r l , o r r ~ i ~ i n t c  Sprricr.. 4.3 offirers and snl.veyors plane-tabled 3,772 
square miles comparetl wit11 3,000 square miles 

37 S n r v c ~ o r ~ ,  clc.. 
by 4'2 plane-tablers last season. 

The work in Bihilr was divided into three camps as under :- 
AVO. I Cattap ( 5  trained surveyors, 1 instructor, 2 officers and a& pupils under training) 

was under J l r .  E.J. Biggie, and eurveyed sheets 72 L/o. l o .  I n .  1 4 .  
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A7o. 2 (:amp (8 trained surveyors, 1 instructor and 1 officer and 5 pupils under 
trailling) \\,as under Mr. A. K. Jf i tm,  and surveyed shects 72 1'/1:?.5. G.7. 

Nu. 3 Clnrp (4, t r ~ i r ~ e t l  surveyors, 1 in~t~ruc tor  and 1 oflicer and 8 pupils under 
instrnctioll) \\,as under Capt. Fitzl~atrick, and surveycrl sheets 72  L/I I .  12.15 .  16. 

Very feIV of tlle surveyors here shewn as trained ha11 clone much contouring or hill 
sllrvey before, ant1 camp officers and instructors had to give a great deal of help all round. 

The country is generally undulating between 300 and 900 fcet above the sea, well 
villages, scattered trees, broken ground and other detail. There are many 

isolated hills, generally rockv and covered with scrub jungle, the highest of which, P i ~ r ~ l j u r i  
ill sheet 72 L / ~ G ,  rises to 2,3 12 feet. 

Thrse l~ills are prominent land-marks and l>lane-tahle fixings were generally easy to  
obtain ; t l ~ e  gro~ind did not however lend itself to  rapid survey as there was a great d e d  
of detail, and owing to the gentle ~lndulations distant view and sketching \\,ere impossible. 

I n  slleets 72 P/s.6. 7 the Riijmahitl Hills rise to form a promioel~t range which runs 
somewl~at east of nol.th from Dnmlii tonlards the Ganges river a t  Sihibganj. 

' r l~is  range is rocky and now mostly bare or covered with low scrub; most of the 
forest having been clearetl in the course of cultivatio~l by the aborigiual inh;tbitants, the 
Pal~arias. The higher peaks rise to over 1,800 feet above the sea. 

Communications throiighout the district mere very good; the main line of the Eas t  
Indian Railway r u n ~ l i ~ l g  through sheets 72 L/IO.I 1.12 with branch lines to Giridih and Deo- 
garh. There are several popular and groming l~ealt,h resorts alon: this line from Karmtitaur 
to  Simultala, ~r7hilst Deogarh is rapidly becoming an important residential town, being a great  
illace of pilgrimage for morshil)pers a t  the Baidyanith tern 11les. 

First class metalled roads radiate from Dumki,  the I~ead-qr~arters town of the Sant%l 
Parganas district, to Bh%galpur, Deogarh, Rimpur  Elat and Sari .  

Tlle branch rail1va.v line from Bhiga lp i~r  to  Mandiir Hill ill sheet 72 P/1 was disnlantled 
during t l ~ c  war, and has not yet  been relaid. 

The clinlate is good, being dry and bracing, bu t  i t  gets very hot in April: TIlere was 
very little sickness in these camps, though Mr. Biggie was in bad 1 1 ~ ~ 1 t h  most of field 
season. 

Supplementary survey on the I-inch scale was carried out over this area on blue pr i l~ t s  
of the preliminary editions. These were compiled by the  Imperial Standard Mapping 
Section of the Bellgal Drawing Office from Cadastral Surveys of 1901-08. The detail of 
these sheets was fotind very accurate and most helpful but in the more hilly area s u c l ~  detail 
was  scant.^. 

The out-t,urn for the 17 trained surveyors averaged 24 .  9 sq. miles for a, month of 
24 working days. 

The out-turn for 21 oficers and pupils runder training averaged 15 . 1 sq. miles. 
r y  l h e  clnality of the tinal survey was good, though some of the pupils and younger 

men l~atl t o  be talien over their g r o u ~ ~ d  several times. 'rhe survey of steeper llill details in  
sl~eets 72 1'16. 7 was ]lot as good as i t  might have been. 'I'here were no cases of misco~~duct ,  
but tl~rcc. pupils were discharged a t  the close of tho field season as they were below standard. 

4.8 square miles of rocky hills covered with sri l  forest were surveyed on the 8-inch 
scale for the lJ''o~.rst I)el~altment. The forests are not very valr~able and rigorous survey of 
pett,!r tlot,ail was not inslstetl on. T l ~ e  average out-turn for the two trairled surveyors on 
this wo~,li was 9 s(l. 111ileu amontll. 

All u l ~ n s ~ ~ n l l y  I;II .KC nl~mber of khal;isis absconded during the season, n~ost ly 110s recruit- 
etl Fronr S111glib11hm; ant1 mostly from the sql~ads of surveyors \vorking mitllin reach of the 
rail\vay. Out  of' I!) I nlc.11 i l l  Caml)s I and 111 88 absconded. 

r 1 I l ~ c  cost-rate ol' tlcbtniled survey  orl lied out a t  Its. 5 0 . 7  a mile as comDared with 

Rs .  55.G n I I ~ I ~ O  i l l  s ~ ~ ~ l t l : l ~ , l ) a n s  al'r:~ I B S ~  season. This rate is still very Iligll as more than 
llalf the plane-tallers were under inbtruction. 

r l  l l ~ e  \vork ill Dengal wa.; allotted to Camp Ah. 1 V under the charge of Mr.  J. P. 

Vastrv \vl~o 11ad I trailled sllrvt1!.ors and one p1111il under 11in1 for completion of 481 square 

miles left in sl~ccts 79 U/a .;. Work lay to the south of Calcutta on both banks of the  
Hooghly river. 

The area was absolutely flat and densely pop~~la ted  and survey progressed ~ e r y  slowly 



SO RECORDS,  OF THE S U R V E Y  OF I N D I A ,  1921-22. [Vol. XVIII .  

bu t  mas of very good quality; the four trained surveyors averaged 18.8 sq. miles for a 
month of 24. working days. 

Mr. Gopal Lal  Alitra relieved Mr. Vastav of charge of this camp on Marell 25th. 
7ri~i11grilntion.-TI1e whole of sheet 73 (f was allotted to  

L t .  C. S. McInnes. 
Mr.  B. N .  Salla. 
S~irvepor Narayau Singll. 

Neither of the two latter had done any triangr~lation before, and Lieut. McInnes had 
never done any minor triangulation. 

No triangulat,ion l~acl been done by No. 9 Party since season 1913-14, so there are 
no brained k1ial;isis or hel i~t~ropers  in the party. 

L i e d .  RIcInnes left JAjpur Road l ta i l~vay Station on November 12th 1 9 1 ,  and marched 
up to  Keol~jhar, reconnoitrillg on his way, to meet Mr. Saha and surveyor Narayan Singh 
mllo nlarchecl down fro111 Chakradharpnr Ra11n.ay Station through Chaibisa. 

Air. Snha fell i l l  before reaclling his ground and had to take leave. H e  returned 
later and commenced work on Februnry l.l.th, having lost the best part of the season. 

Lient. JIcInncs and Narayan Sing11 both found progress very slow oming to lack of 
commrinicntions and the natnre of the country, n~hich was heavily wooded and witliont 
p~ominent  featl~res. Their areas were tlierefore cut  down to half, and even then they did 
not conllnence observations till the last \veek of Febrr iar~.  

'l'l~ere was the usual heavy smolte haze right thronqli March and April, with hardly 
any relief from t h o u d e ~ ~ s t o ~ ~ m s .  

1,ient. JIcInncs just manage11 to complete the triangulation of the forir sheets forming 
soutl~-east cluarter of ' iY cf hy the end of April, whilst surveyor Narayan Singh did not 
clnite complete sheets 73 G / ~ o , l t  

Surveyor IIari Dutta  was bro~igllt  down to assist in Pebrr~ary after completing his 
traverse work. H e  and 311.. Saha managed to complete reconnaissance of t.he four glieets 
forming the south-west quarter of 73 G, and they both observed a few triat~gles withorit 
completing any one sheet. 

_\ I1  of these t r i ang~~la tors  and many of the khalisis suffered a good deal from malaria. 

S e x t  ccn.;on the t r i anc~~la tors  \ r i l l  he able to s t v t  obs~rvat ions in November over 
the area now reconnoitretl, ant1 there .;l~orlld be no d ~ f f i r ~ ~ l t y  ill completinq the trianq11l:~tion 
of the s l~eet .  

Tlie qnality of Idient. ~ Ic Inncs ' s  work was good. His triangular errors averaged 10 
secolltl* for :;8 trixnplrq ; 11e fixed 30 stntior~s and 106 points in his four s h ~ e t s ,  connerting 
to  three (;. T. statio~l* and one Q. T. marli. 

~rrrc.o,..~;,,g.-S~~rve!-or Ilari Thlttn spent three months, Noveniher 8th to February 
fjth, trn,vprzinz slleets 72 C/11 ant1 (;/2 in  tile n ~ i ~ l i b o ~ ~ r l ~ o o d  of I'ntna. These t a o  sheets 
n-ere r n ~ l a s t r ~ l l ~ ~  surve!-ctl on th r  16-inch wale i l l  various seasons hetanreen 1892 antl 191 0. 

Flnri r ) ~ ~ t , t a  I,asetl his tr:lverse on six C;. T. intersrcted points, antl connecl;etl wit11 1.10 
trijllnrtion llillars of t , l~e catlastral traverse. IIe ran %2(; linear milw with avcrazr error 1 
i n  .>On, or 10 fevt to  a lincar mile. fixer1 227 intersestet1 by observation ant1 230 
pint! :  I)!- offset.  I-Ie repnrts that. ahont IOO sclnare miles in trllrse two slircts arc very 
conpestrtl pit! nnfl ~ubr1r1)an areas ; \vl~ilst the reniaintler are opcn antl very easy for survey. 

T h r  ctlitions on one-inrl~ scalc in Patna district arc arcnrate and 111) to 
(late, for snrh tletail as they but in the other tlistricts the old map is not \ c ry  reliable. 
Srirv~yor IIari h t t a  was the only rncmher of the party to  report interference by non- 
cooprratorq. HQ met with some opposition near S o n p ~ ~ r  in Siran district, bu t  mas assisted 
bj- the more edrtcated of the inhabitants, and (lid not have to snspend work. 
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Recess Duties.-When the  party took the field in November 1921 i t  left a drawing 
section behind in Shillong under Rlr. G .  L. Rfitra to  complete sheets 72 L/6: and 79 B/;.~.Io.II. 
12.16 and 79 CIS. 9. T l ~ e  section contained 7 draftsmen from No. 5 Drawing Office and 

one surveyor who rejoined the party in tlie field in Janoar~. .  

Tlle last of these sheets to  be submitted for publication was i 9  1315 in June  1U22. 
I 1  1 his sheet covers the very congested area along the Hooghly river north of Calcutta. 

The party opened fair-mapping in recess on May 12tl1, with one arrears' sheet and 16 
new sheets. Of tllese 10 sheets were still uncoml~leted on Sovember Is t ,  1922. Seven 

draftsmen were attached from No. 5 Drawing Oflice for the greater part of recess. 

Iirich time was saved a t  t l ~ e  beginning of 1,eccss 1)y locating an officer from the party 
iu thc office of the Sulrerintel~dent, RIap Publication a t  Calcl~t ta  for three weelis. 

'l'llis oficrr I~anded ficld sections into the S ~ ~ ~ e r i n t e n d e n t ,  A[ap P~~blication's office, 
took over tlie e l~largen~ents  From Photo-Litlro. Ofire, ~,asted 111, tllc combinetl prints, and 
handed lllcln i l l  n .p in  to Plloto-Litlio. Olficc for I,roduction of tlie drawing blue prints. 
'I'lle tillle talten by t,he journcy of t l ~ r  c ~ ~ l a r g e m c n t s  to  S l ~ i l l o n ~ ,  a l ~ d  return of the paste-up 
print to (:alcntta was saved by illis nrrangemellt, and tllc effect is shewn in that  the average 
period between Ilancling in field srctiolrs to Calcut t :~ and receil,t. of dra\vitlg blue prints in 
Shillong averaged 2 1 days in 1 9 2 ,  4.1 (lays in 1021, ant1 39  days in 1020. 

Licut. 13azlcy, 1L.J;. w l ~ o  \vas i n  C;llcotta l'l,om Allril 27th to  May lGth was able to 
assist No. 12 Party in tllc same way. 

liail.-~nal)ping \vas snl~crvisctl by the follon.ing oHicers :- 

Are. I Secliatt, nntler AIr. 1C.J. I{iggie, with sheets 72 L / ! I . I o . I ~ . I ~  
A'o. II secfz'o~t, untlc~. A[r. A.K.  Rlitra, relievecl ill September by Lieut,. C.S. IIcInnes, 

\\!it11 sheets 7 2  1'/1.2.5.G,;. 

A'o. I11 Sectioll, nntler Captain J. O'C. I'itzpatrick, \vith sheets 72 L / i i . l ~ . l j . i ~ .  

S o .  I V  Sectiott, rlndcr 1\11.. G. L .  I\Iitra, rclicved in . I r ~ g l ~ s t  bj- Captain R.S.P. 
MacIvor, with sheets i!) B/3.4.7. 

~O~)I~~~~Q~~O~I.~.-~'I~~O~I~~/~I~~O~I.-T~ triangulation of sheets 73  G/11.12.16.16 was Com- 
~ ~ i t e t l  by Lie l~ t .  C.S. AIcInnes ant1 hlr .  I5.N. Saha ~ v i t h  one surveyor. 

I Irar.erse.-Lier~t. I UazIej-, 1'1. E. 11eId charge of traverse competing sectioll which 
coml'leted compr~tations of tlxverse in sl~ects 72 CIl4 ant1 GI2. 

Tile section also assembled all the traverse con~putations of sheets 79 A,B and C and 
7.' P into record volnmes by degree sheets. 

Lists of intcrsectcd and offset points were prepared and bound into the volumes, and 
(liagrams were 1)repared for each degree sheet sherviop the traverse lines, and the errors found 
in them. 

I I I l ~ e  a v e r a ~ e  errors worked out a s  under :- 

Lieut,. Barley alao s~ lprv i sed  work of plotting section which commenced in Auguut 
to prepare plane-table sections for the field. 



RECORDS O F  T H E  S U R V E Y  O F  I N D I A ,  1921-22. [Val. XVII I .  

No. 10 PARTY ( I J P P E R  BURMA). 

The party continuetl the (letail survey of t,lle Hukawng and the  Nfigi territory adjoin- 

PEHSOSNRL. ing i t  on the west. Slleets :J2 B/HE. N W .  SE. were 
completed and parts of sheets 136 N/KE., 92 A /  

Cla8s I Oflcers. 
8\v. s$. were survevcd. 

Lient:Colonel E. T. RICII. G'. 1. E., K. R., in cbnrge 'l'lle country s~rrveyed is everywhere covered 
from 24111 October 1921 to 1111 Jnae 1923. 

O. SInte,.. U. C., R, E, ~o,,p,.obation~, in wit11 dellse jllnzle and, except in the Hllkawng 
charge from 12th June 1922. proper, collsists of steep and intricate hills. 

C ~ O S S  I I  Oflrers. The field season opened on the 1st November 
1921 and closed OII the 31st May 1922. The Mr. W. O.  Jnrho, in charge till 23rd October 1921. 

,. ti. F. Nornlnn, from 11th Angnst 1922. health of the 1)arty was good. 
., 0. J. H. Hart, from "3rd December 1021 to P1an.e-labling.-The Hukawng is a level plain 

~ 1 s t  blny 1022. varying in width from 1 to 20 miles, its altitude 
,, F J. Qricc, from 1st Sovember to  30th Decem- 

ber 1921. being about 650 feet. It is crossed by a few 
,, H. II. Creed. broad and swift streams and is intersected with 

Upper Subordinate Seroirr. numerous small water ways. Plane-table travers- 
ing had to be employed throughoot. The hills 

Mr. Hnynt hfuhntnrnnii, K. 8.  surrounding average 4,000 feet ancl rise to nearly ., Dbirendra Wath h h a .  
,. Rnm Prsand, H. S. 8,000 feet on the P i tka i  Bum to the north. 

Hnnng Ye, A .  T. bf .  There are few inhabitants in the hills except on 

Loroer Subordinate Ser~lice. the west in the NigS territory; supplies are in 
consequence a serious difficulty. 

26 Snrvcyor~, etc. 
No. 1 Ca112p.-Uncier Mr. W.G. Jarbo, with 

7 surveyors, completed an area of 2,221 square miles on the half-inch scale in sheets 83 N/ 
XE., 92 A/sw. SE. and 92  B/Nw. 

No. 2 Camp.-Under Mr. H. H. Creed with G surveyors completed an area of 947 
square miles on the half-inch scale in sheets 92 B/NE. NW. YE. 

The total out-turn was 3,168 square miles of original half-inch survey, the cost- 
rate being Rs. 33.5  per square mile. 

T?-iar~grrlation.-Mr. Ram Prasad, R.S., was to  have triangulated in parts of sheets 
8:; N a n d  8 3  0 but, owing to the hostility of the N i g s  tribes, had to turn back and was after- 
wards employed on plane-tabling. 

Recers Vu!ier.-Tlle fair-mapping of the part,y was in the charge of Mr. W.G. Jarbo 
till N r .  S.F. Norman was posted to  tlre part.y, after wl~ich it was divided into two sectioos. 

IVO 1 Section, under Mr. IF-. G. Jarbo, with M r .  D. N. Saha and 7 eurveyors and 4 
draftsmen, completed the fair-mapping of 2,608 square miles in sheets 8 3  NINE., 92 R / Y w .  
SE. and 92 B / N E  

,Vo. 2 Sectio~t, ~lnder  I l r .  S.  F. Norman, with Mnung Pe, A. T. M., and 3 surveyors 
and 3 draftsmen completeil 1,706.5 square miles in sheet3 92 B 1 ~ r n . s ~ .  

All the abovc rheets will he submitted for publication before the party takes the field. 
The unsnrveyecl portions of sheets 63 N / N E ,  92 A / s w ,  SE. hare been compiled front old surveys 
and reconnaissance surveys. The remailling 637 .7  square miles in shects 92 Flaw. h\\r. and 
92 I/s\v\-.s~. \\.ere completetl d ~ ~ r i n c  October 1921 nntl thesc sheets were siibmittetl for publi- 
cation hefore the party left for the field. 

Mn!y,r~,vo Drtrtt~~n!~ I/ffrrr~.-I)r~lin=.i the field rrason a drawing office was formed to deal 
~ l t h  the alrears fair-mapl~ing of S o s .  10 and I 1 I'nrties This was in thc cllarge of Mr. 
0. J.  H. Hart.  Tile arra ronrpletcil was 5,GW.G sclrlxre mlles in sheets 92 I ~ / N E . ,  92 J/N\v. BE. 
NE.. 95 J / R E .  95 K/?IE.  arltl 03 FINE. 

T h e  total out-turn of fair-rnnpI)ing of the party was 10,562.1 square miles, all on the 
half-inch scale, t l ~ r  cost-rate brin? Rs. -1 . O  per ~(111arr mile. 

Inn/wr/ion.*.-Thc p r t y  was i~lepccted by the Sr~rveyor General and the Superintendent. 
Eastern Circle during the recess. 
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No. 11 PARTY (L0W)I:R BURMA!. 

The field programme of the party was as  follows :- 
(i) The completion of the survey of the  

I'ERSONNBL. mainland of the Mergoi district and of Sullivan 
C ~ ~ J I  I OJicers. 01. Lampi island, on the one-inch scale. 

Mr. J. 0. Qreiff, in charge from IRG July 1922. 
Captain '1'. M. hI. I'etl~ieg. R .  E. (on probation), in 

ch~irgo to 3uth June 1922. 

Mr. 0. J. H. Hnrl,. from 1st June  1921. 

,, O. E. 11. Cooper, from 191h 01:lober 1921. 
,, A .  \'. I~ i cksc~n  

Upper StfLo~.di~~n/e Spruice. 

BIr. 1'. C I.rn 0 1 1 p t n ,  LI. Yc. 
,, I i h n n  I luhnmmnrl .  

,, A. I < .  Scn Guptn (011 probntiol~), frntn 25th 

(ii) The survey on the '-inch scale of the 

reserved forests of Kyaikkamaw and Extension, 
Ky'lnltha\vrrn, and Tagnndaing, in the Amherst 
district. 

Tlle field season openetl a t  Mergni on the 15th 
Novelnber 1!).'1, the I~eatl-clllarters of the party 
arrlving on l l ~ r  2:;rtl. . \ I )  :rtlvance party sent 
allcad to make the rlcceGsarx initial arrangements 
openetl a t  hlc~.qni OII the 1st Novemhcr. The 
fieltl scsa.;oll c.loqetl a t  I I e r ~ ~ i i  011 the 5th June 
19.2. 

nlny 1922. 
'l 'l~c I~exlt 11 of 1 1 1 t h  part!- was xootl ; one 

LOI,IPV St,l,ovda~tnte Scvcice. kll:l,l;isi tl~ctl of fcvcr in ;\rcl.gni. 
2 1  So~. \~cynrs ,  ct,c. T11e conn11.y snrveyetl roml)~~isetl ,  i n  the 

~ ~ r l . ~ l l i  tlist,rict, t,lle solltl,rrn strill of tile iii:~inlnntl of Ilnrnia estenrling fl.on1 the 
of li;LI~atlllll.i i n  tllc n o r t l ~  tc, T'ictoria Point i l l  tile sontll, Snllival~ or Larnl,i island 

irl tllc h l e ~ . ~ n i  Al~cl~il)elago, ant1 numcrons smnll islands tl01fctl :I~OII: the  \vest coast. 
t l l l i s  , strill of. connt~.y consists of t,hc so~l t l~ern  l ~ o ~ . l i o ~ l  Of 1 1 1 ~  \\.('stel'n ~.:ln:e of mount,ains 
\vllicll strrtrll nrross tile tlist~,irt l 'ron~ n o ~ ~ l l i  to s o r ~ t l ~ .  11 few n1ilt.s I)rlo\\- t l ~ c  village of 
I (a . rn t l~~~~. i ,  t l ~ i s  main rnngo ie joined 11.1- a. ~ I .OSS SI)III. to the eastern hnr r ic~  that  for111s the 
divitlr I)rt,\\'crn I ~ r l r n ~ a  ant1 Siani. i l t  the henil of this cross SJ)IIr is t11ron.n o ~ ~ t  the high 
co~lti~~nn.tion ritl?!.c. \vIiich t re~lds due sontll, and tcrmiuates in t l ~ c  Iligh prolnontorp of 
\'ictoria I ' o i ~ ~ t .  IIere, as t l ~ r o n g l ~ o ~ ~ t  the Icr~gt~li of the district, eontiunes the cllaracteristic 
meritlional tli~~cctioll of the n1a.il1 ranyes, and conseqr~ent l~~  of tile nrnin t l r a i ~ l a ~ e  system, 
I'racticnlly t , l~r  \vl~olc of this so~l t~ l~ern  strip of country is filled 11). nnlllcl,orls offshoots and 
s~~l)s i t l in~.y S ~ ) I I I . S  r~ f '  1 1 1 ~  maill ridgr. From the water edge to the 101)~ of' t l~ese ridges and 
s1)1irs tl~cl.r is almost r~nintrrr~rl)ted forest. 

l ' l~is  a l ~ a  is drained Ly the Lenya and tlle Paliclian rivcrs, \vhit.I~ have tlleir 
source in t l ~ r  cross sl,ur connerting t l ~ c  two main ra.nges. The former flows for some 60 
miles, clue norill, through a fairly hroatl valley, \vllen i t  sriddcnlj- alters its eonrse, and 
f o r c i ~ ~ g  its way tllron~11 a. rocky yorfic flows duc west into the Raj-. 

Thn Pa.kcl~an rivcr flo~vs due ~ o ~ r t l l ,  and t l ~ r o ~ i y l i o ~ ~ t  its course fo1~11s the i n t e r ~ ~ a t i ~ ~ ~ ]  
1)onntlary l)et,~vec~n T311rma and Siam, for tllis most; so~itllcrly strill of c o ~ ~ n t ~ . y .  Fo:- the first 
part, or its rollrsr it; is n mere monnt,nin torrent,, hut  fctl hy man!. afflnents, i't, broa(lens 
o ~ ~ t , ,  till at \'irtorin, Point it  f'o1.m~ nn e s t , ~ ~ a ~ . y  two-a.ncl-a-l1a1F miles \vide. I n  tile low ground, 
along it* riqht I~anlr, sl~.et,ches for some tlistancc a plain richly cnltiv;ttcd and nvll illllabited. 

Tllc coast l in (~  n.ntl t,hc hnnlis of tiilal rivers arc almost invn.riably bortlel.et1 mangrove 
swamlx, varyinz from narrow strips to great tlel)tlis, wllicli form po\vcrFril harriers against the 
SCR. '1'11ry arc illt,rrsecterl by nlrlnrrolls ca,nals throlrqll \rllicbh tho title enters 2nd recedes, 

in~inda. t , in~ Iargc n.rras n.t I~igll water, as t,lle coast, here is lit,t,le raised above sea levc]. F~~~ 
tl~esc swa,mps st,retcl~ out t o  sea nnmcl,olis m11c1 and sand 1)anlis rendering the coast nnapproach- 

a l ~ l e  hy \resscls of 1al.q~ tll.nlrght, c s r e l ~ t  in a few places. Rlost of the larger cA/r ,cwps (streams 
or cl,ceks) arc navigal)le for considerable dist,ances a t  high water, by Pnlall launches and 
ro~int~ry boats. 

Thr  wcstcrn sllores of the mainland swarm nrith =,zmc of all sorts; elephant, tiger, rhino 
and bison are plcntif~ll.  

The low lying area ant1 the bamboo forests are the halint of the sandfly and tick, 
which make the s~irveyors' life a h ~ ~ r d e n .  I f  he heats a retreat from these into the valleye be 
is beset by countless leeches. The undergrowth is a tangled mass of cane, creeper, and scrub, 

I n  the valleys the mist lies heavy each morning till late, considerably hindering the 
commencement of the day's work. 
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The country between Maliwun nnd Victoria Point consists of uudulating 
hills covered with grass and dotted wit11 trees, somotimes in clunips or groves, and and 
there in small forest areas. 

From Victoria Point to  h f a l i w ~ ~ n  tlrere is a good i~nmetalled road maintained by tile 
P. W. D. F r o n ~  Maliwun i t  becomes a mule-traclr as  far  as Marang, and thence to I<aratlluri 
a foot-path. Along the west coast is aiiother track to Maliwuu. There are also good paths 
from Hangaprn to tlie Lenya valley, ancl along this valley, over the Kllao Den pass, to Siam. 
These comrn~~nications, with the addition of several elephant-tracks along spurs a ~ l d  ridges, 
made i t  possible to  s ta r t  work \vithout tlie delay, esperiencecl in previous years, in cut t ing 
miles of paths. 

The principal place of importance in the season's work is Victoria Point, the last 
Bri t is l~ out-post on the east coast. It is t,he Ilead-quarters of the sub-divisional officer, its 
position and proximity to  Siam investing i t  with a certain polit~cal importance. During 
t h e  Great War  a wireless station and Censo:. were estabJis11ed here. T l ~ i s  soutliern strip of 
territory is also rich in tin ore, the chief centre being Maliwun; the ore a t  present is being 
extracted chiefly by Chinese. 

Lampi or Sullivan island about 50  miles due west of Karathuri, is a high ridge of 
hills in the form of a horse shoe densely wooded, t,lie outer rim of the shoe being steep and 
precipitous. Several smaller islands along the west coast were also surveyed. The 
Archipelago is n~i thout  doubt one of the great attractions of the district, and well worth a 
visit,. It stretches alou: the whole of the western coast a vast collection of abrupt islands, 
of every shape and size with harclly a trace of life. They have been well described as " a  
cllister of islands and inlets with bays and coves, headlands and highlands, capes and pro- 
montories, high bluffs and low shores, rocks and sands, fountains, streams and cascades, 
mountain, plain and precipice, nr~sulpassecl anywhere for their wild, fantastic and picturesque 
beeuty". 

*Dis/ribrr/iorr.-Tlie field work was divided up into four camps:- 
,Vn. 1 C,zrriu.-Mr. Cooper in charge, t o  begin with five and later seven surveyors, 

heatl-cluarters a t  IIangapru, surveyed an area of 1,071 square miles in sheets 96 118. 12.16, 

96 J/r, .6.n.lo. la ant1 96 N/1. The party hospital was in this camp. 
;\lo. ,? Camp.-Mr. Dickson in charge, with five surveyors, of whom one was later 

transferred to No. 1 Camp, herd-quarters a t  Marang, surveyed an area of 568 square 
miles in sheets 96 J / ~ . I o . I I . I ~ . I ~ .  15. 

1Vo. 3 Catlap.-Mr. P.C. Sen Gupta in charge, with seven pupils, snrveyed an area of 
170 square rni!es of reserved forests in the Amherst district,, on the two-inch scale in 
#beets 95 Ell3 and 94 HIlci. One pupil was withdrawn early in the season as uufit for 

field work. 
4 Car~p.-,\;Ir. Khan 3IuIiarnrnad in charge, with two surveyors, s u r v e ~ e d  350.88 

square miles in sheets !)ti . J / ~ . ~ ~ . ~ G . ~ . I ~ . I z  and 96 K/n. 
&fr. Khan Nuhammad ant1 surveyor Faiz Ali, under the officer in charge of tlie party, 

surveyed near tlie close of the season, 3.5 square miles in sheet 95 L/e. 
lt,~i,tng,c~trtr'nn.-'L'liere mas no triangulation or traversing done in the season. 
The cost-rates are as follows :- 

Oriqilial one-irlcli . . . Rs. 6 9 a 72 per square mile. 
Origirral two-inch . .. Hs. 1 3 3 . 6 3  do. 

TIle cost-rate for tlie one-inch is much lower than the previous !-ear, due to a higher 
average out.tarn 1)er surveyor. 'rhe o ~ l t s t a n d i n ~  feature of the field season was the remark- 
&Iv f n c  \veat.her experiencpd comparerl wit11 I)revions seasons. V e t  days t,here were, tmt 

comparative]y few. Commrlnications were easier, the greatest !vitltli of corlntry across being 
ahout 2.5 miles wit.]] Vietoria Poirlt as a1)es of tlie triangle. The mean average, for t.1lrt.e 

yeare precetlinp 1920-21, is Rs. 71 . 22  per square mile, whicl~ may be taken as the general 
.verage ~ o s t ,  of work i l l  a tlistrict like JIerg~ii.  Last season's cost-rates were weighted with 

large arrears of pay tlue to otlicers and establisl~ment on accor~nt of the reorganization. 
h ' t . r ~ a ~  I)rrti,.s.-In recess the party was divide(l into three sections :- 
,\'o. 1 aS'rc/ir,n.-JIr. H a r t  in charge, completetl the mapping of one-inch sheets 

95 I,/e, 9G J / ~ . ? . n . s . s .  Tlie total area covered by tliese sheets is 1,750 q u a r e  miles, but 
the land area mappecl is only 246 square miles. Severthelrss, in tlrc sea area there is 
fair amount of tvork r e ~ ~ ~ i i r e t l  to complete each slieet. This section has also (lone 69 square 
miles of half-inch nlapping in sheet !)> lc/se. ant1 coml)letctl ant1 despatcliecl Ilalf-inch sheets 
9;) J/RF:. and 9; K/NL 

-- - . 

T l ~ e  nrraa nhown hrrr nn norvqed hp enrh camp includr 45 uqnnrc milea of sea nreea which have been 
ucludef l  from the out-turn r,f thc party in '1'nl)le I l l .  
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1Vo. 2 Section.-Mr. Cooper in charge, completed the mapping of one-inch sheete 
96 I/lr.8, 96 J / r lo , l l  7. l'he total area of tllese sheets is 1,176 eqaare milea, inclusive 
of 272 square miles sea area. 

No. 3 Sectiojr.-Mr. Diclison in charge, completed the  mapping of one-inch sheets 
96 I/l6. !I6 J/128.13.14.1~, 96 K/g.o. and 96 N/r, covering an area of 1,756 square miles, 
inclucling 11.6 square miles sea area, and 886 square miles of unmapped area in Siam. 

The cost-mte for one-irlch mapping is Its. 15.27 per square mile. 

All the fair-mapping will be completed ant1 the sheets despatched before the party 
talies the field. There will be no arrears sheets. 

The two-inch 1napping, of the reserved forests of Kyaikkamaw and Extension, 
EiyGnkhamu~~, and Tagundaing, falling in sheets 95 El13 and 94 H / I ~ ,  will be commerlced 
by tllis party and completed by the Drawing Office during the winter. 

Tlle hIaymyo Drawing Office \\,as transferred to the  cl~arg-e of No. 10 Par ty  from 
1st Noveml~er 1921. 

Miscella,teocts.-The season brings to a clc~se the coml)letion of the survey of the  
Mergni district. Inspite of the physical ha~dships and inconver~iences endured yearly since 
1915, i t  \voald be clificult to  find a more interesting area in Uurnla. I t s  history from t h e  
\ear 1 ~ 7 : ~  wllen tile tonrn of Tennsserim was built by the Kingdom of Si:~rn, world wide 
commerce and connection \\ritll the great European Courts, is replete wltll historical interest 
ancl incident,. I t s  r~tggetl and iviltl landscapes w ~ t l ~  miles of dense forest growth, have an 
attraction and charm their own. 3Iany very interestir~g arid rare srecimens of 
buttel.flies were caught by hlr.  Cooper last field season. Nineteen nenr species of tlre Indian 

L~.pidt,ptera mere obt;rincd, a t  Bangapru the I'c~pilio s!/cnro;r, and a t  the village of Naugin, 
on the coast, the Trrins t i lnlrn.  The former is very rare and said never t o  11aye I,een caught 
in India before, and is supposed to be peculiar to Horl!eo, of the latter 23 specinlens were 
taken, and are clescribed as belonging to the Malay States only. 

laqectio)ts.--No. 3 Camp was inspected i l l  the ficld by the Sllpcrintendent., Eastern 
Circle ill January. During tlle recess the partry was inspected by the Surveyor General, a n d  
Superintendent, Eastern Circle, on the !It11 August 1922. 

No. 12 PARTY (ASSAM).  

The party carried out detail survey on the two-inch, one-inch and half-inch scales in  
the districts of Nowgo~lg, Sibs;igar, CicliBr, 

Yensobne~ .  
N i g a  Hills and in hlanipur State  and triangula- 

CIaas I ~fices. tion ant1 traverse in Niigil Hills, Manipur S ta te  
U~-LL-COI. C.M. Browne, c.M.Q.,  D.s.o., n .~ . , io  ancl Sadiyi  Frontier Tract.  T h e  country was 

charge. almost ent i rek denscly wooded and varied in 
CIUSU I T  Oflcprs. elevation fror6.a !ew hnndred feet to  over 9,000 

feet. 
MI. JC. h1. Kenny. 
,, 1). K. I tennick,  Bf.B.l<. The field season extended over a period of a 
,. It. C. Hnnson, fro111 16th February 1!l22. 
,. I'raflllln (:bnndrn h l i t d n ,  Ii. A , ,  up to 16th 

April 1922. 

I:ppe~' Slihord~n~rtp Srruire. 

hlr. (:ir,jn Sonkcr D.~:cl~i. 
,. All11 Chnntlrn hlnul ick.  (on probnt,iou), from 

17tl1 Octohrr 1921. 

., S ~ ~ r r s h  t:hnuclrn Cbnt lor j re ,  1 )  Yc. (on proba. 
~ I O I I ) ,  l r n n ~  2.1~11 alng 1022. 

little more than 6 months. ' h e  healtll of t h e  
party was only fair, average daily sick in hospital 
being a lit,tle over 8 per diem ; 8 khaljsis died, 
one from cl~olera, one from pneumonia and one 
mas drowned. 

Towartls the close of the fieltl season, cl~olera 
was had in tllc ~~ciql~l~ourlroot l  of the party head- 
( l~~al . t (~rs ,  1)1lt i11or11l:~tio11 \\,as carried out \vitIl 
scrnnl ol)tail~etl from tile I 'as t~ur  Institute a t  
Sllillor~g and only ollc casv occurred ant1 that  was 
bcFo1.e the inocr~lntion. 

l'/n7ar-/nbling.-TI1c country s~lrvejerl was almost elltirely del~se jnnglc with scattered 
vill:rges ant1 there were somc quite large areas (mostly in rescrved forests) wllicll mere un- 
inl~al)itctl. 
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Coolies were the only means of transport, except the  three party elephants. Con. 
veymce and jungle clearing charges were in consequence heavy. Work  in the plains and 
low liills was carried out  by plane-tabling traversing based on theodolite traverses and i n  the 
hills by interpolation. 

The party was divided into three camps :- 

No. 1 Canrp, head-quarters Lamding, under Mr.  E. M. Kenny with 9 surveyors 
srrrveyed 104 sqriare miles on the half-inch scale, 439 square miles on the one-inch scale, and 
134  square miles of reserved forests on the two-inch scale in parts of sheets 8 3  GINW N R .  

ATo. 2 Cntnp, head-quarters M i h a r  on tlie l ~ i l l  s e c t i o ~ ~  of Assam-Bengal Railway, under 
Mr .  D. K. Rennick, 19. B. E., and one Upper Subordinate officer with 1 2  surveyors and one 

surveyed 564 square miles on the  one-inch scale and 779 square miles on the half-inch 
scale in sheet 8 3  G/  sw. and in parts of sheets 8 3  G/Nw. SE. NE 

No. 3 Camp, head-quarters Dimspur, under Mr.  R. C. Hanson with 7 surveyors 
surveyed 179 square miles on the one-inch scale in parts of sheet 8 3  G/NE. This can11, nras 
only formed towards the elid of the field season. 

The tot,al area surveyed n-as 685 sqqare miles on the half-inch scale and 1,182 square 
miles on the one-inch scale and 131 square miles on the  two-inch scale, tlie cost-rate being 
Rs. '73.5, 53.2 and 111.8 respectively and the combined cost-ratre Rs. 82. 

Tri~ll~~lralioll.-Triangulation was carried out by Mr.  P. C. Mitra in sheets 82 L'/ $E, 

62 P/sI\-.. 8 3  I/NE. and 8 3  RI/lu~v., and by Mr.  G .  S.  Hagchi in sheets 83 Cf / s~ ,  8 3  K/sw. 
ancl 33 H/NE.  

The country was mostly densely wooded hills rising to about 9,000 feet and a large 
of jungle clearing n7as necessary; labour and supplies were difficult to  obtain. 

I n  Rfr, Mitra's area rain, mist, ancl haze interfered with the observations and his 
lrorl; had to close in March on account of them. A total area of 3,376 square miles rvak 
trianpulated a t  a cost-rate of Rs. 7 - 0 per square mile. 

T,.nt.ersing.- Traversing was carried out to  assist the detail surveyors in the plain 
portions of sheets 83  Cf/i.~, 6.9.10.13 and in sheets 8 3  1/13.14., 83 M11.2 6. 5 traversers were a t  
first employed, later reduced to 4. The dense jungle made the work laborious and expensive 

snpl)lies, and even water, were in-parts ilifficult to  obtain. Most of the traversers suffered 
from sickness, the out-turn is consequently small and the cost-rate high. 

277 linear miles mere traversed covering an area of 1,017 square miles; 2,850 stations 
n-erc observe11 at ,  of which 21 can be considered as permanent. The cost-rate per linear mile 
was Its. 73.2.  

Rrcr.vs D111ic.s. - The fair-mapping was divided into 3 sections:- 

il>. 1 ,Src/ir)rr, under Mr.  E.R.1. Kenny, carried out the fair-mapping of 83  G/s on the 
o n P - i n c l l  Srale and maps of Dlrarlsiri arid Itangapahfir reserved forests on the two-inch scale 

l,art of S S  O/z;w. OII tlie 11alf-inell scale. 
,yo. 2 S~cliort,  under Mr. D.K. Rennick, RI.B.E.,carried' out the fair-mapping on 

s\,Pets 83 GI3,+ on the one-inch sc* and of 83 G/s\v. on t,he half-inch scale. 
,\.,,. ;? S t r ~ i n ~ l ,  nnder AIr. TLC. Hanson, carrietl ont the fair-mapping of slleets 

SR C;/n,la on tile or~e-inch antl ],art of 63 (;/NE. on the half-inch scale. 

There wcre no arrears from last recess and i t  is confidently expected there \\.ill be none 
t1,i. rrpcFs except tltose, t'he sur\-ey of \vhi~Ir, is not complete. , 

1,ient. H.. \ .  Hazlc!-, R.E., of S o .  9 Party, temporarily a t  Calcutta, assistcd ve1.y 
zrc,nt lv  h!- makinx the com1)inctl originals i n  Calcntta from pl~otogrxphs of the field scet,ions, 
tll,,rr\,y En\ - inz  ~nnelr valllahlt. t imr nt the I )cx i~~ninx  of recess. 

'rlll. I'olir!- of tire part!-, in tlrn\vinq i t s  o\vn forest, sllerts was continued and it II:I,S 
tleen a\jl,. t t ~  rntnl~lcie tlrcrn \vi t l lo~~t  tlrtt,ilnent to its stantlartl mapping. 

. L l l c  , Ilnlt'-ir~rIl n ~ a l ~ s ,  l~cbinq ,lrn\vn simr~ltaneonsly n.ith tllc one-inch, has also 1)rovrll 
~ ~ l ~ c c s ~ r 1 1 1  nntl \\.ill I C S S P ~ I  the work of tile Circle Office. 

JIr. (i.S. 13aC[clli and -1s computers ant1 :1 traversers completetl t,he computations of tll0 
trinngnlation antl travcrr;in~ clone tl~iring the field seamon and completetl the four-inch bountl- 
ary ,)lots of the follo\ving forests:-Dhansiri and Itangapahfir, Narpuli bloclts I and 11 and 
\\.ill be sl~hmittetl. Trianplat ion cllart 83  C mas compiled and mill be submitted. 

I n n p ~ r / i o n s . -  The Superintendent, Eastern Circle inspected the party in the field in 
December 1921. 
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No. 21 (BURJIA k'OR,T!ST) P.iK'l'Y. 

BY H.W. B I G G I E .  

This part,? continued forest survey operations in Upper and Lower Burma and. the  
Southern Shan States. The country 

I'ensoxris~. over which work was carried out consists 
Clnsa 1 0flc11.. 

generally of well-wooded hills. 
MI.. H .  \V. Biggie, in charge f r u n ~  1st July 1922. 

Clnss I I  O ~ ~ C P ~ S .  The field season was sljread over a 

Mr. S. C. Norman, in charge, up to  30th June 19'22. period of seven months from Sovember 
Lieut,. L. B. F i tz-Gihbo~~.  
~ : , p t .  V. 1'. Wninright. 
Cnpt. C. U.  Sexton. 
n l r .  H .  M .  Critchell. ( o n  prohntion ). 

U ~ ~ P V  jS~~bordi~~ate Sr1~11ir.c 
Xlr. 1)albir Ilni. ulr lo  1 s t  Juno 1922. 
., Ghnlnm Hnsan. 

Loll*er Strbordi,rate ~Sr r r~ ic~ .  

'LO Surve.vol.s, ctc. 

1921 t,o June  1922. 

There was a good deal of hickness, 
principally due to n~nl~ t t , i r~ ,  in the forests. 
Among the lotver subordinates t,\vo deaths 
occurred during the year, one frorn fever 
in the field and the secontl from plague 
in Mxymyo. 

Plnf~e-fabling.-This was carried o ~ ~ t  by the l)art,y in t,he Mansi Division i l l  tlie Upper 
C l ~ i n r l w i ~ ~  district of the Northern Borest Circle, and in the Bassein Division of the Delta 
Forest Circle, and by the Survey 'llraining School in t,lle n'Ieiht,ila and Sout1ie1.n S l ~ a n  States 
Forest Divisions in the Central Forest Circle. 'l'he area surveyetl in the AIansi Division 
cornl)lcted the RfodE reserve wl~ich consists of ~vell-wootletl hills whict~ are s(,cep a11t1 r ~ ~ g g e d  
011 their upper slolxs. 'lllle country ~\rorltetl over in the I3asseilr Divisio~l inclntles l)o~,tions of 
t l ~ e  eastern nntl \vestern slol~es of the Araltan Yon~n. 'l'l~ese are thiclil! clatl in tree growth . . 
\\it11 scrub jangle in ~)a~. t .s .  H e t ~ v e e ~ ~  the lotver slol)es and the N g a ~ v u n  or Ihsseln rlver, the 
(soontry Iiau a very dcnsc belt of bnn~boo callctl Eayr'lr, tcw in Burrnese. 1V1th its g ro~vth  of 
numerolls single reeds wit11 il~tervals of about one foot and \vl~icI~ rise to an :lveragtB I~eight  of 
:!O feet, i t  was n formidxl)le ol)stacle to progress, a.nd line clearing \vns :I teclior~s ant1 dis- 
I~carteni~lg I:tho~lr. One of t>lle small reserve.q snrvryctl in Bassein lies i l l  s\vamp!- gro1111c1 on the 
IrFt I)n.t~k of the Hassei~~ river. 'l'he coul~try s~~rve!.etl in klcikt.ila consists of lo~v,  well-wooded 
I ~ i l l e .  I n  the So~~Lllcrn S11:ln St:ttcs the Kal:~\\.  rcwrve nntl the to\\.n of Iialx\\. \vllicl~ is an 
c~sclr~sio~l in thv c8cntrc of tllc rcJsclrvc, \\7e~.e surrc!.etl. TiaI:~\v, \\-llicI~ is t,lle Ileatl-q~tarters 
O F  a ~111,-division is H;tt for t,l~c n~oat, l n r t  ant1 is e~~rrountletl I,!- n ~ ~ t l r ~ l n t i n ~  l~ine-cla(l tlills, 
011 tllc lo\ver slopes of \vl~icl~ Illimerous resitlentisl Ilonses exist. Tllo rerervecl area lies all 
1vr1nd the to\vn, ant1 is I~illy cvcry\vl~ere, t l ~ e  l~ills in thc s o ~ ~ t l l  r i s i y  to 5,000 feclt. 

,\[I.. G l ~ r ~ l a n ~  Hasall snrveyctl 3 . 6 5  square miles O I I  the four-incl~ scale in t,hc Rlod6 
I,c.sprvr falling in 83 1'19 and movecl into the 13assein area in RIarcll 1922, \\.hen I I ~  started 
I)lane-tabling on the t,\vo-incl~ scale, wit.11 olle pupil under instructiolr. 

i\To. 1 Gtnt,,.--Mr. Norman, in ellarge, \\.it11 four pupils co~npletetl by the ~n idd le  
of  l'ebruary 1!)22, 9 . 2 6  sclnare ~niles on the two-inch scale i n  tho Sl l \vcmyindi~~ reserve 
I'allinq in 85 L / I ~ .  

,To. 2 (:ro~t/t.-Ca.ptain VVainright, in ellarge, \\,it11 ten srlrvcyors antl two pupils, 
rrinrorccd in Febrnttrx by four ~)ril~ils from No. 1 Camp, completed 111.1 l square miles on 
t l ~ c  two-incll scale in t l ~ c  Potlaw, Iiycintali and Sit,sayan reserves falling in 85 12, 15, 16, 
'l'l~is area includes 17.74 sclllare miles of nnclassetl forcst. He made over c l ~ n r ~ e  of this 
c,:lml> to  Mr. (+hrllam TIasan in the first. meek of Rlay leaving in the cam11 r i g l ~ t  srlrveyors 
ant1 two 1)upils ant1 took wit'h him to fiiaymyo r n h c ~ ~  Ile arrived aborlt the ~tlitlclle of &fay, 
2 s~trveyors and 4% pul~ils to form an advance dra.wing sectiotl. 

Mr. (+l~ulam Hasan with eight snrveyors ant1 thrce pupils co~~lpletctl  bctn,een tile first 
wecli ol' >lay ant1 the close of tile field seaqon, 26.50 sqr1;lre miles on the t\\ro-incl~ scale in  
1)ortion of t,he ( :ha~~ngthn reservo falling in 85 I J / ~  

Captain Sexton with rightcell pupils, nrorliing ~n pairs from tlie Survey '!raining 
Sehool aud one trainetl sllrveyor from the party surveyetl 2 5 . 3 9  square miles on the two-inch 
srelc in the Kubyin rcscrvr falling in 93 D/5, and 16 .21  square miles on thc four-inell scale 
111 the Kalaw reserve falling in 93 D / i o .  Of' the latter area, the trained surveyor col i t r ib~~ted 
2.00 square miles in 26 working clays. Maung Pe, A.T.M., from No. 10 Party ant1 paid f o r  
hy that  party, assisted Captain Sexton in the sr~pervlsion and instl-uction of pupils. 



38 ltlSCOR1)S OF T H E  S U K Y E Y  01; I N D I A ,  1921-22 [Vol. XVIII .  

The cost-rates, calculated on the areas done by the party only, are :-two-inch,' 
Rs. 338.1 per square mile ; four-inch, Rs. 1 ,0599 per square mile. 

..I 11igI1 tlegree of accuracy in the work mas sought and obtained a t  some sacrifice 
in exlwnditi~re and out-turn, but the resulting maps should be found to be thoroughly 
reliable for any purpose. The precision, with which the survey was done, is more tllall 
is necessary for t,he requirements of t.he Forest Department ancl if minuteness was dolle 
away with, out-t,r~rns could be considerably improved without, in any way, lessening the utility 
of the maps. 

'l'he a l n o ~ ~ n t  debitable to instruction in all classes of work dnring the year is Rs.13,51.4. 
n . i n r ~ ~ ~ t l n f i o ~ ~ . - T l ~ i s  was carried out by Mr.  Critchell over 100 square miles i n  

65 L/R. Io . I~  on the Araknn Yoma already clescribecl. It mas his first experience and lie 
ellcountered difficnl~irs in dealing with the technicalities of the work. The cost-rate works 
O I I ~  to Hs. SO.? per square mile. 

I l in~ t t . s i t~~ . -This  was carried out in portions of 85 L/~ .~ .~ .R.s . Io . I I  and 94- C l l r ,  G/4,s, 
H/l,t .6  in the B a s s e i ~ ~  ant1 Thaton Forest Divisions respectively. The country traversed i n  
Hassein lies in t ' l~e  Arakan Yoma whicl~ has been described under the heat1 Plane-tabling. 
I n  the Basseiu Division the  follo\ving reserves mere t,raversed :-Chaungtha, Mgzali, Thitpbk, 

the greater portion of Afyittaya ancl Sinma. I n  the That011 Division the following 
reserves were traversed :-Wetwunclaung, Bilin, Panbein, Kybnsein, Dann, Kalamahung  
and AIartahnn. Wi th  the exception of Kyansein all these reserves consist of low well-\voocled 
hills. The in the Kyansein reserve is generally flat;  ancl so far  as informat,ion is 
available, fairly densely clad in tree ancl scrub jungle. About 200 exclasions, many being 
yery small fruit  garclens, lie scattered over the Thaton reserves ancl arrangements are being 
complet,ed wit11 the Forest Department to survey them on a scale larger-depending on their 
size-than 2 inches to one mile. I n  any case the scale of survey will not. be larger than n 
inches to one mile. The Conservator, Working Plans Circle desires that they should be 
sllolvn ns insets in the hlanli portions of t,he published sheets. 

I,ieot. Fitz-Gibbon was in charge of the traverse work throughout the year, the worli 
in  t,he field being divided as follonrs :- 

5,. I Srct iot~,  wit11 head-quarters a t  Kanni, a village in the Bassein district, was 
supervisetl by Lient. Fitz-Gibbon with two computers and cight traversers. 

N O .  2 Section mas supervised by Surveyor Lalit Mohan Gangnly with three traversers 
he himself doing 103  linear miles of traversing, a very crec1it.able performance. 

590 linear miles consisting of 577 linear miles of boundary traversing and 1 3  linear 
of simple traversing and covering an area of 520 square miles were traversed for mo1.k 

on the t,lro-incI~ scale and the cost-rate including the cost of comp~itations in recess, works 
o,lt to Hs. 104.1 per linear mile. 

Heress D16ties.-((I). There mas one section employed on fair-drawing. This was 
l,ntler Captain Wainright aaeistetl by Mr.  Critchell and seven drafthmen. 

The following reserves were fair-drawn :-Podaw, Kyeintali ant1 Sitsayan and adjoining 
u n c l a s e r c \  forest, covering a total area of 11 1.1 1 square m ~ l e s  in one sheet on the two-inch 
scale, incl\ltling portions of 85 K / I  l.l~.li,.l6; Shwemyindin 9.26 square miles on the two-inch 
sr,,le i n  ~5 of Char~ngt,hn 26.50 square miles on the two-inch scale in 85 Ll9;  
~ l l ~ , ~ - i n  5 . : r 9  square miles on the two-inch scale in DY D/ 5 ;  Kalaw including Kalaw Town, 
w l l , c - ~ l  is an excInsion in the reserve, 16.21 square miles on the four-inch scale in 93 Dllo. 
Tile eatilnated out-turns of fair-tlraming for which c r e d ~ t  has been taken are 44.4 square 

a t la  169.6 square miles on the four-inch ancl two-inch scales respectively. The cost- 
rater ar,, :-four-inch, Ra. 140.6 per scjuare mile; two-inch Rs. 47.1 per square mile. 

:lrrears of Pair-tlrawing show 5.0 square miles in the sheet containing the Podan,, 
KycintPli ant1 Sit.ia,van reserve*. This is ( l ~ c  to its name trace completed and s~~bmi t te t l  

swoll,l time in dr11.v I922 to the Divisional Forest Officer concerned, having been destroyrd 
by the c a l ~ i z i  g t,f a boat which a subordinate, who was deputed to verify the names w:is 

' r h ~  information reachetl the 11arty in S e ~ ~ t e m b e r  and early action to get tlie 
nanlcs veritietl has heen taken. 

41, Licltlare m i l ~ s  remain to be snrveyetl in the Chaungtha reserve during 1922-23 ancl 
thin will be fair-drawn in 1923 and added to 28.50 square miles alreatlv drawn to be publishetl 
in one sheet. 
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(6). Other recess duties inclrdetl the fair-drawing by the Snrvey Training Scllool on 
the four-inch scale, from four-inch surveys done by the Forest Department, of 2'8.7 scluare 
miles, coverin: !3locks X I 1  ant1 XI11 of the K~iladan reserve in 84 C/1; in Akyab, and 7.00 
square miles, being portion of Block XIV of the same reserve in 84 H/I  in the hill district 
of Arakan. 

The traverse computnt,ions during recess were under Lieut. Vitz-Gibbon asaistecl by 
11 comp~~ters ,  of ~vhom 49 were pul>ils whose help became necessary. The were quick 

to pick up the use of the traverse tables and have expedited the work wllich includes the 
final calculation of the co-ordinatss of over 13,OOC stations. 

Pour-inch boundat.!. plots have been prepared for all reserves surveyed on the two-inch 
scale, and t.he cost of these is mergctl in that of tlie Pair-rlmwinp on the same scale. 

Towards the entl of Angust 1922, the work was taken in !!and of projecting -I.() plane- 
tables for orig-inal forest surveys on t,lle two-inch scale, and for the addition of boundaries of 
old t\vo-incl~ surveys of certttin reserves of the South Pegn and Inseiu Forest 1)ivisions during 
field season 1922-23. The plott,ing of some 1:3,600 traverse points for field work and tlie 
du1)lication where necessary of notificatiol~s and maps of reserves llns also been taken in 
hand. These d~~pl ica tes  are issued to cam]) officers ancl they help in the adjustment of 
boundaries in the field. Copies of values of traverse points are also in Ilancl for distribution 
to camp officers. 

Miscrlln~rcolts.-A great difiiculty in Hasseiu is the rationing of men with suitable 
transport. 1l:lel~llants are the best means of dealing with this question. T l ~ e  Forest Depart- 
ment will not be able to suppl!. t,he party wit11 the full number of animals reclnired for use 
during felcl season 1923-23, and 1)orterage by I laz~~ribt igh men has been arranged to the 
extent required. The Depnty Commissioner, Basseiu has also been recl~iestecl to arrange for 
a first month's snpply of rice a t  camp head-quarters to be talren over by camp officers as  

soon as they arrive in their ground. Subsequent requiremeuts will be arranged for by them. 
Inslwclione.-The Snrve!-or Genera! inspected the party in recess. The Superintend- 

ent, Eastern Circle inspected the party in the field alld recess. 
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TABLE I. 

OUT-TURNS OF PLANE-TABLING 1921-22. 

hie. 

. - 

+-inch 

:-inch 

1 i 1 c 1  

Chas of -reg. 

- . -. - 

Originnl 
Y 111.vey 

Supplenr.ntav 
S ~ ~ r v e p  

0ri:innl 
Y urvcy 

Circle. 

R' 

S 

S 

S 

Pnrtj. 

Kn. 2 

No. 5  

No. 6 

No. 6 

So. 10 

Locnlitg. 

Central India 

C'entml India 

Gwalior 

H y d e r i b d  (Deccan) 

Upper Burma 

i 

1 . 5  

6 .0  

8.1) 
9 .2  

8 . 5  

I 

I-inch 

I -inch 

87.7 

22.9  

29 .9  
15 .1  

20 .8  

I 
I 

i 
I 

( b )  

Survey 

0 . 3  

1'0 

1 . 6  
8 '8  

4 '9  

(Deernn) 

l te-e~~rvey 

I~cvision 
YIII-vey 

1,919 

199 

1,844 
1,423 

278 

Oot-turn, ~ q e n r e  

N [ P o .  4 

S N O  6 
I 

S I No 5 

J I .  7 
1 

S Ko. 7 

S / No. 8 

miles. 

~ ~ t ~ , l ,  

283 { 209 

1,526 

120 

6,270 

3.168 

889 

365 

2 9  

652 

1.474 

3,668 

111 a i i a  (by 
resection). 

6 . 4  
5.6 

6 . 1  

6 - 7  

0 . 3  

Nepal 

Central 111dia 

Centrnl Provi~~ces 

Alrd~ns 

H!-cle15kd (Deccnn) 

Medr~~m 

Average 
per Inan 

Per month 
of ZJ 

working 
days. 

4 9 6 ( a )  
5 6 . 4 0 )  

I 42 .9  

62.8 

68.4 

35.5 

... 

40 '5  

1 2 0 . 7  

A~,"i~~P~:~D'r~f 
mile. 

Pbne-hble 
trnverae. 

0 . 1  
0 . 1  

0'7 

0 ' 1  

3 . 2  

0 . 9  

9 .0  

5 - 3  

7 0 

7.3 

5 .4  
12.2 

1.1 

2 - 8  

13 '9  

9 ' 9  

. . . 

6 . 3  

4 . 4  

0 . 1  

0.3 

19.5 
18.8 

4 . 1  

16.5 

5 ' 1  

1 4 . 8  

9 ' 0  
7 . 9  

( i . 5  

6 . 9  

1 .5  

20.8 (L) 

3 4 ' 0  ( a )  
2 6 . 1  (1) 

3: .8  

28.6 

-12.7 

( 
( ( b )  

7 ' 9  

6 ' 2  
5.8 

5 ' 3  

0 ' 4  

2.8 

40.5 

s 1 K O  2 
I 

N 

1-42 

970 

401 
61  

1,990 

1,182 

604 ~ ' t ' r ~ t t . : ~ ~  111tli;1, 
I{i jpl l t i~~n n ~ ~ t l  

615 

No. 2 

1?11ited P1.11vinces 

C e ~ ~ t m l  India n r ~ t l  
i t  r i ~ ~  

U ~ ~ i t c ( l  I'rovi~~ces & 
Bihir 1111t-l O r i ~ ~ n  

Bo~nb:~y 

25.8 

18.8 
10.4 

83 .4  

15.0 

26'2 ( 0 )  

1,821 

1,.523 { 1.171 

3.691 

3,886 

N 1 No. 1 

S KO. 8 
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TABLE I.-Concluded. 

OUT-TURNS OF PLANE-TABLING 1921-22.-C01rcltlded. 

1 : I .  ( I )  1:). I I I I J I ~ ~ Y .  (r) U y  SIIWCJ ' ln l i t~ i l l~  SCLIYYI. ( ( 1 )  UVI1e ~ ~ ~ ~ t l ~  
11)- h11vvey ' I ' ~ ; I ~ I I ~ I I K  SVIIOIDI. 
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PART 11.-GEODETIC AND SCIENTIFIC 
0 PERATIONS. 

TRIGONOMETRICAL SURVEY. 

A S T R O N O M I C A L  L A T I T U I I E S .  

During t!le year advantage mas taken of the  f ac t  of Bt . -Major  K. Mason, M.C. ,  11.E., 
being in Kashmir ,  on other  s ~ l r v e y  work, t o  g e t  

I 'EI tSORNRb O F  SO. 13 P A ~ T Y .  th is  officer t o  carry  out  Talcot t  observat~olrs fo r  
Class I Oflrer.  l a t~ tu t l e  a t  four  stations of t h e  Kasl lmir  t r i a t ~ g o -  

Cnptnln H.E. Iloome. hf .  C., ll.E., i n  charge. lation, namely :-Gogipatri, Poshkar,  Zebxnwan 
Lower Sulordtnnle Serv~ce .  and  Reban. T h e  observations a t  t he  t w o  former  

I Clerk. 
1 Computer. were of the  nature  of revision, t he  earlier observ- 

ations a t  those two  stations in 1860 having given 

indications of defects in t he  ins t rument  used, wi th  t h e  result  t h a t  t h c  values of latitude then  
obtained have a1n .a .~~  been looked upon wit11 some suspicion. T h e  computation of t h ~ s  work 

is in hand bu t  t he  results are  not  ye t  available. 
The  personnel of t he  par ty  were employetl a t  tlrc Head-quarter offices of t h e  l'rigono- 

metrical S w  vey. 

hTo. I9 PARTY-BASE L I N E  O P E R i \ l ' I O N S .  

N o  field operations were carrietl ou t  by  t,Irese three parties, t he  personnel being employed 
at the Head-quartcr offices of t h e  Trigonometrical Sovvey. 

T I D A L  O P E R A T I O N S .  

During the  gear under report t he  registrations of tllc t idal curves b y  means of 
automat ic  title-gauges were continued a t  t h e  

I ' ss f lor~~ir .  O F  NO. 16 I 'ARlT.  follo\\ , i~rg ports :- 
~ l a w  I Ogircrs. i \ t lrn, Ka~RcIri, Bombay (Apollo 13andxr), 

M,,jor  c, nr, Illol,,pson, I, ,,, i n  rl,nrpc fl.oll, nollltlay (Pl,inre's l )ock) ,  AIadrxs, Kiiltlerpore, 
19th Jnw,c 1n2z. Ratigoon, R l o ~ ~ l ~ n e i n  ant1 P o r t  Bl:rir. 

Cnptnin I(. A. ( ~ I C ~ I I I C ,  D. s 0.. I:. K.. i a  chnrgc r )  I1ic.s~ operations \\ere condurtetl iindcr t h e  
from 10111 hlng ! I ,  18th  J I I I I C  1922. direction of this drpar t rne~r t ,  t h e  inrnietlixte con- 

P/,,,T.v 11 o f l w ~ ~ . ~ .  trol of all tlrc obsc.r\~atorics b e i n s  ent1.11stet1 t o  
. , , s , ,  , i U  I , . ~  I 9 ,  tile loral officers of 11orts concerlled. 

B l n v  1!122. 111 atltlition to  t he  xl~o\-e  work, t l ~ r  predic- .. 11. 11. 1.nxn. t ions of t he  Ilei=hls rind t imes of lligll xntl low- 
J,nner. I S , r l r o ~ ~ ~ l i , , n l ~  Ser ~ , i r r .  \\.atel. I'ol. t he  !-car 1!I:!1 a t  tllc f o l l o \ ~ i l l ~  ~ ~ o r l s  :- 

21  ('n~rll>~~trrn. r t o .  I ~ I ~ ~ I I I I ~ ~ X I . ,  C l ~ i l t a g o l ~ g  and  AliJab welt co~rrparcd 
agxinst t h e  ncttrnl obs~rvat io l rs  of t h e  lleiplrls a n d  

tilrirs of lliglr ant1 low-nntcr a s  snpplirtl by t,lir Port ofhrers of t he  nbo\.c ports.  'I'hese 
rc.nclings o n  ti(le-polcs wcro talicn d r ~ r i n a  dayliylrt  t h rong l~ou t  tllr year.  'I'lre object, of t h e  
a l~ovr  con~pnriso~ls  \vns to ser  \vlrrll~er t,Irc prcdictiolrs, \vlriclr werr  based on t idal  obscrvntions 
taken many !cars ngo, still ~ n a i ~ ~ l : l i ~ l e d  Llrc rccluircd tlegrcr oE acc1cr:Icy. 



llorlrly rcatli~lp?; t l l r o ~ r g l l o ~ ~ t  tlle d a y  atltl n igh t  of tlle Ilcigllt of t he  water agaillst 
ntl ortlitlary ~ v o t ~ t l ~ t i  till?-pole \vibrc c o ~ ~ t i ~ l l l c ~ l  a t  J3:israll. (:ol~icbs of tliese r c a d ~ n ~ s  were 
s r ~ ~ , ~ ~ l i c t l  t o  this dr l~:~rIrnr t i t  \vcelil! 111 IIle l)ircctor,  Illlantl I \ ' a ler  Trarlsl)ort, hlcsolloIamia. 
Tllc rc~:l,lings I'or tllc yc,nr C ~ I I I I ~ ~ * I I ~ ~ I I ~  1 s t  .In1111nry 1921,  \vcrct reduccd by tlic llletllotl of 

Ilarmntlic nnaiysis, ant1 tllc. ro l l s t :~~ l t s  1l111s tleduretl. \vet.r tiset1 ill (l ie roml~tr(:~tion of tlata 
for  t l lr  Ilnsrnll titlc-tal~lcx l'or 1!)23, \\.lrirll Ivrre ~ l r r ] ~ a r r d  \\.it11 tlie aid of llle titlc-l,rrdictillg 
ni:irllillr rc.cc~rtl!- c~r~,ctetl  i l l  tllc oflice ol' tlrc S~r l rcr i l l l rndr l~t  o l  lile Triyonomc~trical S ~ ~ r v c ~ ,  
1)rllra 1)il11. 

T11t. title-tnl~lcls for 13nel.nl1 f o r  1 !I23 wcrr p ~ ~ l l i s l ~ e t l  011 t lle I2111 Jrine 1922, and llavc 
been d e ~ ~ ~ n t r l l e t l  t o  t l ~ e  ollici:~ls ~ . r t ~ ~ ~ i r i r i ~  tlielll. 

L I S T  Olg 'I'IDAL STL~'L'IONS. 

Tllr rollo\ving is a coml)lelc list  of t i le ports at. \~llicIi  t,idal r e ~ i s t r a t i o n s  ]lave been 
carrietl 0111 l'roln the  c o m m e ~ ~ c r ~ n c n t  of t l ~ c  tidal ol~erat,iolls in 1874 rrp to t,lle present time. 
Tile stations a t  \vl~ieh a t~lonia t ic  title-gairges a r e  still \vorking a re  shown in italics: the  
otliers arc  Ininor stations \vllicll Irere closctl af ter  a f c ~ v  j ea r s  on llie completion of tlle 
recluisitc rcgis t rs t io~is .  



TIDAL OPERATIONS. 

L i d  of Tidal >taliotrs. 
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1Tnder the orders of the Superintendent of the Trigonometrical S ~ ~ r v e y ,  with a view to 
economy in travelling expenses, Dr. J. de Graaff Hunter, M.A., Sc. D., F. Illst. P., officer 
in charge of t , l~e Computing Office, inspected the tidal observatories a t  Madras and Aden ; and 
111.. E . C .  J. Bond, V. D., Officer in charge of the Magnetic Part.y, inspected the tidal 
obserrat,ories at. Uomba!- (Apollo Bandar), Bombay (Prince's Dock) and Karlchi. 

Mr .  D.H. Luxa, the tidal-assistant, inspected the  tidal observatories at  Kidderpore, 
Rangoon, 3lonlmein and Por t  Blair. The inspection of each observator!- was carefully 
carried out, sl)ecial attention being paid to  the follo\ving points :- 

I n )  Checking the morlciog zero of the tide-gauge and comparing the same nvith the 
true zero. 

( 6 )  Testing the  stability of the tide-gauge, by check-levelling between its bed plate and 
the bench-mark of reference. This mas done in every case except a t  Madras. 

( r ,  ' resting the zero of the graduated staff with reference to  the zero of thc tide-gauge. 
This was done in every case except a t  Madras. 

( I / )  'l'lle cleaning and orerharlling of all instr~lments  thoroughly and yett,inp them in 
perfect norking order. 

( c )  'rhe final adjustment of the tide-gauge and \\,orking zero, after c l e a t r i t ~ ~  the whole 
apparatus. 

(f) Examination end cleaning of the observatory well and the inlet I~ole, ant1 securing 
free comnlunication between the sea and the well. 

Ig: Geueral examination of the observatory cabin mith the object of gettin: ally repairs 
(lone, if necessary. 

.lrle~r.-This observatory mas inspected in March 1922, and appeared to I~ave worked 
\yell since the last inspection and to be in good condi t io~~ .  There were in all 6 breaks in the 
r ~ ~ i s t r a t i o ~ ~  of the tidal curves during the period under review. These stoppages occnrred 
:I> follo\v- :- 

OII t.l~e 7th A I I ~ I I ? ; ~  and 6th November 1921. These varied from 24 to 3 l~oura 
rt.rl)ectively and were clue to the choking of the inlet hole. To  guard against this in future, 
the observator!- clerk has been instructed to have the inlet hole exnminetl, and cleaned, iE 
necessary, every month. The other stoppages occurred on the 24th and 28th November and 
tilt. 2-lth December 1921, and were due to the driving clock having stoppetl. 'rhe remaining 
qtoppage on the 4th April 1921 nras tlue to the pencil not marlcing. 

K[1rii,4i.-The observatory mas inspected in March 1922. The tide-ga~rxe \\,as found 
I,, be \\-orking quite satisfactorily. There were two interroptions during the past year oming 
to the communication hole in the cylindcr being blocketl with mod. A diver mas employed 
OII the 14 th  January and again on the 15th and 16th March 1922, to remove the mud ~vllich 
l~atl acc~unnlated round the outside of the cylinder. 

Boj~~bny (Apollo Hro~/lar).-The inspection of this observatory n7as carried out d u r ~ n g  
I:r.hrnary 1922. The tide-gauge mas found to be working satisfaclorily and there were no 
Ilrcak?; in thc registration of the ticlal curves. 

Bo1116ny (Pri~rce's Dock).-This ohscrvatory was inspected in February 1922. The 
t i ~ l c - ~ a ~ ~ g e  rlocli was coniparcd and foond to be corrcct. The tide-gauge was clean and 
al)l,cared to  hc \\.orkin: well. There mere s is  interruptions in the registration oi' the tidal . . 
(-11rves rillre this observatory was last inspcctetl. These interrcptions n9ere due to the 1,encil 
\\.ire l)re:~king, and in each case a new mire was fixed and the pencil adjnsiecl. 

1)11ring the inspection i t  was noticetl that t , l~c holes in thc copper band a-ere far too 
I : ~ r ~ r  For t l ~ e  e t~ lds  OII  the ~v l~ec l ,  all11 this r e r~~l te t l  in the band slipping I).,- about 1/10tl1 of 
all i n r l ~  r i t l ~ r ~ .  in one dirrction or thc other, during both rising and falling tides, and that in 
c.t,llsequencr of this 1,lay. the pencil registrations on thc diagram are liablc to an error of 
:~t)orlt 0.02 of a foot wit11 rcfcrcnce to the zero of the gauge. 

,lf~~Irax.-This tidal observatory was inspected during January and I'ebrttary 1922. 
'I'he ticle-gar~ge has \vorlied. tl::ite satisfactorily since t,he last inspection in December I !)20, 
(a-icept for a brvak in the registration of thc tidal cllrves from the 9th to  the 11th July and 
a y i n  on the I-It11 J111y 1921, cansetl t11r011gl1 the t i d e - ~ a n g e  clock failing to drive the drllm. 
No spirit-levelling was carried out a t  t . l~is inspection. 

Kir1derporr.-This obser\-atory was inspected in November 19.21. The tide-gauge has 

tvorked ver! satisfactorily, not a ~ i n ~ l e  break in the tidal regifitration having occurred during 
the  paat year. The greatest error of the tide-gauge clock was fo~ lnd  to have been 1" 11' fast on 
the l o t h  November 1921, when compared against the t ime-bal lat  Port William, Calcutb. 
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'rhe bottom of the cylinder was examined and found to  contain a small quantit! of 
m ~ ~ d ,  \vhich was remover1 by a di\,er. T h e  mud tha t  Irad accumulated otr the  outside of the  
cylinder was removed t\vice dnring the year. 

Ilrregoo~,.-'rlris tidal observatory \\,as insllected in Decernter 101'1. T l ~ c  t i d c - g a n ~ e  

was found to be \vorlting well. 
1)uring t l ~ c  inslrpctiun a diver was ernl>lo~ekl i l l  removirlg the m11(1 tha t  I~ad  arculnrl- 

lated a t  tlre bottom of the cylinder, aud in cleaning out  the corn~nunicating hole between 
tllc c y l i ~ ~ d e r  and the river. 

since tlrc last inspection of this observatory t l ~ e r e  wcrc !) I~rcaliq in the registration of 
tllc titlal c~lrves varying from 1 to It;$ I~ours  i r ~  duration. 'l'lrcse wore all d ~ ~ e  to the stop- 

pazeof t l ~ c  driving clorli, excrljt in one case, \v11cn tllc interruptiolr was due to  the clraiu and  the 
ball(] becornin: entanqlctl in thc cylinder. A new tide-Ka~lgf* rlock n-as sent out from l ) c l ~ r a  
I)iln, and this was conl~ectcd \\,it11 the gauge 011 the 1st 11uq11st 1921. T l ~ e  nc\r clock fitolp- 

I>el\ 011 three occasions, trut tlre stoplmge in cach case was due to  the  bridge connecting the  
Obserratory \vitl~ tlre river bank being under repairs. 

d[o, t l~~~ei~~.-Tl~is  observatory was inspected in Novctnber 1921. Since the I;~st 
inspect,ion of tlre tide-Saoge, tlre following i n t e r r ~ ~ ~ t i o n s  in tlre registration of t l ~ e  titlal 
curves occurred :- 

1. From 6 p. m. I 1 tli F e b r ~ ~ a r y  to 7 a m.  I it11 February 1921, due to  the  l ) e ~ ~ c ~ l  
failitla to register, the pe~icll llaving becomr nTorn. 

?. 1"rom p .m.  30th hIay to  12 a . m .  3 l s t  Rfxy ID21, d ~ ~ e  to the screw and nn t  
of t l ~ e  Hoat I~aving become undone. This resultcd in t l ~ c  ],and slipl~in: off the stud-\vlrcel 
alld falling into the cylinder; the slroclc thus occasioned, s11al111cd the chain on tllc p e ~ ~ c i I  
trave1lt.r. 

:I. From 12 a .  rn. 5th June to 10,-L> a. In. 6th June 1!).'1, the band became kinlied 
alld e\rentually siialrped, f a l l ~ n g  on to  the Hoat ir~side tlre cylinder. 

-1. From 1 a. rn. till T a .m.  on the l5tlr September 1921 and from 11 p. In. ?tit11 
November to ?.-I5 a. ni. "it11 November 1921, t l ~ c  pencil failed to regstel.  t l ~ c  tidal curves 
o\villg to  its having bcconir worn. 

.?I. Except for the above intcrruptio:;~, the tide-gauge has worlied quite satisfactorily 
(luring the past !.ear. Tlrieves broke into the Observatory 'abin on the 11igl11 O E  ~ I I P  1 s t  
& I ; L ~  1'3.'1, and remove11 thc brass slides from thc sides and top of the tide-gauge clocl;, 
fo r lu~~a te ly ,  \vitl~ont cawing any bleak in the repistratio11 of tlre tidal-cnrve. 

/ ' r ) ~  1 Hlrn;~~.-'~lre it~sl~ection of this observatory xvas cnrric,d O I I  t ill Dcreni ber 1 !I.' I .  
' ~ I I P  c:~l)in was fot~ncl in a very clttan, neat and tidy con(lition. ' 1 '1~  t i r l c - ; ! a ~ ~ ~ c  ant1 111c 
:r~~sili:iry i n s t r ~ ~ m c n t s  ]lave all 11-orl;ctl n.rll a~rtl \ \ , ~ t l ~ o n t  :I sillF!(> i t ~ t c r ~ . ~ ~ ~ ~ t i ~ t l .  

C o ~ ~ ~ , r . , ~ . r ~ o s s  . \ su  Heur-c,.r~c~rs (11: Ousk:ltv.\.rross. 

Tile only c o m l ~ ~ ~ t a t i o n  undertalien : I ~ ~ r i t ~ a  t l ~ c  past yc*ar \ \ a s  in conl~ection wit11 t l ~ c  
p l l r t  of Uasra11, t l ~ c  I~ourly rcatlings of \vater level s~~l~r l l i e t l  11y the Directol., Inlantl I\-ater 
'rmllhport, i\Iesc)lrotn~nia, for the year l9:?I, being ~ c c l n c ~ t l  by thc nietllod of I ~ a r m o ~ i i c  
allalbsis. The titlnl c o ~ ~ s t a n t s  d c d ~ ~ c ~ c d  tl~erefro~rr are r;ho\vn in the attacl~etl table. T l ~ c s e  
rri\fe:tl~e a~nl~l i tndek ( H )  ;nntl t l ~ c  epoelrs (c )  a t  1jas1-al1. 'I'l~c valnes 01 ( H )  ant1 ( K )  are also 
i iveh,  and 4 1 1 c s ~  are ro~ltiectc~rl wit11 (111 ~ n d  ( 5 )  tllrougli the \~i,iorls a s t r o ~ ~ o n i i ~ a l  q l~a~r t i t i e s  
involved in'tlle posiliolls of tile FIIII  :lnd moon, i n  S I I C I I  a way, that  if the tidal observatiot~s 
\sq(~rc consislent. i'ron~ year to year, ( H )  ant1 ( K )  \vould resnlt i l l  Lcing t l ~ e  same for cac l~  year's 
rrllnctions. 

l ' l ~ r  Irar~nonir analysis of t l ~ r  tidal observations for t l ~ e  nine tvorking ports, viz., :idtan, 
Ka~,t i r l~i ,  11n11111:1y (A\l~ol lo I i i ~ ~ l ( l i ~ r i ~  130111l1ay (I 'rin(r 's l3oc!i), >l:~cl~~as. Kidtlerpore, I : : ~ n g o ~ ~ ,  
> l ~ r ~ ~ l ~ n e i n  illld 1'01.t Ijl:lir, \\-a8 tliscontioued this year, on tile advice of 111.. l)ootlaoll,  l).Sr., 
l ' i ~ l ; i l  Inslitutr,  li~~iversit!- of Livc,rl~ool, n.110 consideretl tlr:lt f ~ ~ r t l r e r  ro~ l t in~ la l lCe  of tile 
yrc,?;rnt rnc~ll~ocls of I~arnionir analjsis wonld not, in view of the long periotls dur ing  wtlicll 
tlrcy Ira(l alrc:~tly bccn npl)licd, give a conimrnsr~rate increase in tlrc precision of the derived 
ti(l:il constants. Alorcovcr l'rofcssor Harare Lamb, l".lt.S., XI:~ochcstrr I : ~ ~ i v e r ~ i t y ,  6ta(ed 
t l ~ a t  I I O  in~llortant gain \voultl result from tlre prolorlged applicatior~ of I ~ a r ~ ~ ~ ~ i ~  atlslysis to 

t l ~ c  rerortls of any poll,  \\.l~cn once a reasonable set of constallts had Leell s e c ~ ~ r e ~ l .  It \\.as 
tor this reason t11;1t the retluction of t l ~ e  tidal observations of yariolls prellcl, llad been 
discolrtinaetl. 

It  is lro~ictl tliat it nlay be possiblc t o  take up intensive tidal research a t  selected 
points, in the ncar future. 
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The following data were prepared during the year under report :- 

( a )  Values of the tidal consta~lts for l l ~ e  tide-tables for Basra11 for 1923 and 192-1,. 

( b )  Actual ]]eights and times of high and low-water daring 1920 end 1921 a t  12 
stations. These include 9 stations a t  which regular tidal observations by self1 
registering tide-gauges were carried out, and three stations a t  which the timeb 
and I~eight>s of high and low-water readings were taken during day-light only. 

(c)  Cornl)ariso~~s of actual mi t l~  pretlicted values for 1920 ant1 1921, the errors being 
tabulated in P I I C ~ I  a manner as to he of use in improving the fntnre predictions, 
if possible. 

(8 )  I n  addition to the above, tllc values of the tidal constants for the 40 Indian 
ports, for the tide-tables for 1934 and 1925, were prepared for use in the 
tide-predicting 1nac11i11e now a t  Delil:~ D I ~ I I .  

The predicted times aud j~eights  for 11igli and lo\\.-waters for the year 1981, as  give^^ 
in  the tide-tables, have been compared with the actual values obtained from tidal observations 
at the nine stations now working, and a t  the three other stations where tidal registrations by  
self-registering tide-gauges were stopped, but a t  which the times and heights of high and 
low-waters mere ooted by a \\.atcl~, and tide-pole readings during day;light. The errors of 
the predictions t1111s dcternlined, are t a b ~ ~ l a t e d  in the 6 tables herewith appended. 

No. 1. 

Percentages n~rd O ~ I L O I L I L ~ S  of the 1 ? 1 ~ 1 ~ 0 1 ~ ~  ~ I L  the predicted times of high-tuccter. 
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No. 2. 

Percentages aird amntrnts of the e.rlrors in the pvedicted times o f  low-zuoter 

at the v a v i o w  t idal  stations for the y e w  1921. 

No. 3 .  

Percentages and a ? ~ ~ o t c l ~ t s  of the ewers i l l  the pveclicted heights of high-?occtev 

rct the v(/viotis t i t l ( ~ l  s lot io~zs ,  for the year. 1921. 

Ermts over 
6 nlinntem 
nnd ltnder 
16 minlltes. 

P e r  cent. 

4 3 

39 

3 7  

46 

4 1 

 TATI ION^, 

Aden ... 
Karic l l i  ... 
B h s ~ ~ n a g a r  ... 

(Apollo Bnnclar) 
Bombay 

(Prince's 1)ock) 

A~~tomst lc  
or 

t i d e . ~ l e  
obasrmtion~. 

Aulo. 

,, 

1'. P. 

Aulo. 

,, 

Number or 
compori8ons 

actunl nud 
predickl  

sohes. 

E ; r z h o ~ r  Brrore aver 
blnrl under 12 incbcs. 
12 inebes. 

-p 

1 N t ~ ~ n l w r  01 I 
1 Aeloatntie enmpnnsous 

hl?.dl.n# . , . 

K ~ d d e r p o r u  ... 

Errors or 

I 

Enom over 
l l  mznutea 
and under 
U) minates. 

P e r  c e n t  

1 0  

I  I 

0 

I2 

I2 

S r r r ~ o s s .  

~ 
- - 

,. 

i Aden ... Anto .  

KnrBrhi ...) ., 

I:l~nnnnpnr 

E m m  over 
OO minutes 
nnd under 

90 minutes. 

P e r  ccnt  

8 

I 4  

0 

12  

I 5  

I P e r  ertlf. 

7 0 3  

i08i 1 0 3  
i 

C l ~ ~ l l a p o r ~ g  . . . 
A L j a h  ... 
R n t ~ p o o l ~  ... 
M o ~ t l ~ n e i n  ... 
P o ~ t  Ulnir ... 

1 2  

I 2  

Errom over 
SO rnlnuhs. 

Per  ccnt 

5 

6 

0 

4 

r) 

365 

i 0 4  

41 - 

- -- - - 

i u 0  

7n:, 

36: 

2 l 

12 

1 4  

G3 

YG 

i"Jcct. mldaniler. 
o I 

Bnarnh ... 

1 9  

10 

705 2: 

T. 1'. 

., 

Auto. 

, ,  

ol~rr rn~t ions .  
mlurs. 
-- 

1 P C ~  c e n t  / p e r  c c n t  

6 . i  !I6 .I 

3-1 

(Al'ollo Bandnr)l  A a t n ,  70: 

Jfndrcns ... 

Ki<l<lerpnr~ ,  ..' I " 

I in:, 

C b i t t n g o ~ ~ r  

A k r ~ t l b  ... ! ,, I 3,J 

1 3 

4 

2 0  

0 

I :I 

1 8  

3 

l~rediete~l I 8 inellcs. 

I - - - -- - -. -- 

P C ~  c e n t  I pe l .  cent 

0 0 

.; , n 

3 2  

1 3 . 9  i l  24 

I : !  i 4R 2 i  
I 

3.5 84 l i, 
I 

I l  ,'i I 49 ' 23 

l 3 . R  1 10 24 

8 3  j f i i  3 0  

1 0 -  I GO 
I 

Rnneoon ...I Allto. 

hlonlnlein ...I ., 
I 

P o r t  Hlair ... ,. 

Barrob ...I T . P .  
i 

L) 

0 

I 

1 8  

I 

3 6  1 14 

3 2 

10 . 9 

1 , 0 

1 0  18 

I!) . I 7  

3 j 0 

n I :I  7110 

fill8 

iOF 

705 

T . P .  

3 li 

12.;  3 s  27 

6 6  1 91 
i !I 

5 . 2  , 39 1 8  14  
I 

12 705 I 0 I 4  

368 7 9  1 9  

16 

20 SO 

1 0 6  , 

59 
I - 
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No. 5 .  
Table of average errors in  tlre pvcclicted ti~lzes nrzd I~e ig l~ l s  ?f 11 i g l ~  and 

lozo-watev a t  the s e e e ~ a l  lirlcil slc~tions f o r  the ~ P C I V  1921, 
Arel-ngo Errors 

S r ~ r r o w s .  obscrrations. of. tittle of lbri~ht 
in ~uinates. i l l  tcrnns of of lleipltt 

in iuehes. 

- 
Open Coost. 

6 . 7  . d e . . . . . . . . . . . . . . .  10 11 0.026 0.025 2 2 

I................ 9 . 3  10 12 0.036 0 .02 i  4 3 

. . . . . n a g . . . . . . . . . . . . .  31.4 5 0 ,013  0.013 5 o 

(Apollo Randnr) Aoto. 13.9 1 1  j l a  0 .018 3 3 
I 

(Prince's Dock) 13.9 I 0  1 1 3  5 

. I n . I r a s . . . . . . . . .  3 . 5  15 IG 0.Oil  1 0.0-kS 3 2 

A k . n b . . . . . . . . . T . I ' .  8 . 3  G 6 0 0 3 O I  0.030 3 3 

l ' o r . I I I . i r . . . . . . . . t o .  6 .6  8 8 0 .0251  0 .025  2 
---- --- 

CIcricrnl nlcnn ... ... 9 10 0.032 : 0 .02 i  .& 3 -- ----- 
Ritvmin.  

. i . I . 1 e r p o r e . . . . . . A n t o .  11.7 11 11 0.060 0.043 7 6 

C . . i t t n . n n g . . . . . . T . P .  1 3 . 3  1 k 17 0.04.1 0.0;; 7 12 

l . n ~ . . o o n . . . . . . . . . A u t o .  1G.4 10 11 0.020 0.030 4 G 

. . o n l r n c i ~ ~ . . . . . .  12.7 12 18 0.046 0.046 7 5 
nnsrnil . . . . . . . . . .  6 . 2  40 44 

I 
0.112 1 0.160 7 1 0  

Gcnernl blcn11 ... 20 0.054 I- - - 
8 
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No. 6. 

Wcmnznry for 1921. 

PEnzsarra~ OF Pn~olcr loss ,  AT 1 1 8 1  AND LOIY.WITER W ~ T B I N  

Nnmben or stations, Pmdiclious tcsled 

2 ' ,, Tide-pole 

3 lli~.crnin S.11, Tide-gn~ige 74 G6 75 9 4. 

3 ,, Tide-pule .! 3 36 B f i  42 159 

011 cornparlng the tidal predictions a t  the nine working stations for the year 1921 
against those for the J ear 1920, ~t was seen tha t  the predrctions of times for 1921 had improv- 
ed a t  Aden sod sliglttly a t  Rangoon, and Itad deteriorated a t  Bombay (Apollo Bandar), 
Madras and s l igl~t ly a t  ?IIoulmein. The predictions of Ileights I ~ a d  improved a t  Kariclri and 
a t  Kidderpole, and s l igl~t ly a t  Kangoon, and had deteriorated slightly a t  Chittagong. The 
predictions of tinies and Ireigbts a t  all tlre other stations mere practically of the same 
standard of accnracy as in 1930. 

The greatest differences between tlre actual and predicted heights of low-water for 
1921 a t  the riverain ports were as  follows :- 

Kidderl~ore . . . 2 feet. G inches on 11 th  August 1921, actual being lower. 

Hangoon ... ? fect 3 inches on 8 t h  November 1021, actual being higlrer. 

&Ioulmcin . . . 2 fcet S inclles on YOtlr July 1921, acloal being lon,er. 

Tllc tille-tables for the Fear 192.' for Basrah and t l ~ c  Indian ports  \yere reccivctl fro111 
EnClalr<l V I I  tlrr .'l;tlt and 2'3th Srl~te~i tLer  and 22nt1 s o r c m l ~ c r  1!)21, and were in~nrcdinlcly 
clrsl~"tcl~ed to tl;c variot~s l'ort a~~tlror i t i rs  ant1 ot11r.r oflicials. 

'rile tide-tablcs Pew 1!W3 I'or l ies~alr  ant1 tire Indian ports \\.ere l)rcl?are(l and p ~ ~ b l i s l ~ e d  
])~.Illa I)icu, and tlwir tlesl:atcl~ n-11: be cornl~letctl by allout the end of Ortobcr I!l.'.'. 

Tllc n m o u ~ ~ t  rc:rlizetl Ly t l ~ e  sale of tide-tables t l u r i ~ ~ g  the j ca r  cnding 3Utl1 Sclrtent- 
her ]!I22 \ \ a s  l tr .  3,SFY/12/0. 

This ~ n n c l ~ i ~ ~ e  \\-as receivrll from the National Plrysical Laboratory, Teddinglon, 
1<nL.land, tonaitls the end of Pep te~ l~ber  1!)21, and n a s  crectrd a t  Drlrr:~ Dun, after necessary 
rcpair5 llntl I : C ~ I I  rnrlicrl ont. Tile prcdictio~ls for tllc 1'328 t ide - ta l~ lc~  \\-ere rulr oft' on t l ~ c  
n l n r l l i l l c a  anrl r o ~ t ~ l ~ l c t c d  I,!- t l ~ c  middle oE Alrjitrst 1922.). 
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I. Contpo.vilton of Par ty  dr.-The party was increased to 3 single and i double 
detachments. 

~ E ~ S O N N E L  01,. No. I7 PdnTY.  

class I 0g;cera. All but one doublc detachment took the field 

BL,-Unjor K, M ~ ~ ~ ~ ,  31, c,, n, n,, in  .hugs, up to in the winter of 1921-22; wllile N o  2, working 
27th Mnrch 1922, nod from IstSepte~nber 1 9 2 2  across the Pir  Panjdl range, did not commence 

l n i o r  F. J .  Y .  Utng, It. E., ~n charge from 28th work till ~ , ) ~ i l  193%. 
Mnrch to 19th Jnne 1922. 

Cnptnin E. A.  G l e n n ~ e ,  D. 5. O.,  R. E., in  charge Party llead-quarters closed a t  1\Iussoorie 011 

from 20th June to 31st August 1922. the 26th October 1921 wl~en  four of the detach- 
Class I1 Oficer8. 

Mr. G .  J. S. n n e  
nients took the field. The recess season opened 

,, 0. N. l'ushong. a t  Rfussoorie on 18th April 1922, the various 
.. R . B  hlalbor, D.A. detachmeuts, with the exception of No. 2, return- 
,, LC. S. Gopnlnchnri, B. A .  ing shortly afterwards. 
, N. N. Chuck'erbntty, L. C. E. 

Uppel. S~rbordiaate Servioe. 11. Field ~1rtaclments.-Tl~e field detach- 
Mr. E. K. Dnss, B. A .  merits mere orgauized as follows :- 
,- S. C. Mukerjee. 
,, P. 8. ~ l o y .  No. 1 A Delach~rtent. Mr.  N .  N. Chucker- 
,, A. A. S. Mntluh Ahmad. 
,, Abrlol Yajid. 

botty. 

Lower Subordinate r?ervice. No. 1 R Delaeh~nent. hIr. A. A. S .  RIatlub 
11 Co~ni>otere. Ahmad. 
2 Bcrorders. 
3 Clerks No.  1 L' Detach~uenl. 1\11. R.  B. Mathur. 

N o .  2 Uelach~rte~~t .  Mr .  0. N. Pushoug. 

Yd' lsllaL Khan ](2nd Levellers). 
Md.  Faizul Hasan 

I&. 3 Delaclrr~tnt. Rir. P. B. Roy. 
Bld. Jbrahim (2nd Leveller). 

No. 4 Detachment. Mr.  K .  S .  Gopalachari. 
RIr. Abdul 3fajid (2nd Leveller). 

Aro. 5 Detachment. Mr .  S .  C. Mukevjee. 
Babu H. K .  Kar (2nd Leveller). 

111. Programnte.-The three single detachments mere engaged on the Following 
lines for the new level net :- 

1 A Detachment.-Viramgim to Tatta-line 104. 
1 B Delnchne~~t.-JacobibLcI to KhLnpur-part of line 101. 

K h i n l ~ u r  to Jhang-line 105. 
Surat  to Dhtilia-line 113. 

1 C D e l n c l r t r r e n l . - K l ~ R ~ ~ ~ ~ t ~ r  t o  Mirn~t i r  PLli-line 102. 
Tllese lines are s l~own on the diagrams facing page 64 of Volume Xir, Records of 

the Survey of India. Their adjustment canuot be taken up until they have been levelled 
in the reverse direction. 

The line from Karichi to Kotri--part of line 101 -1lad to be omitted from the pro- 
gramme o\ving to urgent work required by local governments, and the line Viramgim to  
'I'nttn could not be coni1)leted. 

No. 1 C Det,achment also levelled t l ~ c  line from Rollri to  J i m  S l h i b  for t l ~ e  SukkIlr  
Inl,tage scheme, in order to relieve No. 5 double detacl~ment of some of its programme. 

iIToo. 2 Dotrblr Uctnchnre~il, working on t l ~ e  old simultaneous double levelling system, 
Icvrlled from Wazir ibid r i a  Sielkot to Jammu and thence by the R I ~ l ~ i r i j a ' ~  new ITIOtOr 
road over tile Pir  Panj i l  mnge by t l ~ e  Bnnil~i l  pass, connected with t l ~ e  line 56E a t  
Islimirhi~l in Kasl~mir ,  tllus closing an important mountain circuit. 

No. 3 1)oahle I)r!nchmeirt, oil t l ~ c  same system levelled for t,he Bengal Irrigation 
deyartnient and for the Nadih rivers scheme, besides closin,rr t l~ rec  circoits, "iz.- 

(1) Garhmuktesar to Aligarh. 
(2) Jl~icnfii to Saugor. 
(3) Jhiirsugri to Yurtilia. 
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N o .  4 Doru5le Delaclrmet~l worked in the Bombay Presidency. 
Two lines, namely, (I) Ni ra  Bridge to Bhitgar ,  and (2) Nira Bridge to Zalki were 

taken up for  the Irrigation authorities, while the two lines Nindgaon-Ahmadnap, and 
S l ~ o l ~ ~ u r - B i j A p u r  were undert,alien to close circuits or for revision purposes. 

The liue Gooty t o  Ongole had to be omitted from tlre programme owing to lark 
of time. 

No. :i Double BelacAnre?lt was entirely employed on work for the Sakkur barrage 
project, the  whole cost of the  detachment being borne by the Bombay government. 

117. Ot~t-ttc~.?~.-Tl~e total out-turn roughly consisted of- 

(", 1,452 miles of primary levelling in one direction for the uew net. 

( b )  812 miles of secondary levelling for closing and breaking circuits. 

(c) 315 miles of secondary levelling for the Bengal government. 

( d )  179 miles of secondary levelling for the Nira irrigation scheme, for t l ~ e  Uolllbay 
government. 

(e) 869 nliles of secondary levelliug for the Sukkur barrage scheme, for the Bombas 
government. 

111 all, the I~eights of 78 primary bench-marks and 2,805 secondary bench-marks ntpre 
determined. These include triangulation stations. 

The detail of this out-turn is shown in table I a t  the entl of this report. 
T W O  records were made cloring the season, Mr .  Iio\'s out-torn of 7.15 n111cs beillg 

illst beaten by AIr. AIukerji's of 749 miles. Mr. Roy's country was more difficult than 
>Ir .  fiInkerjiJs, but  the lsttcr completed the qrenter out-turn in the shorter time 

130th levellers are to  be congrntolated on their work. 

17. R~~~lclr-~tcu~ks.-lVith the exception of those in the Sukkrlr barrage area, be11cl1- 
nlarks \yere constructetl after the usual Survey of India types. Every etiort \\,as however 
made to use rock-cut bench-marks and this enabled a saving to  be made on tlre cost of torrs- 

trllction. I n  the Su1;kur area a type desiqned by the Bombay engineers was srtbmiited to 
and approved b!- the S~~per in tenden t  of the Trigonometrical Snrvey. This type, Iino\vtr as 
3lnsto's type, has been t,alien into nse by the Survey of India. 

VI.  Con(.-It is interesting to record the cost of tlre secondary work done for Ioval 
z:.a\.ernn~ents. The Bombay government [)aid for the levelling in the Sukkrrr barrage and 
Xi ra  canal areas. 'I'he total estinlate for the two lvorlis was Its. 22,000 and the total cost, 
Its. 22,21i0/4/2, atlditioonl \vorlr having been asked for in the Sukkur area, whicl~ was not 
estimat,ed for. This atlditional work cost Its. 1,767, so that. the worlc n~oolcl lravr been coln- 
I~leted \\-ithi11 the estimate. 

869 miles of levelling in the Sultkur area cost Rs. I(i,Gl!)/O/P; 179 miles in the Nira 
area  opt 11s. .?,ti-lLl/-1.10. The rate of the first n.;rs therefore Rs. 1'310 ;i mile, while that of the 
latter was R S  l~iglr as I{s. 30/0. r i  short programme, such as that  in the Nira area, cannot be 
t~conomical, \\-hen the coat of trausporting the detachment to the area for a short time bears a 
I~ igh  prol,ortion to the total cost. 

1711. Thn IV?,IU Ler,el f i l . - -The progralnrne laid down for the new level net, -rcde 
1,;lge 6.1, Vol. Xir:  Hecords of the Survey of Indin-could not. I)e strictly atlhered to. The 
line Kariclli to Kotri \\.as not t ~ k e n  up and the line from Viram@:n to ' h t t a  was not com- 
I~leterl. Thc progralnnlc laid down for thc net was l,24,8 mile3 in one direction ; nc t~~nl ly  1,452 . ~ 

miles \\-ere levelled. 'J'lre reasons of this apparent inconsistency are 

( N )  that branch lines were longer t,han had been anticipated ; 

( h )  the line Viramgtinl to Tal tn was nnclerestimated, and the country Inore diliicl~lt 

t11a11 hat1 been exl)ccteJ , 
(e) cros. lines were lake11 up lor sc~sn~ological purposes on this lattcr line. II \\,as no 

fault clE the d e t a c h n ~ c ~ ~ t  oHicer concerned t , l~at  his 11ne was not completed. 
111 the cornin: lield season almost the whole levelling for t l ~ e  new net, has had to give 

\vay to u r g e ~ ~ t  work required 11y local governments for irrigation l)lrrposes. The party llss 

been very largely incrCar;erl, but even so it has bcen found impossible to continue tlre net this 
year. It is to be I~opetl that  i l l  next season's work the net will have first consideration, for in 
many cases the tlestruction of bench-marks on old lines has reached a very high proportioll, 
and thc recon~trnction of a new net hay become a matter of extreme urgency. 

During the cold weather of 1921-22, a Committee, appointed a t  DehraDBn to consider 
the whole of l e ~ e l l i n g  io India, fully admitted t l r e u r g e ~ ~ t  nccessity of completing the 
llew net as early aa and approved the progranlme as laid down in Records Volome XI'. 
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~ 1 1 1 .  ~ ~ ~ ~ l l i ~ ~ , ~  prblientions.-The following levellin,o publicationlr have peed 
tllrou$-, the press during the year under report, :- 

1st  Edition of Levelling Pamphlet No. 62. 
2nd ]<(lition of Levelling k'amphlet NO. 63. 

AdClcntla slips to I,evelling Pamphlets, NOS. 34, 35, 39, 4.0, 45, 53, '54. 
Atldendn slips to Atltlendum l'am[)lllet, No. 72. 

I X .  Mircr//o~rroc~a.- 

("1 p,o/cc~;o,r nn,l iglni~r/e~~a~rre of IISia~rg~r/rr/;on S/n/ io~~s.-Tl~e section of the  
~~r ixo l lon le t r i c : ,~  0ficc dealing \vitIi t h e  protection of triangulation stations has been super- 
vised (lnrinx tile year I)! t11c Oficer in r l ~ a r g e  No. 17  P;~rt,y (Levelling). There is nothing 

of sl,ecial i ~ ~ t e r e s t  to  report. 

(6) 
f i ; n l ~ l l l ~ / ~ ~ / i o ~ r  Sr(./ior, Li~~,lp,,li~rg 0fic.r.-This s c c t i o ~ ~  lias been ondcr the control 

of tllc ORicer in c l~argc  No.  1 7  LJsrt>- t l u r i n ~  the ycar. Most oC the paml~lllets containing t h e  

primary tlata oE Ilurma havc bee11 publisllcrl durinz tlie year ant1 a number of Himslayan and  
tlaus-frolltier llampl~lets I~ave l~ecn revised. T l ~ e  wllole trianatllation of Sir  Aurel Stein's 

three Centl.al ;\sian j o ~ a r n e ~ s  \\.as esamincd Ly Major Rfason and a note prepared for his 
memoir. 

( c )  La/i/~trlr u6srrrrtlin11s.-Hefore tlie closc of the field season Major  Mason handed 

over cllarge to XIajor King and carried out  latitude observations a t  four hill stations in  
Kashmir. 

( 1 1 )  Trin~r!~al~z/io~r ill dknra Proclice C ~ I I I ~  nrea.-Earlv in September Major Mason 
out some minor triangulation for the military authorities in the Aliora ~ r a c t i c e  camp 

area. 
X. Hca1ll.-Iriliuenza affectetl No. 1 I1 Detacl~rnent i r ~  tlic field, one A.hn/trri dy ing  

of I>neumonia in Alultin I~os~>itnl. One il.hn/a.~i of No. 1 C 1)etacllment contracted illness, 
a ~ ~ d  mas sent to his home where IIC died. \\'it11 these exceptions the health of the  whole 
part,y was excellent. 

XI. S~,~~~~wrnrics.-Below are given detailed summaries of the work of the  various 
detacl~nients. A t  the end will be found tables as  follows :- 

'l'able I. 'L'abulal- o u t - t u n  of work. 
11. Cliecli levelling. 

111. llevision levelling. 
IV. List  of Great ll~.igono~netrical Survey stations connect- 

ed by spirit-levelling. 
XII. No. 1 A Delachnze~r/.-ilfr. N.N. Gh7rckerbr~/ly, L.C.E., in c h a r ~ e .  The  line 

Viramgim to  Ta t ta  (No. 101) is composed oE the followin,o old lines :- 

( o )  No. 4.9 ( V i r a n ~ g i m  to I l i jkot) .  
( b )  No. 4,8 (Rajkot  to Jorya) .  
( c )  No.  47 (Jorya to Sliik:irpur, Cutch). 
( r l )  No. 46 (Shiliirpur, Cutc l~  to  Navintir). 
( r )  No. 44 ( N a v i n i r  to S ~ l j i w a l l .  
( , f )  No. 4,s ( S ~ l j i w a l  to Tatta). 

Of the abovc, ( . f )  ant1 a portion of (e) nrcre not, levelled. 
Tlie total out-turn amounted to approximately 350 miles in t l ~ e  course of which 18 

primary and 071 secondary bench-marts \\,ere connected ; b r a ~ , ~ l l  lines nrcre rlln to (i primary 

and 4, secondary G.T. stations; an11 the I ~ e i g l ~ t s  of selcctetl bench-marks a t  B l ~ c j  20 miles 
both north and sout,l~ of tjhis place were determinetl. l'hesc latter have beell fixed for check- 
level \lrorli in the event of f ~ t u r c  eart,htl~lakes in this area, were selected in  agreement 
with the Geological S ~ ~ r v e y  of Intlia. 

Tllc levels were run along railway lines and cart tracks, the R,ann of Cutc-, being 
~rossed rorll?. Tile jireat,er 1)art of the country was gently lilldulating. zeiss level N ~ ,  
16298, staves Nos. 16 h and U ,  and standard steel tape No. 5 

T l l i ~  is the first time tile large Zeiss instrument has been used in tile Sllrvey of ~ ~ d i ~ ,  
and i t  has been found Iiighly satisfactory. 

XIII. No. 1 B DclacAme7rt.-Mr. A.A. S. Matlub A/rmad, in charge, 
(a) JacobibRd to Kl~inpur-Part of line 101. 
( b )  Khinpur to  Jhang-line 105. 
(c) Surat  to  DhBlia-line 113. 

The three lines were completed in the  forward direction during the 
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A small portion of ( a )  and ( I ) ,  from Kli.itipor to Bahimalpur was entirely new, tile 
remainder being mainly revision work over old lines, lnariy of t,he bench-marks on wllich llad 
been lost. F i re  principal stations of triangulation were co~~ncc ted .  

Tho country traversed \\.as ~nost ly flat and sandy, and no especial difficulties were 
encountered. Tlie Indus, Sutlej and l t lv i  and minor rivers were crossed by bridges, no ~ s \ l o t s ~  
exceeding 7 chains in lcngtlr. Binocolar level No. 2G98, staves No. 20 A and B, and 
standard steel tape No. 3 were used. 

X I / - .  'Vo. 1 C Det,~ehrnerit.--Mr. R . H .  ~ U a t h ~ r r ,  B.A., in charge. 

( a )  K l ~ i n p u r  to  ?r l i rwir  Pd- l ine  102. 
( b )  Itohri to J l ~ n  S i l ~ i b .  

Of the above (nj was levellecl in the fo~war t l  direction for the new net; ( I )  was 
levelletl for thc Sukliur barrage project. 

A portion of line ( r z ) ,  from LGni Junction to Marwir  P i l i  is a revision of the old !ine 
5 7  .i; some old bench-~narlis were fouud intact and were re-connected but  Illany had been lost 
or dcstroyerl. 'l'lie closing error on ~)~iblishecI values \\,as ap~~ros i tna te ly  one foot in 371 miles. 

l'rovisional values of the line Rohri to  J i m  Sfiliib have already been supplied to the 
Snkkur barrage engineers, but final values must await tile reverse levelling to Ilohri. 

T l ~ c  linc from l i l ~ i n p u r  to Alirwir  l'ili crosses the heart of the  R B j p l ~ t i ~ l a  desert and 
crosses tllr Uah iwal l~~i r ,  Jaisaliner, ant1 Jotl11l)ur States. Tlie country is a labyrinth of sand 
dunes ainl ridges for : ~ b o ~ i t  100 miles from lillin1111r. 'l 'l~e numerous dunes render levelling 
ol'erations laborious ant1 tlificult. Vegetation and water arc scarce and the whole tract is 
sparsely pol)~~latetl.  l"ro111 K l ~ i n p o r  the ground rises gently bu t  steadily to about 4,O miles 
beyond Jaisnl~ner, wlience it slopes downmards to  the Jodhpur-Bikancr railway. 

ltonntl Jaisalmer the ground is Iiarder and less sandy, outcrops of rock being met with. 
Z e ~ s s  level No. 16813, staves Nos. 1, 01, ant1 standard steel tape No. 7 mere used for 

the n-orli. 
After t l ~ c  coinpletion of the lines ( n )  and ( h )  whole of the staff wit11 tlie equipment 

wns transl'erred to No. '2 Detachment, 31.11.. Rlat l~ur  availing 11irnselE OF average pay leave. 
X V .  h'o. 2 Dt.lachwe~rl.-Mr. 0.N. Pu-vho~ig, in cllarge. 

\lraziribid to Isl.;lmBb%d, K:~slimir, via  Sii lkot  and Jarnmu. 
' l ' l l i ~  line of levels was taken up to close ilie Kas l~mir  circuit, tlie line from Rintalpindi 

z,ia tlie J l ~ e l r ~ m  valley having been levelled in tlie years 191 1 & 1913. The country from 
Wazi r ib id  to Jarnrnu mas fairly level but  thereafter following tlie MahAr5ja1s new motor road, 
tlie line crossed several ridges, including t,hc Pir  l'anjil range by the  Banihi1 pass, !),26R feet. 

311. 1'11sliong on Iiis own initiative snrveyed tliis road on the I-incl~ scale, as i t  had 
not bpen constructed during tlie reccnt niotlern 1-inch surveys. 

J I r .  I'ucliong took tlie o p p o r t r ~ ~ ~ i t y  of training bo t l~  his recortlcrs as secontl levellers, 
and the difierrnce between tlie 1st ant1 2ntl lev~ller  mas satisfactorily low tlirougbout,. l'lie 
closing error ir i  I ias l~mir  was only 3 inclies in l9:l n~i les .  

The probablc accidental error per inilc according to  tlie formula 

P, E. = U . B i l l  2/$ is + U ,0031 foot 

The new largc Zeiss levels, Nos. 16313 and 84S8, staves Nos. 1,01 ,  17 A and 17 B, and 
standard steel taper; Nos, 7 and 2 werc used t l i r o ~ i g l i o ~ ~ t  the work. The nvorli forms a clieck 
on the statement made on page GG of tlie Hecords Volume X V  t,liat the spirit-levelled Ileight 
of Nrban H. S. is 5 feet less than the triangulated I~eight .  

X Y I .  No. 3 Letlellilry Uefr1clrn~e~rt.-Mr. P. 11. Roy, in charge. 
(a) Garhrni~ktesar to Aligarh. 
( 6 )  Jh ins i  to Saugor. 
(c) J l i i r sugr i  to  I'nrilia. 
( d )  Calcutta to Choidinga.  
( e )  Jessore to BBrisat. 

( f? Three branch lines to BarharwB, Dhuliin and Jangipur. 
The  total out-turn of this detaclimcrit mas 743 miles, which mas very satisfac(ory, 

and wl~icli would have been a record for any detachment in any  season, I ~ a d  i t  not been beaten 
last year by No. 6 Detachment. 

Lines ( a ) ,  ( b ) ,  (c), were undertaken to close circuits; ( d )  and ( c )  for the Bengal Irri- 
gation department; and the three branch lines Cf), which had to be omitted from the 
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season's work, as the beneb-marks mere not then ready, mere undertaken for the 
Naditi rivers sclleme. 

The tield season was prolonged, and care had to be exercised to select suitable periode for  
le\,elling the ~ a r i o ~ l s  tracts. 

T l ~ e  cout~try \\.as generally flat t l l r o ~ ~ g l ~ o r ~ t ;  from Hnsainibid to Kllnlni  a very large 
number of rivers, k h i l . ~ ,  and n,atercourses 11ad to  be crossetl, and much of the couutry was 
liable to inundat,iot~. 

The Urtrori, a t  Jhamrghit .  \vss crossed b!. ~l i rect  levelling; it.; \vidth was 27 chains,  
and its bet1 mas stuclded ~vitll  rock islands. The i ~ ~ s t r n m e n t ,  was set n p  on selected islands ; 

no 's l lot '  csceetled 11 chaills in lengt l~ and the two levellers obtaiuerl identical results. 
I 1 h e  .1na1111j,  near I insainibid,  25.5 chains wide, was crossed by t l ~ e  target method. 

4.7 sets of observatiol~s wcrc taken, and the differet~ce of levels ~i obtained by first and  
second levellers was - 0 .  7'22 and - 0 . 7 0 9  Soot respectively. 

~ 1 , ~  ~ ~ / , ~ d ( ~ , + ,  a t  Barads], \\.as crossed by the target nictl~od. The  \\-idth here was 

14.30 ,,hains tile difference of levels b.v t l ~ e  two levellers \ \ 7 ~ s  2,376 and 2'367 feet 

respectively 
fie Sihali, a t  Garnikhili,  was also crossed by the same met,llod, rvllere its width was 

36.90 cllai~ls. T l ~ e  two resrllts witll 13 sets of ohscrvations were 1.610 and 1 .612  feet. 

Tl l roagl~o~lt  the work the differel~ces between the two levellers were sat,isfactory. 

The ~wobable errors of Mr. ltoy's work according to 111. fo rmt~ la  0.6745 1/g 
vary between 4 0 , 0 0 3 5  and 0 . 0 0 3 7  Foot for the  wl~ole. 

Zeiss level No. 384.2, binocular level No. 6 7 2 4 ,  staves Nos. D, Dl ,  22 A, 23  A, aud  

standard steel tape No. 4 were used by the detachment. 
XT'II. No. 4 L e c e l l i ~ t ~  D e t ~ t c h ~ ~ z e ~ r t . - M r .  K .  8. Gol,nlnc4nri, B.A. ,  in charge. 

M r .  Abd~rl  Mujid, 2nd leveller. 
( a )  N s n d g a o n - A h m a d n a p .  
(6) Nira  bridge-Bhitgar. 
( c )  Nira bridge-Zalki. 
((1) Sholipur- Hijnpru. 

The total oul-tnrn was 360 miles. 
As regards the line Nindgaon t o  Ahmadnagar. I t  mas origiually intended to  level 

from h4anmid to Allmadnagar, but o\\,ing to loss oE bench-marks a t  the former p!ace i t  n a s  
found impossible to cllcck-level to the cmbetlded mark here, and an cxtensiou llad to be mnde 
to Niodgaon. The n,orh- nras therefore delayed a t  the commencement, Almost all of the oltl 
bench-marks on this line were lost or destroyed. This line mas undertakel~ to  close a circuit 
with tho three lines ( 1 )  K a l y i n - N i n d ~ a o ~ ~ ,  ( 2 )  Kalyin-Kedgaon, and ( 3 )  Poona-Alimadnagar. 
The value of t ,l~e Allmaduagar Standard, now deriretl from N:iodgaon gives a discrepancy 
of 0 .8  foot compared ~ v i t h  its value deri\~rd from Poona. Check-lerelliog a t  both the Nand- 
Raon cmbedded B.M. and the Allmadnngar Standard was satisfi~ctory, bot  the  ernbedded 
B.M. a t  Allmadnagar sho\vs a siuliagc of 0.1 10 foot. 

I n  view of t l ~ e  discrepancy oE 0.8 foot a t  .illniadnagar it has been tlecided to postpone 
the p~~blication of the results of this line pending the levelling from Ahmadoagar to Dl~ond ,  
whicl~ will be taken up dltring tlte season 1922-23,  and \vliicl~ sl~ould disclose whetller tile 
error lies in t , l~ r  Ni t~dgaon  or Poona sect,ions of tlle circuit. 

Lines ( 6 )  ant1 (c), ondertakett for the Nira right Lank canal project, and the line from 
Sholipnl. to B i j ~ p u r  call for 110 special rcrnark. I n  both cases a very large proportion 
old bench-marks were not found and have accordingly been collsiderecl destroyed. 

Wit11 reference to the remark on page G 7  of Volume IX ,  Records of t l ~ e  Survey of 
India, 1914,-15, tallc revision of the lille S l ~ o l % p u r - B i j i ~ > ~ ~ r  colllirrns t l ~ e  old value of the 

bencl~-n>al.k as derivcd from Sl1015pur, thus t l ~ r o m i n ~  t l ~ e  crror + 0 . 4 , 7 2  foot on t h e  
Bijipur-Rigalltot, whicll ll~erefore sl~ould be revised a t  an early date. 

Tlrc probable errors accort l i~~g t,o the formrlla = 0 . 6 7 4 5  

( a )  observations held in abeyance. 
( b )  + 0 . 0 0 3 3  foot. 
( c )  + 0 . 0 0 4 6  ,, 
(dj + 0 , 0 0 3 7  ,, 
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Binooular levels Nos. 6727 and 6728, staves Nos. 19 A, 19 B, E l  and E, and standard 
.tee1 tape No. 6 were used. 

XVZII. AVO. 5 l ) ~ t n c A a e ~ r / . - M r .  S. C. J[~nX.r{jec, in charge. 
B,rhr~ H. K .  K n r ,  2nd leveller. 

This d e t a c l ~ m e ~ ~ t  tvorketl in the S11klc11r barrage arc% ~ ~ ~ P O I I J R ~ O I I ~  the lield seasoll, 
TI10 work consistetl of a network of lines of varying. lengtlls, on b o t l ~  sides of' the Indun  
From Sukkor so~~tlrwards.  The o ~ ~ t - t u r ~ l  of 749 miles constitr~tcs a recortl for any one detacll- 
nrent in any season's levellin?. 

The cou~rtry senerally \\,as llnt esccpt [or a re\\- low sxn(lhills, anti tl1ron~llo~1t tile 
\vork the d i f fe re~~ce  betwcun levellers mas satisfactorily lo\\'. 'i'lle mean probable error of 
t.he ml~olo work lay bet ,wee~~ the limits + 0.00.'6 and 0'00:j3 foot,, and is \\,ell below tile 
mean for the mhole of 111tlia. 

Tho work was expetlit,iol~sly ant1 eHicientl!- carried ollt by Mr.  Mukerjee, who was 
given every assistance by the engineer in charge of the Slrkkur barrage scheme. 
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TABLE 11.-CHECK-LEVELLING. 

Discrepnncieo between the old o t ~ d  new h e i g l ~ t a  of beach-marks. 

Bench.marka of the ariaiunl levelliug that were 
conneeterl lor cheok-leselliug. 

l i 

s j 
5 ro 

'1 
- 
Miles. 

Description. 3 
I 

(a) Line 104 ( V l r a l ) ~ g , i n ~  to Ttrtta). At Virnmg,i,,o. 

Ed 
kg 
6~ 

Dillercnee 
(Clleek- 

~ f ~ ~ ~ ~ ! ) ; .  
dcaoles 
thut tllc 

llcivl~t wms 
Brmtcr nnd 
tllc tiipu- 

I C S ~  111 

tlgzn 
o n ~ . i ~ ~ , , ] l ~  
lerrlletl. - 
I'rct. 

Obscrrcd h ~ i ~ h t  obore (+) or below (-) 
stnrtillg bench-mnrk oa dctcrmined by 

01igi-I levellin.  

Feet. \ Dnte. 

0.0  

4 .0  

1 . 9  

0.8 

1 . 0  

0 ' 5  

0 6 

2 .0  

0.7 

0 . 8  

1 

7 

4 

3 

2 

42 

41 

38 

37 

35 

0'000 

+43.279 

+ 2.600 

- 1 ' 6 4 6  

- 2.090 

0.466 

- 0.862 

- 7.424 

- 1.661 

- 4.0tiG 

Check-levclliw 
1921.22. 

Feet.  

1475-76 

,, 

,, 

,, 

,, 

,, 

,, 

., 

,, 

,, 

46 A 

,, 

,, 

,, 

,, 

41 M 

,, 

3 ,  

,, 

,, 

At 

Elnbedded B.M. nt Vit.nmgLm 

O nt Hisnlpur T.S. 

Upper flnugeof Ry. culvert No. 2 

3 

4 

,, No. 5 
8 ,  (oldP A )  

No' 
" (old 6 

No. 11 
, I  (old 10) 

No. 12 
,, 11, 

Embedded B.M. a t  Jhuud 11.Y. 

Rrijkot. 

75 

43 

74 

42 

7G 

77 

78 

0.000 

+.1,:-1.4.17 

+ .2.324 

- 1.398 

- 2.151 

- 0'166 

- 1.155 

- 7'460 

- 1'535 

- 4,054 

0 .0  

0 ' 0  

0 .4  

-- 

0.000 

+o.l(is 

-0.276 

+0.24,S 

-0.061 

t0 '300  

-0'293 

-0'036 

+0'126 

+0'012 

41 J 

,, 

,, 

,, 

,, 

,, 

Embedded B.M. nt Rijkot 

G. T. S. 
0 nt Cnrnegy fount nit^ 

B. M. 

,, at bridge over Aji river, 
Hijlrot 

0. T. S. 
BObl, at clock tower, llk,jltot 

G.  T. 8 .  
Standnrd Bench-mnrk n t  Hgjlrot 

1908 

T. 
G. A S. nt C. B. P. NO. 2 ,,;, 
B.11. near C. B. P. No. 9 

0 .  T. 9. 
0 at  Afupeurn nod Librnry 

1909-10 

,, nt Telegraph office 

+ 3.021 

+ 8.130 

0 ' 3  

11.2 1 + i .568  / ,, + 7580 t0 .012  

I 
40 ,, , 

,, 

41  i ,I 

.. nt Alfred high aellonl 

0 nt Mac Nagten Stntue 

O. T. 8. 
0 at Rijkurnir college 

-0,OOG 

-0.001 

-0.006 

0.000 

0 . 3  

0 . 3  

-0.015 

-0,007 

,, 

1R90-91 

I 
0 .1  - UOl l  jIS75-7G - 0009  +0'01)? 

I 

I 

I 

-17.556 1 
I 

-17'562 

- G.051 i ,, , 1 - 6.058 

+ 3.006 

+ 3'123 

1878.76 

0 . 1  1 - 1.076 1 1909.10 

+ 9.812 

- 1.076 
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TABLE II-CUECK-LEVELLINQ.-(CO~~~~~~~~~). 

Discrcpnncies het7ueen the old nud mtetu heights of bench-mnurka. 

1,IlTerenee 
ICheek- 

${iyAk 
donotes 
t h t  the  

height was 
# r a t e r  R U ~  
the a im-  

lems in 

ori@nsllr 
lerelle,l. 

Fect. 

~ ~ ~ ~ h . ~ ~ r k e  of the oripinnl lorelling tbn t  were 
eonoeeted far check.lerellinx. 

23 89 D 

I 

& 
2 d 
0 :: 
22 

i 0 

a 

At Jorp . 

24 

21 

22 

19 

18 

20 

Oh~emed height s h v c  (+)or helow (-1 
stnrtioq bcnch.rnork ns determllled by 

-- 

- 1  2s L D w  I)escTiptho~l. 

6;  I 
I 
I 

* Geod. No. 2 o t  Line 47 A .  

G T.R. 
S t n u d a r d  Benc11-marl< 

1908 

Irou plug Ex. En. office 

G.T.Y. 
P,.oJ~. a t  Clocl i  t o w e r  

O.T.8. 
0 a t  M u u i c i p n l  office 

U.31. 

G.T.S. 
a t  P1.ztfor1n of It. S .  

O.T.S. 
a t  Railnuy Station 

Q.T.S. 

,, 

9 ,  

9 ,  

- 9  

,, 

9 ,  

12 

13 

11 

+ 

I I 

0.00 

0'03 

0.56 

0'97 

1.51 

1.56 

0,000 

- 1.420 

+ 4.160 

- 3,478 

+2.847 

-8.135 

.? 1 
a e 

Oriuitml l c r c l l ~ u ~ .  

- P- 

Miles. I i Pent. I Dntr. 

0'000 

+1.5.016 

- 4.872 

+ 2.848 

:at Lans  S l t d l ' s  Tillria 

Clteck.lerelli~~g 1921.22. 

Feet. 

A t  Nnkhtarc?rio. 

1909-10 

,, 

,, 

,, 

,, 

,, 

0.0 

1.7 

3.7 

0'4 

41 J 

,, 

,. 

,, 

37 

39 

. - 

1.09 + (;. 686 

0'000 

-0.032 

-0.072 

-0.05" 

Embedded B.M. n t  .Jorylt 

G. T. S. =Phl, :tt l l T n s r a m  l i u ~ n i i l . ' e  w e l l  

E m b e d d e t l  H h1. n t  Sn~nnr thnl  

Q. T. S .  
B,yl, at I C l t a r n l - - l a - d e v n l  

1874-75 

,, 

., 

,, 

0.000 

- 1.417 

+ 4,130 

- 3.495 

+ 9.885 

- 8'140 

I 

0.000 

+15'014 

- 4.944 

+ 2.796: 

(n , )  Pcrvts (~f L~ILCX 101 111~1 105 (Jlrcobrib~id to . lbn?ag) .  At J , reobdb<i<J ,  

41 E 

,, 

, 

0.0OO 

+0,003 

-0.030 

-0.Oli 

t0.038 

-0.00~ 

E m t e d d e t l  B.M. n t  N ~ l r h t a r B ~ ~ a  

G. T. S. D,qI, a t  TriltntntlBs-lta-tlel~ri 

+ 6 691 +0.005 

0.0 

3.4 

I 
3.000 

+72.394 

0.000 

t 72.384 

0.000 

+0-010 

1874.75 

, 
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TABLE II.-C~~c~-Ls~~~u~a.-(Co?tlin~rrtl). 

D~screpnreies b e l t c e e n  the old n t r d  wezu heighls ? ~ ' b e e , ~ c h - ? n a r b .  

Ilark-stone ahakes when train psraem. 

1)iflcrence 
ICb~e t -  

T t ) ~ & ' ~  
dc,,,,tcs 
t h n t  tlnr 

heiyhl am 
grnhler nud 
thc siyn- 

less In 

tlJ:i!ten 
originnlip 
Ic~clleJ. 

Fcct. 

?$ - Y 

11 
J M 
.'D c 

-. 

Beneh.mnrks of the oriyinal l~re l l inp  that were 
couuoatod far check-lor ell in^. 

Obserrcd height n b r e  ( + ) o r  below (-1 
stortius bench.mork ms determined by 

i n  I l i .  

~ e r t  I hntc. 

8s 

76 

7s 

75 

i4, 

H L  

79 

77 

Descriptiou. 

- 

g 
g 

O h e c k . l c v ~ i k , ~  
1911.2a. 

Feet. 

40 A 

,, 

9 ,  

9 1  

,, 

9 ,  

,, 

,, 

i l t  S h ~ k d r p r ~ ~ . .  

i s .  

:< 
LL 3 

% 

O.T.S. 
0 a t  13ailway Station 

U.M 

G.T.S. 
0 at  waiting hnllof R. S. 

I1..\1. 

G.T.3. 

B .0 .M.  a t  Railray Station 
B.U. 1w.5 

Q.T.S. 
0 a t  Govt. High School 

B.M. 

Q.T.S. 
O n t R a i l w a j R e s t H o u s e  

B.U.  

G.T.S. 
0 a t  6l.cnit House 

1I.U. 

Iron Plug nt Circuit House 

Q.T.S. 
0 a t  Civil Judge's Court 

t%.AI .  

G.T.S. 
a t  bridge 26 between p 

R.N. T. 1'. 27 
9&Y 

At Rrrk.  

66 

64 

63 

0 .00  

0 . 0 3  

0 . 0 9  

0.44, 

0 . 6 2  

1.66 

1.52 

1.S5 

2 . 2 2  

40.4 

,, 

,, 

0.000 

+ 0.554, 

-- 5.832 

+ 1,.7(i(i 

+ 1 . 0 3 1 - 0 , 0 0 2  

- 0'61.1, 

+ 0,511 

- 0.25!) 

+ 3.919 

At Rolrvi. 

o .OOO 

+0'013 

+0.001 

-0.001 

+0'021 

-0.033 

t 0 . 0 2 3  

+ ~ , O 0 3  

I 

0.000 

+ 0.5-I.l 

- 5.833 

+ 1'367 

+ 1 . 0 3 3  

-O'G38 

+ 0.544, 

- 0 ,282  

+ 3.916 

0 .OoCl  

C 
-0.-lLlH 

* 
+o,nn; 

0'000 

+0'0s4 

+0'062 

11909-10 

,, 

,, 

,, 

, 

,, 

,, 

,, 

,, 

G.T.S. 
a t  bridge No. 1 uenr Itok 

O.T.S. 
0 ., 35 ,, H . M .  " 

Q.T.S. 
B.al, ,, 313 ,, 

0'000 

+ i0 '795  

-16.67G 

1909-10 

,, 

,, 

0.00 

0 .64  

2 . 1 9  

0.000 

-1.682 

-0,481 

0.000 

+;0.711 

-16 . i38  

0 .00  

] .72 

1 .05 

1 G.T.S. 

11%, 
a t  Buhri Jn .  H Y, 

0.000 

- 1 ' 2 6 4 ,  

- 1.24,6 

1909.10 

, 

,, 

!I7 

9 j  

,. 

, 

A.D. 1901 

"y' nt  ~ o v k  ~ o m b  OE ~ l i a l ~  
11 51. Makh S ~ t d  I'ir 
11.G. 

B:l, n t  oorhha Canal 
No. 10 
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TABLE II-CHECK-LEVELI.IN~.-(CO~~~~~~~~). 

Discrepancies between the old clad new heights of bench-marks. 
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TABLE II.-CHECK-L~~~ELLIN~.-(CO~L~~~~ rred). 

Discrepnncies betroeen the old and new heights o f  bencli-marks. 

Benoh.nurrk8 01 the originnl l e r e l l i ~ i ~  that wero 
rouuected lor choct.levelliup 

Description. 4 

Jliles 

Dlnareoce 
(Cheek- 

donotes 
that the 

height nu 
gleBtEr m 
the 

leas in 

tckyen 
.efindly 
levelled - 
Feet. 

Obscrvcd hoighl n b o r  f +) or b l o w  (-) 
8tmtillg Iroucll.mhrk no determined by 

At Dliiclin. 

Originnl levelliny 

Feet. 1 Date. 

Check.lerelling 
1021.22. 

Feet. 

107 

loG 

108 

109 

110 

77 

76 

111 

7; 

112 

4GL 

,, 

., 

, 

, 

,, 

, 

G. T. S .  
P. U. M. nt Dhiilin 

1909 
G. T. S. 

0 nt Qovt. High School u. M. 
0 .  T S. 
B, O'hl. nt Cloclc T o ~ e r  

G .  T. 6. 
B , O  a!, nt CircleInspector's ofice 

G. T. 8. 
0 nt Municipal School 

B. nl. 
G .  T. S .  

0 a t  bridge new M. 9. 211 
B. M. 

G .  'l'. S. 
B, Y. nt M. S. No. 53 

a. T. 8. 
0 nt Rock in sit6 nenr 

B. N. bridge No. 63 
0. T. 6 .  

0 st bridge No. 68 
B. M. 

0 .  T. S. 
0 a t  Rock in mitt nenr gnte 

B. M. lodge No. 14 

( c )  Line 102 (Kha~tpur to hln'luir Pdli). At Kkdnpur. 

0.00 

0.28 

0 '56  

0.60 

0.91 

1.06 

1'26 

2.11 

2.14 

2.63 

15 

16 

17 

I8 

0.000 

- 5,492 

+ 2.520 

+ 6.208 

+ 9,033 

- 2.651 

+ 4'318 

+24.617 

+ 4,566 

+ 21 ,417 

I 

( d )  Line Rohri to Jri111 Sahib. At Bokrt. 

0.000 

- 5.600 

+ 2'516 

+ 6.214 

+ 9.053 

- 2'657 

+ 4'318 

+24.616 

+ 4'633 

-I-21'469 

1909-10 

1883.94, 

,, 

,, 

,, 

,, 

1900-10 

1877 8 &  

1909-10 

1877-i8 & 
1883.84 

0'000 

+ 3,674 

+ 1.767 

+ 6,569 

1909-10 

,, 

,, 

,, 

39L ' Standard Bench-marlrs a t  Khin-  0 .0  0.000 

44 

220 

221 

5 

94 

0.000 

-0.118 

-0'004 

+0.006 

+0.020 

-0'006 

0'000 

-0'001 

-0'053 

+0'052 

0'000 

-0'011 

-0,013 

-0.033 

,. 

,, 

,, 

P" 
Rridge over Hij is ih  + 3.695 

I]!. Bridge over ,, 0 .1  + 1.780 

atone slab Khinpur station + G.602 

10.i ' Emhdded  B.M a t  Rohri sta- 0'001) 
tion 

,, ! Platform of Iiohri station 0 . 0  + 3,166 

1921-22 

,, 

,, 

, 

,, 

- a.0o.l 

- 16.676 

- 12.77H 

0'000 

+ 3.165 

- 2.999 

- 16'672 

- 12.777 

0 .4  

1 . 0  

1 .2  

,, 

,, 

,, 

... 
-0'001 

+0,005 

+0,004 

'+0.001 

Bridge Xo. 189 

B.M. on Oorkha canal 

B.N. on Ntira canal 
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TABLE ~ I . - C H E C K - L E ~ E L L I N ~ . - ( C O U ~ ~ ~ ~ U ~ ~ ) .  

Discrepancies between the old and new heighfs of bench-marks. 

( e )  L:ne Fvazirribd,? to Is1dr11nba~l. At Islio~lribricl. 

nench.morls of the original Levolli?g that were 
connected for check-lesellrog. 

Description. 

At Jdrn S i h i b .  

fl 8 
g ~ 
:; 
s s 
d a 
.Z .3 

' 3  

0.000 

+ 0'121 

+ 0.074, 

+ 3'277 

0'000 

-0.003 

-0.045 

+0,03a 

0 ~ 0 0 0  

+ 0.118 

+ 0,119 

+ 3.230 

-- 

03 

94, 

05 

92 

51 

50 

40 

46 

47 

4s 

44 

43 

GI Feet.  I Dntc. 1 Feat. I Fect. 

' Ditlerenlfe 

1021-22 

., 

, 

,, 

S t o ~ ~ e  pillar in JLln SLliib dalc 
b u n g a l o w  

B M . o ~ ~ s t e p s n f d a l t b u n j i a l o w  

l r o 1 ~ p i p e 2 ~ 1 n i l e s Y . o f . 1 5 m  
Sahib 

Bridge on LJaur ltoad 

400 

,, 

,, 

,, 

0.000 

+ 4'300 

+ G.901 

+168,877 

+49S,G5G 

*22 1480 

i 
a2.3 : ,, ~ ,* 
'25 , 

*26 1 ,, 

Observed helphtabave (+ )  or below (-) 
a t t r t in~  bench-mark as determined by 

0 '0  

0 .1  

2.5 

3 . 1  

0.000 

+0.018 

-0.044 

-o,ooa 

-0.002 

S t o n e  monolit11 at  T s l a m i b i d  

Tree 

B u n g a l o ~ v  step 

]lock 

Rocli 

(f) Line 64 (Xeerrrt t o  Lrrck~iow). At Gavh~~suktesar.  

' Tl~eac bench-mnrks nre ull thc liue iron, I6lirmibrid tuwnrcls Aieh.MoLim. 
Note.-The check.levelliug nt the Wneirirbi~d end of the line Llls been t r e n k d  as a brnnch Line in orde 

.o give the beoel-111nrks uenr aud nt  Qoj r i t  rnilwoy ntntlou pr~blishe~l  heights. 

(eheek- 
aririnnl). 

~ h .  eyn+ 
denotes 
that the 

helght ml 
venter  ant 

... 

... 

... 

... 

... 

0 . 0  

0 .3  

0 '3  

0 . 6  

1 . 1  

54 K. 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

the eip- 
less tn 

Original lereliiug. 
19zi.a~. ariginnliy 

levelled. 

0 ~ 0 0 0  

+ 4':181 

+ G.915 

+ 1 ~ 8 ' 8 8 5  

+495.658 

124 

126 

127 

128 

1 9 )  f i n e  63 A (Q~oal ior  to Jhritrui). At Jhd~uri. 

0.000 

+1,G87 

+2,048 

-9.185 

Htnndnrd B. M.  J ~ I ~ I I P ~  

Yeatry e n t r a n c e ,  S t .  f i ln r t i~ l ' n  

Mein v p  ,, 

C). I. P. Hnilmny office 

I l a i lway  officer's liest-house 

Ra i lwny  Inntitute 

S. end p l n t f o r ~ n  of lty. station 

Ceutre of atution p ln t fo rm 

0.000 

- 0,798 

- 0,747 

+15.068 

+23,:153 

+ 8.548 

+ 2.369 

+ 2.4C5 

0.000 

-0'003 

+0,005 

+0.014 

0 ' 0 

0 .0  

0 .1  

0.8  

1 .2  

2 . 1  

2 .5  

2'7 

1906-07 

,, 

,, 

,, 

, 

,, 

,, 

,, 

0.000 

- 0.797 

- 0'749 

+15.063 

+23.350 

+ 8.559 

+ 2.373 

+ 2.466 

53 L 

,, 

,, 

,, 

0.000 

+0.001 

-0.002 

+0.005 

-0.003 

+0.011 

+O.U09 

t 0 . 0 6 1  

0.000 

+ 1.G90 

+ 2,043 

- 9.199 

1914-16 

,, 

,, 

,, 

E m b e d d e d  U.M. G a l - l ~ r n u k t e s n r  

C u l v e r t  N o .  g 

D i s t n n t  ~ i j i l ~ n l  

S l n b  of l tni lmay b r i d g e  Pin. 53 

0 '0  

0 . 4  

1 .0  

1 . 3  
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TABLE II.-CHECK-LEVELT.INO.-(C~~~~~~~~~. 

Bijcrepnncies between the old nnd new heights of bench-ntarka. 

* Receives new height. 

Beuch.mark~ of the origlnal Levelling that were 
counoated for oheak.levelling. % 

'* d 

3 1 
9 1 
P. < 

Desrriytioo. 2 

6. 

0 ;  

$5 

Difference 
(check- 

OnKinaIl. 
The ainn+ 

denotee 
tbnt the 

height greater m s  s ~ d  
the slm- 

less in 

tl!::;yen 
originollg 

Obaerred height &bore (+) or below I-) 
stnrting bench-mork ns determined by 

1 i s  

lerelled. 

reet, 

Original Icrelling. 

Feet. 1 Date. 

( h ) Line 60 (Katni to Sironj). At Saugor. 

Check.lerelling 
1921.22' 

Feet. 

34 

33 

25 

35 

36 

37 

39 

55 I 

,, 

,, 

, 

,, 

,, 

,, 

( i ) Line 40 (Btldspi~r 10 C ~ ~ t f a c l i ) .  At Jl~dr8ugrci (Jharsugnda). 

Stnndnrd B. M. S:~ugor 

St,. Peters' c l~urc l~  1 ::: 0.000 

+ 0.562 

-25'749 

-44.915 

-57.360 

-55'585 

-60'328 

Bridge 

Bridge 

S t n t i o ~ ~  plntfom 

Home sigt~nl* 

Bridge No. 62 

0.000 

- 0.9GG 

-24'732 

-17'091 

-25.533 

-78.102 

-57.304 

-87.162 

-5G.552 

-48.019 

4 

3 

1 

0 . 4  

0 . 8  

1 . 3  

1 . 4  

1 . 6  

0.000 

+0.026 

+0,024 

+ O ' O B l  

+0'056 

+U-041 

+0.034, 

+0'01G 

+0,0R3 

+0'01:1 

i 3  C 

, 

,, 

-66.990 +0 .024  

-C;G.i9.I. + 0 , 0 1 1  

- --- -- - 

( j )  Linr 70 B (Aura)~gdbfid lo Bnrd1;nr). At Purlilia. 

1898-09 

,, 

,, 

,, 

,, 

,, 

,, 

Embedded B. M. Jl~drsugri 

Station platform 

l < y . n y e ~ ~ i n g  

0.000 

- 0 ,992  

-24.756 

0 ' 0  

0 . 0  

0.9 

,, Bridge No. 1 

,, ,, 2 

,, ,, 8 

,, 

,, 

0.000 

+ 0.565 

-25.752 

-44.920 

-57.338 

-56'750 

-60.337 

1891-92 
93-91 
,, 

,, 

-17.142 

-25'(;09 

-58.146 

-87'338 

-87.163 

-58,605 

-4S~Oti2 

1.1 

1.G 

4 . 0  

6 . 6  

5 

t i  

8 . 9  

I20 

0.lJOO o'oo(J 

+ 7 ::z2 

0.000 

+0.003 

-0,003 

-0'005 

+0.022 

-0.165 

-0,009 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

0.000 

7; 1 ::L:::;p:,:;t::r'lia 
Ci~.criit l~ouse 

,, Rock-cut 

+21.034 

+33'39G 

1916.17 

-0'003 

+0'011 

;r::: +21,037 

1 ' 6  +33.385 ,, 
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TABLE II-C~~p.c~-L~~~r,~~~o-(Colltinued). 

Discrepancies delnvcen tAe 011 ant1 new heights of bench-marks. 

-1 

~ e n c h - m a r k s  of tbs arigiunl ~ e r e l l i n ~  that were 2 Obe 
eooncctcd lor cbeck.lcrelliag. g~ at 

C 1, 

;$ 
2 b  - 

I I 
m El 

ICl~eek- 
~ersed height o lavc  (+)or below 

Oriqind). 

~rt ing  boocb.mark ns determined ti' 

Stone block - 1.839 

(k) Lzne 77 (Howrnh lo Rdiilgniij). At Calcutta. 

0.000 

-0,001 

+0'006 

-0'011 

-0'036 

0.000 

- 0.497 
- 1.G44 

- 0.336 
+ 0'584 
+1,520-0.052' 

- 

:g%:t: 
,, 

,, 

,, 

,, 

, 

( I )  Line 77 L (Clirikdnhn lo Jayrcinrl~~tr).  Al C1iuciddlign, 

0.0 

0.0 

0.2 

0.3 

0'9 

2 . 6  

Stnndnrd B.M. nt 8 .0 ' s  office 

S.Q'H office 

Photo-Lit110 office 

RI. I. office 

Sin. Jnnles 011trnm Stntue 

Embedded B M. Senld:~l~ 

368 

367 

366 

365 

364 

373 

2% 

229 

22; 

226 

4G 
--- 

0.000 

- 0.496 
-1'650 

- 0.321 

t O'G2O 

+l.572 

79 B 

, 

,, 

,, 

,, 

, 

79 dl Embedded B.M. nt C h ~ ~ i d f i n ~ n  

,, 1 9 D. 0 ' s  cour t  

(lit) Line 77 N (Ber l~n i~~pore  to Tinpal~dr).  At Tirtpnl~dr. 

1920-21 

,, 

,, 

, 

,, 

0.000 

+ 2,916 
+ 3.795 
+ 2,989 
+ 1'090 

0.000 

0 1 + 2'915 
0,0 I 

,, 

. 
,, 

0,000 

+0.001 

-0.014 

-0'007 

+0.007 

0.1  

0.3 

1.2 

Munsif'a conrt 

Hospitnl 

Bridge 

+ 3'809 
+ 2'906 
+ 1'083 

At Dhulid~c. 

1920-21 

,, 

,, 

,, 

,, 

, 

0.0 

0.3 

0.3 

0.4 

0 5 

2.3 

Culrel.t, Tinpnl~iir 

Embedded 

PlntEor111 of stntion ,, 

Islnlld ~ ~ l n t f o r ~ n  ,, 

Ily. bridge No.  294 

lloek ia 8 i t d  

53 

5 

55 

0.000 

+19'289 

+13'7G-4 

+ 9'942 
+ 8'486 
+5O.i8S 

0'000 

-t19'162 

+1Y'74G 

+ 9'916 
.+ 3'488 

+50'799 

72 1' 

,, 

,, 

U.000 

-0'12Sf 

-0'018 

-0.027 

+0'003 

+O,O11 

5G I ,, 

199 72 0 

197 1 .. 
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TABLE II-C~IECK-LEVELL~NQ-(~OR~~?~~~~~). 
~)jso.rpn~rcies hctroee~r the, old nu11 91eru I c i , ~ h t s  ?I' berrch-marks. 

47 1 

,, 

,, 

,, 

,, 

Dillcraoce 
(Chcek- 
origil~ol). 
ylBc 

~cl ,o tra  
tlnnt the 

huigl~l  ,ms 
Ercntar nnll 
t he  sign- 

1111s in  

t l , ~ ~ ~ ~ u  
arig~uaIly 
lesclled. 

Eecb. 

1 

Stnndnrd Ahuindnngnr 

Embedded Al~mndnagnr 

Vernndnh G .  P. 0. 

Stone Junction of Cfymkhnnn 
Honds 

Culvert nt Trijunction of rondo 

(0) Line 26 H (Sholfipur lo Bijiipar). At Shol<pur. 

Denob.morka of the ari,hnol levelliap tllot were 
cannccted for check-lcrellin(l. 

- 

LIc~cril,tiou. 

Stnndnrd Ljijiipur 

Itnilnny Slnlion BijLyur 

Bridge Hipnrgi Road 

1 Aanr BInl~al tnnk 

Unrbkr Hall, Bijfipur 

Mnlilin Jnl~in 'a  hlnajid 

Khawna~Khin  Quru'a Tomb 

T i j  Bnuli 

Municipal Cnnnrere School 

Sholipur gate 

A t  J ~ I J ~ ~ ~ I L I . .  

I !  

g Ol~ecr re~ l  height nlore f + )  or l r l o w  (-) 
stnrl ing bench.mnrk nm dctcrmiuad by 

t a 
2; ' 

Embedded B 11. J a ~ ~ g i p u r  

Steps S. 1). 0 ' s  court 

0.000 

- 2.250 

- 20,302 

0 . 0  

0 . 0  

I 
SO I47 0 i S t n ~ ~ d n r d  Yhollpur 

0 .0  

1 ' 4  

0 . 2  

s 3 
1' a 

-- 

. / Date. 

M 

F e e t ,  ' 

' 
1'; + 2 3 3  

0 . 4  + 4':331 

0.7 ' + 4 '834 

., Stoue .lab E.gineer.8 05ce  

44 

A9 

Obigiunllcrelliag. 

(11)  Line 33 A (Niiiz~lg(io~~ to Aknrntltiagnr). At N~iiclgaoi~. 

0.000 

+0'006 

+0.010 

1879-80 

,, 

,, 

,, N,  end of Ity. Stntion Shollpor 1 1 .6 - 66.965 i I ' I 
,, ' BI. S. I. rlea~. Post offico 0 .3  

0.000 

+0.043 

+0.080 

0,000 

+ 3.444 

- 8.562 

Cheok-levelliug 
'021.22. 

I I 

+0 '041 

O'UOO 

- 2.244 

- 26'262 

,, 

+O,OoG 

+0.005 

-0'001 

-0'002 

-0.013 

$0,008 

0.000 

+0,,101 

+0,005 

+0,001 

0 .0001920-21  

, 

,, 

.. 

44 

35 

- 66.924 

1879-80 

,, 

, 

0 .4  + 12.690 

0 . 8  + 15.913 

1 . 0  1 + 17,269 

0.OUO 

+ 4.234 

+ 4'346 

+ 4.831 

At Ahn~nd~logar. 

+ 344'972 

0 '000 

+ 3'487 

- 8.473 

,, 

,, 

,, 

., 

,, 

,, 

,, 

1 . 3  

1 . 7  

2.3 

+ 12,705 

+ 15'018 

+ 17.204 

+ 13'614 

+ 2 7 . 1 9 9 + 0 , 0 2 0  

+ a1.792 

+ 26.285 

+ 19,516 

1 ' 6 + 2 i . 1 7 9  

+ 31.805 

+ 26.277 

0 .0  

15 .9  

46 L 

,, 

0 ~ 0 0 0 1 8 7 7 - 7 8  

I 

Embedded Kl~idgnon 

, IInumLd 

0.000 0.000 
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TABLE II.-CHECK-LEVELLINO.-(CO~~~~U~~). 

Discrepancies helzveen the old nnd new heights qf bench-mnrks. 

Jjenel~.mnrks of the oripinol lerellit:p that Feve E$ 
Obeerved h c l ~ h t  above r + )  or helow (-) 

eonnceted lor cheek-lerelliag. ~ t n r t i o g  Irexwh.morl as determined by 

cz 
Ori~iool lcrelling. Check.levellin~ 

1821-22. 
Dcseriptio~t. 

Dlllerence 
(Cheek- 
O r i g i ~ l J .  
The alKu+ 

denote* 
tha t  \he 

height wnm 
v e n t e r  and 
t h e  aim- 

less lo 
1821.22 

thnn when 
oriuinolly 
levelled. 

Beet. 

(1' ) (Nira Canal Area). At N i r a .  

0.000 

+0.032 

+O'oOl 

18'77-79 

,, 

,. 

0.000 

+150'312 

+205*857 

76 

115 

117 

( q ) (Sulikl~t B a r r a g e  A r c n ) .  A t  Shikdrlmr.  

0.000 

+150'2AO 

+205'85G . 

0.0 

5.3 

7.5 

47 J 

,, 

,, 

0.000 

+ 8'833 

+ 5,291 

+ 2.400 

+ 1.3G; 

--- 

7R 40 A Embedderl i ' I 0-0 

76 , ,. Step 0.1 

Embedded, Nirn 

Shelkzt ' s  ( J u ~ n b a d  

Bridge ~ I I  P o o n ; t - S l t i v a  Hond 

0.000 

-0,008 

-0.016 

-0,008 

-0,005 

1910-11 

1904.06 

1910-11 

1904-06 

,, 

8Y 1 ,, 

74, / ,, 
I 

75 I . 
1 

At Ra111bnr 

0'000 

+ 5.830 

+ 5,276 

+ 2'392 

+ 1.362 

P ! n t f n r l n  I 0 1 

~ l i n t l i  0.4, 

S c l l o o l  1 0 . 6  

- 

102 

103 

104 
--- 

.- 

- 

40 A 

., 

,, 

A t  Maadad C l l < i n d i n .  

- 
pp - - - -. 

R~nbedded ( 3 l n s t o ' a  ' l 'ypc) 

District b l ~ n g n l o w  

B f ~ l l i l ~ t i i ~ . l t n r ' e  office 

22 

-~ 

0 . 0  

0.0 

- 

35 M 

0.000 

t 2.494 

24 
-- 

0'3 1 + 1.719 

,. 

-- -- 

Itnil I 2.5 + 0.364 

- ~ 

1920-21 

,, 

E~nbeddr( l  ( l f u u t o ' a  ' l 'ype)  0 . 0  0'000 

A t  dfrltclrnr. 

-. 

, 

59 

58 

GO 

-~ 

0.000 

+ 2.494 

- 0022 , 

0.000 

0-000 

+ 1.712 

0'000 

+ 0 
1920.21 

-0.007 

0'000 

R ~ R I  B~nbeddcd ( M u a t o ' s  Type) 

- 
At Sehto,iti. 

, 

,, 

0.o 

0.1 

0 . 6  

I n u p e c t i o l ~  n l l r ~ g n l o w  

M u k h t i l r l t a r ' s  offico 

84 

85 

+0'9(i5 

- 0,373 

0~0001020.21 

, 

,, 
~ 

.75 N 

,, 

Embedded (Mueto'e l'yye) 

P l s t f o r l n  

0.000 

+0,965 

- 0.364 

0.0 1920-21 

,, 

0.000 

0.000 

+0.009 

O.I)OO 

+ 3.327 
0.000 

-0.006 
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TABLE II-~I~EcK-LE~ELLIN~.-(COIICI~I~~~). 

Discrepancies bettoeen t i e  old o ~ t d  new heiglrts of b e l l c h - m a l - k s .  

r' L. 

& = .a 0 

:: $ 

2 2 
a 2  

Illiles. 

Belbch.~unrta of tbe urigiml lerelliep P n t  we16 
couneot~d for cbeuk.levelli~~g. 

biffrnneo 
ICbeet- 

~ ~ ~ ~ $ f ~  
dpl,otca 
thnt  tbe 

Imigbt wna 
prenter and 
tho riwn- 

lesa lu 

l l ! ~ ~ l ~ ~ e , ,  
orim"o,ly 
lerclied. 

Feet. 

Obaerred hciphl &ore 1+1 or below ,-) 
dortiug bceeh.rnorh RI determined bg 

At Daur. 

Original leselling. 

F e e t .  ( Date .  

Dcscriptiu~~. 1 I 

25 

2'4 

2.3 

Chcek-lesellinR 
10?1-22. 

Feet. 

X $ 
&i o m  

At L u n d o .  

0 ~ 0 0 0  

- 2'313 

- 4'250 

0.0 

2.0 

4 .0  

40B 

,, 

,, 

Pillnr 

2 

88 

86 

1904-06 

,, 

,, 

JOB 

40C 

,, 

Embedded 

Drain 

Embedded 

At Tando Adam. 

0.000 

- 2.326 

- 4'211 

0.000 

- 6,934 

- 5'330 

0.1) 

6 . 2  

9 . 1  

0.000 

-0.018 

+0.039 

76 

76 

1904-06 

,, 

,, 

40 C 

,, 

Bridge 

Culvert 

At Blahri ibpur .  

0.000 

- 8.961 

- 5'220 

0.000 

- 7'328 

-1 

2 

i 

x 

9 

0.000 

-0.027 

+0'110 

0.000 

+0.020 

1904-06 

,, 

0 . 0  

2 '0  

40 A 

,, 

,, 

,, 

,, 

0.000 

- 7'948 

A t  H y d e n i b i i d  nild belr17een H y d e r a h a d  n n d  T a l i d o  M t ~ l t n i ~ i ~ n a c l  EIiBia. 

Bridge 

Drain 

Bridge 

L)rai~~ 

Culvert 

- 

0'000 

-0,001 

-0 005 

+ O  027 

-0'02Y 

+0'02S 

161 

1 ~ 0  

25 

24 

2:i 

21 

0,000 

3 . 8  + 0'619 
l o  I 
1 .8  ' + 1,061 

10 

0.0  

0 ' 0  

( i . 2  

7 . 1 .  

8 . 2  

12.2 

1904-06 

,, 

,, 

,, 

,, 

3.8 

6 . 0  

10 C 

,, 

, 

.. 
,, 

, 

+ 2.569 

+ 6.041 

Ytnn~lnrd T[gdorirbicl 

St. Tliomnn' Churcli 

Culvert 

Bridge 

Purnyet 

R~~ibrdded Tlintbnr 

.. TIIIIIII) M I I ~ I ~ I I I ~ I I ~  l i l ~ in  23 . 3  

0.000 1909-10 0'000 1 I 

0.000 ' 0,000 

I " 

+ 0.655 

+ 0.966 

+ 2.546 

+ 5.9i6 
-- 

+ 0,624, 

-:j1.2;5 

-:)2.51; 

-81.618 

-36.148 

+ 0,625 ,, 

-31.270 1004-06 I 

+0'036 

-0'108 

-0,023 

-0.065 

, 
-3!).151 +0 .102  

-32.5.1.h 

-31.492 

-3W 176 

-39.263 
i 

,, 

,, 

,, 

,, 
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TABLE 111.-REVISION LEVELLISG. 

Disoel~nncier  between the old ant1 gleru heiyhlr of bench-marks. 

I Bench.mnrks of thc original 
levelling tlmt r e r o  eouoected 

during the ravisionnry ol,erotlana. 

utnerence 
(nevidon- 

niEcrcnee hetween orthometric 
hclphts nhove ( + ) o r  below (-) 

tho Ltnrting bench-mork. 
t lmt  tbr 

From 
published 

lleigltts 

( a )  Line 102 (Lr;ui J~lnel ion to M i r w r i ~  P i l i )  ( p o r t  cf Khdnpnr lo  Mnr~cdr  Pd l i ) .  I 

( h )  P a r t  of Line 62 (ilfeerlrl to  Bgra). I 
,. ( M.S. Allahihid 343 ... / 4 .6  1- 11.6751 .. 1- 12000l -  0 . 3 2 5 ~ 1  

0'000 
- 1,893 

I +  11'312 
+ 12'913 
+ 11'152 

+ 10'490 
+ 18.54G 
+ 44'724 
+ 85.527 

+107.490 
+105'940 
+ 88'048 
+108'?49 
+120.648 
+12&.712 

+123.253 

,, ( Stone B.RI. Iihurja ...I 11 .0 l -23 .030)  , 1 - 2 3 . 0 0 8 1 + 0 ~ 0 2 2 * I  

0 . 0  
1 .3 
3 .3  
5 .3  
7.8 

7 ' 8  
11.3 
13'3 
15.3 

16.4 
17.3 
19.3 
21'3 
23'3 
2 5 . 3  

25.6 

Embedded B . M .  a t  I , t i ~ ~ i  
junction . .  

hiile-stone No. 158 ... 
Mile-stone No. 160 ... 
Mile-stot~e No. 162 .. 
Mile-stone No. 164 ... 
Embedded B.Y. a t  R o h ~ t  

station ... 
Mile-stone No. 169 ... 
Mile-stoue No. 170 ... 
Mile-done No. 172 ... 
Embedded B.i\l. nt Rnirla 

station ... 
Rlile-stone No. 174 ... 
Mile-stone No. 176 ... 
Mile-stone No. 178 ... 
Mile-8to11e N O .  180 ... 
Mile-stone No. 192 ... 
Embedded B .M.  at M i r w i r  

Pi l i  s t n t i o ~ ~  ... 

1 

2 
3 
4 
5 
6 

8 
9 

10 
11 

12 
13 
14 

I (e) Port of Line 2 6 A  (Shol ipur  t o  Bt'jZpcir). I 

45 13 

,, 
, 
, 
,, 
, 

, 
,, 
,, 
,. 

,, 
,, 
,, , , 

,, 
,, 

I 

. . .  21 '6  
28 '5  
38.9 
39.5 

54 I 
,, 
,, 

,, Alignrh ... 
~ ; l l  ... 
D i s t n ~ ~ t  Signit1 ... 

,, 
,, 
,, 

47 O 
,, 
,, 
,, 
,, 
, 
,, 

, 
47 1' 

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

- 4S'49Y 
- 64.9G1 
- 60'333 
- 57'701 

Judge's Court, 
Pos l  Office 
Ytn~~dnrd t 3 . R  

l leceires new Ircipbt. 

0.000 
- 13,818 
- 32.728 
- 63,812 
-143.805 
- 177.374 
- 93,871 - 6.632 
- 9.627 
+402.97ti 
+40d,604 
+.1.03.578 
+396.215 
+.79:3,9G7 
+392.612 
+389.398 
+36fle137 
+376,699 

,, .. 
,, 
,, 

1879-80 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,; 
,, 

S t n ~ ~ d a r d ,  Sholipur ... 
Prote.*tnut (:hurch Sho l ipu~ .  .. 
t O I I  Bridge . . . 
Bridge iu Soregnoo ... 
'I'emple TTndnkbal ... 
E~nbeddvd 'I'nltli ... 
Z)ipmall, Tnlgi villnge ... 

,, Znllti ,, ... 
E~nbedded Zlllki village ... 
Shtihipur gnto ... 
Cnnnrests Scllot~l ... 
Ttij Hnuli ... 
Khnmnn IChir~l's (5uru'a Tomb .... 
I I a l i l~a  d a l ~ i u ' ~  htnsjid ... 
Uerb i~ .  Hnll Hijipur . . .  
Aenr nlnllnl tnnlc . . .  
R~.idpe ~ B I I  tiipnrgi rond ... 
Stsndnrd HijiLl)ur ... 

0 .0  
0 .4  
0 . 6  
4 . 3  
S.9 

19 '0  
23.9 
30.9 
30.9 
61.6 
62.2 
GP3 
62 .6  
62.9 
63.1 
63.6 
63.7 
63.9 
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TABLE IV. 

~ i # t  o f  Qrent Trigo~~oittetticnl Survey Statione contbected by spirtt-levelling, Season 1921-22, 

T b w  r n l o e ~  nrr p n t r ~ a i o n n l  M t h e  lines have  only  been levelled in ono d ~ r e c l i o n .  

Name of s ta t ion .  

Difference 
A"-New 

F e e t .  

H c i g l ~ t  nbove m e a n  sen.lerel 

New s p i r i t  Old  spi r i t -  Tr iangu-  
levelling levelling lo t ion  ---- 

Feet .  I t e e  I f i e t  

Heurans. 

- 
Series 2 and 5. Budhon Jfe~.idioitcill a d  Calcrltla Longifr'dinol. 

1. B u d h o ~  H.8. T o p  mnrk.stone.  id^ 
Triaugolntion pnmpI>Iet 54 L). 

Series 5 .  Calc~llln Lon,qift~dinal. 

2. Calcutta base-line 
South eud 'P.S. ... 

3. Rnnjitgnrh T.S. ... 

13.887 

878. 895 

Srr ie s32 .  Grecrt Indus. 

Ground lerel mark-sruno. 
( P i d c  Trinngnlation pnnipl~let 
:is 31). 

.- - - - --- 

S12riex 29. Grljrcit Longitadinal. 

19'0 

879'5 

... 

... 

5 Hisnlpur T.S. ... 

t i .  1 1 1 g r o d i  T.S. , 

- 0 ' 0  

+ 0.6 

*132'9Y9 I 132.H21 
I 

* 5  1 1  

T o p  of circi~lnr pillar. 
( r i f e  'L'rinupulation pnmph- 
l e t  19 U). 

Grouudfloor~unrli-slolte. 
(I' ide Trinngolntiou pnml,hlot 
43 L or S j n .  Vol. IV, where 
h e i g h t  of t o p  of 20.5 f t .  
pillnr i9 e ivcn ns 900 ft .)  

! 
. - - - ~.. 

134 

152 

+ 1.0 

+ 10.5 

Series 28 crnd 38. K~i f l r i iwdr  Moirlioiral ccnd Ctcrcl Const. 

7. 1-nnlll~in S. . , , 5 5 9  1 .  110 1 + 0 .  7 1 'Top of circnlar 1)iIl3~. 
( r i d e  Tr~nn::alnlion pns~l,lllot 

j 41 I). 
I 

- 

Series 35. Cutcli Coast. 

Top n~nrk.stone. (I'icie 
Trinngolntion pnlnpblct .I(; 8).  

Top mnrk-stone. (I'ide 
'L'rinnnulntion pnn~pltlct 41 N). 

s. R l~ncha l~  H Y. ... 

9. S 1 1 k h p u r  H.Y ... 

10 Chnrnkdn 8 .9 .  ... 

11. Sullin-ka-got T.S. ... 

. 

*:302.;15 

*3j~,.781 

*417.615 

.188.836 

- 

3~3.148 

366.636 

I 
417.958 

188.945 

301 

357 

4 

183.0 

. -  

- 1 . 7  1 ( r.ir/e Top Trinngulntion of circnlnr ~lnmpble'  pillnr. 

+ 0 . 6  

+ 1 . 5  

- 0.8 

41 I) .  

TOP of circnlnr pil1.r. 
( r.;,ie.rlinngnloti~n ~ r n ~ u p h l e (  
41 1:. 

Top of  "rcolnr ~ ~ l ~ ~ ~ .  
( r i d e  Triangulnl ion pn~tlrbIct, 
41 E). 

~ r 0 n n d l e ~ e ~ ~ ~ ~ ~ . ~ ~ ~ ~ ~  
( r id ,  TrionguIntion ynmpblet 
39 D). 



Vol. X V I I I . ]  L E V E L L I N G .  
81 

T A B L E  1V.-(Co~ttclrrded). 

List  of Great Tngonometrical Survey Stntio)le connecterl by Spirtt-levdlling, Seneon 1921-22. 

* These vnlllc~ nre provisionnl as the lines hnve only been levelled in ono direction 

I ~ B P A R K B .  Nnmo of stntion. 

Height abovo meam nen-lcvel 
Difference 

S e r i e s  45. Siillcj ilferidioncd. 

12 C h a n i k b i n  T.S. ... 

13 Godr i  T.S. ... 

I 
*818~13161 :319t1tiG . ( . 1) 

round I~vc l  u1nrk-8toi1es. 
l > (Vide l'rinn&rulation [,om- 

'378 ,458  

Series i s .  EIIS/ C a l c ~ ~ t t a  Lo~tgiludiflcrl. 

~ 3 . 9  

' " 

+l" 

1 4 .  Basntitin T.S. .., 

15 Berghom T.Y. ... 

16 .  Bhnturin 'l'.S. ... 

(irouncl floor mnrk..rone. 
(T'idu ' I ' r~nngnlt~t~on pnmpb- 
let 79 El. 

(ground Lioor innrk.stone. 
(Ti.de Tri;u~gulnt.ton paolpt - 
let 79 R ) .  

Uronnd(loor mark-stone. 
(Vide Trinngt~lntion pnmph . 
let 79 E). 

Ground flool. mark.stor~r. 
(Vide Trinngullrt~oo pnmph- 
let 79 R ) .  

17. Bira T.Y. ' 28'0 

l i . 0 ~ ~  

2 2 . 2 5 9  

1 8 , 6 5 5  

,, 1 2 ,  0 

i ... 24' ' 

Series 62. Jorldpore Jferidionol. 

18. S n ~ n d a r i  H.Y. . . . 4 ~ 4 9  . S 4 6 0  -1.0 1 Founclntion mnrk-stone 
( 1-ide T r i n r ~ ~ o l t ~ t ~ o n  psmpblet 
46 C). 

Series 64. Eustera Siwl Meridionnl.  

... 

19. Vijnot 'l'.S, ... 

20, T i n  '1',8, ... 

20'0 

'256.514 

'242.1(;2 

L'S7.472 

2 4 8 , 1 8 8  

2 6 3 . 0  

2 4 9 . 0  

+(;.5 

+ 6 . 8  

1 
I Or011ud lloor ~~ial .k-stur~r.  

( r i d e  Triangulntion pamph. 

, 
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MAGNETIC SIJRVEY. 

PeneonNnL or No. 18 PARTY. 
Claaa I 0dr;cer. 

MI. E. C. J. Bond, V.D., in ehsrge. 
Clnrr I1 0dr;rsrr. 

MI. N. 11. blammdar. 
,, Jiya Lal Yahgd, from the 16th Msrcb 1922. 

Upper Subordinate Service. 

Mr B B Shome. 
,. H.C.Bonejee ,B .A .  

Lo~uer  Ssbordinnts Servic,. 
1 Magnetic Observer. 

1 0  Computers, etc. 

The present report on the work of the Mag- 
netic Party in 1921-22 comprises :- 

I.-An account of the work during the 
field and recess seasons. 

11.-A note on each of the observatories. 
111.-Tables of the mean v a l ~ ~ e s  of the mag- 

netic elements, dates of magnetic dis- 
turbances. and l ~ o i ~ r l v  means and dior- 
nal inequality of the magnetic elements 
a t  observatories in l9&1. 

1.-WORK DUnINQ THE FlELD AND RECESS SEASONS. 

1, IVwk during the field searol,.-Complete sets of magnetic observations were taken 
a t  the Dehra D i n  and Toungoo observatories for the comparison of instruments. The 

observatories a t  Alibig (Bombay) and Kodaikinal, under the control of the hIeteoro10,oical 
Department, were also visited by the officer in charge for the same purpose. 

Double sets of magnetic declination, dip and horizontal force observations were taken 
during t l ~ e  field season a t  the six repeat stations-Quetta, Karichi, Bina, Dibrogarh, 
Bnrrackpore and Waltair. Tlbese stations are visited a ~ i ~ ~ u a l l y  to sopplemcnt the b-yearly 
observations a t  all tlie repeat stations in India in order to obtain accurate values OF tlre 
average aunnal change in the magnetic elements, as explained in last year's report. 

The staff of the party a t  head-quarters were employed during the field season on the 
reduction of observations to the epocl~s 1909.0 and 1920.0. 

Dr. J. de Graaff Hunter, M.A., Mathemaiical Adviser to the Survey of India, who 
proceeded to England on leave in March 1922, k i ~ l d l ~  offererl to take a magnetometer with 
him for comparison against the Kern standarcl instrtunent. Magnetometer No. 10 (with 
magnet No. 10) was selected as being the   no st soitable, as  i t  had been used for some time 
as an auxiliary instrnment to tlie standard a t  the Dehra Diin magnetic observatory. The 
comparison was decided I I ~ I O ~  mith a view to affording a means of reducing the results of 
the magnetic observations in India to terms of the British standard a t  the Kern observatory. 

Under the advice of Dr. Chree, F.R.S. ,  Director of the Nat.iona1 I'l~ysical Observa- 
tory a t  Ken,, the Survey of Indin gilt inertia bar was sent to him for the redetermination 
of its moment of inertia, i n  order that  t l ~ e  troe va111e of tlie moment of inertia of magnet  
No. 10 might be ascertained during t.11e comparative observations taken wit11 tha t  instrument 
a t  Kew. 

Dnring the field season t,he officer in chargc of the part!. inspectetl the tidal observatories 
a t  Bombay (Apollo Bandar and Prince's Dock) and Karichi. The inspections of these and 
otl~er such observatories were formerly carried out by the otEcer in charge of No. 16 Partp 
(Tidal), but it  has becn tlecidcd thnt the inspection of the tidal observatories a t  Bombay 
(A1)ollo llandar and Prince's Docli), I<arBchi, Rladras, Kiddcrl)ore (Calcutta), Rangooll, 
3loulmein and Port Blair will, as far  as is practicable, be carried out in P ~ ~ t t ~ r e  bJ- No. 18 
Party, in addition to the magnet,ic work. 

2. li'ork rlr~ralrv t h e  ~ece~s . -Tl~c  comp~~ta t ion  of the observations taken a t  repeat 
stations, and a t  observator~es for the comparison of instrument?, nod the computation and 
tabulat~on of the provis~onal values of declination, dip, hor izo~~ta l  force anLl vertical force 
a t  the three observatories I M r a  Diin, Tonngoo a r ~ d  Kodaikinal for 1921 have been com- 
pleted. The mean values of these elements for the year, derived from t l ~ e  measurement 
of traces of all available days, excluding those of qreat disturbance, are given in Table 111 
a t  the end of t h ~ s  report. 

Publication of the vesulls of the n~nyael ic  st6vccy.-The final reduc t io~~ of the observa- 
tions a t  the observatories and in the field and a t  repeat stations to the epochs 1909.0  and 
1920.0 is very nearly completed and i t  is hoped that the tables of resnlts and the necessary 
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maps etc., most of which have already been sent  to  press, will be ready for  publication with 
the  Magnetic Volume about the middle of next year. 

S'ccirrl observaliona.-In response to a request by Dr. L.A. Bauer, Director of tile 
Department of Terrestrial Magnetism of the Carnegie Institution of TVashington, to a l l  
countries for co-operation in special simultaneor~s magnetic observations in C O I I I I ~ ~ ~ ~ ~ ~  with 
the solar eclipse of the 21st September 1922, magnetic observations were taken a t  t,he three 
observatories D e l ~ r a  DBn, Toungoo and  Kodaikiulal in accordance with the general 
of work proposed by the Department of Terrestrial Magnetism. 

The observations for declination a t  each of these observatories mere taken simul. 
taneously for every minute from 1 hoor 28  minntes t o  6 hours 2 minotes, A.M., Greenwich 
civil mean time, on the POth, 21st and  22nd September 1922. A t  the D e l ~ r a  DBn observatory, 
observations of horizontal force and dip were taken in addition, during the same interval of 
time, on the above three days. It was not possible to  observe more than the one elelnellt a t  
Tonogoo and Kodaikinal where the observatory staffs are small. 

The t,hree observatories mere within the limits of the zone of visibility of tlle eclipse 
aud it is hoped tha t  the results of the observations obtained in India  will be of value to 
Dr.  Baoer in his investigation of the effects of the eclipse on the Earth's magnetism. 

3. P r o g r a t ~ t t t ~ e ~ f o r  1922-23.-During the ensuing field season observations will be 
takeu for the comparison of  instrument,^ a t  the Dehra Dun  and Toungoo observatories. Tile 
Kodaikinal and Al ib ig  observatories, under the control of the Meteo:ological Department, 
will also be visited for the same purpose. 

Magnetic observations will be take11 a t  the repeat stations Qoetta, Karicl~i ,  Bina, 
D~brugarh ,  Barmckpore, Waltair and Moulmein in Burma, for  the purpose of sr~pplen~entinq 
the ol?servat~ons taken a t  all the repeat stations every 5 years, and in order to o b t a i ~ ~  reliable 
values of the annual changes in the magnetic elements. 

The tidal observatories at  Kartichi, Bombay (Apollo Bandar and Prince's Dock), 
AIad~as, Kidderpore, Rangoon a r ~ d  M ~ o l m e i n ,  which are en rorrte to  the magnetic observa- 
tories and repeat stations, n ~ l l  be inspected. 

Dehra Dun Observatory. 

I .  The magnetographs, with a fen, exceptions, have worked satisfactorily during the 
year nnder report. 

The clock which n-orks the drams of the declination and horizontal force magneto- 
graphs stopped on the 15th December. After oiling i t  workecl well, but a week later it 
stopped again and continned to stop freqnentlj- up to the end of the month, when it was 
removed, opened up and cleaned. The axles of the d r ~ i n  were also cleaned and oiled and the 
clock then worked satisfactorily. On  the 17th January, however, i t  stopped again. I t  mas 
remored, taken to pieces and tlioroughly cleaned in the Trigonometrical Survey n.orksllops 
on the 1 9 t h ,  after which no further trouble was experienced. 

The arrester of t l ~ c  vertical force magnetograph went out of adjustment on the 12th 
1)erember. I t  was put  into propcr working order on the 15th.  

The  vertical force magnetograpl~ was adjusted on the 7th July on account of the 
magnet line being near the edge of the magne tog~am,  owing to  secnlar change. 

The palvanometer used in connection with the earth-inductor was reported to be 
working badly towards the end of August and the observer in his a t tempt to adjust it 
snapped the suspension fibre. The instrument was put  into proper working order on the 
Slst  August. 

Magnetometer No. 5 (with magnet No. 5B) was introduced as an auxiliary instru- 
ment in place of No. 10 which was taken to England by Dl., deGraaff Hunter  for comparison 
against the Kew standard. The results of the subetituted instrument, in the hands of the 
new observer, have u l ~ f o r t u n a t e l ~  not been very satisfactory. 
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A large crack in tlie thick cement plastering on the north wall of the passage in the 
observatory was repaired early in July as a precautionary measure against any excessive flow 
of water into the observatory during the monsoons. 

The percolation of water into the passage of the observatory began this year a t  the 
end of August when t l ~ e  water rose to 6 inches. Pumping was resorted to immediately and 

was kept lip day and niaht as t.hcre was no sign of the water diminishing until the 6 th  
September. On the rectirrcnce of heavy rain t l ~ e  water gradually rose again to 12 inches 
on the 14th September, in spite of continuous pumping. After that  date the water .gradually 
decreased until i t  finally subsided in the first week of October. 

Besides the danger to the observatory from repeated inundations during the monsoons, 
there is now an additional menace in the introduction of electric trams into Dehra DCn, 
wllich mill necessitate the removal of the obser\latory witliout delay. Every endeavour is 
being made to get  tlie necessary Eunds sanctioned for transferring tlie observatory to a 
suit,able place a t  a safe distance from tlie disturbing effects of tlie electric tramway. 

I t  is proposed to build the new observatory above ground level so that  the risk of 
inundations, as esperiencetl in the underground observatory a t  Delira Dim, may be avoided. 

It is unfortunate that  tlie present observatory, tlie principal base station of the 
magnetic survey of India ~ v l ~ i c h  has been in existence for the past 22 years, should have to 
be abandoned. It is hoped, l~owever, tha t  it  will be possible to preserve tlie continuity of 
the magnetic records by operatiug the  old and new observatories together under undisturbed 
conditions for a few nionths a t  least before discontinuiug observations a t  Dehra DBn. 

2.  Mean uulries of the declincrlion a n d  H. F. cons1ar~fs.-The table below gives the 
mean monthly values of tlie magnetic collimation, the distribution constants Pl .2  and P2,3, 
and the accepted values of p and q used in determining the value of tlie distribution factor. 
The values of the moment ' ' I I ~ ' '  In the table mere derived from vibration observations taken 
with the chronograph. 

Neau vcilses of the co~rstnr~ts of magnet No.  17 i n  1921. 

3. Menr base li?le zw11rea.-The table below gives the mean monthly observed and 
arcepted values of the declination ant1 horizontal force base lines : the accepted values have 

been used to computc the values of these elements for 1921. The horizontal force base lines 
have been derived from H ns determined with the moment of inertia and distribution 
coeficieut used in the computations for 1915. 

hlowms. 

Jonoary ... 

Pebronry ... 
Mnrcl~ .. 
April ... 

June ... 
July ... 

Ango81 ... 

September .. 
October ... 
Kovember ... 
Ilecembcr ... 

I DECLINATION 
CON1TANT1. 1 H.F. CONSTANTS. 

Menn 
mapletie 

collirnotiou. 

! ,, 
- 6 46 

- G 40 

- G 4 4  

- G 44 

- 6 44 

.- G 47 

- 6 63 

- 7 0 

- 7  1 

- 7 0 

- 6 67 

- 6 69 

~ ~ ~ T R ~ B U T I O N  Fbcroas. 

Yl.a 

6 .03  

6 .80  

6 .74  

5 .50  

6 . 8 3  

5.81 

6 .56  

6 . 8 0  

6 81 

5 .77  

6 . 8 0  

5 .87  

YEAN VALUES 01 m. 

Mollthly 
me"n"' 

807.02 

807.01 

806.99 

806.81 

806.86 

8CG.61 

806.SO 

8O(i.S1 

806.87 

806.91 

80; ' 03 

8 O i ~ 0 8  

Pz,s 

7 .06  

7.24 

7 . 1 3  

6.67 

6 . 8 7  

7.01 

7'24 

0 . 9 5  

6 .60  

7 .16  

6 .93  

6 .91  

Accepted 
rn. 

0 

2 
M 

2 
2 
g 

g 

Acccpted mlues. 

P 

o 
r) 
I- 

9 ------ 

m 0 
I 
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4. Mean scale ualue and fei~zpcrature rrtnge.-The mean scale values for 1921 for an 
ordinate of 1/25 inch are :- 

Horizontal Force 4.313 gammas. 
Declination 1 0 3  minutes. 
Vertical Force 8 . 3 1  to 8 . 9 3  from 1st  January to 15111 July. 

1 0 . 4 7  ,, 1 0 . 8 7  from 16th July to  16th August. 
6 . 7 1  ,, 7 .46  from 19 th  August to31s t  December. 

The meall temperature for the year was 2G0.9 C.; with maximum and nii~iimum 
values of 27O.0 C. and 26O.6 C. The teniperatnre of reduction is 27O.0 C. 

5,  llfrrot 11totz1A7y r9nlires a d  crn~riral chawges.-The following table shows the month- 
ly meall values of the magfietic elements for 1920 and 1921 and the annual changes for that 
period. The annual changes for I~orizontal force are deduced from the values of I3 corrected 
for  the moment of inertia and the distribution factor used in the computations for 1915. 

I I o n l z o ~ r ~ r .  Foncn I ~ E C U Y A T I O I I  DIP . V E ~ T I C A L  Fonce 

.32000 C. C. S.+ E. 1" + N .  41' + ,320UO C. 0. S.+ 
Mosrns. I 

1950. 1921. A""~"l 1920. 1921. 2;;; 1020. 2:;; 1020. 1021. ;;;;;;, 1921. claanqe. I 
--- I--------- 

, , #  

Y Y Y  

Jlnrch ... 056 9 0 1 53.6 48.3 - 6.3 59.0 62.6 + 3,6 936 1007 + 71 

... 950 DGO + 10 53'1 4i.i - 5.4 59.G 62.9 + 3.3 9;3 11)16 i i3 

Jl ng ... 961 983 - 2 3  52.7 47.5 - 5 2 59.2 64.4 + 6 - 2  945 1022 + 77 

dnnc . 9 9  04.7 - 24 52.2 47.2 - 5 0  63.1 1;~L.b + 5.4 951 1030 b 79 

... 066 954 - 12 I 51.8 4G.i - 5.1 fig 5 64 .4  + '1.9 965 10:10 + 84 

I 
Angn~t ... 037 942 - lfi ( 5 1 3  4G.4 - 4 . 9  60.5 6 5 0  + 4.5 365 1037 + 72 

Septcml,cr ... 940 940 0 1 51.1 

Octnher ... 031 + 7 60.4 

Noveml~er .. ::: 9% + 1 1  49.9 

Mcnns ... 

46a1 

45.8 

45.4  
. -  

Decernher ... 926 929 + 3 - 

.43.1 

18.4 

- 4 . 3  

- 4 
- 4.0 

- 6.0 

61.8 

8 

61.8 

61.3 

65 .6  

6 6  

66.1 
_ ,  

05.3 

+ 3.7 

+ 3.8 

+ 4.3 

+ 4.0 

964 

959 

961 

966 

1042 

l0.n 

1046 
---- 

+ 

+ 

+ 

1041 + 7; 
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Toungoo Observatory. 

The magnetographs have worked very well during the year under report. 
On the l S t h  May the basc line light on the visual scale was not discernible and it waR 

discovered tha t  r a t e r  had lodged in the scale box owing to  the observatory leaking aftor a 
heavy fall of rain. The water was removed and the light adjusted. Necessary repairs to  

the rouf of the observabory were carried out by the Pnblic Works Department on the 
l:th Jnne. 

2. Men11 ~ralttes of tire rleclinnlion und I$. F. ccnatnnts.-The table below gives the 

mean m o ~ ~ t h l y  v a l ~ ~ s  of the magnetic collimation auddistribution constants P1.z ant1 P2.3 for  
masnets Nos. 19  A aud 20 aacl the accepted values of p and q used in determining the dis- 
trihution factor for magnet 19 A.  The values of the moment " m  " as obtained f r o n ~  this 
revisell distribution factor are given for masnet  No. 1 0  A. 

The distribution factor for magnet No. 20, denoted by " P "  in the tahle, is the 
m 

.I~pmximate expression (1 +;)-I, which has been used in the computation OF - H The 

correct value of the distribntion factor for this magnet, which will include the Q term in the 
P 

expmsion (1 + + :)-I, will be cnnipnte(1 later on when sufficient data  are available 

for no accurate determination, as it is only from an extended series of deflection observations 
that a reliable valuc of the distribution coefficient can be obtained. The  provisionally 
accepted value of In ", given in the table for magnet No. 20, has been determined fro111 r l ~ r  
aplxoximate expression used for the distribution factor. 

The values of " m  " for both magnets Nos. 10 A and 20 mere derived from vibl.ntio~~ 
obscrvntions taken with the chronograph. 

The n~ontlily mean valnes of " In " for magnet No. 20 are Fairly steady nnd are rnur l~  
more satisfactory as colnpared with the rapidly clccrcasing values OF the lnoment of m a g ~ l c t  
No. 19 A previously in use a t  the observatory. 

~ t l e a ~ r  v n l ~ i r r  of' tAe co,rstcr~tf.~ o f  I ) I U ~ ~ I P / . Y  il'os. 19d n ~ n l  PO ~ J I  1921. 

Jlonrtls. 

Jnnuill.p . . . 

1icb1.11nrp ... 

hlnn.lt ... 

Alw11 .. 

hlng . 

J u ~ l a  . 

.111lr ... 

U~:rr.~w~rlo?r 
CONSTAXTB. 

- -  - 

Mean 
~nnyne t i c  

coll iwntio~~. 

* ,, I - 1 1  21 

- 1 1  30 

Aoc11.1 ... I - 7  23 

?Ic l~l~~rrbur .  - 7  13 

Oclohr~, - 7 15 

h ' o r r ~ ~ ~ b r r  

Drrr~nt ter  

H. F. CONSTANTS. 

7.12 931.10 

6.97 931.10 

6 9 5  7.34 931.39 

931 41 

(l.91 7.31 ) 

Alngnet No. 19 .I n'na l ~ s c d  I I ~  to l?eL~.nnrg. 
.. No.20 .. ,. fro~nAloarch. 

3. Men11 boar l i ~ r c  cnZucs.-Tlle table below gives the mean monthly observed ao 
lccepted values OF the declination and horizontal force base lines. T l ~ e  accepted values ha1 
)eon llsed to compnte the values of thcse elements for 1921. The  horizontal force bar 
ines for January and February have been derived from H as determined with the  momer 

lf inertia and distribution coefficient used in the computations for 1015. The  base liuc 
'or the remainder of the year have been derived from H as  determilled with the moment ( 

nertin obtained for magnet No. 20 a t  Tonngoo in February 1921 and the approximal 
'xpression of the tlifitribution ooeficient referred to  in the precedi?g para. 

- 7  26 1 6.90 931.14 ) 

n~srnlnor~on PAcrons. 

- 7 27 

- 7 2 6  

- i 2 8  

- 7 15 

8,:19 i.8G 
10.19 - 646 

P l .2  

-- 
Nrnv mLr.ns O P  m. 

930.98 1 
7.06 7.60 931.19 I 
li.87 7.78 

~ o ~ t h l ,  
1119.08, -- 

Aeceptcll 
m. 1'2.3 

Accepten rnluea. 

P l ( 1  
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5 .  Men11 tno~itlrly rn lues  nrzd annual chnnges.-The table below s l ~ o n s  the nlonthly 

m e a n  values of t h e  magnet ic  e lements  for  1920-21, and  the annua l  changes  for  that period. 

Tile annua l  changes  fo r  horizontal  force a r e  deduced f rom t h e  values of H corrected for the 

nromcnt of inertia ant1 t l istributiou fac tor  as referred t o  in para.  3. 
Anrtrtnl chnrtges r ~ t  Totrtigoo ix 1920-21. 

The d u e  of the i n s t rumen ta l  difference, u s ing  these  provisional c o ~ i s t a ~ ~ t s ,  is 1 9 ~ -  
20=4 ge+rnrnas for horizontal  force. The inst ,rumental difference fo r  decliuation betweell 
19A a n d  20 is ni l .  

Base  l ine  rnliies of mogretogra j~hs  ill 1921. 

I Ho~lzorr r~  Fonrr I I ~ E C L ~ X A T ~ O ~ .  DIP V E ~ T I C A L  F o n c ~  I .38000 C. C .  S. + W. ol+ N. '2T + .16M)I) C. G. S. + 

. ln~~nnrr  ... I06 

+.19 22.7 2 5 ' 4  +2 .7  7.7 6.8 - 0  9 703 506 + 6 

Jlar 

.11111c ... 128 ' 122 ' - 2 ' 23.4 26.1 +R.0 7 .7  6.7 -1.0 i12 697 -13 
I I 

Knrernlwr ... 121 135 ) +1R 24.8 28.1 + 3 , 3  7.6 7 . 2  -0.3 707 709 

nerember ... I33 I :  + 6 ! 2 i l ( l l E  + 3 3  7 3  7.2 -0.1 709 70. 
+ I  

- - - - _ - , _ - p p p - - - - -  --- 
Menor . 114 I I32 1 2 2 7 6 1 3 1 7 7 .0  - 0 7  7m I l o b  - 

* Tho E. F. nnql V. I. Vnlnes L-r 1920 nre in term. of bfnpct 19 A nod tli~,qe for 1921 nre in terms ' 
Mwoct 20. The snnnel chnnper harc l~cen cnrrcctcrl for tllc ~lidcrcncc hetn.ccn M n ~ n c t ~  19 A 7.0. 

>loxrnr. 

Jnnunry . . .  
Februnry ... 
Blnrcl~ ... 
Ayr11 ... 
Yay .. 

Julie ... 
5111)- ... 
Augurl ... 
Septemhe~. ., 

October ... 
Xovember ... 
Deccmbcr . 

-1.. Mean scale I)O~IAP$ and t ~ n ~ p e r a t u r e  rrrrrgc.-The mean scale values for  1921 for 

a n  o ~ l i n a t e  of 1/25 i n ch  are :- 
EIorizontal  F o r c e  5 . 3 6  gamlnas  t o  28 th  February .  

5 .20  ,, f r om 28 th  Feb rua ry  t o  the  end  of t h e  year.  

Declination 1.04 minutes.  

Vertical  Force  .5.77 g a m m a s  t o  5th May. 
5 ,R3 ,, f r om 5th May t o  the end of the yea r  

T h e  mean temperntore  for  t,he year  mas ASD.2 Fahr. w i th  m a s i m u m  and  minimum 

mon th ly  values of SSO.5 and  8SC.0 Fahr. T h e  tempera ture  of reduction IS 89O.0 Fah. 

D e r ~ l n ~ r l o ~ .  

vE; 1 z::Pk 1 R E > ~ A I I K ~ .  
Ewe Iiue. 

H O R I Z O K T ~ ~  FORCE. 

'Icn" 1 ~ n s c  line 1 
, nccclstcd. "EM*HU~. 

Mnpnet No. I9A 
used np to end of 
Febronry nnd No. 
20, from Nnrch. 

1)ifference be- 
tween 19A nud 20 
is nil. 

0 3 

1 1 4 . 7  

1 14.4 

1 1 4 . 1  

. 1 14'1 

1 14.2 

1 1 4 . 3  

1 1 4 ' 6  

114 '5  

- 
Nngoet No. 

IDA 11sed op to 
end of Pebronry. 

Mngnct l o .  
20 used from 
1st hlnrch. 

Difference 
19A-2U is 4,. 

hlfx:,o I Z t h  
(2) From 13th 

to 31sL hlng. 

a ,  

I 14.7 

*. 

14" 

I la.1 

1 14.1 

1 14.3 

1 14.6 

1 14.5 

G' '' 
,38641 

'36643 

'38947 

38917 

38945f1) 
.38930(2) 

,38933 

'36928 

'39926 

G' 

,38641 

. 38643 

.38947 

,38947 

,38945(1) 
.38!139(2) 

.38933 

,38028 

.389?6 

.38921 

'38924 

,38921 

,38916 

1 14.2 
I 1 1 4 . 3  14.2 I I *3 

.389LP 1 
:::::: 1 
.3891G I 

1 14.2 

1 14.3 

1 14.2 

I 14.3 
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Kodalkanal Observatory. 

This observatory is under tlie control of the &Ieteorological Department, but  the 
observations and the records of the self-registering instruments are forwarded periodic- 

ally by the Director of the observatory, for computation and for record in No. 18 Par ty  
(Magnetic). 

The \\lorking of the m a g ~ ~ e t o ~ r a p l ~ s  has been fairly satisfactory. The clock which 

the drums of the declinatiol~ and horizontal force magnetographs mas reported to have 
stopped very often d u r i n ~  the year. The cause of these stoppages is not stated bu t  they are 
I>rObab]y due to the clock requiring a tl~orough cleaning. 

The base line value of the declination rose to 0 l . 8  on the 18th January and returned 
to its normal value on the J l s t  February. The cause of the change, from a scrutiny of the 
records, is traceable to lost motion in the t a n ~ e n t  screw of the magnetometer which is report- 
ed to liave been cleaned on the ]St11 January. 

A t  the request of the Director, the officer in charge of the magnetic party, during 
his visit to the observatory for taking the annual comparative observations, adjusted the 
~lorizontal force magnetograph on the 1st AIarch, on account of the shif t  in  the magnet line 
to the edge of the magnetogram, due to secular cliange. 

2. Men11 values t h e  rleclinntion axrl H. F. cons1anls.-The table below gives the 
nlean mouthly values of the magnetic collimation, the distribution constants P1.2 and P Z . ~  

the accepted values of p and (1 used in determining the values of the distribution factor. 
TIle values of tlie moment " m " are also given, as determined by this revised distribution and 
tile n~onlent of inertia used for tlie computations in 1915. The values of " m  " in the table 
mere derived from vibration observations taken wit11 the chronograph. 

Mean volttes of the coltslants 07 otagtlet No. 16 i n  1921. 

- 

3, dfeni~ hrc.*r Iiiic 1~nl1trs.-The table belo~v zivcs the mean montl~ly observed and 
arceptetl Lase line v a l ~ ~ e s  c ~ f  the tleclinatio~i and horizontal force niagnctographs : the accept- 

ed values have becn 11sed to compntc: tlie val~les of these ele~llents for 1921. The horizolltal 
forcc base line valnes liave been clerivetl fl.on1 I1 a s  tletern~inecl \vith the moment of inertia 
and distribution coeflicient used in the computations for 1915. 

YOSTUS. 

Jnonary ... 
Fcl~runrg ... 
Blnl.ch ... 

DEPL~XATIOX 
CONSTASTS. 

Jleou 
n>ngnetie 

colliamcion. 

I I 

- 3 15 

- 3 20 

- 3 li 

H. F. c o r s t A r r 8 .  

882.01 

882.L.3 

881.11 

882.13 

882.14 

882.10 

892.11 

832 I6 

882.11 

3 
rn 
0 

2 
.a 
F 
e 
5 
-P 

m * 

Dlnrnlocrlo~ F~crons .  

Accepted volses 

p l p 2 3  

C) 

0 - - 
I\ pril ... - 3 l S  6 . 5 4  8.65 

Blng . .  - 3 17 l i j 8  lii 

J n u e  

July  

Angnst 

MEAN V A L U E S  or m. 

Octol~cr  ,. 

Noreulbcr ... 

1)cccmhcr ... 

blonthly LU-us. 

882.24 

882 21 

882 - 0 7  

---- 
I-- 

ti 68 

6.58 

G.56 

Accepted 
01. 

8.10 

8 36 

8 73 

- 3 I 3  

- 3 l r i  

6 . 6 1  8 . 4 1  

6.G3 8 64 

i - 3  l i  ( 6-60  1 8.62 
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Base line ralttes of magnetographs in  1921. 

4. Meal8 scale values and te~npera:zire r(cnye.-The mean scale values for 1921 for  
a n  ordinate of 1/25 inch are :- 

Horizontal Force 5.95 gammas. 
Declination 1.03 minutes. 
Vertical Force 8.07 gamnlas to 13th June. 

8.844 gammas from 14th June. 

MONTHS. 

January ... ... 
February . . . ... 
March . . .  ... 
April ... 
May . . . ... 
June . . .  ... 
July . . . ... 
August . ... ... 
September . . . ... 
October ... . . .  
November. ... ... 
December . . . ... 

The mean temperature for the year was 17"-7 C . ;  with mas imu~n alicl n~iriimu~n 
monthly values of 18O.3 C. and 16O.6 C. The  temperature of reduction is 1 9 O . 0  C. 

5. Mean mo~rtl111~ vctlaes nnd nnnlinl clan~es.-The table below gives the montl~ly 
Ineau values of the magnetic elements for 1920 and 1931 and the annual c l~a l~ges  for tliat 
I>eriod The annual changes for horizontal force are cleduced from the values of H correctrtl 
tor the moment of inertia and the distribution factor used in the computations f o r  l!)lj.  

DECLINATION. 

Mean value 
of Bnse line. 

0 ,  

2 58.2 

2 5 8 - 0  

f 58.2 

2 57.9 

2 57.9 

2 58.2 

2 58.0 

2 57.7 

2 57.5 

2 57.C 

2 57.4 

2 57.5 

HORIZONTAL F O R C ~ .  

Honrzosrd~ F o n c ~  DECLIKATIOI I UIF Vcnrlc.tr Fonrc 

.3700U C. G .  S. + h'. 4, + ,03000 C. G. S. + 
BIOSTHS. 

7 7 
, 1 Y 1 Y i 7  

Base linc 
accepled. 

0 ,  

2 58.2 

'2 58 .0  

!! 58 ' 2  

2 57.9 

3 57.9 

2 58.2 

2 58.0 

2 57.7 

2 57.5 

2 57.2 

? 5 7 - 4  

2 57.5 

Menu vnluc 
of Ijasc liue. -- 
C. G.  S. 

.37340 

.37345 

- 3 i 3 4 4  

.37343 

'37344 

.37339 

a37337 

,37336 

.37336 

.37335 

.37336 

m37337 

Frhr~~ary ... 
a1arc11 . 
April ... 
3lny . 
June ... 
July ... 
August ... 
Bepternbor ... 
Qcrober ... 

tla5e line 
nccepted. 

C. G. S. 

. 37340 

,37345 

.37344 

-37343 

,37344 

.37339 

,37337 

.37334 

a37336 

.37835 

-37336 

.37337 

770 

i, 

765 

777 

iO1 

7% 
i 9 5  

592 

798 

799 

8OG 

7.97 

627 

932 

631 

813 

818 

833 

ti33 

814 

842 

848 

862 

832 

47.9 1:: 4 0 . 0  

+GG 48.6 

+3G 4 9 . 0  

53.3 

53.3 

G3.6 

53.7 

54.4 

54.4 

64.6 

64.7 

64.7 

5G.3 

55.9 

54.2 

c27 

t 3 0  

+38  

+G2 

+44 

+49  

t 4 G  

+ 4 5  

' 49.8 

5O.G 

61.0 

51.0 

61.5 

61.9 

52.3 

49.9 

+ 5 , 4  

+ 6 , 3  

+ 4 ' 9  

1 4 . 7  

t 4 . 0  

+3 .8  

+3.5 

+3.7 

+3.2 

+ 3 . 4  

+3 .G  

- - - -  
+ 4 . 3  

34.7 

36.6 

36.2 

30.8 

30.1 

3 6 - 3  

36.7 

3G.4 

30.7 

36.8 

37.1 

3G.1 

47.3 

37.5 

38.0 

3 8 . i  

38.8 

39.1 

39.1 

38.0 

88.8 

39.0 

39.1 

38.6 

+2,G 

+I,!,  

+ I , t l  
+2.L 

+ 2 ' 7  

t 2 . R  

+2'4, 

+ 2 , 5  

t 2 . 1  

t 2 . 2  

+ 2 ! 0  

+ 2 . 4  

026 

034 

040 

046 

012 

044 

049 

0.15 

049 

050 

054 

042 

037 

('Go 

OGG 

072 

OiJ 

Oi9 

OiR 

077 

076 

Oi8 

OF0 

071 

+32 

+2c 

+?G 

+1 

+R2  

+35 

+ 2 9  

+32 

+27 

+28 

+ %  -- 
+29 
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111.--TABLE O F  RESULTS. 

Mean ualues of the magnetic elements a t  obseruatories rn 1027. 

I 

Ol,servntorg. Latitude and 
Longitude. Dip. Declination, 1 H ,  F i Y. F. 

! 
- -. - - - - -- I 

0 , ,I 

I 
Toongoo l 8  55 45 N '  ! N .  23 7 . 0  1 Y . O  26.8; .39131 .I6704 

96 21 3 E . }  1 
i I 

l 3  N'\!... 4 . 5  . 4 . 2  3 2  .CJrl Kodaikinal . . 7 7  27 46 E. j ; 

I I i 



92 RECORDS OF THE SURVEY OF INDIA, 1921-22. [Vol. XVII1. 

.i 
* o w  
0 9 

- 2% 
" at- 4 e 

;j 7; ii 
: =.m 0 3 3  -- - 
- z m  ant- 
e ", - 3  

' p 2  2 E  



H
ou

rl
u 

M
ea

ns
 o

f 
th

e 
D

ec
lin

at
io

n 
at

 D
zh

ra
 D

un
 i

n 
19

27
, 

de
te

rm
in

ed
 f

ro
m

 a
ll

 a
uo

i!
ah

Ie
 

d 

I i
d

.
 

1
 
I 2

 
I 3

 
I 4

 
I 5

 
I 6

 
1 7

 
1 8

 
1 9

 
I 10

 
1 1

 
iN

o
o

n
I 

j 
1. 

' I
 

I
,

 
' 

D
iu

rn
al

 I
ne

qu
al

i't
y 

of 
th

e 
D

ec
lin

at
io

n 
a

t 
D

eh
ra

 D
un

 i
n 

19
21

, 
de

du
ct

 

-
-
-
 

N
O

T
E

.-W
he

n 
th

e 
s

i
p

 1
8

 +
th

e
 r

na
gn

er
 p

oi
n

ts
 t

o
 t

he
 e

a
st

, 
au

d
 w

he
n 
- 

to
 t

h
e 

7 

yr
. 

D
ec

li
na

ti
on

 =
 

I
li
 

I I7
 

( I
S

 

-
-
 

'
I

 
,

I
 

I
 

t f
ro

m
 

th
e 

ab
ov

e 
ta

 

-1
.5

 
-0

.7
 

-0
.2

 
, -

0
.7

 
0

.0
 

t0
.4

 
-

0
.2

 
+

0
.1

 
-0

.1
 

-
-
-
 

-1
.0

 
-0

.3
 

0
.0

 

rs
t 

of
 t

h
e

 m
eo

u
 p

oa
it

ic
 

P
 

19
 

I 20
 

( 2
1 

I 22
 

1 
23
 

M
id

. 
N
e
m
n
 

& 
I 

, 
s u 

M
.

4
 

4
8

.5
 

4Y
.3

 

4
7
3
 

4
7

3
 

47
.4

 
7 

4
7

.2
 

' 

4
6

.8
 

4
6

.i
 

4
6

.9
 

4
7

.0
 

4
7

.2
 

4
7
.
5
 

4
i.

2
 

* 

le
. 

s
 

I 
+

0
(4

 
+

0.
'3

 
+0

.'2
 

+
0.

'2
 

+
0.

'2
 

+
0

:1
 

C
 

M
 

+
0

.3
 

t0
.3

 
t0

.2
 

+
0

.1
 

+
0

.1
 

t0
.2

 
0

.0
 

-0
.1

 
-0

.1
 

0
.0

 
+

0
.1

 
t0

.2
 

rC
 

-0
.2

 
-0

.1
 

-0
.1

 
0

.0
 

t0
.2

 
+

0
.3

 
+

0
.1

 
+

0
.2

 
+

0
.2

 
+

0
.2

 
+

0
.2

 
+

0
.3

 
+

0
.2

 
t0

.2
 

+
0

.1
 

+
0

.1
 

+
0

.2
 

+
0

.1
 

-
-
-
-
-
-
 

+
0

.1
 

+
0

.1
 

( +
.l

 
-0

.1
 

t
o

-
2

 
1

0
.2

 
-
-
-
-
 

-0
.1

 
-0

.3
 

-0
.1

 
0

.0
 

.-
0

.5
 

-0
.6

 
-0

.5
 

-0
.3

 
-

0
.4

 
-0

.5
 

-0
.3

 
-0

.2
 

0
.0

 
+

0
.3

 

-
0

.3
 

-0
.5

 
-0

.5
 

-0
.2

 
0

.0
 

+
3

.4
 

1 _O
.I

 
I0

.2
-

0
.3

 
-0

.a
 

-0
.1

 
0

.0
 

0
.3

 
0

.2
 

-0
.1

 
0

.0
 

-0
.2

 
+

0
.3

 
-
 
-
 
-
-
-
 

c
O
 

C
s
 

1. 



04 RECORDS O F  THE SURVEY OF INDIA, 1921-22. [Vol. X V ~ I I .  

a 
w.1. - a m  - 8 7 %  .S$ I P  I 

8 1 ~ + F F  I g 1 a m .  .am 

S 1 .2 c . ~ ~ ~ ~  S Z ~  a m r ,  0-3 r 
0 -. -- f, C. )r m 3 1  3 -r 80 -e d -e m o o  m s n  m - .. - .- 
2 , , - - i ; ? i 8  g z g  
3 nasl n m m  

13O-" ,om-"  2 a c . m  m a m  o 
I 

3 0 ~ - i - ; ~ : ~ ~ ~  a= . rn  O O ) O  1 l ~ - ; + l f  - m a  c - C .  - .: - I I I I 

p . +:3"%;" ' K Z  - ' = O  I- 

O 
m m o  1 m  1 on;. 2 

4 - i -- . 1 3  m lo O o In 
t: 2 + - - . m  

1o-nI.c 0 

* .... n - 2  I I I 2;:; $ 9 2  / 3 -i .- - .$HI i t ;  / g IF- a ~ ?  / 5 s 

2 + W 1 0 ( 1  d N N  N 

+ + +  + I  I + 
i 

.=mm m m m  r- 
+ + +  + + +  + 

c .- 

+s)rj o a o  = 
+ + +  + + +  + + - -  I 



H
ou

rl
y 

M
ea

ns
 of

 
V

er
ti

ca
l F

or
ce

 i
n

 C
.G

.S
. u

n
it

s 
(c

or
re

ct
ed

Jo
r 

re
rn

pe
ra

tu
re

) a
t 

D
eh

ra
 D

un
 i

n
 1

92
7,

 fr
om

 a
ll 

av
ai

la
bl

e 
d

ay
&

 
V

er
li

ca
l 

F
or

ee
=

..3
20

00
 

C
.Q

.S
.+

ta
bu

la
r 

q
u

an
ii

ty
. 

-
B

~
~

~
 

IY
~~

.~
 

I 
I 2 

1 3
 
I 4

 
I 1

 
1 6

 
1 7

 
1 8

 
1 9

 
I 10

 
1 11

 
/

h
o

o
n

l
 

13
 

1 14
 

1 15
 

1 16
 

1 17
 

1 18
 
I 1

9
)

 
20

 
1 21

 
( 2

2 
1 13

 
!M

id
.I

U
ee

.n
8

 
3
 

-
-
-
-
-
-
-
-
-
-
-
-
-
 E 

-
-
-
 

D
iu

rn
a

l 
In

eq
rr

al
ity

 o
f 

th
e 

V
er

tic
, I

 f
o

rc
e

 a
t 

D
eh

ra
 D

un
 i

n
 1

92
1,

 d
ed

uc
ed

 f
ro

m
 t

he
 a

bo
zq

e 
ta

bl
e.

 

- 
1 

+ 
1 

-I
? 

-2
1

 
-1

8
 

-1
5

 
- 

9
 

- 
4

 
- 

1 
+ 

2 
+ 

2 
-1

3
 

-1
4

 
-1

4
 

-
9

 
-

4
 

0
 

+
2

 
+

4
 

+
2

 
-I

2
 

-1
3

 
-1

0
 

-
6

 
-

2
 

+
3

 
+

4
 

+
3

 
+

Z
 

-
-
-
-
 -
-
-
-
-
 

-1
1

 
I 

I 
-1

1
 

- 
7 

- 
2 

+ 
l 

+ 
2 

+
 2

 

t
 

th
o 

V
.F

. i
s 

gr
ea

te
r,

 a
nd

 w
h

cn
- 

It
 is

 l
ed

3 
rb

rl
t 

r
L

 m
e-

 



96 RECORDS OF THE SURVEY OF INDIA, 1921-22. .Yol. XVIIL 

w - m  - 
2 1. &&A nmh 1; 

.- ( O W L ?  1,om I cl : 1- 
n c ' m  m ? ( 3  ? - 1  $ 8  & .>*, -? 

-c 
.2 - i- u ;I 1. ?.? P " ?  

x N CI bn W I., 



Vol. XVIII.] MAGNETIC SURVEY. 9 7 

-- 
. "Lo'? 0"" ? 1 z :  z g g  1 r 

o - -  00- 1 o  u m ~  a s -  .. . 
0 0  b b b  ! 0  1 b b b  6 0 0  o  

+ I  I l l  I l l  I I  

.p-7 --- 0 ? r p  2:: 1 000  000  0 000 
+ I  I  I +  I l l  I l l  I  

+ + 
L9N-  0 - N  'N .. . 
000  400  0 
' + +  + +  + 

s 
a .??" N * 

000  0 0 0  0 
U + + - i  + +  + 
$ 

\? " >o :> m 
ooo  6 c j  + -3 + + +  + + + I ;  
*TO? C 1 3 ? 1  0 

Y ooo  6 6 6  16 
2 C l + + l  
-u 
'I" 7-c? 7 

%. 
'.  ' 

0 0 0  i 
I l l  I I  

Y- - 
- L ; D ~  m - m  ' ro 

.- 0 0 -  000  

0 
. O ~ N  0 - m  + 
- 0 6  I 0 0  16 b I I I I + + [  I  L 

L - Y ~  L??: -:'? w 7 n  
(5 . .  . 
3 / gg.0 E-2 1 g I w r r  I-,-.- 

N N O ,  > I N W  

c - 0 3  d o ?  1 e -1-0 m r n ~  

2 i. a r m  1 -  I +i-& k w d .  
NCIm N N N  r 1 7 1 N  N N N  

??? L o ? ?  

4U-?= ???  ? 
0 - 0  OF'- 0 
+ 1 1  I l l  I  

1 NO? ?"? ?I 
-00  000  0 
+ + + I 1  + 
" " T P  " ??  ?I 
3 3 -  -"- - 
+ + +  + + +  + 

+ + + 

N"?  ??? l a  1 
I + C + + +  I + 

0 ? I - m  * w m  
i- I n o n r n  w w t -  
N N C 1 5 . I  N N N  

\ ,  

N N N  C l N N  , 
? ? ?  NNN - 
0 0 0  0 5 0  
+ + +  + I  + 

N-? om- 0 
b h o  b i b  I &  
+ I  I + <  

- , . 
m - - f  m f " ?  w I : :: 1; 1 ,,, i; NNN NNN - - 



88 RECORDS OF THE SURVEY OF INDIA, 1921-22. 
[Vol. XVIII. 

. i 2 5 5  1 ; I '5s 8:: / 5 .$ U p 
s -  r j +gzg fsc 1; ( 2;; 2;: 2 
L A  
2- 

t o - 0  dm", 
rP D + - N O  N N N  

0u.0 n-IIJ o 
u N --- --- n o -  N N N  N - --- --- + 

+ -  " s z g  ;s$ 5?35 ?2$ 2 r! 
U 

eidh n n d  

0 3  - 
N w m  - + *  

il ,g +3z2  :ID / g 1 g ~ j  g e j  l g  
9 

d m 0 1  - 1 0 ~ )  N d N  -300 

$ -  m o m  m l n m  
u, 

'5 2 +--n 2.2 2 22: 13 
h -  

- n -  m m m  c +.-a 22. 1 1 55: 313 14 
;h 

G -  
d m m  m n -  2 w + = n m  . ~ m m  - --.. - - . . I41 31: p ; n a J a  

9 
.C - 

O m h  O W h  10 - - 
u - 

"?ma O P W  B 3 + i s 3  2 ~ 2  12 1 122 er 12 
4 - 
i 

-- 
d m g  < ~ e x  

? a +?a j 22: / I E2-  l?lz E 
.s T h h O  ,-7 
0 0 + w U h  W a 1 0  ,,, / f 1 2 5  259 19 
2- 
s 

;. .391 9;; / 4 1 55: ~ 5 :  1; ). u -  
T 

e 5 ,xsa se; I a 1 g z y  32: 
1 
). --- --- I 

--- --- 9 
9: - - , 2 9 2  553 ( 4  1 598 5 z 
a - 
0 

0 

k -  
0 e(i.2 .c-3 
2 +z3a 222 15 1 2 ~ 2  --- g:g --- 2 * 
P- 
Z 

- -. 

c6 
cj- 

.5 
0, 
- --- - - -  I - 

p 0 * 0, 3 m 9, 0, 
'="  m e . 2  ( 8  1 55: e i z  i - - -  --- e . -- - -- 

u ,.:i; 222 1 I 15; g25 'p 0 

-2 - -- - 

6 -  
(b 

+9% "3 I $(Pi z$z  o a - - -  
s- 
2 = = ;  3%; &ti& ; 2s; g : ;  

--./-A c - A  % 
aamrnog 



-
 

CJ
nn
. 

r
 

F
eb

. 
I Ma

r.
 

(D
eo

. 

Y
sn

n
s 

N
oT

n.
-\

Y
he

~l
 

th
e

 n
ly

n
 I
S
 +

   
he

 V
.P

. 
is

 g
rc

nt
er

, 
an

d 
w

he
n-

 
it

 i
s 

le
ss

 t
ha

n 
th

e 
m

.w
m

. 



D
iu

rn
al

 I
ne

qu
al

it
y 

of 
th

 

H
ol

a.
-W

h
en

 
th

e 
sl

gn
 i

n 
+ 

th
e 

D
ip

 a
t 

To
un

go
o 

in
 7

92
1,

 d
ed

uc
ed

 f
r 

-1
.7

 
1

7
1

.9
 1

-1
.8

 
( -

1
.3

 
1-

0.
; 

( 
0.

0 
)i

p
 is

 g
re

a
te

r,
 a

n
d

 w
h

en
 - 

it
 i

e 
le
es
 t

hn
n 

Lh
e 

I 

m
 t

he
 a

bo
ve

 t
ah

lc
. 



Vol. XVIII.1 MAGNETIC SURVEY. 101 



a. n - ., - 2 2  $ 2  2 ZOZ? 1 B S  $ 
m m m  m m m  m  m m m  m m m  : 9 

x - 
0. 

2 .gsp 2 5 %  1 I:; es~ 2 u 7 - 



Vol. XVIII.1 MAGNETIC SURVEY. 103 

01 - - 
+r '- 

0-0 2 S B  3 
s- I - - + - I )  m - f  e ,.as. g a s  1 6 1 .OO o o o  1. ~ 2 :  2 % ~  - 

+(DWCO W F J ~  W I - ' 3  d h h  



- 8 - b . 3  m o -  % ; 1. *,..L s 2 m  w - I 0 T .  m z =  0 *. 1 ,  
- I?? T ? ?  ( T  i I .-... :.a= z 

.T.?.> c m :  r: 

o?- 0.2,- .i'; = 
0 B - d  - 4 -  - 
I l l  I l l  

-T ?I '3 'p . . .  * 1 7 , -  - 3 3 7 ,  : 
I l l  I l l  8 2 T: ~- -- 

P. * I- . . .  T:: 1 - 
r., > m -  
I l l  I I I  I 

f*? a ? ? . >  1 

1 3 3  ' k  
Z ^ ? ,  r ? = m  ^ 



THE COMPUTING; O F F I C E .  

Ily MMon C. M. T n o a f ~ s o ~ ,  I. 11. 
Computing S e c t l o n .  

FERSOINBI.. I.posfas!/.-The only c o ~ ~ t r i b o t i o ~ ~  VII  this sub- 

Clnsa I ~ ~ i c e r r .  ject to be recorded in this report was the publication 

D ~ .  J. do ~ r ~ , n f f  Il~~nter, 31. '1, Ec. I1 , I?. Inst. P., of Survey of India ProEcssiol~al Paper No. 1 8  by 
a ~ , n r c ~  ti l l  29th hlarch 1922. Lt.-Col. H. NcC.  Cowie, R. n., entitled " A criti- 

captain IP. A. uleuuio. 1). 8. 0., H. B., in ch~~rge cism of Mr. R. TI. Oldham's Memoir-' The  Struc- 
from 3Otll hlnrch tcl 9th hlay 1922. 

(:, h l ,  '~)loml,s~,n, I. I., i l l  cl~nrga f m l l l  10th t'lre the H i m i l ~ a s  of Gan*.et'ic 'Iain1 
Mnl  I ! I~P .  as elncidated by Cieodetic Observatio~is i~ India '. " 

Cumpwting ~ f l c c .  Coonll>u/alions.-The following cornl)~~tatione 
nerd  Cornpalev were carried o a t  during the year :- 

Hai Snhib I s b a ~ ~  Chnnd~u I)crn, H. A,, till l O t l l  

J t~ou 1022. whcu ho rotirrtl. (I,) Data were co~n~) i l ed  for t l ~ e  I)rediction 

Bnbn hlnkm~~l:~i~nutta Acl~qrya from Isl. Jalg 1922. of tides for 1923 by means of the tidal machine 
10 Yonnor ~ n d  1 dt~nior COIUIIII~C~J.  for  4.1) ports. I n  adtlitiol~, the actual preparation 
In addition 13 Colnllutcrs from p ~ r t i o s  worked of tile title-tahles for 9 riverain ports, i t i c l~~ded  in 

doring n port on of the  yvnr. 
the above, was untlertaken in this office. The  

work of non~pl~tcr  . \ [s t~~nathx Nat.11 cllattayji is wor t l~y  of mention, in connection 
with the tide-prc~liction for t,l~e riverain ports. 

( h )  'rlre reclnrtion of the observations for  latit,tltle a t  4, stations in I<ashmir by 
l%t.- Xlajor I(. .\[ason, 11. C.,  H .  T<., is i n  Iland. 

( r . )  'L'he a.;trono~niral Intit~lrle.~ ohscrve,l br )fz,ior 11. 'l'. lIorshe:~tl,  1). S. O., 11. E., at 
. 1  I I~Hl;~~raallj ~ n t l  L)n~n,l,~nsi werp cllecltetl anrl co~n~)uter l  with a view to an investigation into 

the gravit,:~tiol~al egects a t  these stat ions. 

(11 )  'L'he triangolation esec~ltetl b!. Bt.- Major E. 0. IVheeler, XI. C., I t .  I<., during 
the ISvrrest csl)ctlitiol~ \\,as reducetl. 

( r )  (:orrcct,io~~s to latitl~tle, I o ~ ~ ~ i t ~ l t I r ,  a z i ~ n ~ l t l ~  anti logsides tlcrivetl from the adjust- 
!:let~t of the p?nrlent port,ion of the I3111.rna (!oa~t. Series were computed. 

( 1 ' )  1"or ~ ) I I ~ ~ X ) S C S  I)€ i ~ n v e s t i ~ a t i o t ~  t l ~ e  topogmphical effects for 59 pentlulun~ stations, 
O F  rvl~icl~ the I-IayEor~I crlrrcclin~~s 11avc beer1 l,ublisl~etl in L'~,oEessional Paper 15, pages 171;-178, 
have b f , e ~ ~  separa(erl fr1)111 t,l~e c o ~ ~ i p e ~ ~ s a t i o l ~  ~ R e c t s .  

( / I )  Sevcn t ,~blus,  in atldition to t , l ~ r  23 ~ n e n t i o ~ ~ e t l  in Recortls Volume S V [  wcre 
c o n i l ~ ~ t ~ t * ~ l  tmo rompletr . i ~ ~ x i l i n r y  'I'aLles I'wt I11 (5th l?dition). 

A(~~I I .$~I I I~I I~ .Y. . -  

( 1 1 )  ' rhr atlj~trtmcnt of the ~n inor  triangnlation falling ill  degree sheets 39 A ant1 39 E, 
N. IV. Pront.irr, 1v.i~ take11 in liantl, in accortlnnce with the lienr ~netliod devised by Dr. Ii[onter. 

( b )  The minor t r i a ~ ~ ~ ~ ~ l a t i o n  c:onnecting thc .\Iadras Longitadil~al Series with the 
Cr~d[l:tp~Ii Series way adjl~st 'ed in compliance with a recluest from the Superintentlent, South- 
ern Circle. 

(c) U11rvc.s were 1)relnred for the graphical adj~ls tment  of t ~ i a ~ i g u l a t i o ~ ~  fal l ing in 
shect.; !)!2 (!, I), and (+, all11 F ~ ~ r n i s h e ~ l  t,o the Snperintendent,  raster^^ Circle. 

Wircel1aneo~r.- 

( 1 1 )  .I ~,eport, IV.LS rompile[l for sub~niasion a t  t l ~ e  tirst C+eneral Conference ((;eodetic) 
held a t  ltome in :il)ril I!).'.'. 

( b )  I L P C ~ ~ R I I ~ I I I R ~  Co-ordinates mere roniputecl from the spherical co-ordinates for the 
taraverso stations in (:ornkIi~)~~r C a n t o ~ l r ~ l e ~ ~ t .  

( r . )  I ,%ti t ,~~~lt- ,  Io!igi1111lc ant1 az i~nu t , l~  were co111~111ted for a nu~nber  of s t n t i o ~ ~ s  in 
ol.der to co~npletr  thc rccor~ls or C:~ptnin I)easy's exploration work of 18!)F and 1Y!l7-$18. 

( 1 1 )  I"11rtl1er co~npntations in continuation of those noted in ltecords Volumo XVI 
wcre cnrrir~l out. \\.it11 a virw to invcs t ign t i~~g  the f o r ~ n a l ~  for barometric I~eiglrts. 

( e )  'llhe t,i~ncs of sntlsrt :ind sl~nrise Fur lntitl~tles varying between 8" ar~t l  32' were 
r:on~p~~tcrl in co~npliance wit,ll an extra tlepartmrntnl requisition. 

(1') 1)atx rve8.c compc~trtl for the preparation of a slide rule b j  the Alatl~ernaticrl 
I t~strnment  Ollice, Calcutta. 

(I/) The Theoretical Value of gravity (-1) for Ipyzibid war computed. 
Z'rr~rngulnlion Pn11aphlels.-60 pamphlets were printed and 50 issued durieg the year. 

I'amldilets for 73 shsets were compiled and those for 58  sheets were compared. Coml~ilation 
is in progress with n view to publishing the resulte of the Mesopotamian triangulation in 
n11pp1ementar.v pampl~lets. 
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Level1itzg.- 

( n )  A first edition of levelling pnmlAllet 62  has been prtblisl~ed. 

( b )  A large number of supl~lementary slips containing the additional worlc of seasoll 
19'20-21 have bee11 printed for incorporation in the existing pamphlets 3.1., :jj, 39, go, 45, 27 
50, 54 and 72. 

, 

(c) A reprint of levellillg pampl~let  6.7 having been called for, OII  account of importallt 
revisions as well a s  additional new work in that  sheet, a corrected 2nd edition has been 
~ a r e t l  s n d  is a t  press. 

( )  The l)ampl~let of Levelling of Precision in Mesopotamia is under reprint. 
Re11ision.- 

((1) Par t  111 of the Auxiliary Tables, 6th edition 1922 (reviser1 and extendetl), has 
been completed and a small edition printed. A ~ ~ o m b e r  of tables have also been prepared for  
Pa r t  I V  (Geodetic) of the same. 

( h )  Chapter 111 (1914) of the Hantl-book of Topography, the revisioll of sllich 
bas been held over owing to marly important cl~anges, is nom almost coml>lcted, and the 

d ra f t  nearly ready for the press. There may be fnrther delay in the p ~ i b l i ~ a t i ~ ~  of tllis 
chapter owing to  pressure of work in the printin: office. 

(c) The  remodelling of professional forms is in steady progress. I 1  T,,po., :J Lat, 
and P Lat .  have been revised in additioll to 19 forms noted in last yearYs report. A new 
resection form 26 Topo. is a t  press. 

Req~isif io~~s.-279 requisitions for data  were received from departmental and non- 
departmental oficials. I n  some cases these requisitions were met by the s n ~ ~ > ~ l ~  of printed 
publications, in others i t  was necessary to extract the required information from 
records. 

P r i n t i n g  S e c t i o n ,  

PE~SONNEL. The following were printed in the course of 
the year :- 

Upprr S116ordinnts Service.  
Yol. XV (1919-'20) of the Records of the 

M ~ .  sunt Kumnr Mukerji. Survey of India ; Memoir on the Maps O F  Chinese 
1 Aasistultt Supervisor. Turkis t in  and Kansu (Sir A. Stein, K.C.I.E.), 
1 Cornpuler. 
2 Clerks. 

to be published as a Records Vol.;  exploration^ 
29 Compositors. in the Eastern Karakoram ant1 the Upper Yirkand 
7 l)~str!butera. 
3 Pressnlen. Valley (Lt.-Col. H. Wood, R.E.), to be publish- 
1 Stereotyper. ed as a hiiscellaneous Paper; Tide Tables for 
8 bloch~no Printers. 
6 Inkmen. Indian Ports 1923 ; 00 Trianaulat,ion Pamphlets; 
1 Holler ~noulder. Levelling Pamphlet No. 62, and addenda or 

13 Book-bloders. 
slips to Pamphlets Nos. 34, 35, 39, 40, 44, 47, 

5 3 ,  5-1. and 72 ; Auxiliary Tables P a r t  I11 ; Appendix to Levelling of Precis io~~ ; 'l'he Auto- 
Stereo Plotter, a translation from the French of Paul Corbin (Lt.-Col. IT. AIcC. Cowie, R.E.), 
to  be p~ll,lislled as a Depart,mental Paper (incomplete) ; Note on the stage reached by the 
('reodetic Operations of the Survey of India in 1920 (Lt.-Col. H.  McC. Cotvie, 1t.E.). 

A beginning llas also been made on the Ltecortls Vol. (1920-21), 'l'opo. Hantl-book, 
Chapter 11 (revised), Author's Catalogue of Books of 'Prig. Sl~rvey Ofice Library. 

In addition to  the above Inany thousant l~ of copies of Professional and nther forms 
together with much miscellaneous work have bee11 ~ ~ r i n t e d  

I n  the Book-bindin: Section the work (lealt wit,h comprises 300 copies of Survey 
liecords Vol. XV ; Tide Tables, Indian Ports 1923, Part  I ,  Us0 col)ics : Psr t  I1 220 copies 
(out of 980 copies); 'llidal P ;~mpl~ le t s  1023, 1,1.50 copies (out of 2,YbO copirs! ; :1,700 
Triangulation Pamphlets ; 4.00 I~evel l ina Parnpl~lets ; !?OU Auxiliary 'I'ables, IJ:trt 111 ; 660 
copies of miscellaneo~~s publications and Library books. 

W o r k s h o p .  
, I  1 l ~ e  worksllop was princii)ally occ~~l)ie(l du- 

Ps~soarrsr.. ring the ye :~r  on tho following :- 
Clnsr II Ofiliicer.. (i) l~CI)Ri r s  to t,he 'L'i(le- LJ~.etlicting Alarlline 

and otllrr Scientilic inst,r~~mrbnts of till? tlel)nrt- 
I IRI  s ib i l ,  klsnumnri P m ~ n l l .  

mcnt, llcl)nirs to wood worli of ~)llicr l)uiid- 
I Hend ArliBrrr. inas in Rc.llcl.:ll furnitores of tlla 'l'ligonome- 

ac fitters n ~ d  carpenters. 
trical olliccs : ~ n d  lJ:lrlies. 

(ii) Erection of racks and s lmiral~s in the (:ompl1ting ant1 ~ l ~ o t o - Z ~ I I C O  ofliresl nlld 
0s grlvanised iron tanks for water supply to the IJhoto-Zinco olficc, co~~strllct~ion of 1'acli 118 

rases and overhauling of apparatus for  photo work for the h1011nt 1Sverest 1~xl~r( l i t io1l~ and 
also other miscellaneo~rv work lor tho different sections of the ~ r i ~ o n o ~ ~ ~ e t r l c a l  Survf'J'. 



Vol. XVIII.1 COMPTJTING OFFICE. 107 

Observatories. 

S , ~ I P ) ) ~ O ~ ~ ( I , I , A , ~  1 1 ~ d  M r l e o r o l ~ ~ ~ . - T h e  Omori Seismograph was in operation t l l r o ~ ~ g h -  
out the ycar ~ n d  the usual daily l~lcteorolo~ical  ohservntions were ~ n a d e .  T h e  Pl~oto-hello 

observatory continoed its work as in past year5. The  follow in^ statements show the earth- 

q ~ ~ a k c s  rccorded and the number of days on \ \ r l~~ch solar photog~.al)lls \\.ere taken. 

1. S t n t r n ~ e n t  qf cnvthq1ca1;rs verorcled during the  year 1921-22. 

* W. R. menus Daily Weather Rrport published at Simln. 

2. Slntenzent shotuing the 71zcntBe?. of days or& ivhich solar photogr.aphr, 
toere tulcelz d ~ ~ r i n g  the veal. 1921-22. 

Iln\r~nrY. 
Intcn~ily kc. 

i I) ixtnn, :o of ICpic.culre. 

I)nrxlion. 

'I'IIIIC of  I,cgi~lt~irtg 
(corrrrtc~l~ 

NO. 

- 
8'' Ncpolivcs. l 2 " N ~ ~ n t i v e s .  No 

dnys on No. or 
M o t L  i f - ;  which 1 M o ~ t t l ~  dmss, 1 

coos. 1 nna. cnoa.1 IIB~I. g:!i9:y:, 

h'oolh n t ~ r l  Untc. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

1 Uellra, S i t  
( f r n u ~  WII.')~ 

I April . 2kl 4 3  6 .. ... 

2 nlxy ... 28 49 G . ... 

7 J u n e  ... 23 97 G . .  ... 

9 duly  ... I t i  21 3 .., ,.. 

9 Augost ... 10 IB 2 ... . .  

6 Septe~nher.. 21 40 4 ... ... 

Tot~l ... 275 463 GO ... ... W 

Octoller ... 30 I B I li . . .  
November ... 28 

J n n u n r y  ... 

Fehr~~ary ... 

hlnrcll  . 

Sinlin 
( f r o m  \V H.*) 

/ r , r  l ~ t r  

22 19 

22 3 

G 50 

... 

2 0 9  

9 40 

19 13 

... 
5 4.8 

. . . 
1 (15 

0 54 

1 11 

na 

34 

4.5 

20 

85 

8 4  

81 

73 

14 

40 

11  

30 

68 

43 

')ehra. 

1 I I 71, ile.9 

5 0 0  

3,185 

2n0 

2,100 

200 

4.,970 

6,300 

50 

3,000 

280 

1,600 

3,000 

3,430 

III ;/P.T 

500 

2,500 

200 

15-10-21 

8-11-21 

11-11-21 

12-11-21 

16-11-21 

17- 1-22 

I -  2-22 

30- 7-22 

13. 8-22 

17- 8-22 

2G- 8-22 

2- 9-22 

15- 9-22 

22 

10 

21; 

J Ied i r~m.  

Rloderate. 

Slight. 

22 16 

21  39 

6 50 

0 15 

2 09 

9 40 

19 12 

1 571 

5 4,7 

5 53 

1 05 

0 54 

1 11 

Great. 

2.jO , , ,  1 P, 

36 

33 

M 

6,000 

6,000 

. . . 
3,000 

. . . 
1,500 

3,000 

3,000 

... 

. 

. 

G 

6 

G 

Moderate. 

Slight. 

JZoderate. 

> $  

9 1  

Great. 

Jloderate. 

.. 

. .  

... 
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PART 111.-SPECIAL REPORTS. 

TRAVERSE S U R V E Y  OF A L L A H A B A D  CITY. 

B Y  D.C. Puar. 

The traversing of the remaining municipal areas of the city of AllahirbLd, commenced 
in 1920-21, was continued on the 1 s t  December 1921 and completed in February 1922. 

A preliminary reconnaissance was carried out by Mr. Puri and by the two traversers. 
Lie11t.-Colonel S.W.S. Haniilton, D.S.O., R.E., inspected t l ~ e  area on the 1st December and 
discussed the work with the Chief Engiueer. 

The whole of the area north of Canning Road and the Fort Cantonment mas first 
s~~r rou~ided  by a main traverse, commencing from Fort  Cantonment boundary pillar No. 38 
arid closing on traverse station No. 330 of last year's work. This main circuit takes in the  

wl~ole of the area except a small portion west of Stanley Road, which was surrounded by  a n  
exterior block. 

The main circuit was then cut rrp into 4 blocks Nos. 5, G, 7 and 8; 5 and 6 being the  
areas D i r i g a n j  and Katra Colonelqanj respectively, to be surveyed on the s ixty-four-~nch 
scale, while Nos. 7 and 8 are for surveJ- on the sixteen-inch scale. 

I n  blocks Nos. 5 and 6 ,  sub-traverses were run along nearly cvery street and road in 
the area, xvhile in the case of blocks Nos. 7 and 8 enough sub-traverses mere run t o  provide 
the detail surveyors with ample data on which to base t h e ~ r  work. 

On the completion of this area the Chief Engineer asked for some additional sub- 
traverses in the area done last year, mhere tlie plane-tablers mere finding d i f f i c t ~ l t ~  with the  
points. Consequently, aboat 20 small lines were run, with total of 156 s ta t~ons  and 4.05 
liuear miles of chaining. 

The Chairman of the Improvement Trust. had also asked for a traverse in the Naini 
;,pea south of the river and a small area south-west of the city. This too mas taken in hand 
as it was thought desirable to finish all possible traverse morli in Allahtibid now and so 
avoid the expense of further visits i r ~  tlie near foturc. For this p~irpose a main circuit mas 
run, round this area, from a point of last year's traverse, west of R t p r i j p o r ,  on the railway 
line, and south-west of tlie New Cantonment, to a point near tlie Jumnz bridge, where i t  
was connected by a triangle with the traverse ou the other bank of the Jumna  river, done 
last year. After this 5 sob-traverses were run through this area. 

For method, ~neasorenients, etc., the same  r re cat it ions were taken as in 1920-21 and 
the same traversers mere eniployed. 

This year no off-sets were taketi, as i t  was found that  those taken last year mere not 
made use of in any may by the detail surveyors employed by the Trust and their measure- 
nient was therefore a waste of time. 

The computations mere carried out pnri pnssu wit11 the traverse in the field by 2 
conipnters. All co-ordinates also were n~orked out so tha t  no further work mas left to  be 
clone in recess. 

21 plot charts for Katra and Colonelganj for the sisty-four-inch survey were urgently 
asked for by the Chief Engineer while in the field. A11 these were therefore completed by 
Mr. D. C. Puri nrh~le at Allahnb8d In February 1922. These were again checked by the 
compnters and handed over to the Chief Engineer. The remaining  dot charts, viz., $) for 
the sixty-four-inch survey ant1 4.1 for the sixteen-inch survey, have been completed in 
Ilr~ssoorie d u r i ~ ~ g  tlie recess season and together wlt11 the computations have been despatched 
to the Chief Engineer. 

The total number of linear miles chaining done this year for area to be s111.veyed on 
thc sixty-four-inch scale was 31.30, while the number of statlons a t  which the theodolite 
\\.as set up \\.as 623. Also 4.05 linear miles and 1% stations were done in last j-ear's no&, 
while the number of stations and linear miles for the sixteen-inch mas 514 stations and 
78.34 linear miles, m a k ~ n g  a total of 113.69 linear miles and 1,293 stations of observation. 
Tile average angular error is 2 seconds per angle and the linear error per 1,000 feet is 0 .18 .  
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SETTLEMENT O F  T H E  BOUNDARY B E T W E E N  JIYSORE STATE A N D  THE 
S O U T H  KANARA D I S T R I C T  O F  T H E  MADRAS PRESIDENCY.  

BY V. W. NORTON. 
The settlement and demarcation of the boundary line was continued from the last 

season's work and the following officers were deputed on the 1st  December 1921.- 
Mr .  T .  Hannniantha Rao, representing the Mysore Durbar. 
,, K. Raman Nayar, ,. Madras Government. 

,, J. O'B. Donaghey, Survey of India officer. 
Scope of ~c~ork.-Tl~c Sorvey officer NaS responsible for de te rmi~~iug  the position of 

the bonndary line as  previously fixed and described by boundary commissioners in 1880.81 
and 1904-06. 

Field ~ u o r k  completed.-Field work nras conimenced a t  Guudia on the 5th Januarv 
192%. Owing to t l ~ e  serious illness of Mr. Donaghey, he was replaced by Mr. V. IY. ; \ ~ ~ ~ ~ ~ n ,  
as  Survey of India officer on the 13th Pcbrnary 1922. 

About 61 miles (measored on the ma[>) of booudary were finaliy settled during tile 
season, making a total length of 85 milcs settled up to datc. The rains which set i n  on 
the 18th April eventually made conditions impossible for coolies i n  forest camps, so tllat 
field work had to be closed on the 23rd April, leaving about 116 miles of bounclary still to 
be completed. The demarcation work was carried out by tlie erection of cairns serially 
numbered on stones placed on the top of the cairns or on rocks " i n  sitrr." The line ass 
cleared where i t  passed throogl~ forest areas. 

The surrey establishu~ent consisted of one surveyor, one forester, one clerk anti 
19  menials. 

RecorrIs.-A survey record of the boundary was prepared on the sheets of the Aladras 
forest survey on the scale of 4 i~lclles= 1 mile and a descriptive memorandum of the line 
was kept up. The records of the detachment are lodged in the Sonthern Circle Office. 

F ~ ~ t ~ ~ r e p r o g r n ~ ~ ~ ? ~ l e . - I t  has been decided that  the mork \\,ill not be contiuuetl drui~lg 
season 1922-23. owing to financial reasons, but \\-ill in all probability be resu~ned in tlie 
1923-24 season. 

N O T E S  O N  T H E  R E V I S I O N  SIJRVEY I N  T H E  N E I G H B O U R H O O D  O F  POONA. 

BY LIELIT.-COLONEL I f .  0' C. TANDY, D. S .  O., 0. B. E., R. 1C. 

1. The area survcyetl varied considerably, ou the west i t  inclnded port,ions of the 
Western Ghirts and the fairly high spors extending eastwards from them, wh~le on the east 
it  included considerable areas of nndolatinq land. 

2. The main details on the oitl 1-inch maps, datinq from about 1883, were foond on 
the whole quite accurate : these details consisted of the rivers and streams, the main village 
blocks and the main roads and railways. 

3. The chief work of revision consistetl in substituting 50 feet contours for tlie form 
lines of the old maps; the qeneral shapes of the hills and the crest lines of spurs were accu- 
rately indicated by the  old form lines, but they nTele, especially 111 the case of mlnor features, 
very much exaggerated; somet~mes small features shown by 2 or even more form lines in tho 
old maps proved to be too insignificant to be shown a t  all by our 50 feet contours. In the 

flat-topped hills, which form such a common and striking feature in parts of theareasurveyed, 
the to,, form line of the old maps could generally be accepted as the accurate limit of the 
hill-top. 

4. The chief deficiencies of the old maps, in addition to the absence of contours, were.- 

( 0 )  They showed no cultivation limits. 

( b )  Embankments, cuttings, burial groands and telegraph lines were omitted. 
(c) Numerous hamlets and isolated hots, mile-stones and temples, and in some slleet@ . . 

wells, mere omitted. 

( d )  Many forest reserve boundaries mere omitted. 

( r )  Tbe classification of all roads had to be revised. 
(f)  I n  a few cases considerable discrepancies were found in the positiou of lmin - 

metalled roads. 
(9) Minor communications had altered very considerably, a very large proportioil 

of the cart tracks and paths shown on the old maps had been abandoned and new ones h d  
taken their placee. 
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(6) Ornamentation was defective, some meps showed practically no trees and in the 
where trees were shown no distinction was made between different claeses of trees. 
(i) Poona and Kirkee were very sketchily showu and have now been shown in much 

greater detail. 
( j )  The main line of the hI. and S. M. Railway was very much out of position 

t \ l r o c g h ~ ~ t  2 sheets. 

( k )  The Nira left bank canal in 2 sheets was very inaccurate. 

( I )  Important details which have developed since the time of the last survey and  
had to be surveyed were :-the Ni ra  Right  bank canal in 2 sheets; the 2 construction 

railway lines to the sites of &Iulslri dam and the Kundli valley in 3 sheets; the new Andhra 
lake in 1 sheet and the changes in the n l r i tga r  dam in 1 sheet. 

Items ( j )  and ( B )  had evidently been added to  the old maps from extra departmental 
sources, there was a foot-note on the old map saying "Railways and r o d s  constructed since 
the date of survey have been added from extra departmental sources " but nothing was said 
about the canal. A foot-note of this sort is of no use to any  one using the map as i t  is 
impossible to  know the date a t  which roads and railways were constr~lcted, and such a foot- 
note can only be a warning to the effect tha t  ally of the roads and railways on the map  be 
found incorrect. 
. 5. The number of omissions on the old maps and the large number of corrections and 
additions ~vlrich had to be made and the fixings required for the contouring made i t  necessary 
for the surveyors to go over the ground almost as carefully as if original survey was being 
dolie. The average number of fixings per square mile was 7 . 2 ,  the average in the l~i l ly  par- 
tions being of course much smaller than in the plains. 

6. When all the detail nu a map is complete and accurate and the map is contoured 
a revision survey might  be carried out  by an almost cursory examination of the map in the 
field to see where cl~anges in the detail had occorretl, and when a change or addition l ~ a d  to be 
made i t  might  he sufficient to fix the new details by measurement or by fixings based on the 

detail; but  this is not the case when new contouring has to be done and when lots of new 
items of detail have to be sholvn and nzlren the only reliable detail consists of the streams and 
the main village bloclcs (as well as main metalled roads and railways where they exist) ; in 
revision survey of this nature the surveyor is only saved the time and trouble of makinz sllcll 
firiugs as the original snrveyor moold have made ~ o l e / j  to fix the streams and main detail and 
he still has to make all the fixings tvhich an orizinal surveyor mould have had to make to  (10 
the contouring and to fix minor details. I n  very hilly areas the conditions are rather differ- 
ent, here there is little new detail of the kinds mentioned as deficient in the oltl maps, 
nrountain tracks seldo~n change, cultivation only exists in t l ~ e  big valleys, new hamlets and 
1111ts etc. are not found in large numbers; with t,he streams and main villages correctly shown 
thc revising surveyor has in the hills little else to do bu t  the contouring and making checks 
to satisfy himself tha t  the old streams are correct,ly shown; but in the hills a surveyor's canlp 
is muclr further from his tvork than is the case in the plains, and a much larger proportion of 
the surveyor's time is spent in get t ing to  his nrork and clinrbing between his fixings, and as 
the ground has to be completely covered to do the contonring the actual saving in tinle of 
revis io~~ as compared to original survey is not very great. 

7.  I n  reporting on the result of onr first season of revision survey I have been 
asked to discnss the atlvisability or otherwise of usin? low grade surveyors for such n.ork. 
In  considering this clucstion i t  must be remembered tha t  the R.s. 50 or G O  representing tire 
difference oE pay bet\veen a snpcrior aucl an inferior surveyor represents s~lcli a small 1,l.o- 
portion of tlre total costs of a surveyor's scluad t l ~ a t  i t  must nlruiry.~ be more economical to 
en~ploy a good surveyor for any surrey in ~vlr icl~ the extra skill of the good surveyor resultr 
in a considerable increase in the outtarn of work, and generally me may say tha t  the easier 
the nature of a survey may be the less adv:~ntagc n'ill there be io employing I~iglrly skilled 
surveyors. This is s h o ~ r n  in the simplest form of cadastral surveying ~vhere very large scale 
maps in the plains a1.e based on accurate chaining and detail nressorements, and \\.here an 
inferior surveyor can do tlre work as accuratel!- and ne;rrly as cloickly as a good one, 
where in fact there is no scope for the skill of the superior surveyor. 

8. In  applying this argument, to the revision now under discussion a distinction 
must be made bctmecn the revision in the plains ant1 ill the hills. 

In  the plains the survey is easy but the ground has to  be fairly rigorously covered 
with fixings in order to do the con to~~r ing  nnd to fix thc new items on the nraps, the work 
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is laborious rather than highly skilled snd the  proportionate gain in using superior surveyors 
will not be very great. I n  revising in the hills i t  is different, here the skilled surveyor 
ass~lres hinlself more cluickly tha t  the old streams are correct (or iE incorrect more quickly 
corrects them) aucl his extra skill enables him t o  do good contouring by making fewer fir- 
ings and using more intersected points than if he were doing an original survey, he sllould 
tllus do a considerably larger outturu of revision than of original survey, ml~ile an iuferior 
surveyor would probably require just as many fixings and take almost as long to do revision 
as to do original surrey. 

9. I n  the department we n111st always have and use a proportion of inferior surveyore 
and I think t,he p n e r a l  lwinciple will always hold good that  the easier a surrey is the less 
atlvalltage mill there be in using only t,lie best surveyors for it. 

10. For the above reasons I think i t  will be found economical for revisiou in tile very 
simple plaills areas to use inferior surveyors, provided tha t  work more suited to the skill of 

surlreyors cat1 be found for them elsenrhere; the outtorn of the party working under 
t.hese condit,ions would be small but would be more than balanced departmet~tnl l~ by the 
better use made elsewbere of the superior surveyors. For revision in the hilly areas I feel 
sure that  i t  l~,ould be ecor~omical to employ only snperior surveyors, provided more simple 
l\rork can be found elseml~crre for the inferior surveyors, and except in so far as the training 
i n  contouring provided by such revision work is required as a means of training and improv- 
ing the iuferior surveyors. 
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THE TOPOGRAPHICAL R E S U L T S  O F  S I R  H .  H .  HAYDEN'S  

E X P E D I T I O N  T O  T I B E T  I N  1922. 

C O ~ [ ~ I I , E D  FROJI TIIE $EIIB;\I. NAnnATLVE OF GLIJJAR SINGH 

BY ~ L A J O I L  H .  T .  MOILSHEAD. 
[Aut~lority for spelling of placr-names-Sir H. 13. Hayden. The conventions employed in 
transliteration (lo not in some cases agree \ritIi those generally accepted by the Survey of India]. 

~~~i~~~ the summer of 1022, Sir H. H.  Hayden, Kt.,  C.S.I., C.I .E. ,  F.R.R., late of 
the Geological Survey of India, made a tour a t  the request of the 

Totrodnc~ion. Tibetan Government, of certain mineral bearing areas in central and 
soutll-eastern Tibet, in order to report on their resources. 

In addition to  Sir H. H. Hsyden and I~ i s  Italian gnitle BL. Cesar Cosson, it was 
arranged, with the full colictlrrence of the Tibetan aathoritiee, that  the sl~ould inclnde 
all ~ ~ ~ d i ~ ~  Surveyor; 1st  Class Sorveyor Gujjar Sing11 bein? selected for tlie purpose by the 
Surveyor General. 

TIle districts visited had for the most part seldom been previously traversed by 
Europeans, and our koo\rled=e of the " C h n ~ r , ~  2 '1 ,~)1( /"  portion of Tibet in the neightlourhood 
of  tile great lakes of Tana-ra, Kyi-ring, and Nam (l 'e~igri Nor) has been derived from some 
half a (Iozell explorers of a generation azo, notablj- pandits Kislien Singh and Nain S i n ~ h  of 
the Slwve2- of India. I t  may therefore be of interest to  place on record a short summary of 
tile tol~ogral~llical cxploratio~r of this little-known area, :is related by Surveyor Gujjar Singh 
on his return. 

From Darjeeling Sir H. H. Hayden's party proceeded to Gangtolr in Sikkim, where 
t l l e~ '  were met on April 3rd by an English-speaking Tibet,an official 

Narrative. who had been deputed by the Tibetan Government to attend them 
tliroughont their journey. This official, K. K.  n'Iondrong, had been 

one of a few Tibetan youths who had been sent ten years previously to Rugby to receive an 
English public scliool education, and had subsequently specialised in mining. 

From Gangtok the party niarclied direct to Lhisa,  where they halted from 25th April 
till 9th May while instructions were being received regarding the areas to be visited. 

Leaving Lhisa on 9th May, the party first marched north-westwards to Slien-tsa 
Dzollg, the headquarters of the district of Nak-tsang. The distance of 180 miles was 
traversed in 14 days, and planetabling on the 4-incl~ scale was kept up tliroughout the march. 
Tlie Nyen-chen-thang-la range of ~noiintaitis was crossed vi;2 the Go-ring pass (19,470 ft.) 
on 16th May, and for the nest 40 miles peaks on this range triangulated by Major Ryder in 
1904 continued to provide sufficient points for planetable interpolations. For the last 6 0  miles 
before reaching Slien-tsa the surveyor was compelled to make his own points by 'graphic triangu- 
lation " as he advanced. A check latitude was observed by Sir H. H. Hayden, a t  LIlo-lam. 

Advantage was taken of a 6 days' halt a t  Shen-tsa to measure a short base and t o  
take a set of astronomical observations for latitude and azimuth. The latter observations 
were taken by Sir H. H. Hayden with a 44-inch theodolite; a small piece of triangulation 
was also carried out to serve as a basis for further planetabling. A spell of broken weather 
interfered with the work a t  this period. 

Ten days' marching in a westerly direction brooglit tlie party to their next objective, 
the village of \Tom-po oil the northern shore of the Tang-ra lake (the Dangra Yum lake 
of Nain Singli). After two days a t  Worn-130, the party returned to Sheo-tsa, retracing their 
previous out\vard route as far as Ge-mlr, and thence diverging sliglitly northwards to the 
sont,li-\vestern shore of the Kyi-r ing lake. ' A s  a check to the plane-tabler, Sir H. H.  ~~~d~~ 
took star observations for latitude on four nights between Shen-tsa and Worn-po. Leaving she,,- 
tsa once again on 18th June, a short trip mas next made:along the north-eastern sllore of elle K,,&- 
ring lake to Chu-sum-di and Kyi-tsog respectively. Slien-tsa was again reached on 25t11 june. 

Finally quitting Sllen-tsa two days later, the party proceeded in a north-easterlp 
direction to the district of Nimru .  Tlie hills here flatten out considerably, and the  level 
country on the castern sliorc of the Tsozi-ling was found to be very marslly treacherous. 
From this point the party temporarily diverged, Sir H .  H.  Hayden proceeding to L ~ , ~ - ~ ~  on 
the southern bank of the 'l'sa-khye Tsangpo river, while Gujjar Singh worked eastwards, even- 

t,~ially rejoining Sir H. H. Hayden on 7th July a t  Zi.ri-mRr. The weather a t  this t,ime was 
good and  laneta tabling was carried on without difficulty; the sorveyor, as  usual, making his 
own points as the work progressed. Check-observations for latitude were made by s i r  H. H. 
Hayden on Bth, 9th and 13th of tlie month. 
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From Zi-ri-mir the party tnrned southwards towards Lbisa.  A t  Thak, near the eastern 
margin of the Nam lake ( T e n g r ~  Nor), the triangulated peaks of the Nyen-chen-thang-la 
range once more came into view, and an accurate planetable fixing was obtained for the first 
time since 19th May, disclosing an accumnlated easterly error of some 4 . 3  miles in the course 
of nearly two months' work. The Nyen-cllen-tliang-la range was crossed viA the Lar-geu pass 
itbe Dam Niargen L a  of A. K. 16,700 f t .  approximately) on 15th July, and from this point 
the weather became so bad tha t  the surveyor was unable to expose his planetable until 
was reached five days later. A rough route traverse by watch and prismatic compass 
maintained until reaching the margin of Major Ryder's survey of 1904 a t  the Chak pass, two 
marches 11orth of Lhisa. This traverse was subsequently adjosted and transferred to the 
planetable section. 

The party halted in Lhisa  from 20th July to 7th ~ l o ~ u s t ,  wl~ile Sir H. H. Hayden 
reported the results of his investigations. G~:jjar Sing11 spent the time in malting a large 
ou t l~ne  tracing of his surveys for the use of the Tibetan Government. This tracing was 
higllly appeciaterl by the Tibetan Government, and was finally depos~tcd in the new pti\.ate 
house of the Dalai Lama which lies some two rniles west of the Potala in the suburb of 
Norpu Lingka. The Tsirung Shipe*, after inspecting the map and complinientiog Gujjar 
6ingh on his \vork, remarlted that  t,he Tibetan Government woold be very glad to borrow the 
services of a surveyor from t,he Government of India, as the Tibetan Surveyor whom tl1ev 
had had trained a t  Roorkee College had been transferred to duty in the newly opened telegraph 
office in Lllisa. 

The party were nest  asked to visit the district of Thak Po. Quitting LllGsa on 
8th Auzust, they crossed by skin boats to the south bank of the Kyi chu, ~ v h i c l ~  valley they . . 

ascended for three marclles t,o the confluence of the hletu-mi-chu-thence turning soutl~\vartls 
over the Te-khar pass (17,050 ft.) to  the Tsangpo valley. Crossing the latter river by 
boats a t  Sang-ri Dzong, the party ascended the Ri-go-sho valley from its conflr~encc at 
Rong Dzong. The Pho-trang pass, a t  the head of the Ri-go-sho valley, forms the 11-estern 
boondary of the district of Thak Po whose head-quarters are situated a t  Lhap-so Dzong. 
This was reached on 21st August. Subsecluently the party again joined the Tsangpo valley 
four miles below Lhap-so, marching 27 miles down the right bank of the river to the juuction 
of a small st,ream Homing from the sonth. Eight  miles up this side stream is situated the 
village and dzonji of Ku-rn-nam, the seat of a considerable hand-made paper industry 
which supplies most of the requirements of Lhisa  and Southern Tibet. Pulp is n~anufac- 
tored from the scrub xvhich grows plentifully in the lower valleys of south-eastern Tibet. 
Peach and apple trees are common in the lower Tsangpo valley, and the crops of barley, 
niostard and dwarf pea nrere being harvested a t  the end of August. 

Turning wcstn-ards on 28th August, five days' marching over bleak and al~nost  un- 
bihabited country brought the party viA the Ta-tii-tra pass into the head of the wide an11 
fertile Ti- lung valley which descends to Tse-thang on the Tsangpo, ~v l~ence  LhGsn was 
reached in four days vi5 Sam-ye Monastery ant1 the Gong pass. During the visit to T l~ak  1'0, 
the tveatl~er had been so bad as to preclude any attempt a t  planetabling from lised poillts. 
The whole of this portion of the map consists therefore of route-traverse esrcuted by \\arch 
and compnss, and cl~eclted by Sir H. 11. I-Iayden's latitode observations in four places. 

On arrival in Lhisa,  the final reports and maps \\,ere completed and l ~ r e s c ~ ~ t e d  to tllc 
Dalai Lama, \vho distributed rolls of ~voollen clot11 and picces of silk among t l ~ c  party in 
token of I~ i s  appreciation of the services they I:ad rendered. 

T l ~ c  party finally quitted Lhisa  on 20th September, travelling by boat down the Kyi 
CI I I I  to  Cl~nshuI on the Tsangpo. Three days later the party broke u p ;  the Tibetall oficinl 
returned to his honie in Lhilsa, n.hile Gujjar Sing11 and his personal kl~alasi travelling alleat1 
of Sir H .  H .  I-Iayden reacher1 Gangtok on 7th October, and llarjeeling 7 days Inter. 

Every possible assistance was rendcred by the Tibetans to the party t l ~ r o n g l ~ o ~ l t  tllcir 
journeys in tlie country; free transport bcing provided, tents l~ i tc l~cd  wherevcr necessary; 
and supplies of floor, rice, sugar, and groceries sent ont from Lhisa.  

Altogether 36,000 square miles of country were mapped on the #-inell scale, 011t of 

9 1 , m m n ~  oC reznlts. n91~ich an area of '2,000 square miles in the neigllborlrl~ood of LI1:isa 
Prerionscxplorntioufiio had been l~revio~~sl ,v surveycd under Major Ityder during the Lllasa 
tbe nrea. Mission in 1004, \vhile a tract of similar area 6n11tl1 of the Tsangpo in 
the districts of Tsetang and Thak Po  hat1 been mapped on the Q-inch scale by Captains 
Bailey and JIorshead in 1918. The remainder of the country was o n l ~ -  known from the 
routes of sundry esplorers, trhose work can be bnt briefly referred to here. 

Tibctnn Co,n~~modsr.in.ChirI. 
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Early in 1872, explorer Kishen Singh ("Pandit A-k ") travelling from S h i p t e e  
first discovered the Nam tso or Tengri Nor lake, of which he made a circuit in 16 days. 
The explorer had intended to make his may north-eastwards to the city of Sining in China, 
but had the misfortune on leaving the lake to fall among armed robbers who looted all hie 
possessions, leaving him no alternative but  to return direct to  Lh isa  and India. 

Two years later, explorer Nain Singh, in t.he course of his great Tibetan journey, 
reached Worn-po from Ladikh and discoverccl the laked of Dangrs  and Kyi-ring, both of 
which are indicated on his map with remarkable accuracy. From Shen-ha he continued 

the northern shore of Tensri Nor, thence to  LhBsa and eventually to Odalguri in 
Assam viL Tsetang and Tatvang. 

The first Europeans to visit the Nan1 lake were Mm. G. Ronvalot and Prince Henri 
of Orleans w l ~ o  in Febrnav  1890 succeeded in reaching the Dam Chu some 65 miles north 
of Lhisa before being turned back by the Tibeta.n authorities. Three years later, two 
countrymen of theirs, Mrn. Dutreuil de Rllins and Grenard, endeavouring to reach Lhrisa 
from the north-east \Irere detained fifty days a t  Zamna on the eastern edge of the N a m  lake 
before being f i n ~ l l y  permitted to quit the country viil the Chinese frontier where Dutreoil de 
Rhins was rnnrtlered. Meantime, Namru had been reachetl by W .  W. Hockhill from the 
nort,h-east in July 1891, ~ ~ h i l e  in September of the same year Captain H .  Rower and Sur- 
veyor Atma Ram sncceeiled in penetrating as far as Kys-ring lake. 

The Go-ring L a  was reached by MI.. and Mrs. S t .  G. R. Littledale in 1895. Finally, 
Sven Hedin in 1901, travelling from the north, crnased the Tsa-khye Tsangpo and reached a 
point one clay's journey north of Tengri Nor hefore being, like his predecessors, tnrned back. 

I'OsTsCl~lr'r.-Sir H. n. Hajden and his gnido Cosson \rere killed in n monntoil~oering ncciaent n-l~ile climbing 
together in Sn.itzerlxnd in Aog~ist  1923. 
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Intion, A trnverse sigllal for City Surveys. The plnios of Nortl~ern 
Indin nnd their relntionship to t he  Hi~i i i lnva Mountains by Colonel 
S. G. Burrnrd F .  R. S. Repor t  on l 'urco-Pcrs in~~ Fro11tic.r Co~nmission. 

C;~lcuttn, 1916. 
X-l915-16-Topogrnl1liicnl Survey. Tidnl and Levellil~g Operatiol~s. Rlagnetic Survey. 

Mechnnical Integrator for calculnting Attrnctious (illustrated). Trn. 
... \-erse Survey of the boundary of 11nl)erial Dclhi Dehrn D i n ,  1917. 

XI-1916-17-Topogrnphicnl Survey. Trinngulntion-use of high trestle for stntious nud 
100-feet mnst eignnls. Tidnl nnd Levellill: Operntions. Magnetic 
Survey. Note OII  Basevi's Pendulum operntions nt RlorC. Pl~oto- 
Litho Office-New 111cthod of prepnl-iug Layer ~)lntes-Develop- 
~ n e n t s  rind I ~ ~ i p r o v e ~ n e ~ ~ t s  in l ) r e [ ~ n r i ~ ~ g  Tint-plntes. Del~rn D i n ,  1918. 

- ~ 

XII-Piotes on Survey of l nd in  BIaps rind the  111oder11 dcvelopu~eut of 
Iudinn Ca~.toprnpliy, by Lt.-Col. TU. Coldsfrtar~, R.E., 
S ~ ~ ~ e r i n t c n d e n t ,  Z a p  P?~blicntion. 

XIII-1917-18-Topogrnpllicnl Survey. Tidal nud Lerelliug Operations. Magnetic Surrey. 
Pl~oto-Lit110 office-the Ponde r  Process. Problem of the Hilniln!n~l rind 
Gnugetic Trough-Review L.? Di.. A .  Morley Dnvies. Debra Dun, 1919. 

XIT'-l918-19-Topo~.~phicnl Survey. Tidnl and Levelling Operations. L e r e l l i ~ ~ g  in Mesopo- 
... tnmin. Mngnetic Survey. ... Dehrn Dun. 1920. 

XV-1919-20-T01)0grapl1icnl Survey. T ~ d n l  \vorl;. Levelling-proposed nem level net. 
Mngnetic Survey. The  E n r ~ h ' s  Axes nncl Figure by Dr. J. de Grnnff 
Huu te r  (n paper read a t  the R. A. S. Geop l~~s icn l  Meeting). Iteport 
on the  expedition to  K :~met .  Note ou the Topogrnpl~y of the Kun 

... K u n  Massif i n  LndLkh ... ... Dehrn D i n ,  1921. 
XVI-1920-21.-Topogmphicnl Surrey. Tidal work. Levelling and Dlngnetic Survey. High 

Climbs in the  llimalnyn prior to the  Evercst Expedition. Mt. Everest 

Survey Detnchment lteport,  1021. 'l'rnverue Survey of Allnl~ibid 
city. Seltlemeut of Bouudnry bet~veen DIysore nu2 South F:lnnm. 

l)ehra Uiil~, 1!122. 

STII- 1923 - Memoir on Mnys of Chinese T u r l t i s t i ~ ~  nnd I < ~ I I B U  fro111 the Surveyfl made 
during Sir  A. Steiu's Explorations, 1900-01, 1906-08, 1013-15. 

Dehrn Dill1 1923 

SYIII-l921-22-Topogrn~hicnl Suruey. Tidal work. Leve l l i~~g  nnd M n g ~ ~ e t i c  Survey. Yra- 
verso Survey of AllnhibLd city. Settlement of Bou~idnry be twen  
BIysoi-e r.nd Youtll Ennnr;~.  Notes ou Revisiolr S11rvey ill the neigh- 

... ... Lourl~ood of Pooun ... Dehrn Di l l ,  1928. 
"Notes of the Survey of India" nro issued ~nonthly .  Price Be. 2 or 3J. 

&GEODETIC WORKS OF REFERENCE. 
(Obtainable froni the  Superintendent of ihe TriBonornelrical Siovey, Delrra Din, U.P.)  

EVEREST'S GREAT ARC BOOK. 
1. An account of t he  hlenaurernent of an  Arc of the  n1eridin11 between the parallels of 

la0 3' and 24" 7', by Copt. Qeolgs Everest. Enet India Company, Londou, 1830. (011t of print). 

2. An account of the  Meaeuremcnt of two Yections o f  the  Mer id io~~a l  Arc of India, 
bounded by the  paralleln of 18" 3' 15', 21" 7' 11. nnd 29' 30' 48', by Lt.-Col. Q. Xvcrr'', 
1. a. 8.  EM^ India Compmny, London, 1M7. (Out  of print). 

8. Engrnringm to illualrate the  above. London, 1847. (Out  of print). 
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G.T.s. V O L U M E S - d e s c r i b i n g  the O p e r a t i o n e  of the Great T r i g o n o m e t r i c s l  B u n q ,  

Pries Rs. 10-8 or 21B per v o l ~ i n e ,  except where otlerwiee stated. 
vol. I-Standards of Measure and Base-Lines, aleo an I n t r o d u c t o r y  A c c o u n t  o f  

the e a r l y  O p e r n t i o n e  o f  t h e  S u r v e y ,  d u r i n g  t h e  pe r iod  o f  1800-1830. 
D c l l r n  D i i n ,  1 8 7 0 .  (Out o f  p r i n t ) .  

Appendix No. 1. Description of tho n ~ c l l ~ o d  of comparing, nnd the apparatus employed. 
Appendix No. 2. Conlparisons of the Ler~g l l~s  o f  1O.feet Stnndords A ond B, and de te rmins  

lion8 of Lho D~ffercncc of t l~c i r  Exponsionr. 
Appendix No. 8. Co~npnr i so~~s  between 1110 10-feet Slandords I R  Is and A. 
Appendix No. 4. Compnrisons of the 6-inell Brnss Scales of l l ~ e  Compensated Mieroacopee. 
Appendix No. 6. Determinntion of I he T,engtli of the I n c l ~  [7.8] on Cary's 3.foot Brass Ucolr. 
Appendix No. G. Compnrieons belwecn the I0.lcet S t n ~ ~ d a r d  B I I I ~  lg and A for determining 

1110 Exponsian of bnr A .  
Appc~tdix No. 7. Fino1 dclcrmint~tion of llle DiRe~.cnces in Length between the 10-feet Etan- 

dnrds Ig Is ond A .  
Appendix No. 8. On the l ' l ~ c ~ ~ n ~ o n ~ e l c r s  employed with Ihe Slnndnrde of Lengt11. 
Appendix No. 9. Detc~.minalion of lhc Lengtl~s of l l ~ e  Sub.divisions of the I n c l ~  [a .b] .  
Appendix No. 10. Report O I I  tho Yrnclic~tl Errors of the Mennurenlent of the Cape Comorin 

B ~ s e .  

11-A History and General Description of the Reduction of the 
P r i n c i p a l  T ~ , i n n g u l n t i o n .  ... Dehrn ,  L)un, 1670. ( O u t  of p r i n t ) .  
Appendix S o .  1. Invcstigalions applying to the Indinn Geodesy. 
Appendix No. 2. I h e  Blicrometer Nicroscope Theodolites. 
Appeudix No. 3. On Observations of 'l'crrestrinl Refraction o t  certain stations mitosted on 

t h e  pluins of the Pnnjnh. 
Appendix No. 4. On the I'eriodic Elrors of Qradnnted Circles, kc. 
Appendix No. 6. Ou cert,ain Blodificationsof Colonel Evcresl's bystemof Observing intro. 

dnced t o  meet the specialities of pnrticnlar instruments. 
Appendix No. 6. On Tidal Observations nt Knr ic l i  in 1855. 
Appendix No. 7. An n l t e rnn t i~e  Dlethod of olltnining the Formnlz in Chapter8 VIII and 

XV employ~d  i l l  t he  Reduction of l'rin~gnlation.-Additionnl Formnlrs 
and Demonstrations. 

Appendix No. 8.  On the 1)iepel.rion of Circnit Errors of 'J'r~nngnlation nfter the Angles 
h n r r  been corrected lor Fignrnl conditious. 

Appendix No. 9. Corrections to nrimuthsl OLsermtions for ilupcrfect Instromental  Ad- 
jostments. 

Appendix KO. 10. Redoction of the N.W. Qoadrilnternl-the Non-Circnit Triangles and 
their Final Figoral Adjustments. 

Appendix No. 11. l ' hc  Ihcorcticnl Errors of the  'Jrinngolntion of the h'orth.West Qnadri. 
latcrnl. 

Appendix No. 12. Fiuroltaneous Reductiou ol  the  X . T .  Qnndrilnterol-the Compntntions. 
111-North-West Q u a d r i l a t e r a l . - ' l ' l ~ e  P ~ . i l l c i p a l  Tr inngo ln t ion ,  t h e  B a s e - L i n e  

I:igures, t h e  R n r % c h i  L o 1 1 ~ i t u d i n n l ,  N. 18. Hiu l i lnyn ,  nrld the G r e a t  I n d u s  

... Series .  ... ... D e l ~ r n  D u n .  1873. ( O u t  of  p r in t . )  

1V-North-West Quadrilateral-Tl~e I'riacipnl'rrinngul:ition, t h e  Q r e n t  Arc-  
S e c t i o n  24'-30°, R n l ~ u n ,  Gurlr i igarl i  a n d  J o g i - T i l n  n l e r i d i o n a l  S e r i e s  rind t h e  

S u t l e j  Se r i e s .  ... ... ... D e h r n  Ui in ,  1876. 
1 V A - N o r t h - W e s t  Q u a d r i l a t e r a l - T h e  Pr inc ipn l  T r i n n g u l n t i o u ,  t h e  J o d h p u r  

a n d  t h e  E n s t e r n  S i u d  Bleridionnl  S e r i e s  w i t h  t h e  d e l n i l s  o f  t h e i r  R e d u c t i o n  a n d  

t h o  Fi1ia1 Reeu l t e .  ... ... ... D e h r a  D i i n ,  1886. 
V-Pendulum Operations o f  Cnptai118 J. P. Bnsevi  nrld W. J. H e a v i s i d e ,  

nnd t h e i r  I{educ t ion .  Dollrn Dun n n d  Cnlco t tn ,  1870 .  
A~')~cndix No. 1. Account of t l ~ e  Rcmens~~rerncnt of l l ~ e  Length of Kster's Pendulum a t  

rho Ordnnnce Surrey Offico. Soutl~nmplon. 
Appendix No. 2 On the Relntion between tho Indinn Pendulun~ Operotiona. and those 

wl~ich hnro ht en rondurted clsewl~cre. 
Appendix No. 8. On llle lheory. Use ond History of Ihe ConverLible P e n d ~ ~ l u m .  
Appendix No. 4. On the Lenglh of 111s b ~ r c n d s  P m d u l ~ ~ n ~  detcroninnble from Materials 

now exlating. 
Appendix No. 6. A B~hlingrnpl~ical t i n t  of Works relating t o  Pendlulom Operalions in 

connection wit11 Ihe Problem of the  Figure of the Earth. 

VI-South-East Q u a d r i l a t e r a l - T h e  P r i n c i p n l  T r i n n g u l n t i o n  a n d  S i m u l t n n e o u s  

R e d u c t i o n  of t h e  fol lowing Ser i ee : -Gren t  A r c - S e c t i o ~ ~  16- l o  2A0, t h e  East 
Cons t ,  t h e  Cn lcu t tn  n n d  t h e  R idnr  L o l ~ g i t u d i l ~ n l ,  t h e  J u b b u l p o r e  n i ~ d  t h e  B i l i e p u r  

X l c r i d i o ~ ~ n l s .  ... ... D e h r n  D u n ,  1860 .  ( O u t  o f  p r i n t . )  

VII-North-East Q u a d r i l a t e r a l - Q e n e r n l  D e s c r i p t i o n  n n d  S i ~ n u l t n n e o u s  R e d u c -  

t ion .  Alno  delni ln of l h e  rol lowing five series:-Korlll-Enrt L o n g i t u d i n a l ,  t h e  

R ~ r ~ l h o n  h fe r id ionn l ,  t h e  R n n g i r  n le r id iona l ,  t h e  A I I ~ I I R  M e r i d i o n a l ,  n n d  t h e  

K n ~ i r n  Mer id iona l .  ... ... ... D e b r a  D h ,  1 8 8 2 .  
Appendix No. 1. The Details of l l ~ e  Prphrnte Redlaction of the Dt~dhon Meridional Series 

or Seriea J of the Norlh.Enst Qttadrilalernl. 
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G.T.S. VOLUMES-(Continued). 
Appelldix No. 2. nednction of the North-Dnst Qondrilateral, ~h~ N ~ ~ . ~ ~ ~ ~ ~ ~ ~  

and their Final Figural Adjnstments. 
Appendix No. 8. On Lbe l'hcoreticnl Errors generated rcspectivell in side, 

Lnlitndc nnd Longitude in n chn iu  yriangles. 
Appendix No. 4. On the 1)ispersion of thc Iicsidunl Error4 simnltaneous 

of se\.ernl Chains of l'riaugles. 
Vo l .  VIII-North-East Q u a d r i l a t e r a l - D e t a i l a  of t h e  fol lowing ele\ren series:- 

Gurwii l l i  AIeridionnl ,  G o r a  RIeridionnl ,  H ~ ~ r i l j o n g  I\Ieridiollnl, chendrrir Meri- 
dioual .  N o r t h  P n r n s n i t h  l I e r i d i o n : ~ l ,  N o r t h  BlaluoclIn l l e r id ionn l ,  ~~~l~~~~~ 
n le r id ionn l ,  E n s t  C n l c u t t n  L o n g i t u d i n n l ,  13 rnhmnput ra  I\lcridionnl, ~~~t~~~ proll- 
t ier-Sect ion 23°-2ti0, a n d  I \ r s n ~ n  L o ~ ~ g i t r ~ d i l ~ n l .  ... D e h m  Uun ,  1882. 

IX-Telegraphic L o n g i t u d e s - d u r i n g  t h e  y e n r s  1875-77  a n d  1880-81. 

D e h r n  D i n ,  1883. 
1.  neterminatiou of the  Geodetic Elements of ~ ~ ~ ~ i t ~ d ~  ~ t ~ ~ i ~ , , ~ ,  
2. Descriptions of Points used for I~ongitude Stations. 
3. Compnrison of Oeodotic with Blectro-Telegraphic Arcsof ~ ~ ~ ~ i t ~ d ~ .  
4. Circuit Errors of Observed Arcs o l  Longitude. 
5.  Ilesillts of Idiometer Observntious mnde during Season 1880.81, 
1. Situations of the Longitude Stations nt Bombay, Aden and sue. 
2. bnrvey Operations a t  Aden. 
3. Results of the 'J.riangulotion. 
4. Right  Ascensions of Clock Stars. 

X-Telegraphic L o n g i t u d e s - d u r i n g  t i l e  y e n r s  1881-82,  1882.83, n ~ ~ d  1883-89. 
D e l ~ r n  Dun ,  1887 

1. Determinntion of thc Geodetic IIloments of the Longitude Stations. 
2. Descriptions of Stations of the Connecting Trinn8ulation and of 

those a t  which tho Longitude Observations wore taken. 
3. On the Errors in A L  cnnsed bp ATmaLnre-time and the lletnrdation 

of tbc l i lect~. ic  Cnrrcnt. 
4. On the lkject,ion of some do~ihtful  Arcs of Season 1881.82. 
5.  On the probnl~lc Cnnses of the ITrrors of Arc-mcmoremcnts, and on 

thc t i n t ~ ~ r e  of tbe Dcfccts in the'l'rnnsit Inslruments jrllich 
might proilucc them. 

XI-Astronomical L a t i t u d e s - d u m g  t h e  pe r iod  1805-1885. D o h m  D i l l ,  1890. 
XII-Southern T r i g o n - ( + e m e r n 1  1)escript iol l  11nd S i m u l t n ~ ~ e o u a  I l educ t ion .  Also 

detni lv of t h e  fo l lowiug  t w o  se r i e s : -Grea t  Arc-Sectiou 8'-18", nild Bombay 

... ... ... Lon:itudinal. ... U e h m  lltin, 1890. 

SIII-Southern T r i g o n - D e t a i l s  o f  t h e  fol lorviog Eve s e r i e s  :-3o11tl1 R o l ~ l r n u  Coast, 
i \ lanPnlore l l e r i d i o n a l ,  I I n d r ~ s  R I e r i d i o ~ ~ s l  n n d  Const ,  S o u t h - H n s t  Coast, nnd 

... ... l l a d r n n  L o n g i t u d i ~ ~ n l .  ... D e h r n  D u n ,  1890. 
XIF-South-West Q u a d r i l a t e r a l - D e t a i l s  ot' Yr inc ipn l  Tr i angu ln t ion  a n d  Sirnul- 

... t a u e o u s  H e d u c t i o u  o f  its c o ~ n p o u e ~ ~ t  ser ies .  Del~rn l ) i u ,  1890. 

~F-Telegraphic L o n g i t u d e s - r r o a ~  1885 t o  1892 rind t h e  Revised Resu l t s  of 

~~l~~~~ IX X: t h e  S i l n u l t o u e o u ~  H e d u c t i o u  n n d  F i n a l  Hesu l t s  of the 
... ... w h o l e  O p e r a t i o n s .  ... D e b r a  D i n ,  1893. 

~ ~ ~ ~ ~ d i ~  N ~ .  1. ~ ~ t ~ ~ ~ i ~ ~ t i ~ ~  of ~ I I O  Geodetic Elemenls of the Longitodo Stations. 
~ ~ ~ ~ ~ ~ ] i ~  N ~ .  3. on notnrdation. (A t~ l~ lne r~cn l  mistake we8 mnde iu this appendix in the 

conversion (,f formoln froln kilometrer to  miles: 1110 conc lus ionsdr~~o  

cannot tl~erelore be upl~eld). 
XVI-Tidal o b s e r v a t i o n s - f r o m  1873 t o  1 8 9 2 ,  n u d  t h e  M e t h o d s  of  Reduc t ion .  

D e h r a  D i n ,  1901. 
~~11-Telegraphic L o n g i t u d e s - d u r i n g  the yenre  1894-95-96. T h e  I ~ ~ o - E ~ ~ ~ P ~ " ~  

.. A r c s  f r o m  K a r i c h i  t o  G r e e n w i c h .  .,. Dehra D i n ,  1901. 
~ ~ ~ o ~ ~ d i ~  No. 1. Deac~.iptionn of  Pointa wed  for Longitude Stations. 

Appetldix No. 3. The Longitude of Madras. 

HVIII-Astronomical Latitudes from 1885 t o  1905 a n d  t h e  Deduced  Vsluee ot 
... ... P l u m b - l i n e  Deflect ione.  ... D e h r n  D i n ,  1906. 

~ ~ ~ ~ ~ r l i ~  NO. 1. On Dctlections of I ~ O  Plumb-line in Indin. 
~~~~~d~~ N ~ ,  2, ~ ~ t ~ ~ ~ i ~ ~ t i ~ ~  of tile Geodelie Element. of tile Latitude stnLions 

~ ~ j ~ ~ ~ ~ ~ ,  ~~l , , ,k ,  Lanlhnlnch nnd Kidarknnln. 

~ ~ ~ ~ ~ d i ~  N ~ .  3, on 1ho (N-S) Difference ea l~~h i t cd  by Zenith ficclor I .  

~ ~ ~ ~ ~ d i ~  xo, 4. on I I I ~  01 the 3l~cro~neter  of tile Zenill' 'l'clesCoPe. 

Apprlldjl No, 6 ,  On ,I le  I\,,inlt1tll Ohservntionn of t ~ t o  Grent. Tri~onometrical Survc).of India. 

N ~ .  (; A ~ ~ t , , l ~ ~ ~ ~  of 1 1 , ~  pl,blicolions o l ihe   rent l'rigoll01~le~l.ic~1 Sur 'e~of  India' 

~ ~ ~ ~ ~ d i ~  NO. 7. On the combinntion weights en1Ployed. 

X I X - L ~ ~ ~ ~ ~ ~ ~ ~  of Precision in India f r o m  1 8 5 8  t o  1909 .  
Dehrn D'n8 1910' 

Append,x No, 1, Experiment  to tent the changes, doe to Moistore and ~ e m p e ~ ~ ~ ~ ~ ,  i n  
Length of a Levelling Brad. 
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(t.T.9 V O L U M E S - ( C o f i i i n u c d ) .  

Appendix No. 2. On the erection of Standard Bench-Marks in India doring t h e  yearm 
1004-1910. 

Appendix No. 3. Memornudum on the  steps taken in 1906.1910 t o  enable movements of the  
Earth's crust to  be detected. 

Appendix No. 4. Dynnmic and Orthometric eorrect.ions to  the  Himilagnn levelling lines 
nod circuit; and n consideration of the  order of magnitude of possible 
refrnction errors. 

Appendix No. 5. The passnge of river8 by the Levelling Opcrntions. 
Appendix No. 6. 'l'he Errora of the Trigonomctrical vnlues of Heights of stations of the 

principal trinngulnti~n. 
Appendix No. 7. The eEect on tbc  spheroidal correction of employing l'heoretical instead 

of Observed values of Grnvity nntl n discossiou of dimerent formnlz 
giving vnl.intion of Qlavity with Lntitude nnd Height. 

Appendix No. 8. On tbc d~screpnncy between tbe l'rigouometrical nod ~pir i t - level  values of 
tbc ditl'erence of height between Debra D i n  and  blussoorie. 

Po l .  S I X A - B e n c h - M a r k s  o n  t h e  Southern L i n e s  of Leve l l ing .  D e l ~ r a  L)Cn, 1910. 
P r i c e  Rs. 5 o t  10". 

XIYB-Bench-Marks o n  t h e  Northern L i n e 8  o f  Leve l l ing .  D e l l r a  D u n ,  1910. 
P v i c e  IZs. 5 01- I&. 

TRIANGULATION PAMPHLETS wit11 chnr t s ,  n r e  n o w  b e i u g  i s sued  f o r  e v e r y  

s q u n r e  d e g r e e ,  g iv ing  the r e s u l t s  of a l l  mil lor  t r i n ~ ~ j i i i l n t i o u .  Price  Re. 1 or 2'per pnn~ph le l  
E,ccept o the r~u i se  ~ f a t e d .  Vide p a g e  131. 

LEVELLING P A M P H L E T S - g i v i n g  h e i g h t s  a n d  d e s c r i p t i o n s  o f  all Bench-marks, 
f i red  b y  l eve l l ing  o f  l 'recisiun i n  I n d i a  a n d  B u r m n .  Eac l i  p n ~ ~ ~ p l ~ l e t  e ~ n b r n c e s  a11 n ren  of  

4 O  x 4Oaucl t h e  l l u ~ n b e r i n g  i s  t h e  s a m e  ns t l l : ~ t  o f  t l ie  c o r r e s p o n d i n g  s h e e t s  o f  t l ~ e  l/i\l lllap 

of I l ldin.  E n c l ~  i s  i l l u s t r a t e d  by a ] n a p  o f  t h e  a rea .  1J1,ice Its. 2 o r  4' 2,er p a m p h l e t  

e.zcept where othei,~oise s t a l ed .  
pnlllplllpt i\'os. Latitude. Lougiludc. I'ublished P n t ~ ~ l ~ l l l c t  Nos. I.ntitnde. Lon:itude PublisLcd. 

India 31 28'-32' 64'-88" Dchra D i n ,  1916. Iudia 07 12'- 16' 76"-SO' 1)chrn UCn, 1910.1 
, 3; 21'-24' 64'-68' ,, 1911. , 58 8'-12" i6'-SO' , 1911. 

38 32"-36' G S ' - ; ~ ~  ,, 1912. ,, ( i ' 2?8 ' -32°80 ' -8& '  ,, 1922. 

,, 39 28"-32' GS0-720 ,, 1913. ,, 6 3  24"-2Y" 80"-84' ,, 1923.** 
,, ,, Addendum ,, 1016. ,, 64 20'-26' 80°-840 ,, 191.'. 
, 40 21"-?So 68'-i2' ,, 1911. ,, 6 6  llj"-?OO 80"-84' ,, 1913. 
,, 41 20'-2F 68"-72" , 1913. ,, 6 6  12"-16' 80'-8.L0 ,, 1012. 
, 43 32"-30' 72"-76' , 1013. ., 75 ?F-29' 84'-88' ,, 1912. 
,, ,, Addendum , 1915. ,, ,, i\<ldcnrluru , 1019. 
,, 44 28'-320 720-76' ,, isrot. ,, 73 20"-r ia  ~ ~ - 8 s ~  ,, 1913. 
,, ,, A~l~ lendum , 1991. ,, ,, Aodcndum ,, 1920. 
, 45 2-bP-2S" 72'-;Go ,, 1911. , 74 16'-20' S4O-88" ,, 1913. 
,, 46 20"-24' 72'-76' ,, 1912. , 78 24"-28" Y8°-9P0 ,, 11)23.** 
,, 47 16"-20" 72'-76" , 1912. ,, 79 20'-24' 88'-92' ,, 1912. 
, .. *i\ddcurlum , 1916. ,, ,, Addcndum , 1916. 
,, 48 12"-16' 72"-76" ,, 1912. ,, 83 24:-28" 92"-9G' , 1912.5 
,, 49' So-12' 72"-76' ,, 1911. Yorlnn 84 20°-240 92'-96' ,, 1918.11 
,, 62 32"-86" 76"-SO' ,, 191%. , 85 18"-2O092"-96' ,, 19L7.11 
, 63 28'-32" 76'-SOo ,, 1920. , 92 24'-28" 96'-100° , 191S.II 
,, 51  2C-28" 7G"-SO" , 1921.7 ,, 93 20"-24' 9G0-1000 , 1917.11 
,, 66 20'-24" 76'-SO0 , 1912. 94 ltiO-20" 96'-looo 
,, 661G'-20' 7(i0-80' ,, 1912  ,, ( ,, 1916.11 

'A~ldu~ndu~n ,, 1919. 95 12"-IS" 96"-loo' 

L e v e l l i t l ~  of P r r c i v l o ~ l  ill n I r so l~o in~n in -  

D e s c r i p t i o n s  a n d  l ~ e i g l ~ t s  o f  b e n c h - m a r k s ,  r e p r i n t e d ,  Dehra D i i n ,  1923. Price Rs. 3 o r  6*. 
TIDE T A B L E S . - -  

S i n c e  lSS1 T i d a l  p r e d i c t i o n s  based o n  the o b s e r v a t i o o s  o f  t he  S n r r e y  of India have 
been p u b l i s l ~ e d  a n t i n a l l y  by the I n d i a O f i c e ,  L o n d o n  u p  t i l l  t h e  y e a r  1922. F r o m  1923 on-  

n.ar(ls the p r e d i c t i o n  a n d  p l ~ b l i c a t i o t i  h a r e  bee11 u n d e r t a k e n  a t  1 )ehra  DBn by t l i e  S u r r e y  o f  

I l ldia .  The tables givc tlre t i m e  a n d  h e i g h t  o f  h i g h  and l o w  water f o r  e v e r y  day i n  t l i e  Fear 
at  e a c h  p o r t ,  a n d  a r e  pnb l i s l i ed  e a r l y  i n  the  p rev ious  year. C u r r e n t  tables a r e  a v a i l a b l e  f o r  the 
fol lowing 40 por t s  :- 

Western Ports- 
S u e z  (Egypt)-Perim-Aden-~1neIint-Bnsrnh-Bushire-Knrcl1i-Olil1a P o i n t  r ~ n d  Bet 

H n r b o u r  ( G u l f  of Cutc1i)-Porbnlldnr-Port A l b e r t  V i c t o r  (KBt11iLmLr)-Bl~Bvi~ngnr-Bombay 
(*pollo Bandnr)-Bonibny (Pr ince ' s  Dock)-Mnrmngno (Qon)-KBrwBr-Beypore ( n e n r  

C~licut)-~ocl~in-~uticol~iu-~ioieo~ ( I n d i a n  0cenn) -PBmban  P n s s  ( I s l n n d  o f  R l m e s w n ~ . a m ) .  

' Price Be. 1 01. 2' t 2nd Edition. f 2nd Edition (reviced ond enlnrged). 5 Heighls on page8 46 & 4 6  
revised in 1918. I( Hcighta revised. 3rd EdiLion (reviacd with tldditions). ** Dnto n p  t o  1923. 
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TIDE TABLES-(Conlinaed). 
bastern Ports- 

Colombo (Ceylon)-anile (Ceylon)-l'rincomnlee (Ceylon)-Negnpntnm-MndrnB- 
~~~~~~d~-Vizn~n~nt~m-k'nlse-Poiut-Dablnt (Signr 18lnud)-Dinmond Ilnrbour--Kidderpore 
(~~~~~~ttn)-Cl~ittn~o~~g-AIiynb-l)intno~d Ialnnd (Uulnlnn)-Bnsseiu-Elepl~nnt Point ( B ~ ~ ~ ~ )  
-Ra~~goou-Annhcrst-AIonlmei11-AIergui-Port Blnir. 

The Ftde 'I'nbles ore issued i r r  lhr follou*ingforms up l o  thoue frr 192-1. 
( i )  Part I and Part 11-i~~cludiug Western and Enstern yorte respectively- 

Xaclr pnrt Rs. 8 or 16*. 
(ii) P a m p h l e t s - p i v i u g  sepnrntclp tho tables for iud~vidunl ports or for smell 

lorn1 croups of ports-Price varyitlg jronr As. 12 ors IS fi" to Rs. 1.8 ,,,. . ) a p e r  

pntuphlcl. 
(iii) S h e e t s - T l ~ e ~ e  nre only published for KnrBcl~i, Bomhny, AIndms, Hoog~lly 

H i ~ s r .  Pr ice  vnrying front As. 12 01. IS G" to Rs. 1-8 o r  3'yer slrcet. 

C-CATALOGUES AND INSTRUCTIONS, 
(OLf,li~inble ,fro11t thr Stcperi~rten~le~rt,  Mrtp Pltblicntiot~, 13, 1P-ood Street, Cnlc~tttn). 

D E P A R T M E N T A L  O R D E R S . -  
Pronn 1578 to lbS.5 the Surveyor General's orders were all issoed as '< Circular 

Orders. " Siuce tlien they 11ave been classified as follo\vs :- 

I 1 - G o v e r n m e n t  o f  India O r d e r s  (cnlled "Circrlnv Ordersu 
up  to 1899.) 

to  1904 2 - D e p a r t m e n t a l  O r d e r s  ( A d m i n i s t r a t i v e ) .  
3-Departmental O r d e r s  ( P r o f e s s i o n a l ) .  

I n  1904 the various orders issued since 1878 mere reclass'ified ns follon~s :- 
n'n~~~Cer to dnls.  

1.-Government of India O r d e r s . -  i8G 
2.-Circular O r d e r s  ( A d m i n i s t r a t i v e ) . -  402 
3.-Circular Orders ( P r o f e s s i o n a l ) . -  106 
4.-Departmental O r d e r s .  (nppointnneuts, prou~otions, tmusfera, etc.) 

These are nombered serial1~- and had reached the above numbers by September 1922. 
Corernn~nrf of India  Orders nud Circrrlnr Orders (Adlnin~stratiue) are boond up in volumes 
from time to time, as shown below, while Crrculnr. 0rtler.s (Prof>ssionnl) are grxdoally incor- 
porntcd iu the Survey EIand-books. Besides the above, temporary orders have been issued 
since 1910 in the form of "Circular Memos." These either lapse or beconle incorporated 
in some more permanent form, and are  therefore only nombered serially for each Fear. Bound 
volumes of orders are available as f o l l o ~ s  :- 

1. +Goverument of Indin Ordera (Depnrtrnentnl) 19i8-1903.-Cnlcuttn, 1904. 
Ditto ditto 190-E-1908.-Cnlcottn, 1909. (Out of print). 
Ditto ditto 1909-1913.-Cnlcuttn, 1915. 
Ditto ditto 1914-1915.-Cnlcuttn, 1920. 

2. +Circulnr Orders (Adminietmtive) 1878-1903.-Cnlcuttn, 1904. 
Ditto ditto 1904-1908.-Cnlcattn, 1909. 
Ditto ditto 1909-1913.-Calcuttn, 1916. 
Ditto ditto 1914-1918.-Cnlcuttn, 1920. 

8.  + Rep~~lntiona on the subject of Language Exnminatioua for Officers of the Survey of 
Indin. Cnlcuttn, 1914. 

4. + Map Publication Orders 1908-1914 (Superintet~dent, Hap Publication's 0rdere.)- 
Cnlcutta, 1914. 

5. Specimens of papers set at  Examinations for the Prorinci:~l Service.-Del~ra Dtu,  
1903.-(Out of print). 

C A T A L O G U E S  AND LISTS. 
1. C a t a l o g u e  o f  Maps publis\\ed by the Survey of India. Corrected to 1st Snnunry 

1928, Cnlcuttn, 1923. Price Rr. I w P. 
Eu'0TE.-Lints of new maps published during ench rnontl~ appear in the rnontl~ly 

NOTES OB THE SURVEY O F  I N D I A .  These monthly lints 
nre nlmo issned sepsrntrly. 

2 Catalogue o f  Maps of the nombny Presideucy, Cnlcutta, 19i3. Price Aa. 4 0 ~ 6 ' .  

3. List of the publicationsof the Survey of India (published nn~~unll~)-Dehm 
Dim Qrcrlia. 

'\ 4 Price List o f  Hathematical Instrument OfBce .  Crlcottn, 1921. Qmtia. 
5. C a t n l o ~ ~ ~ e  of Books in the Ihd-Quar te r s  Library, Calcutta, 1901. (Out of print). 

-- -- -- -- - 
For Dcprtnrsolal uas only. 
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C A T A L O G U E S  AND LISTS-(Contint~ed!. 

6. Catnlogue of Scientific Booke aud Subjects in the Library of the Trigonometrical Survey 
Dehrn D i n ,  1008. Price Re. 1 01. 21. 

7. Clnssified Ctitalogoe of the Trigonometrical Survey Library. Dchra Dun, 1921. Qrcctis. 
8. Green Lis t s -PART I-List of officers in the Survey (an~iaally to date 1st Ju1tlln.y)- 

Calcutta. Price As. 6 or 9". 
PAIi'l' II-Hiutory of Services of Officer3 of the Surcey of Iudin 

(a~~tiually lo dale 1st Jtb1,y)-Calcutta. Price Ae. 8 or 1". 
9 ,  Blue Lists-IIiuisterial nud Subordin;ite E~tabliuhme~rts of the S~lrvey of Iudin. 

PART I-IIend-quarters nud Uel~ra Dirr oEces (published a~ruunlly to dnte 1st. 
April)-Calcutta. Pricc Re. 1 01. 2*. 

PART 11-Circles a l ~ d  parties (publislred nunually to date 1st Jnuoary).-Calcr~ttn. 
P ~ i c e  Rs. 1-8 or 3'. 

TABLES A N D  STAR C H A R T S .  

1. Auxiliary Tables-Lo ft~cilitate the calcalations of the Sarvey of India. Fourth 
Qditioll (Revised), Yelrra D i n ,  100G. Price Rr. 4 or S1 irt clotl~ a i ~ d  cnlA 01- Rr .  2 01. 4' ilrpdper and 
Boards. " * A u x i l i a r y  T a b l e s - o f  t,he S ~ ~ r v o y  of India. Fifth Edition (Revised- nud Esteuded), 

by J. d e  Grctnf Hlc~~ter ,  M . A . ,  Sc.D. ,  B. I~ t s t .  P .  111 parts- 
PART I-Qmticl~les of maps (Rcprintccl). Delrra Dlin, 1021. Price Re. 1 or 28. 

PdltT II-~latlrcmntical Tables (Reprinted with ndclitious). Delrra Dil l ,  1924 
Price Re. 2 09' 4'. 

PART 111-Topographical Survey Tnl~lcs. (Rcprintccl wit11 additio~rs). Delrra 
~ u ~ l ,  1924. Price Re. 1-8 07 3'. 

3. Tables for Graticulcs of i\Iaps. Estrzcts for the use of Explorers. Delrl.n D h ,  

1918. Price As. 4 or G d .  
4. t BIetric Weights and Measures and other tables. Plroto-Litlro Office. Cnlcutta, 

188% (Out of priut.) 
5 .  ~ ~ g ~ r i ~ h r r ~ i c  S i r~esa l~d  Cosiues to 5 places of decimals. 1)elva Dill,  1S8G. (Out of print). 

6. Logaritlr~nic Sines, Cosines,'l'an:.eut3 and Cotauge~~ts  to 5 places of decimnla. Delrrn D i u .  
1918. (Out of print). 

7. Co~nmou Logarithms to 6 places of decimnls 1SS5. Price As. 4 01. 6'. 
8. Table f o r  detcrmini~rg Heights in Traversing. Dehra Dill,  1808. Price As. 5 or 11. 
g,  T~ibles oE distances in Chains nud Liulrs correspondi~~g to n subteuse of 20 feet. Dehrn 

Dun, 1880. Price As. 4 09. 6J. 
10. t Ditto ditto 10 feet. ~i i lcut tn,  1015. 
11. t Ditto ditto Y feet. Ditto. 
12. Stnr Charts tor latitude 20' N., b,y Oolonel J .  R .  Hobday, I.S.C. Calcutta, 1904. Price 

Rs. 1-8 or 3*. 
13. Stnr Clrnrts for lntitude 30' N., by Lt.-Col. S. G. Blrr~,al.d, R .E . ,  Z!R.S. D e h a  Diiu, 

1906. Price Rs. 1-8 or 3*. 
14. t Catalogue of 218 Star3 for epoch Jnu. 1, 1593, from observations by the Survey, 

Dehm D i n ,  1803. Price Rs.  2 or d8. 
15, t ItninEall, ~r~nsiuiuln nnrl n~inimum temperatures from 1869 to 1920, recorded a t  t h e  

Survey Office Obse~qvatory, Delrra D i n .  (Reviaed.) 

OLD HANUALS. 
1. A Ma11ua1 O E  Yurveyiug for Indin, detailin& the mode oE operations ou tlre Revenue 

Surveys in Beugal and the North-Wosteru Provinces. Compiled by Captailas R. Snaytb nitd H. L. 
Th'hrcillier. Cirlcutta 1851. (Out  of priut.) 

2. Ditto ditto ditto. Second Edition. Lolldon, 1855. 
(Out of print). 

3. A AInnunl of Sarreyiug for India, detniliug the mode of operntions on tlre Trigouometri- 
cal. Topographical a11d Il.~veurl~> Surveys oE Indin. Compiled by C~lo~ael  H. L. Thrtillie~., CS.T.,  
F. R.S. ,  aud Lier te~~nir l -C~loi~el  R .  So~yIh. Tlrird Edition, revised and eulargad. Calcut tn, 1875. 
(Ont of print.) 

4. Haud.b~~olc Revcuue Brauch. Cnlcuttfi, 1893. Price Rs. 2-8 or 53. 

SURVEY O F  I N D I A  H A N D - B O O K S .  

1. Hand-book of General Instructions, F o u r t l ~  Edition. Calcutta, 1014. PI-ice 
121. .? or GI 

2. Hand-book, Trigonometrical Branch, Second Editiou. Cnlcutta 1902. 
(Out oE orint.1 . -, 

* Obtsinnhle from the Supcrintcdclent of tlle Trigonometricnl Survey, Dehrn Dnu, U.Y. 
t For Dcparlmonlnl uso only. 
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SURVEY OF I N D I A  HAND-BOOKS-(Contil~z~ed). 

a.   and-book of Trigonometrical 1 n s t r u c t i ~ r l s . - T h i r d  Idition. C L . ~ ~ ~ ~ ~ ,  
in pamphlet forme- 

Chapter \'I-Levelling of Precision. Dehm D t u  1920. Price Re. 10,. &. 
4. Hand-book, Topographical Branch, Third Edition. Calcuttn, 1905, 

(Out of print.) 

5. Hand-book o f  T o p o g r a p h y . - F o u r t h  Edition. Cnlcuttn, 1911. Chapters, in 
pnmphlet forms- . - 

Chapter I-Int,roductory.-rep~.inted wit11 ndditions, 1921. price A ~ ,  8 or - 11-Constitution nud Organization of n Survey Pnrty.-repriuted 
addit,ious, 1923. Price A s .  8 or 1 3 .  

,, 111-Triallgulatiou nud its Computntio~~.-revised 1923. p,.ice fie,lor2,. 
,, 11'-Tlleodolite Tmversing-reprinted, 1024. Price xe. 1 or29. 

T-Plnuo-tnbIing.-re11riuted 1915. Price Re. 1 or 2'. 
T71--Fair Mapping.-reprinted with additions aud re~ised, 1922, 2,.iCe 

Re. 1 09. 2'. 
,, VII-'I'rnns-froutier Heconnniesan~e.-re~)ri~~~ed 1911.. 8 
,, VIII-Surveys in time of mnr (not ready). 
,, IY-Forest Surroys nud h1nps.-revised 1924. ( I n  the Press). 
,, Y-31:lp 1ieprodttctiou.-reprinted 101 9. Price As. 8 or lE. 
,, XI-Geogmpl~ic:~l maps.-1917. Price As. 8 07. 1'. 

6. * P h o t o - L i t h o  O f f i c e ,  Notes on Oganization, hletl~ods and Processes. B,y Xnjor 
W, C. Hedley, R.  B. l{evised nud nm!)li6ed by Capt. S.  W, S. Hamillon, R. E. Calcutta, 1914. 

7. The Reproduction ( f o r  the guidance o f  other D e p a r t m e n t s ) ,  of 
Mnps, Plans, Photogrnpl~s, L)iagra~ns, nud Line Illustrations. C a l ~ u t t i ~ ,  1014. Price Rs. 3 01. G9. 

NOTES AND INSTRUCTIONS. 
Drawing and Paper. 

1. *Notes on Printing Papers suitnble for Blnps, and ou Wllntrnnn Dmnring Paper. By 
Jlajor FV. AU, Col~lstrenn~, R .  A'. Calcutta, 191 1. 

Printing and Field Litho processes. 
2. *lieport OII ltobber Offset Priut i l~g for Mops. By Mnjoj. W. a. cold st re as^, R. E, 

Cnlcuttn, 1911. 

3. *Notes on the "Vandyl<e" or Direct Ziuc Priuting Process, with details of Alrpnratus 
and Chemicals required for a sluall sectiou. Co~npiled in the P l~o to  nud Lit110 O ~ C C ,  Surrcy of 
Illdin. Cslcutta, 1913. 

4. *Heport on the TVorltiug of the Light Field Lit110 Press (exl)erimentnl) in November 
Deceulber 1910 with Appe~~dices. By Lie:~fe~lant A. A. Chase, R. E., Calcuttn, 1911. 

(1) Notes on some of the I l e t l~ods  of lteproduction suilablc for the Picld. 

(2) Suggested Equipment l'ables for the Ligllt Field Litho Press (esl]crimcn- 
tal). 

5. *lleport ou R trinl of the equipment of the 1st (Prince of Wales' Owu) Snpl)cl'~ :tnd 
BIiuers for reprodt~cing maps in the field. By Lieu~enallt A. A. Chase, R. E. Cnlcuttn, 1912. 

( o u t  of print). 

Base Lines and Magnetic. 
6. *Xotes on use of the Jlderin Base.line Appnratus. Dehra Dun. 1004. (Out of print). 

7.  *i\liecellnmeous Pnpers relating to the Aleasurement or Geodetic Bnses by Jiidcrill Ill""' 
Appnratus Dellra U ~ I I ,  1912. 

8. *Iustruct io~~s for talring Magnelic Obsermtious. By J, Ecclcs, N, A. ~ e l t r a  nhn ,  19% 

(Out of print). 
9 ,  Rectangular C o o r d i n a t e s . - O n  n Silnplificatiou of the Conlputatiolls relotin: to- 

B,, J .  Eer[,,r, M. A ,  I)ehln Dim, 1911, Price Re. 1 or le. 
10, .For E x p l o r e r s . - N o t c s  on the use of Thcr~nometers, nnrolnetera and H Y P ~ ~ ~ ~ ~ ~ ~ ~ ' ~  

with T ~ L ~ ~ ~  for the Coull,utatiou of Heigllta. By J. de G r o ~ f H ~ ~ n l e r ,  Y. A. Delua 1911' 

(Out of print). 
11, Amended Iustruct ion~ for the Survey nnd Mnppillg of Town Guide Mops. August 1919' 

* For Depnrlmoots~ use only. 
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D-MISCELLANEOUS PAPERS. 
( O l t a i n a h l ~  from the Supra.infrnde~rb, N a p  Prblicution, 13, Wood Slrcet, Culcuito). 

UNCLASSIFIED PAPERS. - 
Geography. 

1. d Sltetch of tho Qeogrnphy a ~ ~ d  Geology of the fIimLlnya Mountninn nnd Tibet (in four 
parts), by Culoncl S. 0. llurmrd, R. E., I? R. S., Strpclt., I ' r igot~o~i~~tr ical  S~rrueya, and H. H. 
naydril, R. A . ,  F. G. S., Sltpdt., Gcologicr~l Sarcqy oJ'India. Cnlcuttn, 1907-09. 

Part I.-'l'he High l'enliu of Asin. 

,, II.-rl'he Principal B1011nt:lin Ranges oF Aein. 

,, 111.-The ltivers of the IIimLlaya nnd Tibet. i Price Bs. 2 or 48 per  part.  

,, 1V.-The (3eology of the Iiimjlnyn. 
2. *Report on the Identificatio~~ and Non~enclsture of the t l i ~ ~ ~ i l n y n n  Penlts no seen from 

Kitmlndu, Nepil, by Cnllt. H. Woorl, R. E. Cnlcutt:~, 1901. 
3. Routes ill l l ~ e  Western-I-limLlnyn, ICasl~~nir, etc., Ly Lieul..Co2onel T. 0. Montgon~crie, 

R. E., F. R. S., F. R. G.  S, 'I'hird Edition, revised and corrected. Dehrn lhin,  1909. (Out  
of print.) 

4. Routes in the Western-Himdnya, 1<nsl1111il., etc. with which are included Montgomerie's 
lloutes. Voluu~e I. Punch, Icash~nir and Ladikh, by Nfljor Masoi~, N.C., R.E., 1s t  edition, 
Dehra D i u ,  1923. Pvice Rs. 6. 

Exploration. 
1. *Account, of the Survey Operations in connectiou with the Mission to Yirlrnnd nnd 

Rnshgnr in 1873.74, by C'rzl~tni~r Henry P'rotter, R.E. Calcutta, 1875. (Out  of print). 
2. lteport on the l ' ~ ~ n n s - l i ~ n i l n y a ~ ~  Exl~lorntions duriu: 1869. (Out  of print). 
3. Heport on the ' r r n ~ ~ s - l i i ~ n i l : ~ y n ~ ~  Exl~ lorn t io~~s  during 1SSO. Uehrn U ~ I I ,  1871. 

(Out of priut). 
4. Report on the l 'r:~us-IIi~~~iilnyan J3sploralious during 18i8. Calcutta, 1880. (Out  

of print). 
5.  E ~ l ~ l o r a t i o ~ ~ s  i l l  the E n s l e r ~ ~  I i n ~ ~ ~ - l i o r n m  nnd Upper Yi~lcnnd Valley. (Karratire re- 

nort of tile s o r k  of the Survey of 1111lin Detncl~~nent  wit11 the De Filipl~i Scieutific Expedition . . 
191'1), Ly Major IT  Woorl, R E. Debra Dil l ,  1922. Price Rr. 3 or G". 

Special Reports. 
1. *I{eport on t l ~ e  Iilussoorie a ~ ~ d  L n ~ ~ d o o r ,  I<umnnn rind GnrhwBI, RSuilrhet nnd Koai 

Vnlley Surveyn extended to I'esl~hwar ancl Iiigh811 Tria~~golntion duriug 1SGD-70, by Major 
T. Q Afo~ttgoit~eric, R.E. (Out  of 11ri11t). 

2. lteport on the Receut Ueteru~iu:~tiou of the Lougitude of nIndrns, by Capt. S. a. 
Buri.ard, R. h'. Calcutta, 1897. (Out of prillt). 

3. *Itc.port ou the Observnt~ons of the Total Solar Eclipse of 6th April, 1855 nt Cnmorta. 
Nicobnr Ia la~~ds ,  by Color~el J. Water.ho?~se. Cnlcuttn, 1973. (Out of print). 

4. *The 'l'otnl Solar Eclipse, Jnuuary 22, 1898. Dehm l)611, 1898. 
(1) Heport on the observations nt I)umraou. 
(2) lleport on tho observatious a t  Pulg:~on. 
(3) Iteport on the observatious nt Snhdol. 

5. *Report 011 Locnl Attrsction in India, 1893.91, by Captain S, Q. Bul-rard, R.P. 
Cnlcuttn, 1895. (Out of print.) 

6. *lleport on the l ' r i g o ~ ~ o ~ ~ ~ e t r i c n l  Results of the Enrtl~qunlre in Aasnm, by Captain S. G .  
Btrrrard. Cnlcuttn, 1898. (Out of print.) 

7. 'Notes on the 'l'opographicnl Survey of the 1/50,000 Sheets of Algeria by the Topo- 
graphical Section of the "Service Qeogrnphirlue de 1'ArmieV, by Cuptain W. di. 

Coldrtream. R.E. Calcutta, 1906. 
8. @The Simln Estates Uoundn1.y Survey on the scale of 50 feet to 1 ineh, by Captnin 

B.A. Tardy, R.E. C~~lcut tn,  1906. 
9. 'A note OII the stnge renched by the Geodetic Operatio118 of tbe Survey of Indin i n  

1920, by Lieut.Co1. H. M. Co~uie, R.E.; the Magnetic Survey of Indin, by Mujor R. H. Thomas, 
D.S.O., R.E., aud a note on the present Levelling Policy, by Nujor K. Maeo~~,  M.C., R.E. Dehra 
Dim, 1922. (Out  of Print).  

Geodesy. 
1. Nolt-s on the l'heory of Errorn of Observalion, by J.  Ecclrr, X . A .  Dehra D i o ,  1903 

Pvice As. 8 ov IS. 
2. *Soto on n Clln~~ge of the Axes of thc Terrestrinl Spheroid io  relntion to t l ~ e  l'rinn- 

gulntion of the G.'l'. S ~ ~ r v e y  of Indin, bg J. dc G~auf Hunter, M A .  1)ehra D i n .  
(Out of print.) Now iiocorporntecl in Professionnl Pnper No. 16. 

3. Report on the Trel~t~neut  nod use of Invnr in n~eneuring Geodetic Bnses, by 
H. H. Turner, R. E. London. 1907. Price Ar. 8 or l a .  

' For DcporLmeutnl sac O ~ J .  



U N C L A S S I F I E D  P A P E R S . - ( C o n l i n u s d ) .  

Projections. 
1. On the projection used fo r  the General Maps of India. Dehra Diin, 1903. ( o u t  of 

print). 
9. +On t l ~ e  deformation real~l t i~lg from the method of constructing the Illternntional 

Atlns of the World on the scnle of onc to one million. B y  Ch. L a l l e l ~ l o ~ d ,  ~ ~ ~ ~ ~ l ~ t ~ d  
by J .  Eccles, B . A . ,  together with tables for the projection of 1/Rf hiaps on the 
Internntionnl system. Dehrn D i n ,  1912. (Out of print). 

Mapping. 
1. +A Note on the different methods by which hills can be represented upon mnps. 

B y  Colonel S .  Q. Burrard, C .S . I . ,  R . E . .  R R  S . ,  Surve,yor General of Itrdia. Simls, 1912, 

2. +A Notc on t l ~ e  repreaentntiou of Ilills. By dlajor C. L .  Rolertsorr, C.M.G.,  2.3. 
Dehrn Dun, 1912. 

3. +A Note on the representation of hills on the IIaps of Indin. By Unjor F. W. Pirsic, 
L A .  Dehra D t n ,  1912. 

4. *A considerntion of the Contour intervnls nlld Colour Scales best suited to Indian 
1/31 mnps. B y  G ~ p f n i r ~  X. OO'C. Tandy, R . E .  Cnlcutta, 1913. (Out of print). 

PROFESSIONAL P A P E R S - P r i c e  Rupee 1 or Z1 per volume, except where other~vise 
slated. 

NO. 1-Project ion-011 the Projection for n Brnp of India and adjacent Countries on 
the scale of 1 : 1,000,000. B y  Colonel S t .  B .  C. Gore, R . E .  Secoud Edition. 
Del~rn DGn, 1903. 

No. 2 .Base Lines-Blet l~od of ~neasuri l~g Geodetic Bnses by ~neans of Iletnllic 
\'?ires. B y  ill. Jaderin. (l'randuted from dlirnoires PrEse~tlis par Divers 
Ssvants a 1'Acadt%rie des Sciences de l l Ins t i fut  de France). Dehrn DGn, 1899. 
(Out of print.) 

No. 3-Bas8 Lines-Method oE measuring Geodetic Bnses by menns oE Colby's 
Compensnted Rnrs. Compiled by Lieutenant H. NcC .  Cowie, h?. E .  Dehrn 
I)un. 1900. (Out  of print.) 

No. 4-Spir i t - levels-Notes  on the Cnlibration of Levels. By Lieutenar~t E .  A .  
Ibndy, R .  E. Delirn Dtin, 1900. (Out ot print.) 

NO. 5-Geodesy-The Attraction of the HimBlayn Mountains upon the Plumb.Line 
in India. Considerntions of recent dntn. B y  dlajov 9. 0 .  Burrard, R .  E. 
Second Edition, Deh1.a Dun. 1001. Price Bs. 2 or BS. 

NO. 6-Base  Lines-Account  of n Determinntion of the Co-etlicicnts of Expansion 
of the Wires of the .Jaderin Base-Line Appnrntus. B y  Copfain B .  P .  Lenos- 
Co~ryirgha?~~. R. E. Dehrn Diul, 1902. (Out  of print.) 

No. 7 - + M i s c e l l a n e o u ~ .  Cnlc~lttn, 1903. 
(1) On the vnluee of Longitude ernplogrd in ~nnps of the Survey of Indin. 
(2 )  Levelling nclwsn the Ganges nt 1)imuiidin. 
(3) Experiment to test the incrense ill the length of a Levelling Stnff due to 

moisture and temperature. 
(4) Description of n Sun-din1 designed for use wit11 tide gnuges. 
(5) Nickel-steel nlloye nnd their npplicntion to Geodesy. (Trnnslafedfi.onl 

the f i m c h ) .  
(6)  Theory of electric projectors. (Translnted frorn the French). 

NO. 8-Magnetic-Experiments made to determine the tempernture co-efficient9 of 
Watson's Magnetographs. B y  Captain H. A. Denholm Fraxcr, R. E .  Cnlcutt.%. 
1905. 

No. 9-Geodesy-An Account of the Scientific morlt of the Survey of India nnd 
Coml~nrison of its progreas with thnt of Foreign Surveyn. Prepared for lh* 
ure of  the  Gnrvey Co:ninitles assembled in 1905. B y  ~ieufesant-Colonel S .  0 .  
Br~rrard ,  R. E., F. R S .  Cnlcuttn, 1005. 

No. 1 0 - P e n d u l u m s - T h e  Pendulun~ Operations in Indin, 1903-1907. BY afajor 
G. P .  Lenoz-Conyngham, R. E. Del~rn D l n ,  1908. Price Rs .  2-8 or 5'. 

KO. 11-Refraction-Observations of Atmospheric Refrnction, 1908-09. B y  0. 
Shaw, S~rrcey o f  India.  Dehrn Dun, 1911. (Out of print.) 

KO. 12-Geodesy-On the Origin of tlle ITilnilnpn nlountnins. R y  Coloclel 8 a. 
Burrard, C. 8 .  I..  R. E.,  J! R. 9. Cnlcuttn, 1912. 

No. la-Isostasy-1nvcrti:ntion of the Theory of lnostney in India. B y  dfnjorH. 15. 
Croslh~cait, R . E .  1)ehra D i n ,  1912. (Out  oE print.) 

- 

Kor Departmentul uae only .  



VOI. XVIII.] APPENDIX. lee 
p R O F E S S I O N A L  P A P E R S . - ( C O ~ I ~ ~ ~ U ~ ~ ) .  

No. 1 b R d f r a c t i o n - F o r ~ n u I m  for Atmospheric lfefrnction and their application to  
Terrestrinl Refraction nnd Geodesy, by J. de Graaf Hunter, 2LT. A. Dehrs 
U i u ,  1913. Price Rs. 2 or 4J. 

No. 1 5 - P e n d u l u m s - T h e  Pendulu~n Operntions in lndia and Burmn, 1908-13, 
by Captai~i E. J. Couchnrari, R .  El. Dehm Dun, 1915. Price Rn. 2-8 or 5'. 

No. 16-Geodesy-Tl~o Enrtll'a Axes and Trinng~rlntion, by J. de Qraaf Hunter, M.A. 
Del~rn Dull, 1918. Price Rs. 4 or. 8'. 

No. 17-I~0~tasy-I11\~estigstions of Isostnny in Hilnilnynu nnd Neighbouring Hegions, 
b,y Coloilel S i r  S. Q. Bur.rar.d, K .  C. S. I., R. E., F. R. 5. Debra D i n ,  1918. 
Price Re. 1 or 2'. 

No. 18-Isostasy-A criticism of Mr. R. D. Oldl~nln's ~ncuioir "'l'l~e structure of the 
IIil~lilnyns n ~ ~ d  of the Gnngetic Plni l~",  by Linut.-Colunel H. McC. Coruie, R.B. 
Dehra Dun, 1921. Price Rr. 1.8 or 3'. 

No. 1 9 - A e r i a l  Photography-Erl)eriments ill Aeropln~~e l'hoto Surveying, hy 
Najov C. G. Lewis, R.E., nnd Captain H.G.  Suln~ond, (Late R.A.F.). D e h r ~  
U i u ,  1920. Price Rx. 1-9 or 3' .  

D E P A R T M E N T A L  PAPERS S E R I E S .  (Fo r  depart~r~esfnl use only.) 

No. 1-Type-A consideration of the most suitable forms of type for use on mnps, 
by Ca,utain M. O'C. Tandy, R. x. Dellrn D i n ,  1913. 

KO. 2-Symbols-A review of the Boundary Symbols used on the ninpe of various 
count~.ies, by Capfaii~ N. O'C. Tandy, R. B. Dehra D i n ,  1913. 

No. 3-Maps-Extract fro10 "Tl~e New Alnp of Italy, Scale 1: 100,000.", by Luiai 
Qinunilrnpani Tva~~slated from the ltaliare by iUajor W. M. Coldsfreant, R.E. 
Del~rn U i n ,  1913. 

No. 4 - T o w n  S u r v e y s - A  report on tlie practice of T o s u  Surveys in the United 
Icingdoui nud its applicntiou to Iudin, by Major C. L. Rober~tsor~, C.M.Q., B.E., 
Dehrs D i n ,  1913. 

No. 5- S t e r e o - p l o t t e r - T h e  Thompson Stereo-plottcr nud its use, with notes on the 
field wort ,  by Liel~tenant K. Jlasorl, R. E. l )e l~rn D i n ,  1913. 

No. G-Levelling-Levelli~~g of I I ig l~  Precision, by Ch. 1,allemand. Translated 
from the Frenclr by L de QmayHunter ,  d1.A. L)el~i-n U i u ,  1914. 

No. 7 - S t a n d a r d  Bars-Bnr Compnrisous oE 1907-08. by Xqjor  H. n c C .  Cowie, 
R. E. D e l ~ r r  U i u ,  1015. 

50. 8-Helio-zincography-Report on Itubber Off-set Flnt bed hlncl~iue Printing, 
by Ceplairr S. 1V. Sackuillr: H a ~ ~ ~ i l t u n ,  R.E. Calcutta, 1915. 

No. 9 - S t e r e o - A u t o - P l o t t i n g - A  trausletion of Paul  Corbin's Preuch StCrCo 
AutogralnmBtrie by Lientenant-Colo~~cl H. IU. Coqtiie, R . E .  Dehrn U i n ,  1922. 

P R O F E S S I O N A L  FORMS. 

A large number of forms for the record and reduction of Survey Operations are stocked 
a t  Debra DBn. A list of these cau be obtained from the Superintendent of the Trigono- 
metrical Survey, Dehra DGu, U. P. 
EXTRA-DEPARTMENTAL P U B L I C A T I O N S .  

1. 'Iudin'e Co~~tr ibut ion to Geodesy, by Gzner.al J. I! Walker, R.E., C.B., P.R.S., LL.D. 
(Philosopl~ical Transactions, lloyal Society Seriee A, Volu~ne 186, 1895). 

2. '011 the Intensity and Direction of the Force of Qrnrity in Indill, by Lieutenant-Colonel 
S. G .  B~rrvard, R . E  , 1CR.S. (l'l~iloaophicnl Transnctious. l tojal  Society Series A, 
Volu~no 205, pnges 289-318, 1905). 

9. 'On the efl'ect or ~ I I R  Qnngetic Al lo~~ium on the Plunib-Line in Nort l~ern lndia, 
r3y R. D. OldAav~, RR.S. (Proceedings Royal Society, Series A ,  7'olume 90, pages 
32-40, 1914). 

4. +On the o r i g i ~ ~  of the Indo-Gnngetic trough. c o r n ~ n o ~ ~ l y  called the IIiniilnynn Foredeep, J 

by Colotrrl S i r  S. Q. Burr,avd, B.O.S.I., R.E.,  T.R.S. (Proceedings, Royal Society 
Series A ,  \'olunie 91, pnges 220-238, 1915). 

5, +Three co~nprel~ensivc nrticlea on " Co~npnrntors for the lndi i~n Government" from 
n report by Major. H. M. Cowie, R. E. (ICngineeri~~g, Aug. 20, Aug. 27. Sep. 3, 1915). 

6. §Identificatio~~ of l'enlcs iu the HilnLlnya wit,h notes, by Colm~el S i r  S. G. Burrard, 
K.C.S.I., R.B., P.R.S. (Geographical Journnl, September, 1918). 

* Obtninablo from Mcssrn. U u l u r ~  & CO.. 37. Soho Square. London, W., or Measrs. Harrison & Sons, B t  
Nsrtin'a Lnnc, London, or the Roynl Socic1.y n t  Bnrlinglou House, 1,ondon. 

t Obtsinnble from Churles Hobcrt Johnson st  the offices of "Engineering", 35 and 36, Bedford Street, 
Strand, Loudon W. C. 

5 Oblninable lroln tho Royal Oeographical Society Kenaington Goro London, S.W. 7. 
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EXTRA-DEPARTMENTAL PUBLICATIONS -(Continued). 

7. S(;eoIn;icnI interpretntinlls of (3eodetic Itesults, by Colonel Sir S. G. ~~~~~~d 
K C.S.I., R.E.,  P R  S. ((:eograpl~ical Journal, October 1918). 

S. $\Val *ulrts!s iu nll's0l)ot:lnli;1, B!I C ~ ~ O J J C !  F. w. Pirrie, C.iU G. ,  I A .  (Geogmphi. 
c;11 Jonr~lnl. Drccrnbel. 101s). 

9. S:\ir l'llot~o~raplly in A~.cl~neolopy, b!/ Lie~lfei~aiif-Cololtel G . A  Benze]ey, D.,y.o,, n , ~ , ,  
(Gcogrnpl~ir:~l J o u r ~ ~ n l ,  h1:iy 1010). 

10. §RIappi~lg fro111 Ai~~photogrnphs, by Lirirle~~n~tf-Colo~sel M.N. Nnc Leoc{, R,R ( Q ~ ~ -  
gral)l~icnl .Tol~rnal, Jnne 1910). 

11. ~Rerniniscc~ices of tllc nlap of Arnllin nlld Persian Gulf, by Lieltfenant.Coloael F, 
F. Htrrlfer, D.S.O. ,  I . A .  (c2eo:r~pllical Jour~inl, December 1919). 

12. §C~wtral lin~.distnu, ~Uqjor K. Masolr, N.C., R.E.  (Gcogrnphical Journal D ~ ~ ~ ~ .  
ber 1919). 

13. S S u ~ , r r ~ s  in illesopotnmin cll~ring tho Way, b!/ Lieltfenant-Colonel G.A. ~ ~ ~ ~ ~ l ~ ~ ,  
D S . O . ,  R .E.  (Gcoglnpl~icnl Journal, February 1920). 

14. :A 1cctul.c OII the I:al.th's Axes and ]'inure, By J. de G m n f H ~ ~ n t ~ r ,  M.A., 
Observatory, hln!- 1920). 

15.  SA I11ief rcrirlv of the eridellcc! upon n-hich the l'l~cory of Isostasy has been based, 
b!/ Colonel S i r  S.G. B~/rrnrcl, A.C.S.I., R.B.,  F.R.S.  (Gcographicnl Jourllel, j u l y  
1920). 

1 G .  $ A  n:)te 011 tbt. topoarnpl~y of tho NuuRun IInssif in Ladiilth, by Mojo,. K. ~ f ~ ~ ~ ~ ,  
M.C , 1Z.E. (Geographical dournal, August 1020). 

17. $Notes on the Canal Systcm and Ancient Sites of Rnbylonin ill t l ~ e  time of Xenopholl, 
by Major K. Nnson, M C . ,  R.E. (Oeogrnphical Jour~lal, December 1920). 

18. ~Topograp l~ ica l  Ail. Survey ( a i t h  plates and maps), By L i e u t e , ~ u ~ ~ t - C o l ~ ~ ~ ~ l  G. A. 
Benzeley, D.S.O., R.E.  (Roynl E11:ineer.s Journal, Februnry 1921). 

10. YProjection of Maps.-.I review of some Tnvestigntio~is i l l  the theory of brap Projcc. 
tion. by A. 15. Young-by Colonel S i r  S.G.  Barmrd,  K.C.S.I., R.E., F.R.S. (l(ogal 
13nginee!'s Joi~rnal ,  March 1921). 

20. §']'he Circulation of the X:ll.th'fi Crust, hy Lie~itenant-Colo11e2 EVA. Tnndy, R.E. 
(Gco~rnpbical  Journ:~l, blny 1021). 

21. IIJohuson's Suppressed Ascent on  B G 1  , by Nc~jor K.  Nuson, M,C., R.E. ((blpi~le 
Journal, Novcnlber 1021). 

22. $Stercogrnpl~ic Su~,rey.  'J'hc Autocar tn~~ .ap l~ ,  b!/ Lirufenant-Colonel M.N. MncIe,rl, 
D.S.O. ,  E .  (Ger,grnpl~ical Journal, April 1922). 

J 23. ::Tire " Cnnndi;tnl' I~l~oto-topo:~rapl~icnl n ~ c t l ~ o d  of Survey, b?y Ca$tain and Bf. Major 
E. O Wlrerlrr, 11f.C., R.E. (It#.yal l ' : ~ ~ g i ~ ~ e e r s  Journal, April 1022). 

24. Ill'l~e Survey of 111.. lV.11. Jtl11nro11 in the 1<'u11 Lull i l l  1965, by Nojor K. Molnean, 
M.C1., R.E. (Alpine Journal, Kovcmher 1922). 

23. 3Grnvity SIIV\C,T, by J. dc Grnnf Hurllrr, N-A, Sc.D., F .  I d .  P .  ( A  Dictionnry of 
Applied Pl~!.~ics, Tol. I l l ) .  

. 2 ;  $TriSollnmr~rilnl Ileigl~ts and i\tmospl~cric Ikfraction, hy J. de Qvrrr!f Hirnler, Y.A., 
Sc D. ,  F. I~r r t .  P .  ( A  1)ictionnr.v of r\pplicd I'l~ysirs, Vol. 111). 

27. Geodesy, b!, Colonel Sir  G . P .  Lc~~ns-Corryrrghncn, If/., R.E., KI1.S. and J. clr. (,'mag 
H~otlcr .  JI.11, ,S'u.D., F.  I t r ~ f .  P.  (Enc. Rrit. 12th Ikliiion, Tol. S X X I ,  1922). 

29. $'l'lrv propos~d I ) e t r ~ m i ~ ~ n t i o n  of l'rininry Longitudes hy 111tornntionsl Cooperation, 
I!/ C<,lor,rl S i r  O . P .  Lrn0.r-Co~ry~rclhn~n, Kt., R.E., F.R.8. (Geogrnpl~ical J(1urnx1, 
Fcb. 1!)2:3). 

29 Sliercllt llc~rclo~~melits of Air p11ologrnphy.-(I) 'Ihe a d j u ~ t n ~ e ~ i t  of Air pl~otopmpha 
to S I I Y T - ~ ~  lmiuts, hg Lic~~lrrrrr~rf-Colo,lel A1.N. J f n ~ L c o ~ l ,  D.S.O., R.E. (Qeogrnpliicnl 
J o u r ~ ~ n l .  .Tlu~e 1023) 

30. $I\is!le~i Si11:11 2nd tllr In~ l iau  Ezl)lorers, by Mqjor K. Jfa~on,  X.C., R.E. (Cfcogrnplii- 
rnl J n ~ ~ r n a l ,  Drcrml~er  1928). 

31 "Elrctriral Rc;istl.atinn of I lc iql~t  of n.ntcr a t  any time i l l  Tidnl Prcdictiot~, L!/ J .  

O r n o r  l I~ tn / , , r  dl.l l . .  Sc.O., F. Irr~t .  P. ( . Jo~~r~ ln l  of Scicl~lific I n s t r ~ ~ ~ n c n t s ,  Val. 1, 
NO. S, AJay 1!)2l). 

~ --- 

5 o!)ini~lnl,lc from t l ~ c  J lnvn l  Cro-rnpl~icnl Sorirly Iiensinglon Gore T.oni lo~~.  S.W.  5 .  
Ohtninnlvlc lrotn LI~usr . ;  l ' ng lnr  B Yr.nc~.. Rcrl 1,ion Coort,  PI*cl Strcct, I,ondc)n, \!'.C. 
Ol~tnin:~lnlr f rom T l ~ c  Instittltion of Iloyal 1ln:inerl-r, Cl~nthn~n. 

1: Oh n~nnla lc  from Alpine Clnb, 2:i Snrilo Ilrrr. London. \V. I .  
&olrtninnl~le f~.ote ~lessrs. nlnc\liUnu .r: Co., L~mitrd. St Blnrtin's Slrcot., Lundon, V.C., Dombn? 

Calcutta, hlnrlrng, hlcll~oorne. 
**Obtaionl~le from I I w  rnstitulr of pbyaicr. 90 Urent Rnq9.I Btrceb, Lmilon, W.C. I. 
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A .  CONSTAULF, &% CO., 10, Ornngo Street,  1,eiccs- 
ter Sqnnrc, \\'.C. 

P. S.  I i r ~ o  &, Sos ,  2 n ~ ~ d  4, Great  S u ~ i t l ~  Street,  
W e s l ~ n i ~ l s l e r ,  S.\V. 

K E ~ A N  P L \ u ~ ,  TUGSCII, T ~ U D N E I ~  CO., 
G S ,  Cnrler LRIIC,  B.C. 

B. Q u a l ~ r r c n ,  11, Ql.nftol~ Slrcet ,  Kew I l o ~ ~ d  
Strcot, \\'. 

l l l r ~ l ~ r  S. K I N O  CO., 65. Co~.uliill, E.C. 

( ~ I I I N D L A Y  $ Co., 54, l'iirliau~cl~t Street,  S .W.  

T. I ' l s l l ~ n  U x w s ,  I , T D . ,  1, Atlclylli Terrace, 
\\'.C. 

W. ' I ' U A C K E ~  $ Co., 2, Crced Lnuc, Ludgnto 
11il1, U.C. 

LUZAC & Co., 4G, Great  llussell Street,  W.C. 
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1 LONDON. 

Eowrno STANFOUD, LTD , 12-14, Long Acre, 1 W.C.  
I 

TLI~\CUEII ,  SPIXIC $ CO., NO.  3, Esplallnde, East, 
Calculln. 

R ' s w , \ r ~ s  61. Co., KO.  3, Old Court IIouse Street, 
Cnlcttltn 

THE PUNJAB l t ~ ~ ~ a r o o s  BOOK SOCIETY, Lnhore. 

1 T n a c l i ~ n  L Co., LTD., Domlmy. 
I 
i D. B. 1 ' ~ n r r o n ~ v a ~ a  Soss  8 Co., Dolnbny 
I 

I:ast:r.r I J E I I O ~ S ,  Ruc Ilonapnrte, 
l'aris - Frnnce. ; 
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