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PART I.-TOPOGRAPHICAL SURVEY. 
NORTHERN CIRCLE. 

( Vide Index Maps 1 and 4).  

SunlaLaly .-Four field parties worked in this Circle and completed the detail survey of 
816s sqaare nliles of country during the field season of the year uncler report. 

This consists of :- 
114 square miles of &inch survey. 
4t)j ,, ,, ,, '-inch supplementary survey. 
391 ,, ,, ,, 2-inch survey. 

2320 ,, ,, ,, 1-inch surve!.. 
3997 ,, ,, ,, 1-inch revision survey. 

800 ,, ,, ,, 1-inch re-survey. 
5 1 ,, ,, ,, f -inch revision s u ~  vey. 

The work of the Riverain Detachment is given in detail on pages 9-12. 

T\To. 20 Party carried out the survey of 18958 and :34.:3 acres on the scales of 16 inches 
and 61. inches=l mile respectively in 1 3  cantonments during the year. This party also ran 
381  linear milts of theodolite traversing as a basis for future detail operations. 

The Simla Scuvey Detacliment cckn~pleted the large-scalr survey of Simla during the 
year, and 14, out of the 32 fair sheets in which the mal-, will be published had been sent for 

by 30th September 1916. 

Colonel 19'. J. Bythell, R. E., proceeded on leave on 2Srcl November 1915 and was 
succeeded in charge of the Circle by Lieutenant-Colonel C. L. Robertson, C. If. G., R. E., till 
the end of the year. 

No. 1 PARTY. 
BY B. R. HVGHES. 

The office of the party, with bulk of the establisl~nient, remained a t  liuseoorie 
througl~out the !,ear. 

The conntr!- surveyed in Jammu was rnoun- 
P E R ~ O N ~ ' E L .  

tainous and the valleys nrell wooded, and tha t  in 
Intpemal Oflcer. Sliabkadar open, partly cultivated, plain and bar- 

ren hills. 
Blnjor E.A. Tnndg, R. E., in churge up to 9th Juue 

1316. The liealt,li of the detachments in the field 

Pvo~stncial O8rcrs. was qood. During the recess lionrever a computer, 
Aftab Hl~an, cliecl of cholera. 

Mr. R. R. H u g l ~ e ~ ,  nttnrlicd from 5th to 9th June 
1916 and III rltnrge from 10th J I I I I ~  1916. .-a section of the party had 

811.. G .  J .  s I ~ I I C .  been w o r k i ~ ~ g  in the field since the summer of ,, P. A .  'L'. Krnny. 
,, R .  c H I I I ~ S V I ~ .  1916 in the K i s h t ~ ~ v i ~ .  and Udhampur districts 

Klinn Bnl~ndl~l .  S l ~ r r  Jnnp. 
Hei s n l ~ i b  Katlin Sinell. 
hlr. Natink C'l~on~l Puri, B. A. 
]{XI Raliih Jnn~nn Yr~~end, froni l e t  M n  t,o 9th 

B e y t ~ ~ i ~ h e r  IRIG. 
Mr. Hnn~id 0111,  fro111 lSt, l~ April 1916. 
,, Japdrrcllr Prnond Voat,:~v (Probationer), from 

1st April 1916. 

of the Jsrnnlu l'rovince of Kashmir. 

The work allottecl to it having been complet- 
ed the section returned to Mussoorie about the 
nlicldle of December 1915. 

l ' l~ i s  section under Mr. R. C. Hanson with 
9 slir\.eyors, coml)leted the survey on the scale 
of 1 inch = 1 mile in the following sheets :- 

I , r~rrr  Swbovdiitat~ S e r u i ~ p .  Sheets NOS. 4,;; %- and 43 0 
7,0, 10, 11, 14snd 15' 

38 S~~rvcyors ,  elr. a130 in parts of sheets Nos. 52 ---C 
3.4 .7  and 8 and 

" D a2 

'I'l~c orltturn was 5bb  scjnare miles, a ~ l d  the cost-rate of tol)ogralihy Hs. 17 . S  per square 
~nile. 
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A area on the sale of 4 miles = 1 inch WIW revised by this section in parts of t h e  

following sheeta :- 
N 0 Nos. 43 ,F~E~ and 43 y. 

The outturn on this scale was 51  square miles, and the cost-rate of topography 

RB. 13 .3  per square mile. 
The heavy cost-rate is due to  the fact that  the country Was difficult of access and the 

weather inclement, there were difficulties too in obtaining transport. 

Another section of the party was sent to  the field from Miissoorie about the middle of 
November 1915, to  undertake a military survey on the scale of 4 inches = 1 mile on t h e  
&Iohmand Frontier between Shabkadar and Michni in the Peshiwar district. This was under 
Mr. P. A. T .  Kenny lvit11 a staff of 6 surveyors. 

Khan Bahadnr Sher Jang  also nssisted in the preliminary arrangements. 
N This work lay in parts of sheets Nos. 38 - 

The onttr~rn was 6 4 . 2  square miles, ancl the cost-rate of topography Rs. 135 - 9  per 
sqiiare mile. 

During December l!)l.5, Major E. A. Tanrly, R. E., proceeded to Bikaner and Pirlanpur 
States and d v i s ~ l  t811e authorities there on the question of town surveys. 

At  the special request of the Bikaner Durbar, Mr. Nenak Chand Pori was deputed to 
sopervise the work of the State surveyors and to instruct them in the correct methods of 
surveying. In  addition to  this Mr. Nanak Chand Puri did some detail survey with a view t o  
bringing the guide map of Bikaner np to da te ;  certain traversing mas also necessary and a 
traverser was lent to the State for the purpose of executing a frame work of main and sub- 
circuits in the city of Bikaner. 

The entire cost of the different classes of work was borne by the State. 

Trinn.ywlatioti.-No triangulation in advance has been clone during the year under 
report. 

A few further points however were fixed by Mr. Kenny in the course of detail survey 
in Sl~abkwllar from 4 old stations trianglilated b>- Mr. W. Newland in 1006-07, but  as the area 
m a  small, c i a :  L l i  square miles, a n ~ l  the work took only 3 clays, no cost-rates have been taken 
out. 

Trc~r*ersi~i!/.-To supplement the triang~ilation in the flat portion of the Shabkadar 
area, traverses, of a tot,al of 1.5 linear miles, were carried out by Mr. P. A. T. Kenny ancl one 
t n v e ~ e r .  The cost-rate of this works orit to Rs. 15 .1  per linear mile. 

KCCY.VP Ilicfi~~.-Xine fair sheets have been drawn ancl sent in for publication on the  
ecale of 1 inch = 1  mile, viz:-sheets Nos. -kJ r~xU, 43 L- !I 9 I :$ 18 1 43 - a l l l d  4 and 
52 -;-. 11 lth the exception of sheet No. 32 all of them are of the previous year's 
sumey. 

The fair dian.inq of sheet No. 43 +, which had been partly surveyed and fair 
d r a m  in pre\ior~s year, and of rrhich the survey had been completed clnring the year under 
report, was albo con~pletetl, and the sheet submitted for publication. 

Ten fair slleets are in hand, and mill be sent in for prihlication shortly, viz :-sheets 
Nos. 4 3  m._lu,':l, and 5 2  *. Of tliese, sheet No. St3 mas surveyed prior 
to  I - 1  T l ~ e  fair drawinp of one sheet, No. 52 $ has not yet been commenced. 

T l ~ e  olittl~rn of map1)inq on the 1 &-inch scale, for 111iblication on that  of 1-inch, was 
9340 erlrlare tniles, ant1 the cost-rate Rs. 11 ' S  per sqliare mile. 

Tlle threc sheets of the S h a b l i ~ l a r  slirvey have all been sent in for publication on the 
scale of k inclles = 1 m~le.  

The o ~ ~ t t ~ ~ r n  n-hq t:4 sclllare rniles ant1 the rost-rate Rs. 140.0 per square mile. 

Thrw -11ccts of the half-inch mapping I~ave been sent in for pnblication, r.iz :-sheets 
xw. 13 S,K a-s w-. 

0 Fo11r more s l ~ ~ t *  are nearing cotnl,letion, vrz :-Nos. :1S A 8;,. -, 43 - - !?- and N.W. 
anotller. 

Tlle cwt-rate of this malq~ing is Rs. 5 . 0  per sclnare mile. 
The computatlonr in connection with the Bikrner traverse were all completed during 

the course of  that  work. 
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This p a r k  also helped in the fair drawing, ete., of the Baarah Survey Party a t  M u ~ ~ o o r i e  
during Angust and September by lending the services of 7 surveyon, etc., a t  a cost of b. 295. 
The expenditure has been borne by No. 1 Party and has gone to swell cost-rates of the party. 

Iwspec/ionn.-The party was inspectetl once by the Surveyor General and on several 
occasions by the Superintendent, Northern Circle. 

The Superintendent, RIap Publication also visited the party at AInssoorie in Augrtst. 

No. 2 PARTY. 

BY T. IT. HAUONAIJ. 
TIle ]lead-cjuarters of the party remained a t  14ussoorie throughout the Year. The 

llarty was employed in the field in triangulating 
P B R S O ~ X E L .  and traversing, and in executing one-inch survey 

h.ouinciol 0flcer.s. in the tlistricts of Hissir,  Rohtak and (furgaon 
and in the States of J ind,  Pataudi, Dujkna, 

Mr. 0 .  R.  Ht~cl~err. in ~-hm~.re to 6th June 1916. 
,, T. B ~ ~ , ~ ~ ~ ~ ~ ,  ch.,.pe from 5t.h Jutlo 1916.  Alwar, Rikaner, Jaipur, Lobkro, B h a r a t P r ,  NBbha 
,, F. B. Powell. and Patilla. 
,, Knnah Slncll. u p  to 2 I e t  Alarcll 1916. 
,, R. E. t3tlubolle. The llat~lre of cou~ltry covered by the one-inch 
,, J.  H. J U I ~ I I F O ~ I I  
,, J. A. Culvert. SLlrreY \,.as l~ndnlating with numerous sandhills 

and hills ; that  over which the triango- 
Upper S u b o r d i ~ ~ a l e  Service. lation extended \\,as fairly hilly, rising to an 

Mr. Choni LIII K H J ) I I ~ .  avel.age of 2500 feet. Half the area of these 
G ~ I I ~ H U I  Hue811 (P1.ohebioner), fro111 l e t  April 
1916. hills was covered by State forests. Traverses 

Lu~ver St~lordinate Service. mere run in flat country \\.here triallgu~ation mas 

30 Surrepors, otc. iinlwacticable. 
TIle field season began on the 9th Novenlber 1915, and enclecl 011 the 4,th Alwil 1916. 
The health of the establishment was goocl throughout the season. 

T~~o!~raphy,-Tlie survey was executed in 11 sheets, r:ir :- 
I' D Sheets NOS. ~ . 4 <  B, lo, 13, lr ,a and 53 3, 4. 7. a. u k 18 * 

One camp, consisting of 341. C h ~ ~ n i  La1 Kapr~r  and twelve surveyors, under Mr. 
Saubolle, carried out t , l~e survey of these sheets. 

I t  was based on t,he plotted villa,ae t,rijnnctions, where olcl data was forthcoming, and on 
trigonon~etricall  intersected points else\vhere. 

Vrliere a comparison of the co-ordinat,e values of identical points as derived from 
triang~~lation and from revenue survey operations was a discrel~ancy of over 200 
fect \\as found. 

The outturn of the party was:- 
Sqnare miles. 

Revision s ~ ~ r r e y  on scale of 1 inch = 1 mile ... ... 104,Y 
Original s t ~ r ~ e y  011 scale of 1 inch = 1 mile . . . ... 1602 

Total 
- 

... 2cjl.j 
The avera.gc cost-rate of the topography was Rs. 8 per square mile. 

- 

T t ~ i a n g v l ~ r t i o ~ z  for a-inch detail surrey was carried out in sheets Nos. 54, A 
11. la, 15 & 16, 

in portions of sheets Nos. 5.1. &-B. Mr. Calvert was employed on this and conll)leted 1260 
square miles. 

The cost-rate, inclutling that of computation, n?ol*lis out to Rs. G.6 per square 

Trtrrqc.rsin,q, wit11 theodolite and chain was rnn in sheets Nos. 5.4 " 
3.4. F, i ,  I I  n- 1 2 .  The 

positions of consl>ic~io~~s objert,s were int,erscctetl from the traverse stations. 313-3 linear miles 
of t,llis t,ra.verse were conil,leted. 

The cost-ratre inc l~~ding  computation works out to Rs. 9 pcr ]illear 

R t c c ~ s  ~/rrt irs.-((1) The fair drawing mas exec~~tct l  on t,he one a half illcll scale 
for rc(lnction to one-inch by one drawing section antler N r .  Joh11so~1 one typing 
untlel. X r .  8artbolle ; the average number of surveyors cmploYeil therein n,as nine. 3fr. 
C;hulanl IIasarl drew outline sheet No. 4-1, %, and Ilelped generally ill the work of these 
sections. 

The drawing of most of the 1-inch sheets was carried out partly by tile direct process. 
n the fair [lra\"illg of slleets Nos. 14  

and 53 ,, ,, ,, , remained incomplete 
at the of the mrve)' year. This was due largely to tile denlands of the ~~~~h surrey 
Party for skilled draftsmen. 
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Cost-mte of this f ~ i r  drawing works out to  Kq. 6 15 per square mile. 

( b )  The fair dnrwing of the half-inch section was continued throughout the recess 
-on under Mr. F. B. Powell, whose mrppiug section remained in Mussoorie throughout 
the whole year under report. 

10 half-inch sheets were submitted for publication, and five are nnder preparation. 
Sewn of the sheets snbmitted for were completetl to margin from old surreys on 
the half-iuc11, the remaining portions being compi!ed from modern one-inch published sheets. 

The cost-rate of half-inch fair drawing works oa t  to Rs. 2 1 5  per square mile. 

(e) The comllntations of tho triangulation and traversing and the plotting of the 
rmults were carried out by RIessrs. Calvert and Chnni Lal Kapur and a computer and com- 
pleted br the mitlclle of September. 

The cost-rate of the computations works out to  Rs. 2 . 4  per square mile. 

,Ifiserllawows.-(11) h four-inch survey of the head works of the Lower ntiri D O R ~  
Canal and the ~ u r r o r ~ n d i u ~  co~~r l t ry  was executed for the Irrigation Branch of the Punjab 
Public Works Department. This was fair tlrawn on the same scale, and supplied to the 
Executive Engineer, 1st Tlivision, Lo~vcr Riiri n o i ~ b  Canal with an index on the 1-inch scale. 

As the fair nlapping has not been completecl, the cost of the work cannot be submittecl. 
(6) JIr .  Knnak Singh dicl not take the field, but was employed on the 4-inch 

mapl~inc of S o .  :l Farty to  tile date of his retirement on 2 l s t  Alarc11 1916. This work was 
t l ~ e ~ r  taken over Iry J l r .  J. H. Johnson who returned from 2 months' privilege leave on 1st 
IIarch. 

I~s~rr t ionr . -The Superintelldent, Northern Circle, inspected the party during recess. 

The Pr~rveyor General inspctecl the party in the month of September 191G 

The proynmme of the pnrty lay in the I'nitecl Provinces, and embraced parts of the 
districts of JZeerrit, Bijnor, JIorricl~bid, Garhmirl, 

r s a s o x ~ n t .  Almorii, Naini '1'61 ancl Rimpur  State (Rohil- 

r ro r , tnc~ , r l  O8c.ers. kl~antl). It surveyed an area of 3088 sqnare miles 
on all scales. l'rianqulation and traversing were 

Mr. R.H.H. Hlrrhy. in c.hsrrc. 
,, $ J R I S ~ I P .  also carried o ~ t  in advance for fotore surveys on 
,, A .  M. I H I   at^. scales of 4 inches, and 1 inch to a mile. 
,, H .  'r. H I I C ~ * ~ .  .. U. E. H. Cc~opr .  The southern half of the area nnder survey is .. b l q ~ ~ n n ~ l d ~ n .  practically flat except for the presence of a series 

2 - l y r  4uburdrnnfe Smice. of low sandy rirlces, runrllng generally- parallel 
to the Ganges river. T l ~ e  low lying khrirlnr land 

Mr. llsh*~rnrcl Luf f  A l i .  
N I I ~  a n ~ m s d  H114nln. on both banks of the Ganges is covered with tall 
A.  A .  R \Intlr~h A l ~ m n d  (Prohstionrr), from l e t  qrass. Dense forest qrowth n7as met with along 

A y r ~ l  1916. the foot-l~ills of sor~thern GarhwAl, and in parts 
~ n r r r  Sshord~nnte  8w~crsi.e. of the Kiah ip~i r  tcrhnil and Bhribar of district 

63 S n r r e ~ n r s  etr. Naini Tiil. The northern half consists of densely 
fore-t-clad and intricate hills, the greater part of 

wl~ich is rtxervnl forest. The only rivers of importance flowing through the work are the 
Gang- and the H:im~mnq;i. 

The fielrl heal-qllarters of the p ~ r t y  opnecl a t  Najibrihid on the 8th November 1915, 
and rrtlln~wl to Jlnqsoon'e on the 1st J lay  1!)1K. Field operations however continr~ed till the 
entl of Jllne 1 !)I 6. 

TIie liealtll of the party d l~r inp  the field n w ,  on the whole,fair, bu tdr~r ing  recess, seven 
m m  wrrr ~ i v e n  lmve for variorlrr periods on wco~ln t  of ill health and one iinclassified draftsman 
dial of r l ~ o l ~ m  i r ~  3111-oorie. 

Topo!/rrrph!/.-TI~~ area ql~rve~-ed eml)~-acrcl the followinq sheets, v i z  :-the n-hole of 
sheets Sw. 5 : )  ,.:, T,s.iu,$m3.ii an11 ~ l ( l r l ~  of *11rets XOS. ~1 and 53 Goal,. 

TIIP crlrvp!-op w r e  diri~lml into 4 c a m p ;  J l r .  E. J. Bigqie wao in charge of thesurvey 
of ahwts XIN. r):) 63xOh,; J l r .  C i .  E. R. Cooper of that of the 4-inch forest survey that lay 
in shwtq S l y .  5: )  =,:k ; Mr. Jlocliml~clclin of that of sheets Nos. 53 &8; and Mr. 
Mallomel 1~11t f  . \ti  of that of sheet S o .  5 3  nnrl the 29 fonr-inch slleets of the Rtimnacar Forest 
Divirion, rfz.- Sm. 16, 17, 15, 19, 20, 11, 22, 23, 2 I, 25, Iti, 31;(a), 27, '78, 29, 30, :51, 
91(a).  92,  33, 31. 35. 37. 39. 39. 40. &4 and 6. 
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Blue prints of sheets Nos. 53 ,, ,, ,, were obtained from Calcutta on drawing pspar 
mounted on cloth, these were then mounted on to plane-tables, and revised in the field. 

The result of the theodolite traverse over 398 linear miles, executed during season 1914- 
15, was plotted on the existing 4-inch maps of the Riimnagar Forest Division, and the 
supplementary information for which the forest officials had asked was surveyed on the sheete 
concerned. 

The 4,-inch work in sheets Nos. 53 -&& is a special survey of the Kosi Forest Range, 
a part of the China Forest Range. The work in sheets Nos. 53 falls in part of the 

Mukteswar reservcd forest an11 was specially asked for by the Imperial Bacteriologist. 

To meet the requirements of the Forest Department the reserved forests within s l~eets  
Nos. 53 & were sorveyed on the %inch scale. A t  the co~nmencement of operations each 

surveyor was given two boards, the forest areas being survej-ed on the 2-inch scale, and the 
interveniug spaces on the I-inch, but the constant break of scale proved tronblesome, and, as 
there was no appreciable saving in time, it  was decided later, to survey wholly on the 2-inch 
scale all fntnre boards which contained a fair amount of reserved forest areas within their limits. 
As the Forest D e l ) ~ r t ~ n e n t  have specially asked for the interveninq areas, the survey of these, 
on the 2-inch scale, seems justified. 

The ontturn of the party is as follon,~ :- 
( a )  Revision survey on scale of 1 inch = 1 mile 2162 square miles. 
( b ) Original ,, ,, 2 inches ,, 391 9 ,  

( c )  1, , 9 ,  4 1, , I  
50 ,, 

( cl) Snpldementary ,, ,, 4 ,, 9 9  495 ,, 
The cost-rate of ( a ) is Rs. 1 6 .  S per sqriare mile. 

,,- ,I ) ,I 1 9 . 5  ,, 1 ,  

7, ,, ( c )  ,, 1 5 S . 2  ,, 9 9 

7 , 11 ( d )  I ,  8 . 4  , I  3 ,  

l'linngulatio~r.-TI~e area triangulated einbraces parts of the followinq ~ h e e t s ,  viz :- 
0 sheets Nos. 58 ,& and 53 ,, ,, lo, l z b  Mr. 11:. J. Biqgie worked in sheets Nos. 5 3  T,"Is, 

and RIr. A. RI. Talati in sheets Nos. 5 3  ,,;, ,,,: ,. The tots1 area triangulated amounts to  
715 scpare miles; of this, 260 square miles are for fu11u.e special forest surveys on the 4-inch 
scale, and 485 square miles for 1-inch work. Of the latter area, 119 square miles trianqulated 
by Mr. B~gqie ,  came under survey during the season nnder report, the computations beiug 
done in the field. 

The cost-rate of the triangulation for 1-iucli snrreJ- is Rs. G per square 11liIe. 
11 7 1  9 ,  4-i11cI1 ,, ,, 1 8 .  :3 1 1 

Ti~nve~.8ing.-The area traversed embraces parts of the following sheets, viz :- sheets 
0 Nos. 5 3  ,, ,,,, ,,,,,. ,,. The control of the traverse camp remained under the officer in c h a q e  

of the party. 
The total number of linear miles traversed is 9(i6. Of this 512 linear miles are for 

special 4-inch forest snrvey, and 454 liuear miles for 1-inch topographical surlrey. 

The cost-rate of the t,raversing for 1-inch survey is Rs. 16 .7  per linear mile. 

II 11 I) ,, 4-inch ,, I> 27.1 , ,  ,I 
Recess Duties.- ( u ) During the recess the party undertook the fair drawing of 1-$ sheets on 

various scales. Mr. 1:. J. Riggie supervised t,he drawing of the following S sheets, viz :- sheet No. 
6 3  A, for publication on the 4-inch scale, and sheets Nos. 5 3  $ N & S, 5 3  $ N & S, 
(is $ N gE S, and 53 4 N, for publication on the 2-inch scale. Mr. Moqimuddin com~nenced the 

fair ifrawin% of the following 4 elleets, viz:-sheets Nos. 5 3  -2-- ,, B, 11 On his proceeding on 
privilege leave from 31st July, Mr. Cf. E. R. Cooper took charge of the drawing of tllese sheets 
in ruldition to that  of sheeta Nos. 53 -r6- and 53  &.. Sheets Nos. 5 3  ,, ,, ,, are for pub- 
lication on the 1-inch scale, and 5 3  Gdr; on the J-inch. None of these sheets were submitted 
for l~~bl ica t ion  during t,he season under report. The following sheets have been completed and 
will be s ~ ~ b m i t t a l  for p~lblication during October and November:-sheets Nos. 51 ,, ,, ,,:, & 16,  

A section is being left a t  Mussoorie to carry on the fair drawing of the undermentioned 

sheets during the \rrinter, mz:-sheets Nos. $ 3  N & S, 53 f N & S, 5 3  6 N & S, 5 3 + ~ ,  
53 ,.:; and 53 &. Sheets Nos. 53 A0 will be drawn on the 14-inch scale fo r  
publication on the scale 1 iuch = 1 mile during the winter. 
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Owing to the lateness of the completion of field work, the 2-inch mapping was not 
commenced till the end of July, and this accounts for the backward state of the sheets. 

The cost-rate of $-inch mapping for 4-inch publication is Rs. 2 . 3  per square mile. 
,, ,, 14-inch ,, ,, 1-inch ,, ,, 8 . 3  )I 

,, ,, 2-inch ,, ,, 2-inch ,, ,, 9 . 1  )I 

( b )  The cornpotations of the following areas were completed:- 
(1) 260 square miles of triangulation for 4-inch survey 
(2) 336 ,, ) )  9, 8 9  ,, 1-inch ,, 

(stations only) 

(3) 512 linear ,, of traversing for 4-inch survey 
(4) 454 ,, 9 )  J P  P I  ,, 1-inch ,, 

No t,riangulation charts have been dramn. 

Misceltnneau~.-(0) Sorveyors, with ~)revious experience of forest work, mere selected 
to undertake the 4,-inch survey of the Naini Ti1 forests, and i t  was expected that  they would be 
able to turn out at least, 4 square miles per month, but this hopi: was not realised, owing to the  
intricate nature of t,lle ground over \r.hich the \vork \\.as carrieil out.  The Government Notification 
eupplied by the Forest Department, giving a description of the boundaries was found to be very 
incorrect, and a t  the request of the Conservator uf 1:orests (Kumaun Circle) who personally 
visited the area tinder survey, Mr. G .  E. R. Cooper carried out the necessary corrections, while 
supervising the surrey work. 

When the survey of the forest areas is asked for by the Forest Department, enqiiiries 
shonld be marle, whether all lines have been cleared, and masonry boundary pillars erected. N o  
survey work sho~ild be undertaken unless answers to these questions are in the a5rmative. The  
preliminary work in connection with the forest surveys in district Naini Tiil was started b y  
this party, under the belief that these two very important points had received due attention on 
the part of t , l~e Forest Department, but this did not prove to be the case ; and the result has 
been that. tmhe t,raversers have had to do their own line clearing in places before they could 
proceed with their observations. There mere instances too, where masonry pillars had not been 
built. These set-backs materially affected the progress of the work. I n  addition to  the clear- 
ing of lines along the external limits of reserved forests, the clearing of lines of all notified 
esclus~ons should also be insisted upon. 

( b )  One soldier surveyor, one pupil surveyor, four pupil draftsmen and one pupil 
traverser received instructions in the field. 

I~rspectiotis.-The llarty was inspected during recess by the Superintendent, Northern 
Circle, and also by the Surveyor General. 

No. 4 PARTY. 
BY H. \v. BIC:C.IE. 

The work of the party incl~ided resurvey and revision survey in the United Provinces, 
and a small isolated area of survey in Nepgl. 

PERSOJNEL. 
The portion in the United Provinces lay in fairly 

Prov inc ia l  OJicerr. open plains; while the isolated area lay in the 
blr. H. JIr. H~ccie, IU charge. NepiI tnrai. 
,, H. 1'. lJ. .Uorton. The two detachments of the party assembled 
,. J. C. C. Leers. 
,, D n n ~  Chnnd Pnri. a t  F y z ~ b i d  on 11th October 1915 for field work, 

which was closet1 on 1st hlay 1916 the head-quar- 
rjrpcr Snbosdi,rate Serrire. ters of the party remained a t  &Iussoorie through- 

EIr. 3lobnn1mnrl I l n ~ n i n  Kbnn. 01lt the year. 
,. Dnnlnt  Knm Vohra (F'rohnliuner) f ~ o m  1 s t  

April 1911;. The health of the party was good, only one 
L u w v r  S t ~ h o r r l i r ~ n t p  Sercice. member having to go on combined leave for six 

23 F o r ~ e ~ o r ~ ,  etc.  ~ 1 0 1 1 t h ~  owing to ill health. 
7'o/,o!/rlr/)ly.-The portion of c o n n t . ~  dealt wit11 by the party in the United Provinces 

consists of flat plains which are well cnlt,ivated. Orchards, containing Inango trees, are 
numerolls but there are no foresta, t l ~ o ~ i g h  scr t~b growth occurs in some places. Village sites 
are numero~ls, and the density oE the population is very high. The only river of importance 
which flows through the work is the Gogrii. The small area in Nepil  State lies in the Nepitl 
iorai, along t,he border of the Rahraich (listrict. This area consists of about two-fifths of fairly 
open plains, the remainder being low hills very tlensely clad on their lower slopes with forest 
and onder growth, the chief timber being ai l  (Shorea robusta). The upper slopes and summits 
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of the hills are covered in spear-grass. They are locally known aa the Dundwn Rsnge and ere 

here from the main Himitlayas by the valley of the R i p t i  river, which, for e ehort 
distance, lies in the western area of the work. 

Mr.  Morton, with two surveyors to  help him, took a personal share in, end was in  
charge of, the work in Nepkl State in which sheet No. 63$ was completed to  margin. Mr. 

N 
Muhammad Husain Khan's camp dealt with sheets Nos. 6 3  & and 6 3  m, in the Uni- 
ted Provinces. H e  had seven surveyors, strengthened in the middle of the field season by one 
more from Mossoorie. Towards the end of lMarch Mr. Morton's camp completed its work, 
and he then took over the camp under Mr. Muhammad Husain Khan, who proceeded on 
privilege leave. 

The followinq sheets weve completed on the 1-inch scale:--survey, the NepHl  ort ti on of 
sheet No. 63 &; re-survey, sheets Nos. 63 :c and 63 A; revision survey, sheets Nos. 6 3  f2 and 
6 3  A. The areas completed under survey, re-survey and revision survey are 130, 800 and 
802 square miles respectively, making a total of 1732 square miles, the cost-rate of detail 
survey working out a t  Rs. 10 0 per square mile. 

T , ~ r c l ~ t ~ / ~ ~ l o t ~ o , r . - l ' l ~ e  triangulation of the Nepirl portion of sheet No. 6 3  E, amounting 
t o  107 square miles, was carried out by Mr. E. J. B i ~ q i e .  This area was subsequently 
surveyed in detail and is dealt with above. It lies at a distance of about 25 miles from the  
North-East Longitudinal Series of triangulation with which the new work was connected. A 
belt of dense scil forest lies between the old and the new work, ancl was the main difficulty in  
linking up. 

The cost-rate is Rs. 65 3 per square mile. This high rate is due to the fact that, 
though area was taken credit for during the previous survey year, no cost was debited against 
it, nor cost-rate taken out. 

7't.uuersrny.-No traversing was done by the party. 
Hrcesa 12utzes.-(a) The supervision of the fair drawing, which continued a t  Mussoorie 

thronghout the year, was div~ded 1113 as follows:-Jlr. Xlorton, current fair drawing of 1-inch 
N sheets Nos. 63 and the Nepal portion of sheet No. 63 +; Xlr. Lears, current fair 

dra~ving of 1-inch sheets Nos. 63 A, 4-inch sheets Nos. 34 N:W7 and 34 $& andof 1-inch 

sheets Nos. 63 and 63 &, which had been left over from 1914-15; Xlr. Duni  Chand . . 
F Puri, 4-inch sheets Nos. 3b ,$, 34 A, 34 &. and 38 and 1-inch sheets 6 3  

and 63 mig7, left over from 1914-15. 

The number of names in the 1-iuch sheets of the parts of the United Provinces which 
came under survey during the year is very great, and the typing of these sheets is therefore a 
tedious matter. 

The following t,welve 1-inch sheets left over from 101L-15 with a total area of 3201 
sqnare miles were submittetl for publication to the head-quarters office during the year:- 
sheets Nos. 63 iq:m6 and 63 a,3,4.~,7,~,11),11ale' J 

The fair drawing of the NepRI portion of 1-inch sheet, No. 6 3  $, ancl 1-inch sheets Nos. 
J 

31 X. W., N. K,, S. W. & S. E, J is practically 
The cost-rate for 1-inch mapping is Rs. 3 3 . 1  per square mile, for 4-inch mapping 

Rs. 2 . 4  per square mile and for compilation of village boundary editions Re. 0 . 8  per square 
mile ; the average cost-rate for all being Rs. 3 . 6  per square mile. 

(1,) Other recess ilr~ties comprise(1 the working ont of all the rectangnlar co-ordinates 

of trij~unc,tions and points for field worB in sheet,s Nos. 63 and 63 =&, during season 
1916-1 7, and t,he compilatiou and preparation bp a small staff, of special editions of 1-inch 
shcets showing village boundaries. The following fourteen sheet,s of the village boundary edition 
were snbmittctl (luring the year:-sheets Nos. 54% g, 5 b +, G Z  11- 63 -*- G:3 2 and 

1 2 ,  1 & 2 '  Z & 7  

(i;j o, lo, ) I .  ,2, E I.)9 - - - - - -  ,:, 1 6 .  Eight more sheets are practica,lly con~plete. 

Jlisc-c~/ln~~cnr~.~.-As an attempt to obviate the necessity for traversing for the purpose of 
providing atltlitional points for detail survey, the fullest possible use was made of the old 
traverse recortls of tlle department; and the co-ordinates of all trijunctions ancl points 
occ~~rr ing  in t,l~osc records were ~ s t r ~ a c t e d .  The sllccess of the esperiment was proved by the 
data t1111s 01)L~ined being found ample for the carrying out of detail survey, and no additional 
t.mversinx urns Ijecessary tlnring the field season. The same exhaustive means of providing a 
sufficiency of points have been adopted again this year for detail survey during the ensuing 
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field season, end the same successful results are anticipated. As e conseqllence of this, tile 
services of the traversers and com1)nters of the party were made available during the field 
seeson for work in other parties, where they could be more folly employed. 

1nnprctions.-The Superintendent, Northern Circle inspected the recess work of the 
p r t y  in October ant1 June. The Surveyor General accompanied by the Superintendent 
inspected the recess work of the p . t y  in September. 

No. 20 PARTY (CANTONMENT).  
BY A. EWING. 

During the year under report, the party was employed on the survey of Peshiwar, 
Rhwalpincli, Bakloh, Jullundur, Sanirwar, Simla 

PewsosnEr.. 
Prorincinl OG%crrs. (Native Infantry Lines), Kiilka, Fort Lockhart, 

Mr. A. Ewine,  in  chrrpe. H a n ~ u ,  Jhelom, Sicilkot, Topa and Bannu ,, 0. D. Jnckr,,n, I ~ O I I I  1 s t  h'orell>ber 1915. 
cantonments on the scale 1 6  inches = 1 mile; and 

U p p ~ r  S u b o r d i ~ ~ n t e  Ser~ice. on that  of the bazars of Peshimar, Rtimalpindi, 
Mr. Dhnrmn. Bakloh, Jullonclur and Bannu on the scale 

Lolrer S u b o r d i ~ ~ n i e  Seruire. 64 inches = 1 mile. The triangulation ancl tra- 
23 surveyon, etc. versing of Riiwalpindi, Fort Lockhart, I-Iangi~ and 

mere rornpletetl tlnring the year ; and Jhelum, Sislkot, Upper and Lower Topa, Chaman and 
Ninlwh have been t,rarersed in advance for season 1916-17. Forty-two fair maps have 
been S ~ I I ~  for 1)111)lication, sixteen are in hantl and fonrteen remain to be drawn. These thirty 
fair maps will be sent for publication by May 1917, and the fair mapping of season 1916-17 

be eornmenced in March 1917. 
The tieltl season commenced in Peshswar ancl Jullnndur on 1st  October 1915, and 

c l o s d  in Rtiwalpindi, Topa, Jhelum and Siirlkot on 30th September 1916. 
The health of the party was good during the year. Some of the surveyors ancl menials 

sufferccl from malarial fever in Rirwalpindi during the months of July,, Bogust and September. 
Topography.- As JLr. 0. D. Jackson, on his transfer to  this pal-ty, had no previous 

of cantonme~it survey, Mr. A. Erving was in charge of the cletail survey during 
the year; but nras assistetl by Mr. 0. D. Jackson and Mr.  Dharmu. They are now quite 
q~~aIitietl to  be placed in charge of sections, and will be eml~loyed on more responsible work 
(luring se:rson 191G-17. 

The accuracy of tlie work in Peshinrar, Riwalpincli, Jnllundur, Bakloh ancl Bannu was 
tested by Mr. A. Ewing by 30.21 linear miles of test lines. Mr.  0 .  D. Jackson, Mr.  Dharmu 
tested the cletail survey of Rawalpindi ancl Bakloh, Jullnndur, Sanawar, K&llia, Fort Lock1~a1.t~ 
Hangu, Thal and Bannu by 25.57 linear miles of test lines. The outturn of detail survey for 
the  year under report is the same as that of last year's; but there is an increase of 5,000 acres 
contoured during the present season. 

The followin= table gives the outturn and cost of the survey of thirteen cantonmeuts 
sarveyed during tlie year :- 

Scale. OutLurn Cost 
Arrrs. Re. 

16 inches= 1 mile 18,958 26,703 
64 ,, = 1 1,  3-1.3 3,238 

Trinng111ntion.- A sufficient number of  tati ions and intersected points were fixed in 
R5walpindi, Fort Lockhart, Hangu, Thal, Topa and Chaman for the connection of theodolite 
traversing. The trianpllation of Bakloh had to be revised, as the mark-stones fixed by the 
triangulator iu season 1694-93 had been removed. Mr. 0. D. Jackson, Mr. Dharmu, and 
surve~-ors Gokol Chand and Niaz Ahmad Khan were employed on the triangulation. The 
cost of the triangulation clone during the year is Rs. 2,071. 

Traver~ing.-During the year the traversing of Riiwalpindi, Hangu, Fort Lockhart, 
Thal, Sirnla (Native Infantry Lines), Jhelum, Sialkot, Nimach, Chaman and Tope was 
completed. The traversing done by the members of the party is :- 

Btntionn. Linear miles. ... Mr. 0. D. Jackson ... 44 ... 6.98 
Mr. Dharmu ... ... 108 ... 7.73 

... Surveyor Gokul Cl~and ... 1868 ... 270.60 
... 99 Niaz Allmad Khan 658 ... 68.50 

,, Arthur Francis ... 502 ... 19.80 ... 3 othem surveyors ... 237 ... 13.62 -- 
Totals 3417 ... 381.25 

The theodolite traversing done durina the j-ear is very good. both in angular observetione 
snd in chaining. The cost of traversing is Rs. 11,729. 
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About 100 miles of levelling were done in Jnllunclur, Bannu, Bakloh and R ~ w a l ~ i n d i  
at a cost of Rs. 3,287. 

R~ce .9~  duties.-Forty-two sheets of fair maps have been sent to  Delira Diin for 
publication. The fair drawing of Jullundnr, E-Iangu, Thal, Port Lockhart, Peshiiwar and 
Rannu is in hand ; and tlie fair sheets of Bakloh and Riwalpindi are remaining to be drawn. The 

sheets that are in hand will be sent for p~~blication by December, and the fair d r a \ ~ n g  of 
Baliloh and R?iwalpindi will be completed by May 1917. The fair drawing was done under 
the supervision of Mr. A. Ewin?, who examined all the sheets before sending them for 
publication. The cost of the fair drawioq for the year is Its. (3,515. 

Pro,grnm~ne .for scwso,~ 1916-17.-TI1e detail survey of Rkmalpincli cantonment is to  
be completed and the entire detail survey of those of Jhelum, Siilkot, Topa, Drazintla, 
Jandola, Jatta,  Zim, Chitril, Upper Drosli and Lower Drosli, is to he carried 0th.  Nasiribirtl, 
Deoli ancl Jl~bnsi cantonments will be triangulatecl and traversed in advance for purposes of 
detail survey io 1917-18. As it  will he impossible to predict what the political condition mill 
be 011 tlle Pronticr when the survey of Chitril ,  Upl~er  Drosh, Lower l h o s l ~ ,  Drazinda, 
Jantlola, Jatta and Z:i111 has to be done, there may- be clianqes in the proqramme. 

I l ~ y e c ~ i n t ~ ~ . - T l ~ e  party was inspected by the Supe~~intendent N o r t l ~ e r ~ i  Circle io 
February 1'3l(i a t  Ri\\ralpindi and Peshirnrar. 

R I V E R A I N  DETBCI-IJIENT. 
BY R . ~ I  SAIIIB ~ I ~ Y A  Das  1'1-111. 

The field operatiolls in connection nritli rivprain ancl other surveys for the P u n j a l ~  
Government were comlilenced on the 1Sth October 1'315, and were finally brought t o  a close 

PERSONNEL. on the 7th . inyis t  1916. The hentl-quarters of 
the det~acliment remained a t  Campbellpore through- 

P r o ~ ~ i n c i a l  Oflcrr.  out the year. 
Rni Sahib Blnpn Uns Pnri, in cl~arye. 141.. Lakshmi Dut t  Joslii, Sub-Assistant 

Vppes Strbordinnfe Seiw'cc. 
Mr.  Pa1.a~ Raln. S~ i~~er in tendent ,  joinell tlie detachment on the 
,, 1,nL~hrui Dntt Josl~i ,  from the 20th O ~ t o l ) ~ ~  29th October 1915, and \\.as emplo>-ecl on the 

1916. Lahore Cantonment botuntlary survey, K:ingra 
,, Vidra Dhar Chopra. tral-ersing, tile I n d ~ i s  riverain main circuits in 

Lo1r9er Strhordirlale Service. 
74 ~urvepors ,  e l c  

district D e r : ~  Ghiizi I<l15u and Yah:l\\~alpar Statme, 
6 Naib ' l 'nhsildn~s nnd Iinnunzt~es. et,r. and compl~t :~  :ions. 

Mr. Vicl~pa Dhar Chopra, Sob-.Issishnt Snperil~tentle~~t.,  s\ipervisecl -h traversers, and 
was p1t on the riverail1 traverse on the Satlrj ,  ancl tlie Br is (dist,rict,s A ~ n b i l a  and Kciugra), t l ~ e  
Indas main circuits, coml~ntations, and checliing st,ores. 

;\.I~uisl~i Gancla Singh, i\Triilt 2 : r h ~ . s 1 l ~ l i r ,  rem:rilletl in rliarge of a field cam{) in districts 
Sinda and K i n g l a ;  and assistecl in co~npubtions, plot)t,i~~:, nr~ll vernacular corresl)onilence, etc. 

Surveyor Ishn.ar Sing11 contiunecl to look ai'tcr the IGngra field \.c,ork, ant1 t l ~ e  road 
survey; ant1 traiucd liem liantls. 

The Rl'uej.nt,'n S~irrle!/s.-The following tablcs ( I ) ,  (2) ancl (3) give full detail of the 
riverain ~ r o r k  collll~letetl driring the )-ear :- 

(1) Or;~-noo11 \\-olcl;. 

a~ Mn~a.c~ncrts. >Itson TIIAVPHSE - ~ l l n  L ) E T A I L  S~HVEF. BASE IJINRS. 

t 9 v ~ l l ~ j  Ri ,vr .  
nintri6t h~nl, i l ln,  ) 

~ c l l l e  -I. 
zr,, j 

Bmi. an,? Cl~n1:l.i Rirl<,.a. 
1)isIriclr Kdnrro ,  1 
I l ~ ~ s l ~ i i r ~ , t ~ r  IMICI 
1 

~ r n l e  i , 
z:!rlu' J 

~ I I C ~ P ~ ~  t f ; ,>ov. 

1 nialrirt I h r n  c+llilzi 
Rluin nncl I l ah t iwnl~ , t~r  

Sta te  
Srnle 220 iret=~ inch 

Total . 

Ni l  

1 

52 

... 

... 

459 

5.2 I 469 I 15.5 1 201 1 I I 1 0 110 I ,132 1 64 IIoo.o 

I - 45.0 

55-13 

... 

. 

... 

155 

. .  

. 

256 
t 0  

368 ( I090 71 

... 

393 

... 

tY39 
2051 

... 

.,. 

1 

iuterxt.cted 

. . . 

64 

I 

1~0.0 ~ , , , , d ~ ~ ~ + ~ ~ , ,  
to these 4Y tr.. 
Verne a h t i ~ ~ t ~ s  
werr rlerrlnrmt. 
rd wltlr prrrllo. 
nerlt Illark. 
stones. 
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Besides these, 108 nliscellatieo~ls traces mere prepared. 

(2) OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES. 

(3) OFFICE WORK DONE Poll THE &INCH COYPIL.\TION OF RIVERAIN BOIJNDARIES. 

Name of rirer. 

I n  atltlition to these, 501 ttiusiicis of 106 l iktis of dist,ric t s  K i t ~ g r a  and Hoshiiirpnr were 
reduced with a pentagraph to the scale -E inches t,o a mile for tbe Retis con~pilation. 

The h ' , ; ~ y r o  S/)ecinl S~o.c.t.y.-This survey was stal-tetl on 18th October 1915 under the 
usual co~~clitiot~s in continuation of tlle last. season's programme. 2162 linear ancl 300 square 
nliles of the district area, were traversed, and triangulated; ant1 120G7 stations were fixed with 
tl~eu(lolitc in 57; ItkGs (sub villag~s). 1!)92 plot,ted ,rt~r?r;c.i~ of 260 tiktir 011 the scale 20 Iiarams 
(one knrani = 5 i .  5 iocllez) to an inch, 1520 ntnsri,.ts of 51 1 l i k i s  on the scale 40 karams to a n  
inch, :1U ~~~na , i r . i s  of 21  /ik(ilo on the scale SO kararns to an inch, and 17 trares on the scale 
4 inches = 1 mile were sul~plied to the Settlement Officer, K i n g m .  Resitles these, 56 
miscellnnrous traces were ~ ~ r e l ~ a r e d ,  ant1 all the tra\-rrse stations marked tlnring the !.t,ar mere 
plotted 011 2 2  four-inch sheets. 

Number of 
compiled 

11#a*6ui* show- 
ing rirersiu 
boundaries, 

8 9 

5 3 

-- 
148 

The n-ork was basetl on the triangulation done by the old KO. 1 8  Party (Himalaya), 
ant1 this ntcessitnted t , l~e admission, in some cases, of heavier linear correction than 1 in 500 in 
clo>in- tllc traverses. This work is ~,ractically foishetl. Only the comp~~tat ions of 414 points, 
t l ~ e  p l o t t i n  of 2:JO l i k f i . ~ ,  and the completion of the computation records remain to be done. 
Tl~ia, i t  is hnl~ctl, will he finielled early during nest season. The riverain work done in the 
Kingra  tliutrict on the IJeis is given nntler head Riueruil~ Surreys. 

The . G i ~ ~ r l n  S~rr,.e!/.-This srlrvey was comnlencetl in the Kotgarh tract on the 2nd 
O c t o l ~ r ,  ant1 \\-as closecl on the 30th Soven~her  1!)13. 1066 linear, ant1 15 square miles were 
t~.aversel,  nntl triang~tlated; and 1153 stations were fised with theodolite, 25ti plotted mn.qivis 
of i O  ~i l loges on the scale 40 kararns (one karam=54 inches) to an inch and 8 four-inch 
sl~eets were trcecl, and s1tp1'lietl to the Settlement Officer, Simla. Besitles these 4 other 
mi~eellaneol~s *I~ecta were prepared, and all the traverse et,at.ions marked (luring the year were 
plotted on 1 four-i11c11 sheet. The work is fir~ished but the compl~tation records have yet  to be 
cornl)leted. 

The Khorcr Speci,tl S~drc.qy.-Bt the sprcial recluest of the Depnty Commissioner, ~ l t t o c k  
(Carnpbelllnre), the Kllaur eymial survcby n.a~ takell up for the Attock Oil Company. Four 

Name of district. 

Number of 
s t~eets  finally 

examined and 
completed 

... 

. . . 

. . . 

Nn1uc.a of rivers. 

Ktivi . . . 

Jumna . . . 

neis  . . . 

of 
sheets traced 
for the use of 

Settlement 
Ofticera on 

sct~le 4 inches 
to R mlle. 

5 

3 

- - 
8 

Number of 
inch 

eherts on 
which 
work was 
plotted. 

5 

3 

- 
8 

"c"" 
nlnsiruir. 

Sutlej . . . iin~biiln . . .  

Total . . . 5 
, 

I 

Number of 
plotted 

ncudsi,ehow- 
iug traversed 

p~vints. 

-- 1 
"SO 

- 1 
"00 

... 

Beiis . . . 

16 ( ... 

308 

550 

- - 
652 

K511zra. ... 

sheets'Nurnber of sheets 
typed. 

I1 

5 

. . . 

of series. Number of 
: compiled. 

I Total . 

Montgon~rry 

Ambiila -- - 

Sahiranpur and 
Karni l  

K i n g  ra -- 
Hoshiirpnr 

. . .  

. . . 

5 
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squares, joining one another, of one square mile each were demarcated with theodolite a t  certain 
bearings, and distances supplied by the company with reference to Khaur H.S. 45  linear miles 
mere traversed and 175 stations laid out with theodolite. The area ( 4  sqllare miles) was then 
r,lane-tabled on the scale 8 inches to a mile, showing detail. The hills were sketched, and no 
regnlar contours were shown. The map was then traced, fair drawn and supplied to  the com- 
pany within three months. The cost of this work was Rs. 1365, which was recovered from 
the Attock Oil Company. 

The Kingra R o ~ I ~  Sari,ey.-This survey was carried out in contintlation of the last 
year's programme, with the object of avoiding boundary discrepancies as compared with t h e  
Settlement maps. 41 .6  miles of road, from mile No. 7 to mile No. 48.6,  mere surveyed. 
556 points were fixed with theodolite, and 44 linear miles traversed. 63 sheets of the last 

work, and copies of the khnsris (records of rights) were completed and supplied to  the 
Executive Engineer, Provincial Division, Kingra.  

The traverse ficld books are the only records of this work which have been retained 
departmentally. 

The work sr~rveyed this year is being plotted, and the sheets will be supplied to the  
Executive Eng~neer  during the coming season. 

The Lahore Calitonlnelrt St~rvr~y.-With a view to test the area of grass lancl, t h e  
Lahore Cantonment bonndary survey mas nudertaken a t  the request of the Cantonment 
Magistrate, Lahore. The work mas based on the old No. 1 Party   pun jab)'^ traverse values. 
I n  all, 2% linear miles, containing 70 theodolite st,atious, were traversed, in 1472 acres; and  
the boundaries of 8 plots of 1190 acres sorveyed. A trace of the map, on the scale of 
1% inches to a mile, showing tlie boundaries, areas, etc., mas supplied to tlie Cantonment 
Magistrate, Lahore. 

The nature of corcnt~.,y n~ader survay.-The riverain part mas in places sanely, marshy, 
broken, raviny, and was coveretl with shrubs, and high grass in the beds of the rivers. 
Portions above the high banlrs were well cult,ivatecl, and ~vooded. On the Indus they were 
flat; and on the Sutlej, ancl the Beis partly hilly, and partly open plain. The Kiingra t ract  
varied, it  included the steep, and ~vooded hills on the north ; and the undulating cultivated 
plains, with detached rocky outcrop, ton~ards the south. 

The Kotgarh (Simla district) area consisted of high densely forest-clad hills, mostly 
forest reserves, from 2000 to 8700 feet high above the sea level, tlie higher hills generally 
covered with snow dnring winter, and cultivated here and there. 

The Klianr ground was in parts bare ancl hilly, ancl in parts cnltivated. 

The Lahore Canto~~ment  land mas open and flat, and ~vell cultivated. 

The I~ealth of tlie detachment was good throughout the year. 
1 '  l h e  Kingra  al~rl the Simla district surveys, and the riverain tmrersiny on the Siltlej 

and the Be;is, were connected with Dinalitlh I-I.S. X S ,  T i lh i r i  13. Staff, Bhnlanii H. Staff, 
Darot h.s., J I a i n p ~ ~ r  I l .  Staff, Thabk:~nr s., Paderos li.s., and T a p  H. Staff, and 80 triangu- 
lated stations of the oltl No. 18  l'arty (Himilaya). 

r 1 I he Indns main circuits were connected, and based on the values of Dago T.S. 
J I S X ~ ~ ,  Slltil~l~ru T.S. L S S I I I ,  Lanjiwir T.S. L S x S I ,  D:ionl5l~ T.S. L X I I ,  Sarhin T.S. 
LXVII I ,  l iahiri  T.S. L S S I ,  ant1 JIirapur T.S. L S I S ,  of the Great Indns Series. 

r 1 l h e  average errors in the various classes of work were as follo\vs :- 

(1 )  H~vernin S ~ ~ r v e y s  :- 

(11) I3nse lines 1.18 fect per corner when compared with the theoretical 

.41l$!l1l;lr 
el.ror pry Linear error in linkr 

s t : ~ t i n ~ ~  in per tcn chains. 
-- - 1 sccor~dx.  I 

( b )  AIxin circuits ... ... 
(I:) Snb traverses ... ... 

( 2 )  K i n p a .  traversi~lg and triangnli~~tion 

(:I) Simla t,raversing a11c1 t~riangl~lation . . . 
( I , )  Khaur Specinl Survey . .. ... 
(:)) Kingra Road S ~ u v e y  . . . ... 
(6) J,allore Cantonment Sruvey ... 

3-1'7 

7 . 7 8  

! I .  81 

1 .  Gl 

-1,.51 

6.4'7 

6 - 5 7  

0 . 2 2  

0 . 7 0  

1 .0(i 

0 -4.0 

0 .21  

1 . .1,2 

0.90 



R E C O R D S . O F  THE SURVEY O F  INDIA,  1916-16. 

The total expenditure of the detachment from the 1st October 1915 to 30th September 
1916 vpe Be. 76,523 as detailed below :- 

Rs. 
1. Riverein Surveya including the K i n g r a  rivenrin } 28,706 

work on the B& 
2. Klngra  District Survey excluding the riverain 

area on the B e h  
} 43,881 

3. S i m h  Survey . . . . . . 3,033 
4. King- Road Survey ... ... 250 
5. Lahore Cantonment Survey . . . 652 

T h e  mt- tutes  per square mile come to Ra. 146.2, and Rs. 209.2, for the  Kingra  District, 
and the Simla Survey resp t ive ly .  They are slightly higher than those of previous season, 
In the - of the fo rn~er  this is due chiefly to  the arrears of plotting and computations, and 

to the more rugged and difficult nature of the ground. I n  that  of the latter, i t  is due 

to 80 stations per square mile having been fixed, as compared with 57 of the last year. 
The detachment was inspected by the Superintendent, Northern Circle, on the 25th 

and the 26th February 1916. 

S I J I L A  S U R V E Y  D E T A C H M E S T .  
BY C. E. C. FRESCH. 

Fieltl closecl in Simla a t  the end of March 1916, when the detachmet~t proceeded 
to Mussoorie to complete the fair drawing. 

PmeomrnL. 
Field npera1ions.-The topography of 1050 

Prowineid Oflcww. acres in Simla, on a scale of 125 feet to  1 inch, 
Mr. C. E. C. Fnnch, in charge. was completed a t  a n  aggregate cost of Rs. 16,638. 

F. C. Saint, from 27th October 1915 to 30th N o  triangulation or traversing was done 
Apr~l  1916. during the year. 

Upp.r Smbordinate S m v k .  Kecers Duties.-(a) 1 4  fair sheets, out of 
Mr. Imam Din. a total of 32, have been despatched for publication. 

w J. Y. V u t . ~  (Probatio"er), from 29th October The remainder be by the end of 
1915 to Slot March 1916. 
Ohnlam H ~ a n  (Probationer). from 29th November 1916. These sheets have been drawn 
October 1815 co 313 hlsreh 1916. on a scale of 125 feet = 1 inch for the production 
A A. 8. Matlub Ahmad (Probationer), from of two s e p r a t e  sets of maps on scales of 150 and 
a h  October 1915 to 31rt March 1916. 220 feet to 1 inch. The former to meet general 
D. B. Vohra (Probatloner), from estb October 
l91E to alot Yarch 1916. requirements in connection with Colonisation and 

Improvement projects ; the latter to  form a com- 
L.mn Ssbwdinate  Ssrrice. b i n d  map forpurposes of illustrating Water-works, 

7 suwqorm, .to. and Sewage Systems, in Simla. The aggregate 
cost of mapping is Rs. 7456, or Rs. 2.0 per acre. 

( b )  A proposed sllrvey of .5.3 equare miles (or 3392 acres) of country, illustrating a 
dispute between Patiala and Iioti S t a h ,  was abandoned for reasons of expense; and, instead, 
a penbqraph enlargement from existing %inch sun-ej-s wae supplied to the Agsistant Political 
Officer in January 1916. 

(c) The larqe-wale data of the Simla Surrey have been utilised in the preparation of a 
Guide mop of Simla, to be published on the wale of 8 inches = 1 mile. The commencement 
of the fair rnaiqling ia lendiuq receipt of blue print recluctions from Calcutta. 
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SOUTHERN CIRCLE. 
(Vide Index Maps 2 and 5). 

Summary.-This Circle was under the .upedntendence of Colonel T.F.B. Renny-hilyonr, 
C.S.I.. R.E. throughout the year and consisted of Nos. 5, 6, 7 and 8 Parties, No. 4 Drewing 
office i n d  the ~ r a i i n ~  Section. 

During the year 17,243 square miles of detail a~irvey and 31,680 square miles of 
triangulation hove been completed. 

The detailed survey consists of :- 
9,886 square miles of 4-inch survey. 
6,488 1, ,, ,, 1-inch survey. 

715 ,, ,, ,, 1-inch supplementary mrvey. 
30 ,, ,, ,, 14-inch survey. 

124 ,, ,, ,, %-inch survey. 
Omin: to the shortage of supervising officers on account of the war, the detail survey 

was considerably curtailed. Nos. 6 and 7 Parties took the field with a full strength of 

surveyors but the majority, including the head-quarkrs, of Nos. 5 and 8 Parties remained a t  
Bangalore throughout the year and were principally employed on the fair drawing of +-inch 
sheets compiled from 1-inch sheets. 

The Training Section carried out detail survey on the 2-inch scale in sheet 57%. 

19 pupil surveyors received instruction in topographical surveying. 
Magnifying glasses, attached to stands, were obtained from the Mathematical In- 

strument Ofice and were usefully employed by some of the draftsmen in this Circle when fair 
drawing on blue prints, most draftsmen are able to  draw under a magnifying glass without any  
previous practice. This method is particularly helpful to draftsmen whose sight is failing as 
well as in cases when the fair draning is for the 4-inch or $-inch scale on blue print reductions 
with intricate detail or contours. 

The follo\ving work was undertaken in the Photo-Zinco Section of No. 4 Drawing 
Ofice :- 

... ... ... Reproductions ... 47 
... ... ... Enlargements ... 113  
... ... ... Reductions ... 123  
... ... Sheets vandyked ... . . 216 
... ... Copies printed ... ... 4,860 

No. 5 PARTY (BERXR, C E N T R A L  I N D I A  AND C E N T R A L  PROVINCES) ,  
BY J. 0' B. DOSAGIIEY. 

This party took the field in reduced strength and completed the detail survey on the 
PBESONNBL. 2-inch scale of scattered reserved forest areas in  

C 
ProoinciaZ Oflcera. sheets .55 s , e , , o , l l , I r ,  la, and also carried out a 

Mr. J. 0' B. Donnghep, in charge. 4-inch plane-table skeleton boundary survey of the  

., F. C. Pllcher. outer boundaries of the surveyed reserved forests. 
The party also completed the triangulation of 

LTpper Subordinals Serrice. 
B F 

Mr. Damodnr Khadilkur. sheets j5 3,4,7,8,11, 12, 15.16 J 55 .9.4,@, ?, 10.11' 

The areas surveyed 9onsist of wooded hills and 
Loioer Subordinate Seruice. the country triangulated comprises forest-clad hills 

19 eume~orr ,  etc. and undulating cultivated areas. 
The field season opened on the 25th October 1915 and closed on the 26th April 1916. 

T h e  head-quarters of the party remained at Bangalore throughout the year. 
The health of the party was good. One surveyor died of fever during the recess season. 
Topography.-The areas surveyecl comprise five scattered reserved forests consisting of 

hills with o p n  forest. 
Mr. Yilcher, before commencing his triangulation, attended to the preliminary field 

arrangements for the 2-inch survey and the 4-inch boundary survey, which were carried out by  

two surveyors under direct orders of the party head-quarters. N o  difficulty was experienced. 
The total area surveyed on the 2-inch scale was 64 square miles, the average monthly 

outturn per man was 6 . 6  square miles and the cost-rate per square mile was Rs. 43 -0. 
Triang1tlation.-The nature of the country, which lies along both banks of the N a r M i  

river, is hilly and undulating; all the hills and portions of the undulating country are forest- 
clad interspersed with open undulating a r e a .  
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B Mr. Pilcher completed an area of .3,302 square miles in sheets 55 3,1, 7,8, 

12, 

55  1 and Mr. Damodar K h ~ l i l k u r ,  who was instructed in triangulation by Mr. Pileher 
8.7, 10, 11 

P in the field, completed an area of 551 square miles in sheets 55 A. Sheets 55 
2,,5,,6 

snd the northern half of sheet 55 % were reconnoitred by  Mr .  Pilcher, and i t  was found that  
the triangulation already existing in these areas mill be sufficient for topographical purposes. 

The total outturn mas 3,853 square miles and the cost-rate per square mile was Rs. 3 2. 
Rc,.esn Duties.-The majority of the pal+y was employer1 throughout the year on fair 

drawing for $-inch sheets compilecl from 1-inch sheets. 
The fair clraminp was carried out by a drawing section which was supervised by Mr. 

Donaghey during the field season and was subseclnently placed under Messrs. Pileher and 
, Khadilknr. The fair sheets are being drawn on $-inch blue print reductions, on 

M drawing paper, of the con~ponent 1-inch sheets. Sheet,s 55 &, 55 n, 6-b & have 
1 been completed ancl submitted for publication, sheets 54 3:vv, 54 A, 55 m, 64 

practicallp completed and sheets 5-C A, 55 &. 55 &, 65 & are in hand. 
The total area fair dra\\-n is 8,725 square miles and the  cost-rate per synare mile is 

Rs. 1 . 7 .  
The computations of the triangulation \yere not completed owing to the reduction in 

the number of officers due to t,he war. In 1'316-17 the party nil1 take the field again in 
recloced strength, and the party staff left in recess quarters will complete all arrears of corn- 
p t a t i o n s  before the next recess season. 

Triangulation charts 5-E.L ancl 5 5 3  are being brought up to date, and 55.G is in 
hand. 

No. 6 PARTY (BOlfBrlY A N D  HYDERABAD). 
BY I?. R,  AXDERSOX. 

This party completed the detail survey on the 1-inch scale of sheets 47 &8 

ant1 on the $-inch scale of sheets 47 &, 
PERSOJNEL. 

.5C, .--.&- 
S.W.,S.W..N.E.,S.l.:., 56 m W & ,  except 

Imperio2 Oscar .  B that  the areas of Bombay iin sheets 47 &", 56 ,;-, 
Mnjor L. C. Thuillier. 1. A., incharge up lo 25th nrere surveyed on the l-inch alId the areas 

Mny 1916. 
F of reserved forests in sheets 56 m6 were surveyed 

l'rorincinl Oflcer.7. 
on the 1;-inch scale. The party also unrlertook 

Nr. P. R. Anrlrrron, frnm l e t  to 26th &Iny 1916, tile triangLllation 
and in clinrge from 26th May 1916. for the 1-inch, $-inch and 

,, P. K e n n e e .  14-inch scales in sheets 5G SF ,To ,,, o ,,,ol,, ,, E. A. Never. 
Khnn B R I I R ~ I ; P  Hnji Abdul R ~ h i m .  H K 

Mr. F. U. Kllrhen. 56 m, 56 i to- ie '  

,, B l u n ~ I ~ i  La], B. A. The peneral nature of the country is varied. 
,, M. R. Gnne~n A i ~ n r .  
,, J. C. st,. C. ~ o l l e t t .  It consists of rocky hills, nncl oE well cult,ivatecl 
,, K. S. Gopnlachnri, B. A.  plains separated by flat-topped hills dottecl over 

LFpper Strbordinale Scruice. by scattered patches of jungle or by a series of 

Nr. Rknnth Entt,~r. disconnectecl rocky hillocks. 
,, Ram h'nrnrnn Hnrtir. The field seaso? ope~letl on the 25th October 
,, Xnh~dnrl.Klinn, from 13th Ortoher 1015. 
,, Mnrrrtl Kllrrn, promoted from let. J u l y  1916. 1915 aud closed on the ??11d April 1916. The 

field head-quarters was a t  Ahmadnagar. Lorr-er S~rhordinnfe Serricr. 
The healtlr of the party was on the whole 

41 S ~ i r r r y r r ,  etc. TWO menials dietl. 
T ~ p o ~ r n p h y . - T ] ~ ~  corlntry sllrveyeCl the basins of the Godgvari and M.injra 

rivers, a portion of the RRlighRt range of llills and the plateau cnclosed 11y the range and its 
two spurs, the one forming the watershed between the Sina and h f ~ n j r a  a.nd t,he ot,her tha t  
between the N5njra  and GodAvari rivers. The hasins of the Gocl.ivari ant1 Mknjra covcr 
open, undulating and well cultivated coluitrjr. The Bi l i ig l~ i t  is an intricate stony range of 
hi119 varying from 3 to 6 miles in wiclth and running due east and west right tl1ro11,rrll 
the northern portion of the worlc. The B,il,ighnt plateall consists of narrow valleys separated 
by flat-topped I~ills, covered here ancl t,here patches of jungle. 

The n-ork mas divided among fonr camps as follo\vs :- 
No. I C O P ~ ~ . - U n d e r  Mr. &feyer assisted by a senior srlrveyor with Mr. Nabidncl 

Y 
Khan and 10 junior surveyors carried out detail survey on the 1-inch scale in sheets $7 ,&, 
56 & and on the +-inch scale in sheet 66 A*. 
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No. 2 Camp.-Under Mr. Haji Abclul Rahim with 6 surveyore, eseisterl towelds the 
end of the field season by surveyors from the other cempe, carried out detail eurvey on th8 

F 
:-inch scale in sheets 56 N. w. (E. ~ I I ) ,  5. w.. N. E., 8. E. and on the 1)-inch smle of reserved forest 

F 
areas in sheets 56 g5- 

h'o. 3 Ca,np.-Under Mr. Kitchen with 8 surveyore c a r r i d  out detail survey on the 
N B 

1-inch scde in sheet8 47 ,%-, and on the +-inch scale in sheets 47 n,, 56 m,. 
No. 4 Cnrnp.-Under M r .  Jlnnshi Lal with 6 surveyors carried out detail survey on 

the +-inch scale in sheets 56 &, 56 .. :w ,I,,. 

T~~ senior srlrvevors mere also employecl entering cultivation limits in sheeta 
66 &, 56 kE, these limits mere omitted, according to therr~les  then in force, when 
the detail survey on the +-inch scale in these sheets was onclertaken. 

As i t  mas considered dvisablc  to start all the junior surveyors, who were more 
or less still under instruction, on the 1-inch rather than on the more difficult +-inch scale, 
they mere employed, clr~ring the greater part of the field season, on the 1-inch scale in No. 1 
.Camp under Mr. XIcyer \rho \\?as assisted by a senior surveyor as an assistant instructor. 
Tolmrds the end of the fielcl season the more pronlisinq sorveyors were distributed among 
the  other camps and employed on the +-inch scale. Not  only did the cou~ltry s~~rveyecl 
prove peculiarly fitted for t ~ a i n i n g  but it was found that the individual outturn and technical 
progress n7as very satisfactory, each man getting that  help and instruction which i t  would 
have been impossible for him to get hacl he been attached to a c  ordinarily constituted camp 
and allowed to take his chance with the senior men. 

A total area of 11,177 square miles mas surveyed. The oattnrn of the +-inch, 1-inch 
and 1;-inch siirreys nras S,SSti, 1,261 and 50 square miles respectively, the average monthly 
outturn per man was 83 .  T,, 23 .6  and 8 . 5  square miles respectively and the cost-rate per 
square mile nras Rs. 4 . 5 ,  Rs. 1 0 . 5  and Rs. 6 6 . 3  respectively. The cost-rate of the 1;-inch 
survey being so exceptionally high is due to  the fact that  the areas of the reserved forests 
are small and scattered with intricate bou~~daries. Areas of S,SSti, 284 ancl YO square 
miles of +-inch, 1-inch ancl ]+-inch surveys respectively were in Hydertibitd. 

Tt.inngt~Iution.-The coontry triangulated consists, for the most part, of populous 
valleys separated by flat-topped hills and, except a small area in sheet 5G g, was not densely 
wooded. 

C Mr. Kennegy completed an area of 1,700 square miles in sheets 56 ,x3m, 
n nfr. Ganesa Aiyar 3,691 square miles iu sheets 56,, ,, ,, ,, 5, a, ,, 8, 18, 56 &, Mr. Pollett 2,-L5S 

K square miles in sheets 56 lm,Tc,m, Mr. Gopalacl~ari 1,196 square miles iu sheets 
K 56 Mr. Eknath Battu 2,079 sqnare miles in sheets 56 ,, ,,, ,,, ,,, ,,, ,,, ,:, ,, and 

C Mr. Ram N a r a p n  Hastir 2,837 sqnare miles in sheets 56 ,, ,, ,, ,,, ,,, ,,, ,,, ,,, ,,, ,, . 
The connt.ry on the whole mas not difficult to triangulate, but consi~lerable diffi- 

culty mas experienced in selecting stations far enough apart,, as t'he l~ills mere of a uniform 
height. 

The total out,tr~rn was 13,961 square miles and the cost-rate per square mile was 
Rs. 3 -  7. Areas of 12,707 and 800 square miles for tlle +-inch and l i - inch scales respectiveb 
were in Hyderitbticl. 

Recess L)vfies.-The fair drawing was divided among four sections, as follo\vs :- 
R No. 1 Section.-Under Mr. Meyer, 1-inch sheets 4,7 i,yis and +-inch sheets 47&., 5GS3.. 

No. 2 Sec/ion.-Under Khan Rahadnr Haji Abdnl Rahiln, $-inch sheets 56 s, ,., N:E., S. E.. 

N No. 3 Srct;o~~.-1Jntler Mr. Kitchen, 1-inch sheets 4.7 7, 47 m, 56 33 ancl +-inch 
sheets 56 m<-m. 

R F No. 4 drc-/ion.-1Tnder Mr. R a n s l ~ i  Lal, +-inch sheets SB-,, 56 
All the sheets Tere completed to margin with the exception of the 1-iuch sheets 47 ,so, 

6 6  $i which 01119 contain the areas of Bombay falling in them. No. 4 Drawing Office lent 
.some tl~rtftsmcn to assist the work, and the fair drawing should be pmctically completed 
by the end of the recess season. 

The total area of fair drawing n7as 11,317 sqnare miles (10,054 sqtlare miles for tile 
$--inch and 1,265 square miles for the 1-inch scale) ancl the cost,-rate per sqoare mile was 
a s .  1 .8.  An area of 140 sqllare miles was fair drawn for both the +-inch and 1-inch scales. 
Areas of 9,943 and 257 sqnare milea of fair drawing for tlle +-inch aud 1-inch scales res- 
pcctively mere in Hyderibid. 
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Computations sufficient for the work during the next field season were completed, 
and the belance will be completed during the field seeson. 

Triangulation charts 47.M, 55.D, 66.A and 56.E are in hand. 

~ i ~ ~ ~ l / n ~ ~ o u ~ . - T h e r e  are very few pukka roads in the Hyderibid State and the cart 
tmks are only fair weather roads, as the black cotton soil makes wheel traffic next to 
impossible, even after only a few showers. Besides this the cart owner is invariably a 
cultivator, who uses his cart merely as a means of githering in his produce and getting 
i t  to  market. H e  uses his plough or m ~ ) a t  bullocks as draught animals and is naturally 
very to do without them during his busiest time. H e  will with persuasion carry 
thinp to the next village but no further. Under these circumstances i t  was found necessary 
to slll,ply the ~ I I I I I  officers and triangulators, who have long marches to  make, with camel 
t m n s p r t .  The rate for camels in the Hyderabid State is prohibitive. It was therefore 
found expedient to get the party camels from the Central Provinces. Much difficulty is 
experienced with jigirs. These are more or less independent of the districts, to  which they 
are assigned, and, without partoanas from their owners, i t  is impossible to  get  local assis- 
bnce.  There are very few British post offices in the State, and special arrangements have t o  
be for the distxibntion of money. The Nizitm's railways conduct all  transactions iu 
,$alli sikkn coin, and, as the exchange is always varying and the railway rate invariably 
diffem from the market rate, there is some trouble in adjusting accounts. Game is very 
strict]y Shooting in Hyderiibad forests is entirely prohibited. Custom dues 
are l ev id  by the State, but exemption from these can be obtained by applying for it. 

No. 7 PARTY (MADRAS). 

BY W. M. G o n a ~ a ~ .  
0 The party completed the 1-inch detail sorvey of sheets 57 1,2,3,4,8,6,7,8,11, 1E,15,1B , 

P 57 - C 

PEBSONIEL. 9,10,13,149 66 6G h 6  with 
tion of small areas of reserved forests and the 

Prori~lrial Oflcerr. 
district of Madras in sheets 57 G6 and 66 % 

Mr. W. hI. Qorrnnn, in charge. respectively which were surveyed on the 2-inch ,, S. F. Normon. 
,, n. B. Simonr, from 30th June 1916. scale. 
,, V. m. Morton. The Eastern Ghirts, a confused hill system 
,, C. West. with abrupt rises and falls and ciiltivated low ,, II. n. P. Butterficld. 
,, N. 6. Huril~oru Iyer. expanses succeeding disjointed ranges in rhythmi- 

cal order, formed the western limit of the work, 
Upper Subordinate Sercice. these fina1l.v merge and are lost in one extensive 

Khan Bnl~ib Abdul Hakk. 
Mr. Kodandera Blandanna. 
,, Y. 8. Vcngusrsmi. 
.. 811ib Lal. 

- 
cultivated plain to  the sea coast, to  start again 
further south a t  St .  Thomas's Mount in detached 
small ridged or conical hills to be again lost in the 

,, H. Nnrnsiml~nrn~~rli Rno. low land. The fairly high hills of the Eastern 
,, Slloibh hlal1nmnlad s o l l h  promoted from Gllsts known locally in Cudclapah as the Plilltondas 

l e t  July 1916. are forest-clad and are mostly reservecl forests, the ,, E. N. :inresan, B.A. 
,, P I I I I ~  BeItnr~ Roy. Kgrvetoagar or low hills in Chittoor district are 
,, Jitendra BIohnn Muherji. more or less bare and rocky. 

Lower Subordinnfe Serotce. The party took the field on the 1st  

40 Burvryorr, etc. November 191.5, reached camp head-quarters a t  
Arkonam on the same day, and returned to recess 

a t  Bangalore by the 30th April l9lG, wit11 the exception of the triangulators and one surveyor 
doin: the t o m  of Madras, who reached on the 20th and 2Jrd June 1916 respectively. The 
nor-th-east nlonFoon, wbich was generally a failure a t  its start, broke in earnest about the 
beginninr: of Novemher and lasted practically throughout the month delaying progress of 
work consi~lerahly. 

The health of the party thror~ghout was very good. First class surveyor 
Y. Nam! arln<\arni Nayaclu succumbed a t  Bangalore on the 14th March 1916, and surveyor 
Sliankar El~lnji Afandhre went on medical leave during the field season. 

Tnpo!~rlyhy.-The country snrve~.ecl stretches from the fairly high hills of the Eastern 
Ghgts on the west (locally known as the Pilkondas in Cnddapah and the Tir~ipati and 
K i n - e t ~ ~ a g a r  hills in Chittoor district), in a succession of cultivated valleys and disjointed 
ranges farther east which finally merge into the plains of Madras, to the sea coast. In  the 
former, nioetlp covered with reserved forests, hill features are more regular and less confused 
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in the lat,ter, where continuity is lost in a S U C C ~ S S ~ ~ ~ ~  of d e t ~ h e ~  hill ranges, mof i t l~  
devoicl of forest growtll excel)t for a fringe of thorny growtll, with low and un(llllating 
cultivatetl expallses i n  bet\\reen, stndtlecl \vith numerous tanks and a large number of well# to 
sllpI,lelneut t ,~le former. T \ ~ ~  most con~picuoos and notable of these detached hill ranges is 
the ~~~~~i llills lligll ant1 I,rec~il)itous cliffs stallding boldly out above the plains as  a 

landmark for arouncl. On the snmmit of its highest point called Nagari Nose, %814 feet, 

lights burl,t in John Colnl,aoyls time to guide shil)s into the  Madras harbour. T h e  

country further east all,j on to sea coast extends in one unbroken plain, relieved by @mall 

ridged or l,ills a t  st. llhonias's Moant running sooth and forming a continua- 

tion of the Eastrrn (;ll~ts. 'rhe capital of the Madras Presidency and many big towns and 

of historical interest fall in the area. The country is well populated and llighly 

Palmyra groves and other trees are abundant and help to  shelter many thriving 
villages. A feature of the sea coast is the heavy gro\vth of casuarina. The PalSr, Ami, 

c~~~~~~ ( ~ f i " ~ ~ ) ,  Adysr, Stvarnamokhi Ponnaiytir and many other minor rivers augmented b y  
innumerable tanks hell, to drain and irrigate the country. 

\\rork was distributed as follows :- 

fie. 1 (;nln;,.-Ullder Air. Butterfield with an average of 5 surveyors completed an area 
of 790 sqnare miles of 1-inch survey, 652 square miles of 1-inch supplementary survey and 

0 2 square mileR of 2-incll survey of reserved forests in sheets 57 

N ~ .  2  under Mr. Norman assisted by surveyor Y. Na~ayanasvami Nayaclu 
as an instructor with 11 surveyors ancl with t.he help of 2 surveyors from ot,ller camps 

sorreyecl an area of 1,888 square miles of 1-inch survey, 49 square miles of 1-inch s u p p l e n ~ e n h r ~  
survey and 1 0  square miles of 2-inch survey of reservecl forests in sheets 57 4&. 

N ~ ,  3 Cuny,.-ITnder Mr. West  ~ v i t h  9 surveyors surveyed an area of 1,263 square 
,niles of l-incll survey, 11. square miles of 1-inch supl)Iementary survey and 48 square miles of 

2-incl, snrlrey of reserved forests and of the town of Alaclras in sheets 67 &, (i6 &8. 

1 ~ 0 .  4 (qo~wl~.-Untlcr Mr. Abdul Hakk \vith 11 surveyors completed an area of 1,796 
square llliles of 1-inch survey in sheets 57 9, 10, 13, 14' (ili I ,  - a, -"-a 3 , 4 , 5  

Tlie ?-inch reserved forests surveyed consist of small scattered areas situated in  low and 
rocky hills nritll a stunted g r o ~ t h  of t,Ilol.lly sllrnb, grass and low bush. N o  clifficulty mas 
experienced in the survey and interl~olation mas possible throughout. The boundaries were 
checked with notifications and r o n ~ h  traces and mal)s supplied by the forest authorities during 
the time of survey. For the survey of the town of hladras a 2-inch blue print of the survey 
,of the town as done by the Madras Revenue Survey was obtained and inked up in black 
011 measnremeut was found to be less t.han its denoted scale. Proper measurements were 

and a blue enlargement to the 2-inch scale on mill boarcl was snl,Plied by the 
Pl~oto-Zinco Section, Southern Circle. On receipt, to enable l)lott,ing of tralrerse data utilised 
in tlie former survey, recta.ng~lar Coorilillates of graticule corners were computed i n  terms of . . 
the Jladms ltrvenne Snrvcy orlgln. The a,bove c l ~ t a  a ~ ~ d  a few trigonolnet.rical Ijoinh, 

by others by nleans of tl.ianglllati011, helped the surveyor to  begin and ,-,lose his 
pla~le-table trsverscs ca~r i rd  thro~~ghori t  the work. The worlc done by the Maclras R~~~~~~ 
Sluvcy proved generally llseftll, helpful and accurate. 'l'he area of the torIrl, or district of 
n[n.tlras is nrsrly 28 stl1lal.e miles to cornl)lcte Ivhich, surveyor C. Jrel1katasvami took 199 
working ~ 1 n . y ~  in a field season of 8 n ~ o ~ ~ t h s  and :3,(jG(i traverse fixings. 

The 1-inch snrvey mas consi(lerably Iiell)ctl Ly 1-inch i,rints of malls snpl,lied by the 

Madras Rcvcnnr S I I ~ V ~ ! ~ .  \\'hen tllese prints conlainetl very little or no zamin&ri area in 
detail given n n s  mragre or none a,t all, tlircct 1)111e prints on mill Bristol boards mere 

obtnined from t l ~ c  T'hoto-Zi~~ro Srction as \vrll as from tile i\Inclras Revellue srlrvey oace, 
RIatlras. Prints clnl~racing zaniintlfiri area \vtlrc not, a\raile(l of i n  the Irlanner above but 
were transfcl.ret1 in blue by the surveyors as the ~ w r k  progr(>sed b u t  l,roved unreliable and of 
11" \lnluc. l'lie \vo~.k of thr  Mstlras ltevenlle Survry 1,rovetl agnin very accurate and hellled 

considcral~l~. the I)l.ogress of tho ~>art,y. 111 the coast sl~eets, where trigouometrical IIoints mere 
few ant\ far I)et\vrcn, trijnllct.iolls of the ;\'ladras l{rvcn~~e Snrvey \\-ere ntilisetl as starting and 
closing points of \)~allc-taI)Ie tl.a\'~rsfs. 111 111~ S R I I I ~  ~ l 1 ~ ~ f ~  a I l i f~Cl l l ty  heights was 
esl)e~,icncrtl I)rlt OVCl.cOIlle 1))' l.llllllillg a, S C ~ I ' ~ C S  of 111en~l~1if~ IleiKllts fro,,, (;. T .  B ~ ~ ~ ~ ~ -  
nlarlts ontsitlr the \\,orlr nntl ca'rried OII further nntl t l ~ ~ ~ o ~ ~ , . h ~ ~ ~ t ,  the ,vork by a series of 
clino~nctric I~cights. 

'llllc l - i ~ ~ c h  s l l ~ ) ] ) ~ ~ ~ n ~ l l t ~ ~ ' ~  SIII.VC,V was nlIt:lirled fl.onl tile existiuv S i n c h  published 
n1al)s of rrscrml r o r d s ,  ])rCviollsly ~llr\~c!.c(l, by b111e I>rint i.t*llletiolls to (1: ib-incl, scale 

# 
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wllicll all detail n a s  inked I I ~  in blwk ant1 all symbols made to conform to the latest existillg 
sllwt of sj-n~bols ant1 hill features indicated thereon. The prints on completion were pasted in 
psiti011 on a projected and plotted 14-inch sheet by means of trigouon~etrical point* common 
to both and the was tsredd to the 1-inch and printed on Bristol boards, etc. The work 
~vms slllq,le~nent~l where necessary and brought 1111 to the standard of surveys and co~~toured by 
nllmerolls heiShts ancl was fo1111d rery correct. The country presented no difficult.y in survey. 
Coolie transport, which had to be obtained fro111 villages far ilistant, retarded work to a certaiu 
extent RIICI miqht have been worse had the Forest officials not helped to their utmost. 

The full programme of the p n r t ~ ,  amounting to 6,002 sqnare miles, was completed. 
The outturn of t,he 1-inch snrvey, of the 1-inch suppleme~~tary survey and of the 2-inch survey 
n.m 5,227, 715 ant1 (iO square rniles respectively, the average monthly outturn per mall was 
31 S. .I.!) 1 ant1 -1. !) square miles respecti\~el~- a ~ ~ d  the cost-rate per square mile Rs. 8 5, 
Hp. (;. j and Rs. ( i .3-S rrsl)ectively. 

Trin~~~rrlnfiota.-TI~e triangulation completed embraces the eastern slopes of the 
~ n l l a m a l ~ i s  in the north, the yromiuent hill rallges known as t,he Velikonilns, mostly reserved 
forests \\.it11 ope11 ~ I I I I ~ I ~  mcl e x t e u d i ~ ~ g  over more thau three quarter of the area in the mest, 
tol,.ctIler wit11 m i ~ ~ o r  disjoi~~tetl llill ranges 5 to 6 miles in leugth, for the most part bare 

the n.holc known as the Eastern O l ~ ~ t s .  The remaining part of t,he country to the e a t  
of tile r n n i ~ ~  hill r:tnges consists of flat and r111~111lxting ground with isolated rocky hills 
distril,ntecl, stantlins ool~t of the plains. The couutry is aenerally open and easy of survey 
exyppt 11r;lr R I N ~  n1011g t l ~ e  sea coast where the gro~uld is coreretl with palmyra and casuarina 
?roves :111tl other trees. Main roacls and village cart tracks t,l~ror~ghont the area are nrunerous. 
I n  the hills villnges are few and a scarcity of water is felt from ~ l p l ~ i l  o ~ ~ w a r d  to the break of 
tile south-west nlolrsoon. 

Jh. ;\lorton con~pleted an area of 2,292 square miles in sheets 57 
1, 4 3. 4, 5, 6, 7, 0 1 

31 N l r r .  Hilri11:tr:t I!-er 1 ,S9ti square niiles in sheets 57 ,. ,,, ,,, ,,, ,,, , 57 , 66 , Mr. Koclandera 
N l l a ~ ~ t l a n n a  ?,.':<.i sqnare miles in sheets 37 

,2,,,,,,, Mr. Shib La1 2,283 square miles i n  
N D sheets j 7  -mli,-ir;m6, ti6 cJ2 aud snrveyor Jagau Nath 1,:1:35 square miles in sheets 

>I - . 67 .>, :&, fit; 3, G(i q. 
f - i ~ r c l ~  traverse charts, prepared bv the i\4adras Revenue Survey for sheets 57.M, 57.N, 

6 f .A and Iiti.B, were co~npletecl on receipt, by entry of rays of all geodetic work falling in 
them, as well 3.: the entry bj- plottinq and rays of all topogmphical forest triangulation affect- 
iup  tltcul. 1Ylie11 complete t l~ey  were sent to the Photo-Zinco Section and direct blue prints on 
Bristol boar~ls were snpplietl. The couutry triangulated had t,he principal and secondary series 
of the JIaclrns Meridional arid Coast Series, running tliroogh it, ancl on t,his the work was 
based. For the triangulation of the -L-iuch reservecl forests, charts from t,he $-inch charts al- 
ready mentioned, on which the forests had bee11 roughly indicated, were enlarged by photogra- 
phy on Bristol boards, every aclvantage being taken so that. existing G. T. Bases, etc., on which 
thr work was to be hasetl, sho11I~1 appear on them. The work was undertaken late in the field, 
after the completion of the original 1-inch programme and was finished on the 20th June 1916. 

The total outturn of t r ianq~~lat ion was 10,O-1.1 square miles. 9,871 square miles, wit,h 
a cost-13te of Rs. :3 ..' per square mile, was for ordinary survey and 167 square miles, with a 

cost-rate of R y .  2!).8 per stlnare mile, was for special forest survey on the -&-inch scale. The 
h i y l ~  cost-mte of the latter is due to the fact that the areas are scattered and that there was 
delay in obtainin: sanction For the commencement of the special forest survey. 

Trot:erri~r!l.- As there mas uo ol)port~uuity to start the theodolite t,raversiug of the 
b1r1111.laries of the reserved forests for survey ou the &inch scale, owing to the lateness of the 
sen-or1 and want. of nleu, it mas held over, to be u~lrlertaken the firrt thing before the whole of 
the prt!- left recess ill 1Hl(j, when work in t,llis line will be put ill hand in order to have data 
reatly for the special &inch survey for season 1916-17. 

Rece.cs ,%,ties.-The fair drawing of the survey completed was distrib~~tetl  as follows:- 
0 No. 1 &clio~r.-Under J I r .  Norman, sheets 57 6mm2' 

No. 2 Section.-Under Mr. West, sheets 57 66 . j j .  

KO. 3 Section.-Unrler Mr. Butterfielrl and, while he nras on leave, nntler the officer in 
0 c l ~ n r y  assisted by Mr. Sbaikh Ml~hammad Salik, sheets 57 m,-h,s. 

h'o. -I Seetion.-linder htr. Abtlul Hakli, sheets 67 6, 66 m$-,Ts. 

There are 2:l ~ l ~ e e t ~  ( e ~ c l r l d i ~ ~ g  sheets 66 ~vhich are being drawn aq  outrigger^ t o  
sheets G6 & resyectivelv) for fair drawing,at the eud oE the pear all of them were in hand and 
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fairly advanced, two have been completed and finally examined and two more are under final 
examination. The drawing is heavy and the typing severe, names in certain sheets average 26 
letters, and the average number of names in a sheet is 400. For the advancement shown i n  
fair drawing, the members of the party deserve every credit and have worked hard. No. 4 
Drawing O 6 c e  lent some draftsmen to assist the fair drawing. 

The total outturn of fair drawing is 6002 square miles and the cost-rate is Rs. 3 . 9  per 
square mile. 

Every endeavour is beingmade to complete the computations of the season's triangula- 
tion, and a satisfactory advance in this direction has been made, as  all data for the  4-inch 
reserved forests in sheets 57 ,, ,,, and the data for the coming field programme in 

N sheets 57  o,lO, 12,11, 66 have been completed as well as the setting up and 
part,ial completion of the main triangles in the remainder of the work. Work in the above 
line left unclone will be put iu haod aild completed by  the party computers during the field 
season. Madms Revenue Survey trijunctions fixed by party triangulation in the coming 
season's programme have been computed and compared with values supplied by the Madras 
Revenue Survey from reductions of their rectangular coordinat,es to spherical and clisclose a n  
average difference of about 47 feet in Latitude and 75 feet in Longitude. 

During the year the party has received several triangulation charts from the Superin- 
tendent of the Trigonometrical Survey, in addition to those in hand from last year. A star t  

has been made in this line to  see as many through b a t  the section is small and as computations 
are heavy ancl pressing, i t  has only been found possible to  complete two viz.  48.L and 57.L. 
The above section has been uncler Mr. Simons who, in addition, has the general snpervisiou of 
t h e  computation section assisted by Mr.  Harihara Iyer. 

A small section has been set apart to  help in abstractinq, copyillg ancl re-checking of 
trigonometrical data of forest triangulation previously computed, and triangolation data of the  
past season coml~letecl and nncler completion both for the coming triangulatiou and detail 
survey. This section has also co~npleted the projectiou and plotting, etc. of 1-inch field tra- 
verse charts, the tracing of 4-inch reserved forests' margins previously surveyed and adjoininq 
the survey of forests to be surveyed on the same scale during the coming field season, and the 
plotting and general con~pletiou of blue print rel~roductions of sheets received from the Madras 
Reveuue Survey, etc. 

Miscellaneous.- With the exception of the fairly high hills where con~munications are 
few and villages far distant, the remainder of the country is \!re11 supplied with railways, roads 
and cart tracks, making access easy and quick. The BocBinghan~ canal, linking up as i t  does 
the  back waters of the Pulicat lake and Ennore, insures inland communications throughout a 
long stretch of country on the east coast. 

The town of Madras and other fairly big towns and many places of historical interest 
fall in the area. The country is irrigated by innumerable artificial tanks and wells, and by 
many rivers, combining M t h  natural fertility a deserving reward to the toil of the husbanclman. 

IVorli was considerably Iielpecl by the network of communications existing t l~roughout  
the area and by the facility of procuring double bullock carts, mhich are pleotifol and of good 
dinlensions, on reqnisition. Jutkas or one horse country passenger cabs ply for hire on uearly 
all nlain roads ancl a t  all milway stations. Coolies are difficult to  obtain cluring the paddy 
season a t  inland villages, owing to the great request they are in by t,he villagers, to  sow and 

reap the harvests of which three are satbered in between November and April. Numerous 
field distribrrtaries, from all sonrces of \\rater, help to irrigate the ground. This ground when 
under cnltiration hampers the work as chaining can only be resorted to and the chain men find 
a dilticalty in progression. The surveyor also has t o  nleander to his forward station doing a 
distance out of proportion to what he would do otherwise, were the cotul~try dry aud passable. 

The greatest difficulty was esperiencecl in the survey of the district of Madras where 
the surveyor hat1 to find his opportunity for work during the hustle and t r a 6 c  of a big city, in  
the lnlls that  sr~perve~led or by starting work in the early morning hours, when the turmoil of 
the day had not begun. Many delays were experienced, owing to owners of property not 
giving permission, a l t l~ongl~  a credential, introducing the surveyor to  private estate owners, 
from the Collector was forthcoming. The above honrever occurred rarely and generally the  
cre(lentia1 more than satisfied its object vir .  the progress of work. Another letter for permission 
to enter ancl survey Fort St .  George was procured from the military authorities and was of 
great help. 
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No. 8 PARTY (MADRAS). 
BY W. F. E. ADAMS. 

The majority of the party remained in Bangalore throughout the year and commenced 
a programme of fair drawing for &inch maps in 

PSBHONNBL. 
addition to completing the arrears of fair drawing 

ProoinciaZ Oflcers. for I-inch maps. Triangulation was carried 
0 H Mr. W. F. E. Adams, in charge. out in  sheets 58 11, 12, 16.18 , 58 11,1~,14,15,16 9 

,, Y. M s l ~ s d e v a  Mudsliar, M. A. 5s m K i f ~ 8 :  58 1% , 58 &. 
L:pper Subordinate Sercice. The country triangulated was very flat. 

h i  Rshib Anantarso Dhondibs Mnndhre. The field season opened on the 30th 
Mr. K. Nereysnssvnmi Chetti. November 1915 and closed on the 1st  June 1916. 

Lower Subordinate Service. The head-quarters of the party remained a t  

27 6nr~eyom,  etc. Bangalore t h r o ~ g l ~ o o t  the year. 

The health of the party was good. 
Topography.-No detail survey was undert,aken by the party during the year under 

report. 
G Tr ia~~~ula t ion . -The  country in sheets 58 \vas favourable for triangulation 

while that in degree sheets 58.K and 58.L was almost a dead flat with a slight slope of only a 
fen- feet per n~i le  towards the sea. The country inland consists of black cotton soil, immediately 
succeedetl by deep sand near the coast. Owing to the black cotton soil, the country is almost 
impassable in met weather. It is covered with dense groves of trees especially round villages, 
and intersected by a net-work of bonds, dykes, supply cl~annels and tanks. The fields are 
filled with crops growing to a height of nearly 10 feet and most of the tank beds are over- 
grown with a dense thicket of thorns of a kind of hard and matted babur! which is exceedingly 
di5cnl t  to clear. The coast country is covered with palmyra trees and thorn jungle and in 
places with cocoanut groves. 

hlr.  Jlahadeva 3ludaliar t,riangulated 2,234 square miles in sheets 58 hO, 
0 

58 mlF,;i,3, 58 Y.7.B. Mr. Narayanasvami Chetti, a beginner in this class of work, was 
instructed by Mr. iClahadeva Nudaliar a t  the con~mencement of the field seasou for about a 
month, after which he started on his own and completed 1,.591 square miles in sheets 

H 
6 S  &t17 58 11, 12, 14, 15, 16, 5s &' 

The South-East Coast Series from Tnticorin to  R i m n i d  was a great help to the  
triangnlator. I n  fact it  was the Tower Stations of this series that  made minor t,riangulation 
in degree sheet 58.K possible. Wooden scaffolding had to be built round these Tower Stations 
for observations, though it was with great difficu1t.y that  materials for i t  were procured from the 
neighbouring villages. I t  mas again a laborious task to  reclear the lines, now overgrown with 
trees, between stations which were mutually rendered visible in 1874-75. Many of the Great 
Trigonometricnl Stations along the coast had disappeared owing to the sand-waves which travel 
from west-sooth-west to east-north-east, drifting the tope of sand ridges. I n  degree sheet 58.K 
triangnlatecl this year, there were as many as 26 stations (minor) made on tops of houses, 
churches, temples and forts. 

The total area triangnlated was 3,82,5 srloare miles and the cost-rate per square mile is 
Rs. 4.4. 

f t r c e ~ s  Dl~/ies.-Mr. Anantarao Dhondiba Mandhre war in charge of the fair drawing 
section. During his absence on one month's privilege leave Mr. Narayanasvami Chetti 
supervised the section. 

1-inch eheeta -58 ,*6, 58 $ , 58 +3, arrears from the previous year, were completed 
and submittcul for publication. 4-inch sheets 49 A, 58 & were completecl and sribmitted 
for publication, 58 &, , 5 8  gW. are practically completed and 48 N*, 4'8 ,*, 
58 "-- 58 . . - .  N.E.,W.E.a'ei"h"nd. 

The total area fair drawn for 4-inch maps was 5,052 square miles and cost-rate per 
scluare mile is RE. 1.- 1. 

Mr. 3Iah;vleva ;Cludaliar wacr in rharge of the computing section, and the computations 
of 811 the trian~rilation are expected to be completed by the end of November 1916. 

Triangulation charts 58.C and 58.D will be completed on the new system by the end 
of December 1916. 
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The cost-rate of the half-inch mapping in the report of last year was based on 1 0  corn- 
pleted sheets, but for this year only four completed sheets have been taken into ~alculation; 
consequently i t  is nearly double of what i t  was lest year. 

No. 1 0  PARTY (UPPER BURMA). 

1. The recess office of the party closed in Maymyo on October 23rd 1915 and 
opened in Myitkyinii on October 26th 1915. 

The office a t  M y i t k y i n ~  was closed on M a y  
lmprrial  Opeor. 25th 1916 and the recess office was opened in 

Major E. T. Rich, R. R., in charge. 
Maymyo on May 29th 1916 where i t  remained 
for the rest of the year. 

ProoincinZ Oflcers. The health of the party was not good 

Mr. W. Q. Jarbo. 
during the winter season, as  there were numerous 

,, H.  B. Bimons till 29th h o e  1916. cases of malaria from which two khalasis died. 
,, A .  V. Dicksoll from 2?nd May 1916. 2. Topn.qraphy.-Surveys were comldet- 
,, A. F. Murphy. 
,, D. N. Banerjee, L. C. E. 

ed over an area of 2857 square miles in Upper and 
Lower I3nrma a t  a cost of Rs. 1,15,324. 

O ~ p e r  S~bordinote Ssruics. This area was surveyed as follows :- 
Ki~an  Sahib Hnyat Muhammad. 
Mr. Maung Kyaw Nyein. 
,, I). N. Sal~a .  

Hai Gshib Ram Prasad. 

2220 scl. miles of new 1-inch survey. 
6 i i 222 do. 2-inch do. 
300 do. +-inch do. 

65 do. 1-inch revision survey. 
Lotoer Subordinate Sercice. 5 0 do. {-inch reconnaissance in 

27 Surveyors, etc. unadministered territory. 

Total 28.57 square miles. 

The country surveyed in Upper Burma consisted of thickly woodecl hills rising over 
4000 feet above sea level and cut up by numerous low lying valleys. 

I n  Lower Burma the country surveyed lay between the sea coast and the main range 
forming the western watershed of the Tenasserim river, together with a number of islands 
Iring off the coast. 

It varied from the steep densely wood hills along the Tenasserim watershed which 
mere over GOO0 feet high, practically uninhabited and with no communications, to the flat 
alluvial land covered with villages nearer the sea whilst the sea coast was everywhere fringed 
with mangrove swamps. 

The party mas divided into three survey camps under Major E. T. Rich, Messrs. 
'&-, G. Jarbo and H. B. Simons respectively. 

Cabtp No. 1.-In charge of Major E. T .  Rich, with one Upper Subordinate, Khan 
Sahib Hayat Nuhammad and 2 surveyors completed an area of 311 square miles on the  

a 1-inch scale in parts of sheets 92 $, ,, and 300 square miles on the ;-inch scale with 50  

q u a r e  miles of reconnaissance on the same scale in parts of sheets 92 ,&a 

Ctitnp ,\'a. 2.-In charge of Mr. W. G. Jarbo assisted by one Provincial Officer, 
BIr. A. F. 3Iurphy and one Upper Subordinate, Mr.  Mating Kyam Nyein in sub-charge of 
sections with one Provincial OtEcer Mr. D. N. Banerjee and 1.5 snrvejvors plane-tabling 
completecl an area of 757 square miles on the 1-inch scale, 222 square miles on the 2-inch 
scale and 6.i square miles of 1-inch revision survey, in the Kathir, Upper Chindwin and 

IIyi tkyini  districts in sheets 92 ,&& and parts of sheets 92 $ and ~3:~. 

Con~p No. .3.-In charge of Mr. 1%. B. Si~nons with one Upper Subordinate, Mr. D. N. 
Saha awl 7 srirveyors, completed an area of 1152 square miles on the 1-inch scale in the 

L Tavoy and Mergni dist,ricts in sheets 95 ,-&:',, and parts of 05 s. 
This camp wan practically an independent charge as i t  was sitriaterl over 1000 miles 

from the party heatl-quarters in Myitkyinti ant1 Mr. Simons is to be commended for the good 
arrangements he made for transport and s11l)plies. 
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The average cost-rates and outturns were N follows :- 

Half-inch survey- 
Cost-rate Rs. 8 . 6  per square mile. 
Outturn 5 8 . 6  square miles per month. 

One-inch survey- 
cost-rate Rs 41 - 8 per square mile. 
Outturn 19 9 square miles per month. 

One-inch revision survey- 
Cost-rate Rs. 7 - 7 per square mile. 
Outturn 32 .9  square miles per month. 

Two-inch survey- 
Cost-rate Rs. 90.5 per square mile. 
Outtnrn 5 . 8  square miles per month. 

3. ~ ~ i ~ ~ ~ ~ l ~ t i o , t . - , N e w  triangulation was completed over an area of 2000 square 
miles a t  a cost of Rs. 12,358 including the computations. 

( a )  
R3i Sahib Ram Prasad triangulated an area of 1850 square miles in sheets 

of the Putao district. :92 5, 8, 8, 10, 13, I4 

( h )  Khan Sahib Hayat Mul iammd triangulated an area of 150 square miles near 
~ ~ i t k ~ i ~ i  whilst re-observing a t  four stations in order to  refix the stone a t  a station which 
h d  been removed by some military signallers. 

Great credit is due to the arrangements made by Mr. Ram Prasad who was working 
of the winter in high snowy hills uncler great dificulties over 15 days march from hie 

base in filyitkyinB. H e  made all his arrangements for transport and rationing his men 
himself and nfas away for 7 months without being visited by any officer of the party. 

The count,ry triangulated by both triangulators consisted of high thickly wooded hills 
and deep valleys sparsely inhabited. 

The average cost-rate including computing is Rs. 6  2 per square mile. 
4$. Recess d~cties.-(a) The fair drawing was divided into two sections. 

No. 1 Section.-In charge of Rlr. W. G. Jarbo assisted by 3Ir .  A. F. Dickson complet- 
ed and sent for publicat,ion the 6  frontier sheets left unfinished last year, besides drawing 

C sheets 92 ,mG and 92 :. None of these fire sheets will be ready for publication before 
the party takes t!ie field, owing to the time spent in completing the 6 frontier sheets. 

N o .  2 Sec/ion.-In charge of N r .  A. F. i\iurphy assisted by Messrs. D. N. Banerjee 
K --- and D. N. Saha drew sheets 02 ,,,,I ,, ,, ,,, ,,, , a,,:,, , all of which mill be sent for poblica- 

tion before t,he party takes t.lle field. 
The cost-rate of fair clra\ving comes to Rs. 8 . 5  per sqnare mile. 

(6) All the compnt~at~ions of the triangnlation done during t,he field season Rrere 
completed daring tho recess in charge of Khan Sahib Hayat Aluhammad assistecl by Rai Sahib 
Ram Prasad mit,h one computer. 

The triangolation cliart,s were also brought up to date. 

(c) Mr. I Ianng  Bram Nyein was employed instructing 9 uemly enlisted pupils of 
Nos. 10 and 11 Part,ies in field work and f i r  drawing. 

5. O l ~ , / t l o . ~ ~  a d  Cost-mlrs.-The cost-rates sllew an increase all round except for 
triangnln.t.ion and onc-inch revision survey \vliicli shew a decrease. 

This increase of cost-rates is however rather misleading, as, taken as a whole, the 
total cost of the part.y for t,he year shows an increase of only Rs. 17,339 or 1 2 9  per cent. 
in excess of last year's cost, against an additional area of 739 sqnare miles of sllrvey equal 
to 25 per cent. in excess of last year's outtnrn, so that  the cost-rates on t.he whole may be 
considered ea,tisfactory. 

The cost-rate for I-inch survey is increased by Rs. 8 . 2  per square mile, being Rs. 41 - 8  
compared with Hs. 3 3 . 5 6  last. yew, Rs. 22.38 in 1919-14 and 23-21 in 1912-13. 

For %inch srirvey t,he cost-rate is increased by Rs. 6 . 9  per srluare mile, being Rs. 90.5 
compared with Rs. 8 3 . 6 0  last year, Rs. 54.51 in 1913-14 and Rs. 57.84 in 1912-13. 

For triangolation, t,he cost-mte is very satisfactory being reduced by Re. 0 . 9  per  
~ q n a r e  mile. It is Rs. 6 . 2  compared with Rs. 7.07  last year, Rs. 6 - 4 1  in 1913-14 and 
h. 13.52 in 1912-13. 
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For 1-inch revision survey the cost-rate is reduced by Re. 0 . 5  being Rs. 7 . 7  compared 
n i t h  Ra. 8.17 last year. 

For mapping the cost-late is increased by Rs. 1 6 per square mile, being Rs. 8 5 
oompared with &. 6 . 9 1  last year, Rs. 7'51 in 1913-14 and Rs. 10 .91  in 1912-13. 

This increase in cost is due to  the time taken over the arrears of heavy hill sheets 
along the Burma-China border. 

No. 11 PARTY ( L O W E R  BURMA).  
B Y  J. 0. G ~ E I P F .  

The original programme of the party consisted in the execution of the survey, on the 
2-inch scale, of 398 square miles of reserved forest 

PERBONNEL. 

Pror ine io l  Oflcrrs. 
areas, in sheets 9 3  &, 9 3  b, 8, 1&3, a special 
survey on the 4-inch scale, of 126 square miles of 

Mr. J. 0. Oreiff, in chnrge. reserved forests in sheets 93&, 9 3  in the clis- 
,, 0. J. H .  Hart. 
,, C. 0. P i c n ~ d .  tricts of Mandalay and Kyaukse, Upper Burma, 

A. J .  bloorr, fl.olll l l t l l  October 1915 to 18th and in the continuation of the 4-inch and &inch 
March 1916. mapping in recess quarters, during the field season, 

Qjrer Subordinals Service. by the Maymyo Drawing Office. 

For field operations two camps were original- 
Bai Bnllndur L s r l ~ m n ~ l  Dali Jsdu. 
Mr. P. C. Sell (;11pt11, B. SC. (Probnticner). ly formed, comprising two officers and seventeen 

surveyors. 
Lot re r  Subordinate Service. 

The field camps left Maymyo on the 1st  
28 Surveyore, etc. 

November and started work by the 10th November. 

Towards the end of December, an urgent request was received from the Burma 
Government, for the survey, on the 1-inch scale of sheets 95 A, 95 c, 95 lo, ,,, i, Is , and 

P 9 5  3 maps of which were urgently needed, in connection with the Wolfram Mining 
Industry, in the districts of Tavoy and Mergai. Owing to the very important nature of the 
request the party was directed to  imrnecliately arrange to unclertake the survey of these 
sheets. The Superintendent of the Circle personally discussed and arranged, with the 
executive officer, tlie principal details. 

The new programme of work necessitated curtailing forest surveys round &layinyo, 
and re-distrilr~tinq the personnel of the party. It was decided to survey only the forest areas 
recluired to complete 1-inch sheets 93 s2, 93 & to  margins, and to utiliie the surveyors 
so set free, with three from the drawing office, and eight others transferred from Nos. 9 and 
1 2  Parties, to  form two field camps, uncler Messrs. Picard and Lachinan Daji Jadu, for work 
i n  Mergni an11 Tavoy. 

The tn-o additional camps arrived in Tavoy and Mergui, by the beginning of February. 
After makiny necessary arrangements for supplies, interpreters, boats etc., each surveyor was 
sent out to his particular bit of work. O\ving to the lack of communications and long 
distances to be travelled in country boats, work mas not actually started till about the 
15th February. 

The country soweyed in Upper Burma varied in elevation from 230 feet to  over 4500 
feet in the hill- ancl was densely wooclecl \\ ith a heavy rinclergrowth of grass jungle. The river 
Nam Tu \vliich is the borlnclary between the Baw nncl Yeyaman reserved forests, situated 
respecti\elj- In the diztricts of I\Iandalay ancl Kyalikse presentetl a forrnitlable barrier to  
throuqli comm~in~cation, and to the sarvcy of tlie hills alonq its flanks. The river in this part 
of its couree is more of the nature of a mouutain torrmt, confinecl between high hills, which 
rise almost sheer and precipitous from the river bed. To survey theqe details frecluent 
crossi~igs of tlie river were necessary, a teclious operation on small bamboo rafts. 

I n  Tavoy the hilly seaboard area in the extreme north-west of the clititrict, north of 
the EIeinze bay, and the upper reaches of tlie Tavop river (Kaleinaung Chaung) mere 
slm-eyetl. In  sheet 9.5 +, the main watershed, mhich is the administrative boundary between 
Burma and Siam, was found to be very rnucli out in  the old reconnaissance mapa. 

I n  J ie rgr~ i  the lower portions of the watershed between the seaboard and the Tenaq- 
eerim valley, and part of tlie valley itself mere eurveyed. The country throughout was hilly, 
rising to an elevation of 2.500 feet, clothed wit11 huge trees, below which was a tangled 
undergrowth of bamboo, cane and other creepers. For plane-table fixings almost every hill 
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top had to be cleared. The ground in these dense forests is covered with h s s v  d w y d  
vegetation, which makes the air within noisome. The country along the sea littoral is c u t  
up  by numerous tidal creeks fringed with dense mangrove swamps. 

Owing to the existence of numerous waterways the district i0 ~ m t i c a l l y  devoid of 
roads and paths. For marches into the interior paths had to be cu t  and cleared. Except 

along the banks of the ~ennsseri* river the country is very sparsely populated, and eest of 
the  river is uninhabited for miles. 

The country has a heavy rain fall, due to  its proximity to  the sea. From about the 

end of April rain was almost continuous. C o ~ ~ s t a n t  rain, dense forest, swamp vegetation, 
leeches and other insect pests, precarious means of communication and supplies, rendered 
progress slow and difficult. All main detail was surveyed by means of plane-table traverses. 

Tlie m'olfram Mining Industry is for the present confined chiefly to the hilly area north 
of the village of Tenasserim. These are the foot hills of the range, that  trends south through 
Tavoy and Mergui, and in this locality breaks up into a jumble of low llills, circled by tlie 
Tenasserim river, which due south assumes a westerly course, and then doubles back upon 
itself. 

All supplies had to be arranged for from Mergui. Two depots were established from 
n,hich tlie detached camps were supplied. 

The question of transport was a matter of great difficulty. Mules were imported from 
as far away as Myitlryini. The cost of their freight was a very heavy item of expenditure. 

Through the Burma Governmeut a motor lauuch was placed at the disposal of the  
party. The launch before being despatched from Ranqoon was not overhauled, the consequence 
being that she mas practically hors de con~bat  from the day she mas lauded a t  Mergui. 

The Tenasserim is a dangerons river to navigate owing to its being fall  of 'suags'. 
I n  the annual report for season 1301-92 i t  is stated, that  the river is navigable by steam 
launch as far as Tenasserinl only, thence country boats up as far as Tarahwin, after which 
only canoes call proceed. I f  this is correct, i t  is perhaps interesting to note the great change 
that  has taken place in the deep chanuel of the river, for motor launches of over two feet 
draft, now go up as far as Tagu, three miles below Tarabwin, thence country boats as far  as 
Pawut, thirtj- miles up, after nrhich canoes or dugouts are used, owing to numerous rapids 
further ahead. 

The field season opened on the 1st November I !)15, ancl closed in AIergui on the 24th 
June 1910. Seven surveyors mere kept out till about the midtlle of July, to complete sheets 
95 and 95 i. The head-quarters of the party remained a t  3Iaymyo. 

The old 1-inch maps preparecl from surveys done between 1880-1803 were found to be 
very incorrect. 

T ~ ~ o ~ ~ r a ~ ~ l t ~ ~ . - T l i e  party was divided into three survey camps as follows :- 

No. 1 Camp.- Mr. A. J. Moore in charge, and eleven surveJrors, completed the survey 
of 285 and 128 square miles of reserved forest areas, on the &-inch and $-inch scales 
respectively, in sheets 93 8s, 93 h4. 

Mr. Moore received a co~nmission in the Indian Army Reserve of OfEcers from the 
19th March, when the section mas taken over by Mr. A. K. Mitra, transferred temporarily 
from No. 9 Party. 

No. 2 Camp.-Mr. C. 0. Picarcl in charge, with Mr.  Sen Gupta and 1 2  surveyors, 
coni1)letcrl the survey on the 1-inch scale of 1026 square miles in sheets 95 ,&, 95 JL 

2,3,4' 
T o  the latter llart of tlre season s i s  additional snrveyors were tmnsferred to the section, to 
help to complete tlre survey of the mining areas and sheets 95 k ,  and 93 a .  

NU. 3 Cn~t~~).--Itai l3aliadur Lacliman D ~ j i  Jadrl in charge, and six surveyors, completed 

ihe survey of 2%; square miles, on the 1-inch scale, in sheets 95 and 95 i. 
R 111 adtlition 70 square miles in sheets 93 6ml were surveyed, on tile 1-inch scale, 

for the General Staff, Burma Division, for the prelmration of the Artillery Practice Camp Map. 
Tlie enlarged map, scale 3 inches = 1 mile, was proclr~ced direct from the field 
and was very satisfactory. 

The cost-rate per square mile for each class of work is as follows :- 

1-inch detail survey Rs. 50s7, 2-inch Rs. 78.4, 4-inch Rs. 142.9. The rates are high 
owing to the heavy cost of transport, and high rates for local labour. 
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fiinngu1otion.-Sheets 95 +and 95 P, in the Mergui district were triangulated by 
slirveyor Muhammad Yusuf Khan. The triangulation was an extension south from that  done 
in season 1913-14. The country was similar to  that  topographically surveyed. The area was 
680  square miles, and the cost-rate Rs. 4.5 per square mile. 

Recess tlu/ies.-The fair drawing for the season was divided between the Maymya 
Drawing Office, and a section under Mr. Lachman Daji Jadu. 

Mnymyo Drawing Ofice.-Was nnder the charge of Mr. H a r t  throughout the year, 
and the outturn of fair drawing done is very creditable. Seven 4-inch sheets 84 -",=; 

0 L 
92 -., gm.; 93 amounting to 7, 614 square miles, and 3,780 square miles in degree 
*heeta 84.N, 93.E) 93.1, were completed. The cost-rates for these are respectively Rs. 1.4 
and Rs. 1.1 per square mile. Only the final examination of these sheets remains t o  be corn- 
*leted. It is hoped to be able to send these sheets for publication, during the next field season. 

The drawing office has also taken up the fair drawing of 1-inch sheets 93 &, 93 A, 
9 5  k, 95 $, of which 620 square miles have been completed. 

The mapping section under Mr. Lachman Daji Jadu completed the fair drawing of 195 
F L square miles, in sheets 95 g,  95 f, 95 x. 

Owing to the prolonged field season, i t  has not been possible to complete the fair 
drawing of the 1-inch sheets during the recess season. The arrears of fair drawing ~ 1 1  be 
completed by the drawing office, and the sheets sent for publication during the next field season. 

During the recess season, four 1-inch plans of the Wolfram mining areas in Mergui, 
were prepared for the local authorities. The 1-inch plans were enlarged by photography t o  
the scale 4 inches =1 mile, and blile prints on the enlarged scale supplied to the Deputy 
Commissioner. These are to  be iitilised as the basis of a rigorous 4-inch survey, done on the 
ground, of each concessionnaire's property, and will be the legally recognised plan of each 
concession. 

The cost-rate per square mile for fair drawing is Rs. 8.6. 
Twenty-nine forest boundary plots, on the scale of 4-inch equal to  1 mile, were prepared 

during recess for the Forest Department. 

No. 1 2  PARTY (>iSSA?UI). 
BY LIEUTENANT-COLONEL A.  MEARS, I .A.  

The previous season's operations were cont,inued eastward along both banks of the  
F Bm.hmapntra river and comprised sheets 83 -, 

P B B S O N ~ B L .  
8:3 % and 83 &. The programme was 

Imperial Of leer .  mainly carried out on the 1-inch scale but included 
~ i e t ~ t . - c o l o n e l  A ,  &leers. 1 .A .  . t'he Xiimbar, Diphn, Rengmi, IJayAng, KAkadanga, 

Prorinn'al O f i e r s .  D i ~ a i  Valley, Disai and H o l o n g ~ ~ & r  reserved forests 

h i  Snhih Pralnndnrnnjnn Ilny. 
totalling an area of 472 s ,uare miles surveyed on 

Nr. B.C. N e w l n ~ i d .  the 2-inch scale. 
,, P .  C!. Al~trn.  t3.A. l v i t h  the exception of about 250 square 
,, H .  H.  Creed.  miles in sheets 85 &, where an elevation of some 

[*pprr S ~ ~ b o r d i n o t e  Srrcice. 4000 feet is attained, the whole of the country 
MI. C f ,  e. Bngvhi (Probetioner) .  under survey is practically flat. From the foot 

Lororr Suhordir~ale S e r r i r ~ .  of t,he N;igA Hills, except where these adjoin 
reserved forests, to the south bank of the Brahma- 

42 Surrrporr, e lC .  
putra river the conntry is almost entirely under 

rice and tea cnlt,iration, the area being one of the most important tea growing centres in the 
valley of the R13hmaputra. 

The field sewon started about the middle of November and closed a t  the commencement 
of &lay by which date the weat,her had become very unsettled for plane-tabling ; tho traverse 
~ w t , i o n  remained in the field t,ill nearly t,he end of that  month. The health of the party was 

good consitlering the unhealthy nature of the NHmbar and other reserved foreste 
under slirrey, this may be chiefly ascribed to the regr~lar issue of qliinine and to the khalasis 
being supplied with thick linen socks as a protection from leech bitee which otherwise are 
liable to turn into bad ulcers. One surveyor was invalided during the field season and five 
khalasis died. 

Topography.-The party wae divided into 4 camps for the execution of the detail 
survey programme. 
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Camp No. 1.-Under Rai Sahib Pmmadaranjan Itay, with one Sub-Aesistant Superin- 
tendent and 9 surveyors completed the survey of one sheet on the %-inch scale after which he 
supervised the training section which surveyed 1 sheet on the 1-inch scale. 

Camp No. 2.-Under Mr. Newland with a strength of 8 to 10 surveyore surveyed 
34 sheets on the 1-inch scale. 

Camp No. 3.-Under Mr. P. C. Mitra with 9 to 1 2  surveyors completed two sheeta 
on the 1-inch and 2-inch scales. 

Camp No. 4.-Under Mr. H. H. Creed with the assistance of 2 surveyore surveyed 
1 sheet. 

Of the country under survey close on 750 square miles was covered with the denseet 
of jllngle which owing to the scarcity of villages and local labour necessitated surveyors' 
squads being increased to 1 2  khalasis ; even with this number of men the progress was slow 
on account of the large areas of cane brake and evergreen jungle met with. Some difficulty 

was experienced in rationing surveyors and their squads in parts of the area which would have 
been considerably increased had not the Assam-Bengal railway traversed a portion of the  
Nkmbar forest. Except for the railway and one or two roads and paths, surveyors had t o  
make their own commr~nications and elephant transport was confined to the few existing pathe 
owing to the heavy clearing needed when these were abandoned. 

The plains adjoining the B~ahmaputra  river call for no particular mention resembling 
in most respects the country described in previous reports. An area of some interest is the  
M&jllli islaud situated between the Brahmaputra and Luhit rivers containing some of the  
most noted Sattras or religious colleges of Assam. 

The sites of the ancient Kachari cities DimApur and Kgsomari fall in the area of 
operations as also that  of Raugpur, the capital of the Ahom kings, the ruins of which lie 
about 2 miles south of Sibssgar. The remains of the Kachiri cities are almost entirely buried 
in the dense jungle of the Diphn and Daying  reserves; those of Rangpur are in better 
preservatiou and comprise many fine tanks and the ruins of temples and palaces. Descriptions 
of these interesting remains are to be found in the reports of the Archxological Survey. 

The cost-rate for 1-inch survey for the season is practically identical with tha t  of the 
previous year and may be considered favourable. The slight increase in the cost of the 2-inch 
survey is attributable to smaller individual outturns owing to the extremely dense nature of the 
forest growth and the necessity for the employment of larger squads of Haziiribiigh khalasis 
due to local labour being unobtainable. 

Trzangulation.-No triangulation mas carried ont by the party during the season under 
report. 

Traversing.-Advance traversing mas extended north and eastward into sheets 
J 

83 8, 11, L2,114, 15, 16 , n~ $&, over a n  area of some 1850 square miles for detail survey on the 

1-inch scale. Selected st,ations such as bench-marks, bridges, mile and revenue stones to the 
number of 394 were permanently marked, in addition 809 zinc cylinders were embedded. 

The country t,raversed was flat and of a similar nature to tha t  under detail survey. The 
traverse survey cost-rate is slightly less tthau that  for the previous year, this is mainly due t o  
there having been no Provincial Officer in charge of the work; the rate may be taken as a 
favo~~rable one for the nature of the country under traverse. 

Recesa duties.-The fair drawing of the season's outturn, comprising 8 one-inch sheets, 
has been cxrriecl out by 9 drawing sectious under tho supervision of Alessrs. P. Ray ( 3  sheets), 
R. C. Newland (9 sheets) and P. C. hlitrn (2  sheet,^). It was found possible to aclopt direct 
mapping for S t  sheets there being little or no distortion in t,he field sections, this has consi- 

derably expedited the progress of the work. Sheets 83 and 8:3 & mere sllblnitted for 
p~~blicntion berorc the close of the snrvcy pear and the remaining sl~eets 83 i ,,,, ,, , mill be corn- 
plcted before the 1)art~'  takes the field. 

I n  addit,ion to the abovc, sheets 83 ,,,, ,,, ,, of the previous season have been sub- 
n~iltetl  for pril)licatio~~ during t,he year under report making a total of 1 0  one-inch sheets. The 
field sections of the reserved forest area survej-ecl on the $inch scale in sheet 83  been 
scnt to the Forcst Map Oflice for fair mapping, the survey being a purely forest one. 

The cost,-rate for fair mapping works out, a t  a some\vhat higher average per square 
mile t,han in l)revio~is years due to the large a1no1111t of %inch survey having curtailed the 
srca for fair mapl~ing. 

Itongh t,riang,.r~lation charts for shccts 83. F and 83. J with manuscript lists of data 

have been 1)rel)aretl a1111 submittetl to the Supcrintcntlent of the Trigonometrical Survey. The 
comput.atious of t l ~ c  traversing, carried out during the field season, have been completed, the 
work has proved of good qtlality. 
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TABLE 1. 

OUT-TURNS OF DETAIL SURVEY. 
- p p  

(a )  Tnining reetion rreluded from arenee .  
(6) lncludem 1.54 aquare milre of unreeerrd land. 
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Survey . 

Re-eurvey . 

Revision 
Survey . 

Supplementary 
Survey . 

Survey . 
Survey . 

Military 
Survey . 

3urrep (epecial 
forert) . 

Cirole. 

N 

S 

E 

N 

N 

N 

5 

S 

E 

E 

E 

N 

N 

N 

N 

E 

Y 

9 

N 

9 

Y 

E 

E 

E 

N 

N 

E 

Locality. 

Enehu~i r  and Jnmmu 

Hyderh l~ id  ... 
Uppcr Burma ... 
Knsltrnir and Jnmmu 

Punjnb & H i j p u t i n a  

United Provinces 
n t ldNep i l  ... 

Bombay nnd HyderH- 
b id  ... 

Mndrns ... 
Upper and Lower 

Burma ... 
Lower Burma ... 
Assnm ... 
United Provinces 

and Xeyi l  ... 
P u ~ i j n b  nnd R i jpu -  

t i a n  ... 
Uuited Provinces ... 
United Provinces 

andKepLl  ... 
Upper Burma ... 

hlndrns ... 
Hyder ibid  ... 
United Provinces ... 

I 

"'0- 

P.= m~la. 

In sit. (by 
resection). 

1.2 

4 .6  

1.0  

2.0 

6.0 

8 .3  

12.5 

9.5 

6.0 

6 .0  

1 .0  

15.0 

4 . 0  

8 .0  

11.5 

5 .0  

4.8 

39.5 

16.5 

out-cum, 
mlles. 

T ~ ~ . I .  

51 

9,886 

300 

558 

1,602 

120 

1,261 

5,227 

2,220 

1,382 

1,805 

800 

1,043 

2,152 

802 

65 

715 

30 

301 

2 

number ol 
~ u r e  

Plsne.hble 
trsrera.. 

5.0 

12.8 

5.0 

15.0 

20.0 

13.0 

5.0 

9 ' 6  

20.0 

88.7 

10.0 

14.0 

... 

37'0 

133.5 

22 .0  

X o .  5 "erir  and Central 

squom 

Average 
per man 

Per month 
of a4 

working 
&ye. 

20.4 

83'5 

58.6 

48.7 

47.0 

19.4 

23'6 

31.8 

19 .9  

18.0 

21.9(m) 

27.0 

58.0 

26.5 

42.7 

32.9 

4 9 . 1  

8.5 

10.7 

64 

60 

322 

285 

474(h) 

64 

50 

128 

30.0 

42.0 

44'0 

62.0 

96'0 

S o .  7 

f3.G 

4 9  

5 . 8  

4 ' 9  

6,6(n) 

7.2 

2 .0  

2.9 

Provinces ... 
hIl~drae 

I 
... 

No. 10 1 Upper Burma ... 
S o . 1 1  I Ditto. ... 
No. 12 Arsam ... 
KO. 1 

No. 3 

No. 11 

North-Weet Fron- 
tier Province ... 

United Provincee ... 

Upper Burma ... 
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TABLE I.-Concluded. 

OUT-TURNS OF DETAIL SURVEY.-Cogrcluded. 

Scale. Clsss of Survey. 

4-inch . Supplementary 
Survey (special 

16.1nch. Survey . 

16-inch. Re-survey . 

64-inch. Re-survey . 

125 feet Survey . 

Circle. 

No. 3 United Provincea ... i I 

Avenrge 
per mnn 

per month 

01 ?h worklng 
days. 

In a i l s  (by 
resection). 

No. 20 

Plaae.tab 
traverse. 

Sangmar, KBlba. Fort  
Lockhart, Hangu 
and Thal ... 1 . 8 2  

No. 20 Peshamar, Rawalpin- 
di ,  Baklob, Jullun- 
dur, Bannu, Jhelum, 
Sialkot and Topa 27.77 

No. 20 Pesbiirar, Rswalpin- 
di, Bakloh, Jullun- 
dur and Banuu 
Bazaars ... 0.54 

No. 20 

5 . 6 9  

50.12 

3'27 

4 . 5  
(per 

acre) 

SirnIa 
Survey 
Detach- 
ment 

(a)  Acre or ncres. 

Simla (N.I. L i ~ ~ e s )  1 ( a )  

Simla ... 1,0so~o(0) 63'0(a) 
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PART 11.-GEODETIC AND S C I E N T I F I C  

OPERATIONS. 

TRIGONOMETRICAL SURVEY. 

ASTRONODIICAL LATITUDES.  

As no officer was available no Latitude Opera- 
l3 PARTY tions \rere undertaken and the prrsonnc,l of the 

Imper ia l  Oflcers. party was emplo!-ed a t  tlie Ileacl Qnarters Oflices. 
From 1st October 1915 to 12tl1 S rp t e~nbe r  l9lG 

Il,e Sl,per,nlcnacnt of ,he Trlgouometrlcnl Progress was made with the markiug of the Longi- 
Burrer held charce in  additlon LO his other tude stations b\- means of suitablv i~~scribecl slabs. 
duties. u p  to the end of September 1916 the following 

Major Q. A. Beezeley R. E., in cLurge 13th to 24th 
September 1916. 

stations hare been marked:- 
Major H. H. Turner  R. B., in c l~arge  25th to 30th A g ~ a ,  Akj-ab, Amritsar, nangalore, Bellary, 

September 1916. Deesa,, Fyzabad, Jalpsiguri, Jnbbnlliore, Eia~achi 
Lower Subordinate Seruice. 

2 Cornpulere, etc. ancl Nagarkoil. 

PENDULURI OPERATIONS.  

I ~ ) ~ p r r i a l  Oflcers. As no officcr was available no pendu111m work 
The Suporintandent of l he  Trigonometricnl Surroy 

held charpe i n  mdd~lion to h ~ s  other dotics. \\.as undertalren and the personriel of the party \\,as 
Lotuer Sttbordit~ete Service. employed at the Head Quarters Olfices. 

2 Computers, etc. 
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T R I A N G U L A T I O N  

P s ~ ~ s o s s ~ c  of No. 1 5  PARTY. 
Imperial Seruice. 

J. de Grnnff Hunter, Enq., M. A., in charge. 

Provincial Service. 

Mr. L. Williams. 
,, G. A .  Norman. 

lipper Subordinate Service. 

Mr. Jugal Bel~nri LRI. 

Lower Suhordinale Sercice. 

16 Computers, ele. 

N o  new triangulation was undertaken during the 
season 1915-16, but one detachment was employed 
in revising the southern triangle* of the Manipur 
3Zeridional Series, which when observed a t  t h e  
end of season 1901-02 exhibited a large triangular 
error. This detachment consisted of :- 

Mr. L. Williams in charge. 
Mr.  Jugal  Behari Lal. 

NOTE-Mr. 13. A .  Horrnan's asrvices were lent t o  the 
Superintendent Nortl~ern Circlo till the 16th Bnptember 1916. 
on which date he  was transferred to No. 17 I'arty and Mr. 
Jugal Bebari LnI wan transferred to No. 19 Party from the 
1st Auguet lo 17th September 1916. 

Thr revision of tho observations of the sol~thern triangle of the JIanipnr 3Ieridional 
Bcrieq was important as it for~netl the connection between this series and the Borma Coast 
Srrics, atid ~t was 11c~essary to ensure an accurate conncxion before the final adjustment of 
the triang~~lation cor~ltl be talren r~p.  

... ... NO. of stations observed a t  ... 
... 

9 ,  ,, newly built and fixed 

... ... Length of triangulation completed in miles 

'.. 

1, 

, I  
... ,, remaining to be done 

... ... Area ,, in miles 

... No, of triangles observed ... ..# 

No. of Astronomical iizimuths obscrved ... ... 

... ... J J  7 9  Latitudes observed 

... I laximam triangular error ... ... 

... ... Arerage ,, 71  ... 
Alean closing error in latitride ... . . 

... 11 I) ,, ,, longitude ... ... 

... ... ..a I ,  IJ , , e g t  

... 1 9  II ,, ,, azimnth ... ... 
19 9 1  

... ... ... . . a  

" '  

,, ,, log side unit being the seventh place of 
decimals. 

Tl~rotlolite ~isctl ... ... ... 

l'lre slations, a t  \vhicl~ obser~at~io~ls  were rctaken, are situated on the n.este1.n snrlrs of 

4 

Not sho~vn as  I 
i 

work was only 
revibiona1.y. 

2 

2 

2 

Of'.Gf7 

0".641 

Not  slio\vn as 
~ . o r I <  \\.as only 
revisionary. I 

T. & S. 12-inch 
micrometer No. 11. 

the ,\rakan Yoma4 in the ~ l k p a b  ant1 Kparlkpyu districts of L o ~ e r  Hurnia. Tlre country is 
of a most tlificnlt nature bcing cut nl? by i~~nnmerable crceks and great difficulties were - 
rncoo~~terc~tl in  tllc matter of transl~ort ant1 sl~pplies. 

- - -  - - - .- -- -- 
1 t11e ~ I I L I ~ ~ X  i31llJl AO, l b ,  
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Tile two stations of the Burma Coast Series od which tlie Manipur Meridional Series 
hd previo~~sly been closed were foand destroyed. One of these stations Rongdong H.S. was 
rebuilt with the aid of t l ~ e . a ~ ~ x i l i a r y  marks but the old position of the second station 
Angrsntaung ( I n g i ~ n t a n n g )  H. S. could not be satisfactorily determined and a new station 
was built on tlre site. It w therefore necessary to  carry the observations down to a third 
station RRnkhamao (Retkamauk) H. S. of the l311rma Coast Series so as  to ensure a thoroughly 
satisfactory connection. 

The triangles were observed wit11 Trooghton and Simm's 12-inch tlreodolite No. I1 
and tlre average triangular error was 0'. 64. This is satisfactory co~isiclering that  the stations 
were rlnfavourably situated, several nrys grazing badly over intervening hill ranges mitli the 
reslllt that the helios and lamps were most unsteady and difficult to  intersect accurately. 

An opportunity was taken during the course of this work to carry out some astronomical 
observations. Two astronon~ical azimr~tlis and two astronomical latitudes were observed, 
the results of which are sr~nimarised below, together with those previously obtained a t  the 
adjacent station of Dattaung. 

The latitudes were observed on the circum-meridian plan ancl tlie results show a very 
satisfactory degree of precision, the probable errors being O''n19 ancl 0"-13 respectively. The 
probable error of a single observation in each case mas 2'j.O. 

Asfronomical Latitotdes nnd Azinzulhs. 

Tile vnlr~cc of the Intitr~dcs, longitudes and nzinirrths of the stations are in final terms 
of the Dlrr~nn C'oait Series ct)mp~rte;L froni the finally adjristed valses of the Intlian 
' r i n r t i u ~ i .  T11e.e I-alries \\.ill be slightly n~oditiecl when t,he Burma triangnlation is adjusted 
as n n.l~ole. 

A4=i~trr t / f r  Cl/.~c~~.r*olinn.v.-;\ col.rection of + 2 O . 2  is necessary to close these resnlts on 
the loi:i.ilu~lc arc-: ( r,i',le G.T.S. 1-oln~ne XI- I11  Apl~en(lis S. ) givinz corrected results 
O f  - . - .T- . . ,  - -  .. a1111 - T".U ~.r+~ccti\-el!- on the Erc~.&t Sl)hcroi;l. I3xl)re~setl in terms of the latest 
sl~l~rroill  3 f~lr ther  ~~lrnntit!- >'.I; llas to be nrltlctl giving the final reslrlts -1GT.C, ant1 -1".4 
~-r.-yccti\-t,l!-. It i s  \\-orth!- oE notc t l ~ a t  the station Hetkarnaitk aitnatetl on an island near t l ~ e  
con-t \\ - i t11 o1r.n scn to tilt> \\-eat nntl mor~l~tninor~.; corrtitr!- to the east PIIOIVS only a very sliglit 
illl:ll~ll (~ns t \ \ -a r~ l )  11t~II~ctiot1, \vl~crens the station 1-eponetaang n-hiell is 20 miles inla1111 11as 
a ~lrtll:ction of 11;'.1; en~t\\-artl .  Tlliq i; coml,:~rnhle \\-itit the east\\-arc1 clrllection for~ricl a t  coast 
~. ta t iun> i l l  11ldi:l r' .g. ,  JIn~lra-,  JIangalure. 

S a m e  of alation 

Tel'onetnruig 1I.S. 

Ret-kn-marrk 1I.S. 

Dnttnung 11,s. 

About 20 miles 
inland from Bur- 
,, Coa,t ,iLh 
high ranges to 
north and soulh. 

On an is'andprac' 
tically on coast 
line. 

Deflection 01 plumb.line. 
Positive values indicat,e 
westerly or aoutlierly 

deflection. 

. . 

.J ' u 

C 

c .- 
Y - 
00 .- 

. . . 

2819 

1685 

Q 
-0 a 4d 

.- 
u 

,! 

o I 

20 15 

19 -1s 

A-CI 
(in meridian) 

l 
[ -6 .  O] 

-1 .28  
[-3.  31 

.c) o 
d .- 
CO E 

2 

9 4 

93  2s 

A - 0 ~ 0 t h  

( i : ~ : ! ~ )  

" 
-?-k.4 

[-16.61 

- 9 . 2  
[- 1'4.1 

Acljustecl on the 
A k p b  ElecLro- 
telegraphic Ion- 
g ~ t u d e  renults. 

20 11s 

I 

! 1 

I 

... i ; 2 - 0 
[ + 0 .  21 

-10 .3  
[ - 5 . 0 1  

Values in square bracket5 are 
in ternis of most recent 

splreroid. (Helolel.l) 
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T I D A L  OPERATIONS 

Tidal registrations by means of self-register- 
ing tide-gauges were continued during the year 

PERSONNEL of NO. 16 PARTY. under report at  the following ports* :- 

Provincial Oflcerr. Aden, Karichi, Apollo Bandar (Bombay), 

~ r .  H.O. Shawn in charge from 11th January Prince's Docli (Bombay 1, ~ a d l ' a s ,  Kidderpore, 
1916 to 17th February 1916. Rangoon, Moulmein and Port Blair. This work 

Khan Bahadur Syed Aulad Eloasein, in charge till wascarriedout underthedirectionof t,hisdepartrnent, 
loth January 1916 and 'gain lath but  the immediate control of all the tidal 
February 1918 to end of the year. observatories mas entrusted to the local otticers of 

Mr. Syed Zille Hasnaio. 
the ports concerned. 

Lower Subordinate Service. I n  addition to the automatic tidal 

20 Computers: kc. registrations at the above ports, readings of high 
and low water were taken during day-light on 

tide-poles at Bhaunagar, Akyab and Chittagong throughout the year for the purpose of 
checking the corresponding predictions which were based on observations taken some years ago. 

The following is a complete list of the ports a t  which tidal observations have been 
carried out from the commellcement of the tidal operations in 1874 up to the present time. 
The permanent stations are shown in italics; the others are minor stations mhicll were closed 
on the completion of the requisite registrations. 
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WORKING OF THE OBSERYATORIES. 

All the ticlal observatories, except 31adras, mere inspected by Mr. Syed Zille Hasnain 
during the year. 

The inspection of the t,idal observatory at  Madras mas carried oa t  by Mr. 1I.G. Shaw. 

&rial 
lo. j 

In  the course of the inspection of each observatory the level of the bed plate of the 
tide-!gauge with reference to the bench-mark of reference mas carefully tested by means of 
spirit levelling; the working zero of the tide-gauge was determined by a series of observations 
during rising and falling tides and compared with the true or adopted zero; the zero of the 
graduated staff was tested with reference to the zero of the tide-gauge; all the instrumentg 
were thoroughly overhauled, cleaned and put  in perfect working order and adjustment; the 
observatory well mw cleaned and free communication between i t  and the sea was restored ; the 
observatory cabin was examined and arrangements were made for any repairs, if necessary. 

Aubrnntic or 
Permod 

ob-tiom. 

Automatic . 
I* 

91 . 
s t  . 
,, . 
II . 
t~ . 

, . 

II . 
I )  . 
I )  

), . 
IS . 
P P  . 
V )  

I) . 
9 ,  

.t 

,, . 

I 
3, 

P I  

,, . 

9 ,  . 

I ,  . 

Bsrrexs. 

-- 

Years 1883 to 1886 
sn, excluded. 

Year 1880.81 is 
excluded. 

Dnto of 
closing of 

obenationm. 

1893 

1896 

1890 

1890 

1896 

1882 

1888 

1890 

Still working 

1891 

1@85 

1885 

1886 

1886 

&ill working 

1891 

1892 

1899 

1903 

leal 1888 1 
8till working 

I8R6 

1886 

Still working 

1894 

9Lill working 

1B 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

The following remarks regarding each obsenratory may be added :- 

Dale of 
oommencarnent 
of observations, 
- 

1888 

1891 

1884 

1884 

1890 

1878 

I881 

1880 
Re~terted 
1895 

1886 

1879 

1881 

1881 

1881 

1881 

1886 

1887 

1895 

1902 

1880 
Restarted 
1884 

1880 

1880 

1880 
Ftes~~rted 
1909 

1889 

1880 

Number 01 
yearn of 

ob~mations. 

6 

6 

6 

6 

6 

4 

6 

l0!3l 
21 

6 

6 

4 

6 

6 

35 

5 

5 

5 

2 

36 

6 

13 
7 

5 

36 

htimm. 

Tutioorin , . 
Minicoy . . . 
Qslle . . . 
Colombo . . 
Trincom8lee . . 
Pimban Pala . 
Negapntam . . 

Madraa . . . 

Cooanids . . . 
Viragepatam . . 
Fnloe Point . . 
Dublat (Sigar Island) 

Diamond Harbour . 
Kiddmpors . . 
Chittsgong . 
Akyah . . a 

Diamond Island . 
tlassein (Burma) . 

Elephant Point . . 

Rangoon . . . 
Amherst. . . . 

Moulmein . . . 

Mergui . . . 
Port B l n i ~  . . 

Aden.-The driving clock of the tide-gauge stopped several times owing to b d  weather, 
but  on each occasion the interruptions in the tidal registrations were only of a few houre 
duration. The Inspecting Officer found that  the inlet hole of the observatory well which waa 
originally one inch in diameter had, by action of the sea, become nearly twice as large, in 
consequence of which the water was allowed to pass in and out of the well too freely and the  
registrations of the tidal curves on the diagrams were considerably distorted. 
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H e  reported the matter a t  once to the Chief Engineer of the Port Trust who had the 
above defect remedied by having the inlet hole reduced to its original size. 

Karichi.-The tidal registrations a t  this observatory were interrupted more than once 
owing to the communication hole between the sea and the observator;v well being midenta l ly  
blocked for short intervals. The tide-gauge has, on the whole, worked satisfacto~ily. 

Hornboy (Apollo Bandar).-During the past year there has been only one interruption 
of a few hours in the registrations of the tide-gauge owing to the stoppage of the driving 
clock. Vlrith this exception, the gauge has worked very satisfactorily. A t  the time of the 

inspection the graduations 011 the lower portion of the graduated staff were fount1 to  have 
become very indistinct. The staff was removed and a new staff properly painted was fixed in 
its place. 

Bolnhay (Pri71ce's Dock).-The tide-gauge a t  this observatory has behaved slightl!- better 
than last year. The tidal registrations \Irere stopped 6 times d~l r ing  the year under report, the 
disturbing cause being the stoppage of the clock or the breaking of the pencil wire. The 

longest interruption was for lli lloors. 
Ma~l~.iis.-There have been no breaks in the working of the tide-qauge durinq the year. 

Owing to the force of the waves the g ~ d u a t e d  staff tixed on the harbour wall close to  the 
observatory was twice dislocated. Arrangements have now been made by the harbour 
Engineers to have it more permanently fsecl. 

I(i,tr2erpore.-The workinq of the tide-qauqe has been satiqfactory. Tlie observatory 
cabin has been in constant need of repalrs for some year4 past ant1 the pile.; on which it stands 
are badly eaten away. Moleover, there has been conti~~rlal trouble in keepil~q the bottonl of 
the observatory \\,ell clear o\vinq to 41allo\vinq at the present kite. T11e.e facts \\-ere I>rouqIit by 
the Illspecting Onicer to the notice of the Deputy Conqervator of t l ~ e  Port for the last ttvo or 
three years. The Port anthoritirs have conseq~~ently dcritled to btultl a nem t~t lal  ol~.;erratorp 
in deeper \v:ltcr clo+e to the Iron jetty a t  the Kiclclerpore Dock heat1 a t  a s l ~ o ~ t  dlstar~ce flom 
the l,rc.ent observatory. The . ~ t e  of the new ol),ervator>- \vaq inspectetl LJ- the I n s p e c t ~ n ~  
Olficer In J :~n~la ry  l a 4  and the plans of the boilclinq have slnce been received anrl pabsetl b y  
the S11perintendent oE the Trigo~lonletrical Snrver. The Drputv Collrervator of the P o ~ t  now 
reports that  the ncw observatory may be elpectecl to be coml)leted in ,J:~nuxry 1!)1i. 

ZL,r~t!loo~r.-Tl~c t i c l ~ - ~ : ~ ~ ~ g c ,  a t  this observator>- has I\-orketl very satisfactorily clorin? 
the past year, no iuterroptions haring occurrecl in its registrations. ;1s nlentione~l in last 
year's rel~ort, the length of the iro11 cyliutler of thc observatory \\.as recllicetl 11y four feet to 
allow of n, greater clearance bet\veen the bottotn oE the mell antl tile river bed. This arrauge- 
ment has l~atl the desired effect. IVhell the Inspectill: OHicer viwite(1 the obser\-ator!- in 
February last he founcl the bottom of the well perfectly clear of ~ u a t l  ancl the com~nouicatio~l 
betlveen the river a ~ ~ d  thc \\-ell quite free. 

The observatory eabin wac found to he in nectl oE some repairs. The matter \\--as 
brouqht to the notice oE the Depnt! Conservator of the Port w l ~ o  t11tl the needful. 

LMo~//me~~~.-'ritlal registrationr a t  this Ohslkl'\.~tO1'!' have bee11 continuous ant1 satis- 
factory. 'rhe Inspccling Ollicer fount1 that some mud hat1 collecteel on the outbicle of the 
cylintler which, if allowctl to accn l~ l~~la te ,  m l q l ~ t  hare interforetl with the free c o r n n ~ r ~ n i c a t ~ ~ ~ ~  
between the sea antl the obscrv,~tor\ well. 11. hacl ~t thoron~hly  clearetl. 

T l ~ e  gmt111:rtrcl staff \rrns fo1111t1 to havlb sliglit,ly sunk. It was removeel and refixecl a t  
proper level, so that its zero was itlentical with the zero of the tide-gauge. 

Port Hbuir.-The t ide-ga~~ge a t  this observatory has, as usual, worked in a very satis- 
factory manner. The observatory w:ts only built last year and every thing connected with i t  
was found to be in a very neat and tidy coudition. 

.\I1 t l ~ c  con~l )~~tn t ions  pertaining to past year's work have been completed and there are 
no arrears. The t,idal observations at the nine working stations for the year 1915 have been 
reduced by harmonic analysis add the values for the tidal constants thus determined are shown 
in the attached tables. 

These tables give the amplitudes (R) and the epochs (t) a t  the various stations; they 
also give the values of H and K which are connected wit,h R and 4' in such a way, through the  
varioos astronomical quantities involved in the positions of the sun and the moon, tha t  if t h e  
tidal observations were consistent from year to year H and K would come out the same from 
each  year's reductions. 
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1915. 

ADEN KARACHI ROMBI~Y (rip0110 Bandar) 3 - 
E :I,,= 5 . 9 5  1 fcet .I,, = 7 .9 16 feet, A,= 10.2-1.7 feet 

.- 

- 
Short 
Rricxl I 0 0 o 0 1 0 

S, 0.10!1'17-k.(i210.ll)!) l i - l . .62 O.O!)f 185.95 0.096 185.95 0.076 191.3iJ.076 191.37 
8, O . l i 7 7  2~C-k..C3 0.677 12 Cl.43 0.!)63 iI25.20 0 . 9 6 3  325.20 1.569 5.06 1.569 5.06 
S, 0.00312:37.66 0.00.5 237.88 0.014 3.60 0.014 3.60 0.022 203.23 0.022 203.23 

i 
I 

8,  0.00.5 200.41 0.003 200.41 0.003 J20.19 0.003 390.19 0.006 136.47 0.006 136.47 
S,  0.002 JO!). 0!) 0.002 I :Jog. O!) 0 002 -I!). 7(; 0.002 49-76 0.003 130.10 0.005 130-10 

I.0.-1!1 0.051 81.82 O.U:%!) 47.61 0.076 97.77 0.059 63.75 
I 

I 
31, I >I!) k!!). I , t i  1 .>(;:I 22G. 10 2 .504 2!)6.88 2.576 2!)3.0-1. 3.H60 332.59 3.971 331.20 
31; ,).,,I!,, : I . ~ ~ . ~ o . o . o z o ; ~ ~ o ~ ~ ~ o  0.04.8 IJ!).~H o . o , ; : ~ ~ ~ I o . ~ ~ ~ o . o G G  28.39 

2!).j.l6 0.039 337.71 0.103 33Y.51 0.109 330.75 

I 
32:J.G:i 0.0-1.2211 .51 0 .048  ?06'16 0 .014  70.30 0.015 71.13 

31, 0.001 2 . i 1 ~ ~ ~ i 0 ~ ~ 0 1 / 3 - ~ ~ . ! ~ t i  0.003 238.00i0.005 230.8; 0.00-1'525.76 0.004 320.25 
0, : i c i . ! ) l  0.7n0 246.22:0.680 47.31 0.762 847.65 ,0.6(i.L '1.9.16 

I 
. 1). .':{I; , 2.j . .'.' 

:IC.S6 1.4l5211.81.  1.324 48.81; 
-- 0 .  1(,,023.5.!)2 O.YJ0 105.8 k 0.265 316 -1.2 0.558'14~1.17 0.443 351.71 

0.431 "33.41 !0..1.31 -1.3.55 

0 I . C l : 3 i X l 2 ~ O l j - l  5 1 7 8  
(2, ().")I I.!0.0i.O. litjl 1.2.01 11.200 129.95 0.175 54.37 0.200. I~ i l . . 27~0 .17 -1~  5!).22 
L, 0.0.il l \ \ ~ ! ~ O O ~ O I . I .  2: l : i . ih 0.110 24iS.7-1. 0.090 3l4..3I 

! I I 

I 1 
,1120 l 0 , i , 1 i i l ) i : i 2  225.51 0(i00 I > ~ . , ; O O . , ~ ~ ~ ~ X I O >  

I , ?  1) , 035 ;\ 1 1. . 51; , 0 .OliO , 1 S I* . I.!) 0 .090 .2:3 0 . ()!,:I 23 I . 04 
p: 0 (!.;I. I ! I I . . ( i 1 ,0~O. i i ~ lSS~Oi  U.Olr) 2(;8.4-(; 0.05?264.8!1 0 .174,Y18~78~0.18~1~! :3 lC i~08 

1 
1 i 

I 
I ! I 'r, 

(\IS,, 
\.:.5JI), 

2 
< ~ I , X , ,  

c & K , ) ,  

I 

i 
I 

s v , ~ , :  r, .ol. i  ? ; ! ( ; . i ~ ' o . n ~  I. . ~ . . i o  o.n.4 475.77 lo.031 78.00 
I ! I 

i I 
I J,tlll2 I 

Pt,rilsl 1 1  1 3 ! 0 
i 

I ' i 
311,~ 1) 0011 :),ti.,:] 0,1110 ?:?.i.:$!j 0.02:) 0.0cai : ia2.s i ,n.oI .8 209.1:1 

3 1  0 1 0 :J.iG 0.011; 0 .  Oj0 ' 1 I :3.(;0 0.037 :15!) 20 
1 
! 

3 1 Y f  0 O l l i  li5 0 .  O O i  >!) !I5 1). 0.3 I. 20:). 61; j ,).o:j.j ' 205 .i j 1 6  
I 

I : : ;  i i . l \  n.:\::.-, :%>i.12 o. l l$ l11.7.1;7,0.111:  33.>k 

I I I 

I l . O \ l l  212.21. 0.0qO 2C:j.i!) 0 110 317.010.110 
Ol l l l i  I l i O i )  0 , O l i  l i i  k S ( O : O l l l : 3 2 : j ~ X l ! 0 ~ 0 - k 5  

:3lS.6.! 
322.01 
124.05 

2jO.10 
:j3-~.0:5 

17.0:) 

I ~ . o 2 l  1:iL. I:I,O.O:!:! 1 J i . i O  

i 
I 

I I 
0 1 ' 2 1 0 ! l ' 7  
o.rll:,;i2!~.ci.j n.olr; :!c.;..;~. 
O.U.'Ci t i i . O ! )  O.I).':I 27Y.90 

0.024 

0 
o.o::.il?l I.:); 0.057 
0.060I I8:3.HO,O.O57 

0.101 
0.0:22 

0.207 O.!lS 0.207 2.61 
- I ~ . I : $ i 0 - 1 ~ 1  

10;.0(i 0.0:3:3 
47.73 

108.-14 

31-lL.06 
:3-IL7.-1q43 
34.8.84 

0.08!)/ 68.56 
0 .014:226.77;0~015 
0.007 !155.2:) 

0.091 

0.007 
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1915. 

M0UL;CIEIN 

za 

RANGOON 1 
POKl" BLAIR 

A,,= 10.410 feet A, = 8 .4.4.9 feet A,= -1 9YS feet 
m - 
0, 

.- 
E 

Short 
0 

142.38 

I I 
0.26% l;30:30 0.113 301 .58O. l l 3  :303.?6 
0.788 205.87 0.006 234.09~O.OO(i 3 4 . 6 5  

30.80 0.152 YO 50 0.010 1 1 8 ~ 3 0 ~ 0 ~ 0 1 1  118.:11 

61.51 0,006 38.37 0.006 203.35 

1 

S? 
S, 

8, 
S, 

31, 

78.50 
317.08 
290.17 

43.92 
Y00.26 

9.16 

1.995281.56 
357.53 

86.05 

83.1.3 
28.30 

0.147304.28 

327.38 
312.36 
318.52 

315.86 
P4i.:i1 
290.(i3 

277.51 
2OS.?(i 

0 ~ 0 6 6 3 2 2 ~ 5 ( i  

0.036 
0.979 
0.005 

0.004 
0.001 
0,029 

1.939 
0.007 
0.006 

0.006 
0.003 
0.169 

0.445 
0.311 
0.127 

0.055 
0.018 
0.070 

0.387 
O . O ( j P  

78.50 
317.03 
290.17 

43.920.004 
300.26 

42.51 

281.59 
177.58 
86.12 

83.54 
28.44 

141.37 

132.43 
101.93 
148.33 

242.97 
3:!0.24 
244.25 

153.38 
330.90 
822.63 

0.103 

0.007 

31, 5.75(il126.95 -5.922 129.14 4.115 
31, 0~0:14,151.4:30~0:3ii 331.72 0,0:19 
31, 0.J.72:162.22 0.500 1G2.62 0.89s 163.40 

176.06 
91.140.054 92.32 

238.52 0,241 41.78 

202.40;0.447 37.34. 

0.086 
0.979 
0.005 

0.001 
0.023 

0.008 
0.007 

0.006 
0.004 

0.407 
0.250 
0.127 

0.04.9 
0.016 
0.057 

0.398 
0.06-1. 

2.204'168.06 
206.78 

20.3.5 

K, 
l', 

J ,  
(1, 
L, 

SJ 
V ,  

0~002,:305~22 
0.0(i5/1-12.09 

I 

I 

2 . 2 0 ~ ~ 1 6 8 . 0 6  
0.103 266.78 

1.5-1,6 

0.009 
0.005 
0.041 

0.007 

p 2  O..j:3i,2S2.7.510.3FS 2bS.15 0.383 Z(i4.82 

0.79t;30!).6;0 0.640 
0 ~ 1 ~ 0 , 2 4 ~ 7 . 7 b ; / 0 ~ l b 0  

! ! 
O~O.i. i ,382~04~0~0-C0 
0 ~ 0 : 3 5 , 1 0 0 ~ 3 3 / 0 ~ 0 5 0  
O.-L21.! S7.BG;O.:34.7 i 

I I 

i 
1~020 ' :131~15,1~01! )  
0 .:I!).> 20 1,.0-1.; 0.JO-I. 

20.35 

146.59 
0.075'225.37 

228.16 
0.00":303.22 
0~050~10! )~-1~3 

160.21 
57.99 

44.70 
277.8 

134. I5 

I16.6:3 
76.75 

1.546 
0.077 

0.009 

0.526 
0.141 

0.036 
0.043 
0.311 

0.576 

146.59 
225 37 

228.16 
228.99 0.0OS 
119 04 0.031 ~ 

226.99 
85.85 

287'88'0.423 
25-C 76 '0 .141 

337.93 0.032 
129~160~0 :38  
69.03 0.255 

I 
I 

:3:37.:3i10.708 

1158.29 
64.99 

50.6:1 
56.77 

115 56 

102.00 
0.246 11!)6. 97 ; 0.242 71.82 
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DATA FORWARDED TO ENGLAND. 

The following data were prepared and st1p1)lid to  the Director, National Physical 
Laboratory, Teddington, England during the year under report:- 

( 0 )  
Values of the tidal constants for 40 ports for the tide-tables for 1919, ready 

for use for the tide-predicting machine. 

(L) Actual values of high and low water during 1916 at 12 stations. These 
include nine stations a t  which regular tidal observations by self-registering 
tide-gauges were carried out and three stations a t  which high and low 
water readings myere taken during diJ----light on tide-poles. 

( c )  Comparisons of the above with preclicted values for 1914, the errors being 
tabr~lated in such form as to be of use in improving the predictions, if possible. 

The 1)redicted t~rne. and hriqhts of high and lo\\, ~va te r  for the jear l!)l5, as given irl 
the tide-tables, have been compared against the actual Ialnes obtained from ticlal observations 
at the nine stations no\\, \vorktng and a t  three o t l~er  stations where tidal registrations by 
self-registering t~cle-gauges nere stopped but the times and heights of high aud low ~ v a t e r  
were read on the tide-poles. 

The errors of the predictions thus cletermlnetl are taljalated in t l ~ e  five tables herenlit11 
appended. 

No. 1. 

Perceldages a?zcl nmowzts o f  the errors i n  the predicted times of  higlz 
watetl crt the various t idal statio~zs for the yenr 1915. 

S T A T I O N S .  

Aden ... ... 
K c i  ... ... 

... B l ~ m ~ n n g n r  ... 

(Apollo Rnndur) 
Bonibny 

(Prince'e Dock) 

Yadrns ... ... 

Kidderpore ... ... 

Cllittngong ... ... 

Akgnb ... ... 

Rnngoon ... ... 

hloulrnein ... ... 

Porl Blair ... ... 

Snnrber of 
~iotomnlic conlpnrisons 

, r  1 
ti,lc.,,olr actant Ru,l 

obperrltious, 

I mhles. 
I 

Auto.  i , 682 

~ r r o r a  o 
5 nlillntes 

on d under. 

Per  c e ~ ~ t .  

48 

20 

46 

4A 

46 

29 

38 

03 

4Y 

28 

36 

T . P .  

Auto. 

,, 

1'. P. 

A u t o .  

'700 

365 

705 

688 

501 

'706 

365 

363 

703 

'701 

705 

/rmrs over 
5 minutes 
null nuder 

I b  miuutes. 

Per cent .  

46 

40 

31 

39 

42 

44 

43 

4 4 

5 

3i 

44 

45 

~ r r o r s  orer 
20 mimltes 
and under 

30 miuntes. 

r a r  cent .  

2 

16 

0 

5 

5 

4 

1 1  

7 

1 

7 

10 

7 

~ r r o r s  over 
15 minutes 
and under 

20 miuutes. 

Per cent .  

4 

15 

0 

8 

8 

5 

I1 

9 

1 

6 

13 

8 

Over 
30 "'inntes' 

P e r  cent .  

0 

9 

0 

2 

1 

1 

6 

2 

0 

2 

J 

4 
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No. 2. 

Percentages and amouwte of the error8 ira the predicted times of low 
water a t  the cctrious tidal stutiofzs for the year 1916. 

No. 3. 

Percenlccges U I I ~  ciwaounts of the ellrors ilt the predicted heights of high 
zoater at the various tidal stations for the year 1916. 

(Apollo Rnotlar) 
Hr,mbnp 

(Prince's Dock) 

. . . . . . . . .  > l i r w  ) 
. . . . . .  h i l l ~ l c r p o r e  

. . . . . . .  Port Hlnir '1 

Auto. 

Errore of 
.I inches 

nnd undur. 

I'er ceu  t. 

92 

66 

GY 

74 

70 

74 

47 

4 9 

80 

h 4 

36 

HO 

Errore over 
12 inches. 

Per cent. 

0 

0 

0 

0 

1 

0 

14 

I 1  

1 

6 

20 

0 

Errnrs over 
.L inches 
nnd r i~~dcr  
B inches. 

Error. over 
8 i~iches 

nnrl under 
12 inches. 



TIDAL OPERIITIONS. 

No. 4. 

Percentages and amounts of the errom in the pgBedicted heights of loto 
u~ntev at ihe varioz~s tidal stations for the year 1916. 

No. 5. 
Tabl~ of nrerngr ~ ~ 7 ~ 0 9 . 8  i ~ z  the predictecl tintes aqzcl heights of high a ~ z d  

1020 w a t e ~ .  at  the sevel-01 tidal statio~as foll the yea?. 1916. 

Over 

8 inclnes 
aud under  
12 iuch*.a. 

I'cr cent.. 

0 

1 

4 

4 

7 

1 

17 

12 

2 

20 

Errnt.n Over 

4 inchea 
nod lluder 
0 iucbes. 

I'er cent,. 

6 

18 

33 

26 

26 

21 

29 

15 

23 

28 

Errors over 
LB iuchea. 

t'cr c r n t .  

0 

0 

0 

0 

0 

0 

7 

16 

I 

16 

24 

E~~~~~ or 
a ~ ~ n ~ ~ ~ ~ r ,  

Prr  crut.  

96 

SI 

63 

7 1 

6s 

i 8  

4 7 

6 i  

i 4  

36 

3 7 

/ bntornntlr or  
Stntions. I tide-pole 

1 ol>srrtntionts. 

~ 
-- 

Opell C0,l.St. I 
i 
I 

Adell ... ... ... I Auto.  

Knl.icl11 ... ... ' . ' I  " I l h ; ~ u n n p n ~ .  ... ... T. P. 

' I I (Apollo Bnndnr )  Alllo. 

0 

rollze 

n : ~ l ~ , " ~  

6.7 

9 3 

31.4 

13 9 

13.9 

3 5 

11.7 

13.3 

8 . 3  

16 4 

12.7 

X ~ n n  mncr 
at nprillzs 

in Icclt. 

L<n~~lhny  
(Prinrv'a Dock) 

Mnclrns . .. . . , ., 

Akynb ... ... ... 
l'ort, l{lnir ... ,,, ,,, 

C:en~rnI h l rnn  

R i ~ . c v n i i ~ .  

Kicldcrpor~. .. .,, ,,, 

Clri t lspung ... ... ,,, 

Rnngonn ... . .. , ,. 

~ ( I O I I ~ I I I P ~ I I  ... ... ... 

Grnrrnl Mean ... 

9 
2i I 

Nurnh~r of 
cornl~nnsons 

hct ween 
actll,rl .,,d 
predicted 

w ~ l u e s .  

657 

706 

365 

503 

6 1  

706 

703 

365 

364 

703 

500 

S T A T I O N S .  

A d e n  ... ... ... 
G a r i c h i  ... ... ... 
Uhannngar  ... ... ... 

(811ollo B a n d a r )  
Bombay  

(Pr ince ' s  Dock) 

B l a d r w  ... ... ... 
K i d d e r p o r e  ... ... 

C h i t t a g o n g  ... ... 
A k y a b  ... ... ... 
Rangoon  ... ... ... 

J lou lmeln  ... ... ... 

T. P. 

Aillo. 

. . . 

Aulo .  

T. P. 

Auto .  

. . . 

9 1 

Automntic 
o r  

tidc.pole 
obscrvnlions, 

Anto.  

T. P. 

Aoto .  

T. P. 

Auto .  

6 6 Por t  Hlnir ... ... ... 

of I~eiel, t 
iu iuches. 

of time 

706 

Arerace Errors 

of l l r i rht  
in tcruts of 
the  ningr. 

11. \r, 

2 

.I. 

4 

3 

4 

3 

3 

3 

3 

6 

6 

fl \I-. 

'025 

.036 

'01 1 

'018 

,024 

' O i l  

.030 

,038 

,032 ---- 

,043 

,038 

.025 

.052 ----- 

L \\-. 

7 

13 

5 

10 

9 

8 

1 

9 -- 
Y 

14 

9 

13 

15 

1 
L \v. 

2 

3 

4 

3 

4 

3 

3 

2 

3 

6 

6 

I I\? 1,. IT. 

.(I25 

.027 

.011 

,018 

.02k 

.Oil  

.030 

.025 --- 
,029 

,043 

,038 

,036 

'Oi2 

13 1 
8 1 i 

6 . 7  

9 . 3  

31 4 

13.9 

13 9 

3 6 

8.3 

6 (i 

. . . 

11.7 

13 3 

16.4 

12.7 

. . . ,042 

, - 
I5 

5 
I 

F; 

8 

8 

1 

10 

8 

1 2  

10 

8 

12  

11 
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Summary jars 1916. 

CO~IP .~I~ISOS OF TIfE PREDICTIONS FOIL TllE 1E.111 1915 WITH THOSE FOR THE 

PREVIOI'S 1 E  \11. 

On coml~arir~l: the predictions of times and heights of high and low water a t  all the 
n-or kin^ stations for the !-car l ! ) l >  with the corresl~ontling actoal.rendings i t  appeared that  the 
predictions for times at  Aden, AIatlras and AIor~ln~rin ancl those of heights a t  Kidderpore and 
Karlic-l~i hat1 s l i~ l l t ly  improved sillre the year 1!)14~. The predictions a t  other stations mere 
practicall!- of the same stantlard of acrnraej- as those for the year 1914. 

The greatest difference between the actual and predicted heights of low water for 1915 
at  the riverain ports was as follo~vs :- 

liitltlerpre ... 1 foot 11 inches on 27th and 28th July 1915, a c t u a l ~  being Ion-er. 
h n g o o n  . . . 2 feet 3 inches on 27th October 1015, actuals being lower. 
JIorllrl~ein . .. 3 feet 3 inches on 24th July 1915, actuals being lower. 

TIDE-TABLES. 

The tide-tables for the rear  1917 hare been received from England and distributed 
to the various officers concerned. The tide-tables for the year 1918 are being published in 
E r ~ ~ l n n d  and the data for the preparation of the tide-tables for 1919 were despatched t o  
Enb'lnlld in .lpril 1916. 

The amount realized on the sale of ticle-tables during the year ending September 1916 
is Rs. 1,S7 1-:;-lo. 

Number of Shtions. 

Tidal observations during the coming year mill be continued a t  the 9 observatories 
now n - o r k i r ~ ~ .  

P w c t i o u a  hated 

r s n c a ~ ~ r o s  O r  PRED~CTIONS, AT HlOH A N D  LOW WATER WITBIN 

13 Open const 

2 ,. 

3 Riverain 

1 .. 

15 ,,"lutes of netunls. 8 inohes of actonls. onedenth of mean range. 

I.o\?. 

S2 

100 

66 

84 

I High. Low. 

96 

99 

92 

92 

I 

High. 1 Lon. High. 

J. H. Tide-gnoge 

Tide-pole 

5 .  1;. Tide-gnuge 

T i~ i i , . ~v le  

9Y 

97 

73 

76 

82 

99 

76 

8 1 

98 

97 

7 

72 

96 

99 

94 

96 
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LEVELLING 

Provincial Oflcws. 

Mr. H .  G Sbaw, in chnrae. 
,, D. H.  Luxa. 
,, T. F. Kitchen. 

,, Jiya Ln1 Sabgal, up to  31st AupueL 1916. 

,, N .  N. Chuckerbutt,~, L. C. E. 

Upper Suhordinnle Seruice. 

Mr. Knr~ina Kumar Dss, np to 218t May 1916. 
,, Satish Chandra hlukerji. 

Lower Subordi~iate Service. 

2 Compul.ers. 
5 Recorders. 
2 Clerke. 

The recess office of the party closed a t  
Mussoorie on 14th October 1915 and opened a t  
Dehra Diin on 2 l s t  idem. The detachments left 
Dehra Diin for the field on the 4th November 
1015 and returned to recess quarters a t  Mussoorie 
between the 19th April and 3rd May 1916. 

Four detachments were employed in levelling 
oI~erations* during the past field season. The out- 
turn amounted to 828 miles of " fore and back 
double levelling of precision " in the Punjab, the  
United Provinces and in the Delhi Province. The  
out-turn includes 24 miles in Bah~malpur  State, 
24 miles in  Dholl~or State  and 53 miles in Gwalior 
State. Fall cletails of the out-turn of work are 
given in Table I attached. 

The health of the party n7as on the whole good. There were a few cases of pneumonia 
anlong the Khalasis a t  the commencement of the field season. Mr.  Kitchen mas also laid 

up with towards the encl of the field season which uecessitated Mr.  Luxa taking 
charge of his detachment. 

Levelling ol,ercrtio~s.-The was divided among the four detachments as follows; 
detachment cousisted of one lerelling officer, '2 recorders and 1 8  menials :- 

NOS. 1 (h) AND 1 (B) DET.\CH;\IENTS. 

I I r .  Cllnckerbutty n a s  in charge of No. 1 (A) and Mr.  I lukerj i  of No. 1 (R)  detach- 
ment. These two cletacl~meuts worked in o1)posite directions 

( I )  Lerellecl from DeIhi cin" K a r n ~ I  to Ambala along the Grand Trunk Roacl. This is 
a new line and completes the circuit Dell~i-;\Zeerut-A~nb61a-Dellii. The closiug error being 
0 . 0 7 5  of a foot in a distance of 293 miles as shown below :- 

( 2 )  Revised the following lines :- 

( a )  From Somna to Aligarh along the Grand T r ~ i n k  Road and thence along the main 
road to Agra. 

( h )  From Agm to GI\-alior v in  Dholpor along the .Sgra-Bombay Trnnk Road. These 
lines were originally levelled in 1661-62. 

(c)  From Lucknow r in  lTnao to Ca\vnpore by road. This line n-as originally levelled 
in lFtGFt-(i9. 

The cliscrepancies between t,llc old and new eights of bench-marks on the above lines 
are gixen in table I11 appendetl. I t  will be seen that there is a large difference of about 
1.8 fret in all the bench-marks from Colonel Sandcr's monmment, K, to the standard bench- 
mark at (;walior, !!$:', 011 the .ijira-C+walior 11ne. 

D~itnnre 
ill 

miles. 

45 5 

1 2 6 . 4  

121.9 

Onndjurted I 
Lines 

From I TO 

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

* Fide  l ~ l a e x  Mnp No. 14. 

Total 

dpnnmic 
d~ffrrence 
of heieht 

I I I  teet. 

- ?0.435  

+ 161.993 

- 1 4 4 , 6 3 3  

S t n n d a r d  
U.  N. n t  
Dellli. 

S t a n d a r d  
R .  h1. n t  
hleernt. 

S t a n d a r d  
B. hI. at 
AnibilaCnn. 
ton~iient,. 

-I 
292.8  1 - 0 . 0 i 5  

I 

T e n r .  

1912.13 

1912.13 

1915.16 

S t n n d a r d  
B. 11. at  
hleerut. 

S t a n d a r d  
B.  >I. at. 
A~nbilaCan- 
tor~nienL. 

S t a n d a r d  
B. 11. at 
D e l l ~ i .  
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The bench-mark a t  Colonel Sander's monument was the initial poi1 t in 1905-06 for 
the connection of the Standard bench-mark a t  Gwalior and the continuation of the liue t o  
Jhansi, and is identical with that  connected in 1915-16. The evidence is strong that  the  
point on which the staff was placed in 1861-62 is not the same as that  on which i t  was placed. 
Further evidence will be available when the line from Jhansi to  Cawnpore is completed. 

Nos. h m  3 DET.ICHBIENTS. 

Mr. Kitchen mas in charge of No. 2 and Mr.  Jiya La1 Sahgal of No. 3 detachment. 
Mr.  Llixa took charge of No. .J detachment on 28th March 1916 owing to Mr. Kitchen's 
serious illr~ess. 

The above detachments worked io opposite directions, and levellet1 from Jllang ria 
Fizilka, IIalldi Dabwtili, S i l ~ a ,  Hissir ancl Hohtak to Dell~i by road, crossing by direct level- 
ling the Sutlej 811~1 RIivi r i ~ e r s  ea vorcte. This is a new line. It tla\-erses numerous canals 
and large irrigated tracts ill tlie Plinjab a ~ l d  will furnish additional clata for irrigation and 
other purposes. 

Tliis line closes the circuits (n)  Rfandi Dabmili-Ferozepore-Lahore-Sargodlla-J1lang- 
BIaudi Dab1v~li and (o)  I>elhi-ilmbila-Ferozel)ore-JIa11~1i Dabwili-Delhi, the closing errors 
being 0 515 and 0 . 3 i J  of a foot respectively, as shown in the follo~ving tables :- 

L I I I ~ S  

har rodl~u.  ' J l ~ s n g - M a -  1 I mili. 

1 
Etj,ltr<l,led I~:~~lbt.rlded 179.5 1 + 137 223 il915-11. Ernbeddetl Stnndsrrl 202.9 ' 

I E.U.  n r  > r s -  R. 11. 111 I 1%. 51. ut B 31. nt 
$ I O I I S  H<tt19*, \1n11<li Dai ,  h l ~ ~ n d i  Dab- I)ell~i .  
Jl1ur1g.1ln- w i l t .  wili. 
~ I I I : I I I H .  

,I bratlcl~-lir~e from Fizilka to the Stantlartl bench-mark at  Siitlikganj (Uah,iwall~l~r 
State) \\-as r11t1 in ortler to strengthen the connection of thip Stsntlartl hencll-mark. I t  was 
originnlly co~tncctetl in 1!)0\)-10 \\-it11 only one 0111 bench-marli. Tliis connection was 
consitlerml ~ u n ~ n t i r f a c t t ~ r ~ ,  and was rejected. The 1,rcsent seaso~l's work reveals an r~nrlsnal 
a c c u m u l a t ~ o ~ ~  of cliff(-rcnce bc~t\veet~ t l ~ t -  two leveller* in the reenlts of t , l~e fore and back 
l e ~ e l l i n ~ ,  the cause of wl~iell is rlntler investigatio~t. The connection of the Stnntlarcl is 
t11ercfol.e still nnsatisfactory. 

GESEI~. \T.  NOTEA. 

I n  1!)13-11 the new system of "fore and back do~rble levelling" of precision on the 
lines lair1 down in the resolr~tion ~assecl a t  the 17th General Conference of the Irlternational 
Geodetic .\sswiation on tlie ?>th September l'J].', was first adol~ted and has since been 
emplo!ed. 

1 Unndjusteil 
Die l~nce  1 dyllnulic 

Lines. 

~ r o u l  I T o  

Distance 
in 

m~iee.  

Unadjusted 
d y ~ ~ a m i c  

difference 
oE height 

in feat. 
I 

+ 144,033 

- 58.814 

- 1 9 1 1 1 0  

- 5 . 3 4 3  

Tenr.  

1915.16 

1913-14 

IRG0.61 

1907.08 

Yew.  

1907-09 

1913-14 

in d~fference 
miles. I O F  I ~ e ~ g l r t  

1 

F r o ~ t ~  ( ' lo in frat. 

I I 
S t a n d a r d  : Eulbeddeil -11 
B. JI. at I H.X. a t  Hy. 
Lnl loreCan.~  Rest-l~ouse ! 
Ionnlent. ' 5urgutll1u. 

I 

X ~ ~ ~ b e d d ~ d  i E u l b ~ d d e d  : 6 0 . 1  / - 108.58H I1911-12 
R 11. at Kg. I tl M. at Ser-;  I I 
Hcst-lr,,~~rt. ! s i o ~ ~ s  Hotlee, ! 

Circnit B. 
I 

+ 5 ' 3 4 3  

, + 50.731 

Circuit .\. 

I 
B t mn d n r d  S t a n d a r d  
B 1 .  n ' . . a t  

Stnndnrd 
B. bl .  nt 
Delbi. 

t i t , anda~d 
B. M. nt 
AmhilnCun- 
tonnrent. 

Blork.stone 
B. Dl. em-  
h ~ d d r d  a t  
Doruhn. 

Standard 
B. Dl. nt 

7 6 - 7  

49 .4  

Feruzeput.e I Lahore Cnn- 
! tollment. 

Ferozepore. / J Iandi  Dab-  

St,nodard 
B. 81. ut 
Ambi la  Cun. 
tonment. 

Block-stone 
B. M. eru- 
bedded a t  
Dornlio. 

S I a ~ ~ d a r d  
B. Dl. nt 
Ferozepore. 

Embedded 
B. ill. at 

I 

I 

181 .'3 

57.8 

8 6 . 9  

7 6 . 7  
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The following table gives the results of the various lines which have been levelled on 
this new system. I t  will be seen that the results of the probable accidental and systematio 
errors are well within the prescribed limits as given in the resolution p e e d  a t  the above 
mentioned Conference for "Levelling of High Precision". 

Table showing ( i ) the probable accidental error and (ii) the probable sy~temat ic  
error, calculated according to the f o l l o n ~ i ~ ~ g  f o r m u l ~  taken from Departmental Paper No. 6 
of 1914:- 

1 S2 (ii) ur2 = - 
9 2 L  2z 

O, is the probable accidental error in the case of a group of liues, whether forming a closed 
mesh or not; 

or is the probable systematic error in the case of a qroup of lines, not forming a network ; 
L is the length of an ibolated liue, or a side of a polygonal mesh in the case of a netmork ; 
S L  is the total length of a group of lines or of the netmork; 
A is the cliscortlance of the results of the fore and back levelling found between these two 
consecutive bench-marks ; 
r is the distance between these two bench-marks; 
S is the total systematic discordance fonud for a complete liue or for the side of a mesh, 
between the results of the fore aucl back levellin?. 

Lines. 

Prohahle 
a c c ~ d e ~ ~ t n l  errapt 

f 0,00416 f t .  
per n111e.* 

Pl.ohnhle 
syetetllatlc error. 

O 0010G f t .  
11rr 111iIe.* 

Jacobi1)itl to Qnetta . . . . . 

Ferozepore to Lahore . . . . . . 

Denares to narikar  nit11 branch-line 
to Belsar Lock . . . 

Afcrrnt i . in AIot.;idibicl and Bareilly 
to 1Iithras . . . . . . 

Poot per mile 

+ 0.0037 - 

+ 0.002!) - 

* 0.0O"l~ 

* 0 .002-l. 

Foot per mile 

+ 0 ~ 0 0 0 1  - 

* 0 ~ 0 0 0 1  

* 0.0002 

+ 0 ~ 0 0 0 2  - 

l~ iz i lka  to Sidikgauj . . . . . . 

JIandi Dab\\-ili to Fizilka . . . 

C'izilkn. to Jhang ... + 0.0029 + 0.0000 1915-16 I - 
* L i t ~ ~ ~ t s  whir11 mua t  1101. be exceeded in " L e v r l l ~ ~ ~ ~  of  High Precirion". 
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Tie probable errors of circuit-ckvaure from the forniula E = J(0 .0U4)s M + (0.000Y4)P Ma, 
deduced from tAe r r ~ u l l ~  o f  the Indian Geodetic Levelling, given in G .  1'. S .  Volume XIX .  

The above circuits liare been co~npletetl since the publication of G. T. S. V o l i ~ n ~ e  XIX,  
i n  1910. hone  of thcse circuits are formed by lines levellecl rvholly on the new system. 

With the exception of the follominq lines all the lines forming the above circuits have 
been levelled since 1910-11 :- 

C i c i t  A. Line Lahore-Riiwalpindi, levelletl in 1905-OG. 

Circuits I3 ancl C. Line Ferozepore-IIancli Dabwili, levelled in 1307-08. 

Circuit C. Line Ferozepore-Doraha, levelled in 1560-01. 

Circuit E Line 3Iuttra-II5thras, lei-ellctl in 1905-06. 

Tlle actual closing errors multiplied by 0.G74.j are less in three circuits and greater in 
three, than the tl~eoretical probable error of closure as decluced from the above fornlula. 

Tlle unmber of these circuits is so small that  hardly any coml~arisou, a t  present, of the 
quality of the new work cau be made aca i t~s t  that  of the olcl work. The results tend to show 
that  the ?uality of the old mid uerv work are about the same. 

Clrcolts. 

(A)  Lah~rr-Riwal~~intli-Sh,ih~~~~r-Sargodl~a- 
Lahore . . . . . . . .  

(13) hlandi Dabwiili-Ferozeporr-Lahore- 
SarFoc l l~a-J l~a~~g hla~hiftna-JIandi 
I)abwili . . . ... . 

(C) Delhi-Ambila-Do1;r11a-Feroze~~ore- 
hIa11c1i 1):rbwill-Delhi . 

(1)) Delhi-JIeerut-A~nbila-Mi ... 
(E) Dell1i-;\[11ttra-IIBtI~m-Bareillj--J1eeri1t- 

1)elhi . . . . . . ... 
(F) Hnnroon-TI~azi-JIagme-Taungdwingyi- 

Prolne-Hangoon . . . ... 

i 
2 11 
a0 2 " 

35 

Miles. 

448.0 

I 
9 1 9  

5 5  

292.5 

409.9 

8SZ.1 

3 x 0  

? z %  
2'" - w .  
0 0 0  

Foot. 

0.3258 

0.3494 

0.2516 

O.O.jO(i 

0.0580 

0.1875 

C - 
E ' 

1.87 

1 - 8 4  

1 . 2 1  

0.42 

0.36 

0 - 5 8  

- 0 c u  % r ~ e  
s E Z 3  
& & H  g 

0 

Foot. 

0.17-L3 

0.1894 

0.2077 

0.1208 

0.1G12 

0.3220 

C - E. 

Foot. 

+0.1515 

+Oa16O0 

+0.0-1.39 

-0.0702 

-0.1032 

-0.1351 
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TABLE 11-CHECK-LE.VELLINO. 

Discrepancies between the old and new heights of dencl-marks. 

Ternpornry l ine fcrm nurnh~m, not published, of Line 5fi A (Sargoda-hlullin). 
t These dinerences are prohnhly due to tbe large sectional difference obtained between the levellers on 

this tection. 
: Temporary line form nnmbers of Lines 62 B (Delhi-Mnttra) and 62 A (Meernt-Delhi), not published 

Brrcs-MARXS or THE O R I ~ I N A L  LEVELLWQ 
TEAT WERE CONXPCTED mR CHECX.LEVPLLINO. 

Distnnce 
from 

stnrting 
lmnch- 
mark. 

bliles. 

Dsscrlption. Number. 

Check-leuelling at  Jhalrg and l e t t v e e ~ ~  Jhang and Thatto Ytihla.  

z z  

Difference 
(check-ori. 

giuol). The sim 
+de~~otes  that 
the height waa 
greater, aud the 

s ~ ~ ~ l ~ ~ ~  
when originally 

levelled. 

Feet. 

OBSPRVED eElouT ABOVE (+) OR enlow(-) 
STARTINU BENCU.MARK AS DETERUINGD DT 

62' 

53' 

54. 
55, 
511 
47, 

--s 4: 

46* 

Original 
levelling. 

-- 

Feet. 

0.000 

- 1.400 
+ 8'435 
+ 7.824 
+ 6.140 
+ 16.788 
+15.563 

+ 7.495 

Chsck.levelling. 
1915.1e' 

Feet. 

44 A 

,, 

,, 
,, 
,, 
, 

,, 

,, 

Cheek-levelling a t  Ma~rdi  D a l w i l i  and lettueen Mandi Dabwcili and Birang Khera. 

1911-12 

1911-12 

1911-12 
1911-12 
1911-12 
191 1-12 

1911-12 

1911-13 

Embedded, Session's House, 
Jhang. 

Embedded, Jhang Railway 
Station. 

RIain exit pnseage 
Platform coping 
Culvert 
Coping goods platform 

Main exit passage 

Embedded, Thatta MBhla 
Railway Station. 

0.0 

1.0 

1'2 
1.2 
0.3 
6.9 

7'1 

7.3 

0.000 

-1401 

+8.433 
+7.833 
f6.149 

+ 16.848 
+15'618 

+7'484 

0.0 

0 
5.2 

0'2 
1.1 
2.7 

Embedded, Mandi DabaBli 
Railway Strtion. 

Masonry pillnr 
Embedded, Birang Khera 

Ry. Station. 
Home eipnal 
Masonry pil!ar 
Hailwny bridge 

5 

6 
9 

0.000 

-0.001 

-0.002 
+0.009 
+0.009 
+0.060t 

r0'055t 

+0'059t 

44 K 

,, 
,, 

Check-Lecelling a t  Delhi. 

: I ,, 
,, 

2 ,, 

0.000 

-0.008 
-0,037 

-0.002 
+0.004 
+0'008 

0.000 

+ 0'791 
- 8.517 

+ 4'035 
+ 3'197 
+10.358 

83 

8 
85 
86 
87 
3: 

b - +  
6 , j t  

SO 

el 
79 

0.0 

0'9 
1 '2  
1 4  
1'3 
1.6 

2.1 

1.7 

1.8 

1.9 
2.2 

1907-08 

1907-08 
1907-08 

1907-08 
1907-08 
1907-08 

53 8 

,, 
,, 
,, 
,, 
,, 
,, 

" 

,, 

,, 

Check-Levelling ot Gzcalior. 

0.000 

t0.783 
-8.554 

+4'033 
+3'201 
+10.366 

Standard bench-mark, 
Delhi. 

Pirghnib Tower Station 
Asoka's pillar 
Steps 
Yteps 
Bed rock 
Overbridge 

Platform, Kaehmir Gate 

Memorial step, St. James' 
Church. 

Flooring, St. .Jnmes' Church 

0-000 

+0.013 
+0.007 
+0'003 
+O,001 
+0'005 

+O 006 

-0.0'27 

-0,010 

-0.009 
-0.005 , Stone bnse,Mutiny Memo- I rial. 

0.000 

+30.005 
+38.444 
+34'944 
+34'223 
-27'266 

-28.854 

-67.834 

-57'18G 

-58.271 
- 60.844 

0.00Q 

+29.992 
+33'437 
+34.941 
+34 222 
-27'271 

-28.860 

-67.807 

-5717 

-58.262 
-60,839 

1 

0.000 
$32.733 
+38.700 
+49,GiR 
+ 40.G52 
.t35.438 

29 
29 
30 
32 
3.7 
34 

1906.07 

1906-07 
1906-07 
1906.07 
1906-07 
1912.13 

1912-13 

1912-13 

1906-07 

1906-07 
1906.07 

54 J 
,, 
,, 
,, 
,, 
,, 

Railway culvert KO. 356 
Railwny clllvert No. 352 
Hailwap c~ilvert 
Railn-ny bridge No. 346 
Hailway bridge 
Yithnuli, Embedded 

1905-07 
1905-07 
1906-07 
1906-07 
1905-07 
1906-07 

0.0 
1.2 
1.9 
3.2 
4'2 
4.7 

0~000 
+32.724 
+38.703 
+49'G63 
+40.GBO 
+35.407 

0.000 
-0,009 
-0.006 
-0.026 
-0.022 
-0,031 



From this table i t  is noticed that there is evidence of progressive change of level in the Ambila area. 

TABLE 11 ( c o n t i n l l e d . ) - c ~ ~ c ~ - L ~ ~ ~ ~ ~ ~ ~ ~  AT AMBALA. 
Discrepancies beluqecn the old and new heights of bench-marks. 

0 B S E R V E D  EElaETS IN PEET ABOVE (+) OB BELOW (-) STARTINB BENCE.MARB AS DETERMINED BY 

x 
Distance 

~ ) I F F E R E B C E  (CHECK-ORIGIB~I) U 

The sign + denotes thet the height was greater and the eign - Description of hencb-marks nf the oririni~l levelling 
thnt were coun?cted lor check-lerelhr~~. st~rrting Oriqionl 

levelhng. 
less in 

1010-11. 

Feet 
0'000 

+ 0'012 
- 0.002 

not counected. 

+ 0'036 

+ 0.040 

+ 0.036 

+ 0.033 

+ 0'002 

Dnte. 
Check-levelling. 

1910-11. 

check-lev ell in^ than when originally levelled. 

1912-13. 1813-I& 1 1915-18. 

Fcrt 
0.000 

- 0.002 
+ 0.007 

1812-13. 1 1913-14. 1 1015-16. 

- 3.030 
- 3.595 

0 
B.M. 

t at  R. c. Cburch, BrnbSla ... 
2.T.S. n t  R. C. Church, Arnl~;lln ... 

0 

+ 0'009 
- 0.009 
+ 0'048 

+ 0.033 

+ 0.033 

+ 0'030 

+ 0.024 

+ 0.021 

F e e t  
0.000 

+ 0.513 
+ 1.8'25 
+ 0.083 

+ 3.757 

+ 5.019 

+ 4.149 

+10.135 

+11.500 

1.0 

1.1 

!)01.6/h at  St. Paul's Churclt, drl~brila ... 
t nt ditto ditto ... 

.)tandard Bench-inark, AmL5I;t ... 
G.T.S. a t  Block So .  6, Station IIorpitnl, hmbrila ... 
0 
B.31. 

G.T.S. a t  Wesleyan Church, Ambiila ... 
0 
B JI. 

G.T.S. at  Block NO. 3 of No. 2,  Section Hr,spit:rl, 
0 ArnbSla. 

B.U. 

G.T.9. at  Block No. 2 of NO. 2, Section IIospital, 
0 AmbSls. 

R.U. 

0 
G.=.S. a t  Block No. 42 R.r1. -4. Lines, AmbHle ... 
B.M. 

S.T.8. at  Block No. 43 R.H. A .  Liues, Arnbiila ... 

+ 0.014 
+ 0'023 

- 3'044 
- 3.618 

a d o n b t f ~ l  bench-mark, it was missing in  1912-13 and tyas lonod replaced a little sway from itsori, mind site in 1913-14. 

Feet 
0.000 

+ 0.521 
+ 1.825 
+ 0.101 

+ 3.777 

+ 5.033 

+ 4.170 

+10.165 

+11.523 

- 2.622 

- 3.106 

- 3.501 

Blilrs 
0.0 

0.1 

0.1 

0.4 

1.0 

1.2 

1.2 

1.9  

2.0 

8.31. 

5.T.s. a t  N. w. end of  a B w  plntfurm, AlnbSla 
0 Cantonment I la i l r rq Statioo. 

B.U. 

;.T.S. a t  N.W. name plate on " A "  platform of 
0 AmbBla Bailmay Statioll.* B.M.  

3.T.s- a t  S.13. name plate on " A "  pl;itform of 
O Arnb5le Railway Station. B.31. 

+ 0.022 
+ 0.031 

Feet  Feet Feet 
0.000 0'000 

+ 0.503 + 0.512 
+ 1.829 + 1.820 

I 

1.7 

1.7 

1.8 

2 
E 
- 

- 0'004 
+ 0'054 

+ 0-053 

+ 0.050 

+ 0.046. 

+ 0.045 

+ 0.016 

+ 0.039 

t 3.704 

+ 4.969 

+ 4.103 

+10.090 

+11.484 

- 2.667 

- 3.078 

- 3.532 

1906.07 ,not connected. 

1906-07 'not connected. 

- 3.022 
- 3.587 

- 0°004 
+ 0'072 

+ 0.073 

+ 0.069 

+ 0.067 

+ 0'075 

+ 0.039 

- 3'046 
- 3'Gll 

not connected. 

not  connected. 

+ 0.077 

- 2.612 

- 3.139 

- 3.400 

1906-07 

1906-07 

- 2.636 

not connectzd. 

- 3.613 

1906.07 

1906.07 

1906-07 

01 - 

+ 0'045 

- 0,028 

+ 0.031 

- 2.620 

not connected. 

- 3.408 

+ 0,047 i + 0'031 + 0.085 

- 0,061 

-k 0.042 

+ 3.740 

1 + 5.009 

not connected. 

+ 0.034 

+ 3.737 

+ 5.002 

not connected. 

+ 0.019 

+ 4.133 

+10.114 

+11.459 

1006-07 

1906.07 

1906-07 

+ 4.139 

+10.123 

+11.498 
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TllBLE 111-REVISION LEVEI.LING. 
Dhcr,~pancies between the old and new heights of  bench-marks. 

Origtnmlly connected in  IPGI.62. t nee rcrnnrks in Hrport. 

I 

Dintance 
lmtn 

at.rtinm 
tench- 
luwk 

Miles. 

Bmrra.mrnms or Tnm ORIalrAL LIVPLLINO TEAT WIU 
ODRII~CIID DURIIR THE XIVISIUUARI 0rmm~~10~1.  

DiEerenca 
, ~ ~ ~ j ~ i ~ ~ - ~ ~ i .  

g i u d )  The sign+ 
de~lotee thst. the 
hei~ht wtle men. 

!"fz"%~"is 
than w l ~ e u  ori. 
uiUolly 

Feet. 

D~rrrnrucm o? onTrourtRtc eEtants. AIOVI (+) 
011 BnLow (-) T U B  BTARTIUU BENCH-YARI. 

. 

~uruter. 

1 

3, 
4 

7 

6 

9 

13 

50 

21 

22 

14 

16 

1 Y  

19 

37 

36 
3.5 

34 

F"%~~pl 
(uuadjustcd). 

Feet. 

Prom pnbl~ahd 
heightma 

Feet. 

- 

Part of  l ine 
0.000 

+ 4'698 
+ 7.2tiO 

+ 7.018 

+ 1.160 

- 3.289 

- 19'862 

- 17.474 

- 17.917 

- 20'849 

- 30.714 

- 39'988 

- 50.098 

- 61.888 

- 89.814 

levelling. 22.' 
-- 

54 I 

,, 
,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

,, 

54E 

,, 
,, 

,, 

" 3 1 ,, I)rr111, Agrn 
2 ,, / h'loorinp. Pos t  I\Ineter't~ 

I ( l3uncnlow, Agra. 

33 ' 54 I 1 nlock-sto~le crnbedded. 
I i 1 Agrn. 

Tl~cae  rcsr~lts  point to a change of level 

1)escrlption. 

l{nilwny S t n t i ~ ) ~ ~ .  
33 ,, ! Stn~~dnrdbench-mark Agrn 

No.  62 
1861-62 

1905-06 
1905.06 

1903-06 

1905-06 

1861-li2 

1861-62 

1905-06 

1905-06 

1905-013 

1861-62 

1961-62 

1861-69 

18G1-62 

1005-OG 

5-1:2 

Rrvisios of line Al igarl -Rgra.  
Block-stone embedded, 

Aligrrh. 
Well, Alignrh. 
llailwny diatant signal, 

A ligarh. 
Standard bench-mark, 

A ligarh. 
Flooriug, Post  office, 

Alignrl~.  
13l0~li-st011~1 embedded, 

nenr 111ile-atone 5. 
B:ork-stone embedded, 

l l i t l ~ r a s .  
Platform, H i t b r a s  

1 nnpection 
Hungnlow. 

, Verandal~,  H i t l ~ r n e  City 
Icy: Stntion. 

Embedded, l l i t h r a s  City 
Hy: Stntion. 

Block.stone o~nbedded, 
Kemnlgarhi. 

Block-stone embedded, 
Jomnhirgrrh. 

13lorl-stone embedded, 
l i l~nudnuli .  

Block-stone embedded, 
Nnndlilpur. 

I'lntform. .Ju~nlia Bridge 
goods shed, Agrn. 

l i n i l r n p c u l r e r t . d g r a .  
d u m t ~ a  l ty:  bridge, 14th  

Ijter, A prn. 
J u n ~ n n  Itrilwny: bridge 7tlli 

pier, A Krn. 
Vernndnll, Agrn Fort 

1905.06 
1903.U6 

5G.5 1861.62 
I 

0 . 0  

0 . 0  
0 . 5  

1 . 0  

1 ' 5  

7 . 4  

22 '3  

22.3 

23.4 

23.5 

20.6 

36 .5  

4.3'6 

50.2 

52.9 

5 J 2  
5S.4 

53 '6  

5E.1 

(Meerut-Agra).  
0.000 

+ 4.621 + 7.264 

+ 
+ 1.169 

- 3.290 

- 19.824 

- 17'431 

- 17,874 

- 20'804 

- 30.681 

- 39.887 

- 50'993 

- 61'948 

- 89,906 

- H9.10111105-06 

the  periorl lSGl to  1!)16. 

l?eai.iin of  Iir~e ilgrn-Q~c.nlior. P o r t  of  Ir'rtc No. 63 (dgro-Rirorgj) .  
33 j 54 I I Block- s tn~~e  enlbedded, 0.000 1861-62 0,000 0,000 

, / Agrn. 
29 5 i  E , hlnn11111e11t. A grn 
I 1 ,, 1 i\letczlfe'l'est~moninl, Agra 2'41.1 1905-06 - 2.425 -0'011 

hn r ing  occul.rcd hetween Kewalgarhi and A g r a  dur ing 

0 '000 

-0.007 
+0.004 

7 . 0 2 2 + 0 . 0 0 4  

-0.001 

-0.001 

t 0 . 0 3 8  

+0.043 

+0.043 

+ 0.045 

+0.033 

+0.101 

+0.005 

-0,060 

-0'092 

- 6 9 . 5 0 5  
- 91'7.32 

- 91.602 

- 77,047 

- 79.0H.i 
- 0 
- 53.94.7 

- 54.909 

- 91.638 

- 91.515 

- 76.940 

-0.101 
-0.099 

-0.087 

-0.107 

- 0.141 
-0.103 
- O ' . l l X  

-0'128 

1905-06 

1905-06 

1905.06 

HIock-stolle embedded, 1 7 . 6 '  1 4 3 6 6  

- 70.844 1905-06 

1861-62 

1861.62 

lA6l-62 
1861-C4 

14G1-62 
1905.07 
1905.07 
lno5-07 

1 190j-rJi 

- 1 . 3 3 i  

+398.039 
+ 22,418 

+ .30.?C,i 
+ 10.734 
+ 10~RR.1 
+ 33 .03  b 
+ 65.416 

near 3 )  miles from Acra.1 
Blorli-*tons embedded, ! 14 .6  

! nirni. 
4 ,, I Dliolpur 11. S.  3 0 ' 9  

- 4 3 7 4  

- 1 .411  

+.397'968 
+ 22'188 

+ 28'405 
+ 18.970 
+ IH.222 
+ 31 ,265 
+ 63.621 

8 : ,, 

-0.008 

- 0 O i 4  

-0.075 
-0'230 

-1 '772t  
-1,764 
-1.7Gl 
- 1,769 
-1.795 

Bl11ck.ntone embedded, 48.6 
.Tor% 

6 ,. , Ca11: Vnliderr' monnment ; 5 2 . 5  
2 54  J i Koad culvert 1 5 7 . 4  
3 ' ,. i Hnnd bri(lge ; 57.9 
4 j ,, 1 WVII 58.2 

62 .1  C ,, 
I 

Plntform, DanmorRailway 
Lltntion. 
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T A B L E  I I I - ( c o n t d . ) - R ~ v ~ s ~ o ~  LEVELLING. 

> 

Di~cre~ancies  between tAe old and new height8 of bench-marks. 

Dishnee 
from 

starting 
bench- 
mark. 

Niles. 

DIFFERENCE OF ORTHOMETRIC BEIGBTB, A B O V E ( + )  (Reriaion-Orl- 
OR n E L 0 W  ( - )  THE B T A l t T l N Q  B E N C H - H A R K .  ginnl) .Tl~eniqn+ I DJEevence B~~ru.nrbnss OF THE 0RICI INAL LEVELLING THAT W E R E  

CONNECTED D U R I N O  THE n E V l B 1 O N A R r  OPEHATIONSJ. 

Number. 

Revision of line ~ g r a - G ~ o a l i ~ r .  Part of line AVO. 63 (Agra-Sironj) contd .  

denotes thnt the 
height wns c r e s  
ter the * i ~  
-leu0 ~n 1D15.16 
thmn when ori. 

Kinal ly  levellad, 

Feet. 

From published 
hei8hte' 

Feet. 

t:zF8 
-- 

,"R:$ 
levelling. 

Description. 

Rock iu sild 
Hindu  ~ n o ~ i u m e n t  
Culver t  
Bed rock & t  Fanichri  11. S. 
S t o n e  embedded,  Bnnmor 

I tni lnay S tn t ion .  
l ' l ;~tform, B a u l ~ ~ o r  Itailmay 

Stat ion.  
R a i l n a y  b ~ , i d p e  
l i a i l n a y  culvert  
I i a i l~vny  ,, 
Hnilway ,, 
I{~~ilmny ,, 
Railwny ,, 
1tailrn;ly bridge 
I{a~l\vay cu lver t  
Hniln,ay ,, 
l ' l t ~ t f o ~ ~ m ,  BIol,&r Rail\vay 

Stntion. 
I{ailnlay culvert  
I(niln*ay ,, 
l ' l a t , f o ~ ~ ~ n ,  Gwnlior R s i l n a g  

S t n t i o l ~  
It:lil\\.t~y ca leer t  ... ... 
Standard  hench.mark, 

Gmnlior 

7 
8 
9 

10 
11 

13 

13 
14 
15 
1 6  
17 
18 
19 
20 
21 
82 

23 
21 
27 

25 
31 

From 
,915.1(i 

(unadjusted.) 

Feet. 

54 J. 
,, 
,, 
,, 
., 

,, 

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

,, 
,, 
,, 

,, 
,, 

63 .9  
66 .0  
68 .5  
70.3 
63.2 

6 T 2  

l ir i - is ion of l ine  ivo. G5 ( L ~ r c k ~ ~ o i c ~ - l = a ~ r ~ ~ ~ ~ o ~ ~ ~ ~ ) .  

+ 58.815 
+ 61.:383 
+ 88.378 
$261.330 
+ 58.306 

+ 63.641 

-1.770 
-1'765 
-1.821 
-1'8ti7 
-1 .821 

-1 '781 

+ 60.585 
+ 63,148 
+ 90.199 
+26:3.197 
+ 60.127 

+ 65.4,22 

-1.787 
-1,801 
-1.82t; 
-1.058+ 
-1.278* 
- 1.840 
-1.827 
-1.783 
-1.799 
- 1. b16 

- 1 , 6 i 3 *  
- 1 . ~ 2 0  
- 1 .828  

-1.S35 
-1.S"j 

62.9 
64 .4  
65.5 
67.1 
68.0 
69 .2  
( 8 . 9  
71.6 
72.1 
72 '5  

72.5 
73.1 
74.1 

74.8 

1905-07 
1905-07 
190507 
1905-07 
190.5-07 

1905-07 

R~constr~lrtrd. 

. I 

06 

97 
9Y 

7 
99 
6 
8 

9 

0 
28 

70 

61 

1009.10 

1909-10 
0 0  
1868.69 
1909-10 
lSG7-69 
1868-69 

ls6S.G9 

186s-G9 

63B 

,, 
,, 
,, 
,, 
,, 
,, 

,, 

,, 
,, 
,, 

,, 

+ 71,909 
+ 82'051 
+ 86.RHl 
+ 92.710 
+ 94,901 
+ lOl':1S-E 
+ 114.09:3 
+120,8(1X 
+ 121.933 
+ 128'5.55 

+121'252 
+ l : i 0 ~ 7 7 1  
+117.688 

, t 15:3'56:3 

0.000 

+ 6.547 
- 2 9 3 1  
-30.079 
-27.310 
-28 'G91 
-9.870 

$5.744- 

+10.130 
+ 13.651 

+ 6 . 3 0 i  

+ 30.016 

S t a n d a r d  bench-mark 
L n c l i ~ ~ o w  

l<:~il\vay h i d g e ,  Luclinom 
I < O I I ~  c u l v r ~ t ,  Lrrcknom 
8ill.Cli1~istCl111rcl1,Lucknow 
Mile-stoue,  Lnc l< i~o\v  
P l l r t fn r~n  L u c k n o w m u ~ e u r n  
Block-rtc111e eu~bedclcd,  

IJuc~l~llorn 
Plntforlll,  Lucknow Hail- 

W I I ~  S t n l i o l ~  
Pllvrd Sent .  Lucknom 
B l o c k - ~ t o t ~ e  embedded,  

Cnwupnre  
Blnclr-ntone colbedned,  

R l a ~ l ~ L ~ ~ & j  1111 r 

0 '000 

+G.fi57 
-24.9:<2 
- 0 
-27.334 
-28.715 

-9 ,868  

t 5.695 

+10.122 

77 '0  I + 1 ~ 4 . 6 0 1  

0 . 0  

0 . 1  
0 . 5  
1 . 3  
1 . 5  
2 . 7  
0 . 1  

l . S  

3.G 
4 9 . 2  

6 1 . 3  

0.000 

+0.01r) 
-0.(101 
- 0 . 0 1 2  
-0.024 
-0.024 
+ 0.002 

-0.049* 

-0.008 

1905-07 
1908-07 
1005-07 
1!)05-07 
1905-07 
1905-07 
1905-07 
1905-07 
190.3-07 
1905-07 

190.307 

Rlock- tone enibodcled, 59.4, 
Barn  Sirohi  i 

+ 0.113 

f 0 . 1 7 8  

+0 .213  

1S68-69 

1864.65 

1864,-65 

+ 70.122 
+ 80.250 
+ 85.055 
+ 91.652 
+ 99.629 
+ 99.51.a. 
+112.:'66 
+ (19.025 
+120.034, 
+ 181.739 

+119.579 

1903-07 

+ 13.764 

+6 .485  

+ 3 0 r 2 ? 9  

+182.778 

1905.07 
1005-07 

1905-07 

+ 128.951 
+ 145.860 

+I81  ,728 
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TABLE IV. 

Lid  of C.T.S. Ttiangulation S la t iou~  counected by .rpiril-levelling, season 1915-16. 

BEYAMS. 

@ am ground Boor mark- 
stone connected. 

Ditto. 

Ditto. 

Di t to .  

Ditto. 

Ditto. 

Ditto.  

@ on upper mark-stone 
n t  base of protecting 
pillar. 

Name of 8talron. 

Hurlilr T. 9. of t h e  Jogi .Ti l i  
Meridionnl Yer~rs  . . . . . . . . .  

. Pindi T. 9. .. 
1)ipuliun T. Y. of tlre Sullcj Series ... 

Bonosnwils T. 8. .. . . . .  

P ~ y l i  T. Y of t h e  Gurllagnrh 
hlrridio~lnl 8dried . . . . . . . . .  

G i k h i w i l i  T. S. ,, , ... 
Sicibn T. 8. of the Rnhun Yrridional 

Ueriee . . . . . . . . . . . .  

Dl~olpur  H. 9. of the  OreaL Arc 
M e r i d ~ o ~ l n l  Ysr~as  . . . . . . . . .  

Difference 
Old-Xew. 

Fret. 

+ 10.625 

+ 5 ,244  

- 0,527 

-0 .103  

-0 ,412  

-3 .714 

-2,162 

+ 0.067 

Hrlaar ABOVE MEAN-OEA-LKVBL. 

New 
myirit- 

levelling. 
... - 

Feet.  

588.175 

5!)7.(.86 

602.727 

624.903 

671.012 

670.414 

79 8.162 

937.944 

:zt- 
levellln~. 

Feet. 

... 

... 

... 

... 

... 

... 

... 

938.011 

Triau~u- 
lation. 

Feet. 

59s ,800 

602.330 

602'200 

623800  

670.600 

666'700 

706.000 



M A G N E T l C  S U R V E Y  

~l~~ l)resent relart on the \\rork of the magnetic party in 1915-16 comprises:- 

I.-An account of the work in the field and 

PEILSONNEL of No. 18 PARTY. in recess quarters. 

I'rovincisl Oficera. 
11.-A note on each of the observatories*. 

Mr. B.c.J.  Bond, ln cl~nrge.  111.-Tables of the mean values of the 
,, R. P. liny, U . A .  magnetic elements, dates of magnetic 
,, X. H. Mnzuo~dar. disturbances, and hourly means and 
,, It. U. M R I . ~ I I I . ,  B.A. 

Upper Subordinate Sert~ice. diurnal ineqnality of the magnetic ele- 

Mr. B.U. Sl~oine. ments a t  observatories in 19 15. 
Lotuev Subordinate Srruicr. 

3 hlugnelic Observers. 
I4 Computers, etC. 

1. Work  during thenfield 8easoa.-The first general magnetlc survey was practically 
completed after the 73 permanenilj~ marked repeat stations were observed a t  in the 1)l.evious 
season, and as tllese rel~cat stations \v1I1 be visited for magnetic observatiolls a t  intervals of 5 
?-ears, for the ileterlninat~on of sccular chauge, no field obbervations were taken during the 
j ear 191 5-16. It was necessarj, however, for a clctachment to proceed to 1)elhi to select a 
mitable site for a ne\v 1,el)eat station as the "Bt.la" land, on \vI~irh the olcl station was 
situated, was being ilug 1111 rmder a scheme for grading the bank of the Jnmna river. Compa- 
rative observations were talicn by t n o  observers a t  Loth the olcl ancl lie\\- sltes, before the 
former mas clestro~cd, to ensure a continuity of record for the determination of reliable secular 
change values for the locality. 

The observatories a t  Dehra Dun, Kodaikiiual aucl Touugoo were inslxctecl by the 
officer In charge clnring two months of the field season and a complete set of observations a t  
e,wh was taken by him for tlie )early compari.con of instruments. The Alibag observatory 
\\.hie11 is inc1el)cndcnt of tlie magnetic survey of India was also visited for comparative obser- 
vations. 

The staff of thc party was chiefly eml)loyed during the field season iu the f l ~ a l  reduction 
of the Declination ant1 Horizoutal Force at all field stations in India, Burma and Ceylon to 
the sclectecl c])och, 1st January 1'309. 

At the request of the Port Commissioners of liangoon for a snnrey officer to put the 

transit instrmnent at  tlie Rang0011 observatory into proller adjustment, the officer in charge of 
the magnetic party was clirecte~l to visit ltangoon for the 1)tirl)ose where he broke journey on 
his 11-ay to To~ungoo to rcndcr the necessary aqsistance. 

2. 1.lrork dwrrng recess --The coml)ntatioo of the com1)arative observations talien 
during the field scason and the coml)utatioll and tabulation of the l)eclination, Dip, Horizontal 
Force and l'ertical lJorce for the 3 observatories (Dellra D l n ,  Koclaiklnal ancl llonngoo) for 
1915 have been cnmllleted. The mean values of these element: for the Fear 1915 clerived 
from measnrcments of traces of all available daj-s, excluding those of great disturbances, are 
given in table .I at  the end of thc report. 

Tllc ral t~cs of m were formerly comp~itcd with the momeut of inertia determinecl a t  the 
commencement of tlie s ~ ~ r v e y ,  but as thc n~oment  of inertia of all magnets has been steadily 
decrc~asing ant1 the necessary corrections for the cllange were thus becoming large by using 
the old vall~e, tlie latest value has been arlol~ted from the 1st January 1915. 

Since it n-as decitled that the Q term in the distribution coefficient ( 1 + $ + 3 kc.  ) 
is not negligible with tlie Indian Survey magnets ancl is to be taken into account in the final 
rctlnction of the Hor~zontal Porre, thc values of p and q as determined by the formula which 
- -- - - - 

' r'de Index Mnp No. 16. 
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is in page 5 of the Narlative Report for 1908-09 are now used for the distribution 
coefficient instead of the approsimate espression 1 - 5 formerly used in the computation 
of +. 

The valnes of the moment of inertia ancl the distribution coefficient, corrected as above, 
have been used to determine the values of the Horizontal Force given iu table A a t  the end of 
this report; consequently the values in this table cannot be compared mith the values published 
in previous years. 

The final reduction of the observations in Horizontal Force a t  all repeat ancl field 
stations to the selected epoch is making good progress. 

The revised base line values of the Horizontal Force magnetographs of the Dehra DGn, 
Barlackpore, Kodaikfinal aud Touugoo observatories have been computed from the Horizontal 
Force as determined from the finally adjusted constants of the magnets of these observatories. 

The corrected monthly meau valses of Horizontal Force a t  the above observatories hare 
Leen plotted on a chart from \vhich the lines of uniform secular variation have been derived. 

The recomputation of the values of the Horizontal Force a t  the repeat and field stations, 
necessitated by the revised values of magnetic moment ancl distribotion coefficient of the fielcl 
magnets, are nearing completion. 

Tlle reduction of the Declination observations a t  all the repeat ancl field stations to the 
sclected epoch will very shortly be completed. Each field station mith its surrey number, 
Latitude and Lonqitude and value of Declination ~vi l l  be tabulated in the serial order in xvhich 
the!- occur in each snccessive Degree Sheet, from the left hand top corner to the right hand 
bottom corner. 

I t  is proposed to issue nit11 these Declination values, tables of secular change, clescrip- 
tionr of all repeat and field stations ancl an isogonic chart. Wi th  the aid of the secu1a.r 
change tables and the chart the Declination a t  any place, a t  an?- year other than the selectecl 
el'ocb, may be obtained. It will be necessary, however, to  revise aud extend these tables 
from time to time, as additional data deril-ed from future observations a t  repeat stations 
become arailsble, as it  is not possible to  predict to what extent the secular change might vary 
a fe\r !-ears hence. It n-oaltl appear, since the secular c l~ange has not altered more than a 
n i i n ~ ~ t c  in  the last 10 !-ears, that no yery large cllange is likely to occnr in the nest  few years 
ant1 the tab1t.s can he used for all practical purposes until they are revised in 1919-M ~vlren 
ohwrvations \\-ill r ~ e  taken a q i u  at  repent stations. 

3.  Pl'O!/?-/,-nmli~(, for 1916-17.-Daring the ensuing field season morl; will be limited to 
colnl~arisons of instruments a t  the observatories by the officer in charge of the party. 

1111 t l ~ e  members of the party \\-ill be employecl tliroughont t l ~ e  year on the reduction of 
the r;arvcJ- to tlie relccted epoch. 

A,-Dehra Dun Observatory. 

1. The olservatoq mas in charge of the magnetic observer Rabn Shri n l ~ a r  up to tlle 
22ntl ~~~~~~~~~r 1915, nheu he n a s  relieved by Babu Abcli~l hIajid who was placetl temporarily 
in charqe until the return of Bahn Shri Dhar from mcdical leave on Qhe 2 n d  September 
1916. 

The Horizontal Force and Declination magnetographs have worlretl satisfactorily 
during the year. The \-el-tical Force instrument has behaved as well as conld be expected of 
these instrumrnts and it  was not necessary therefore to replace i t  by another spare instrnment 
a< nns intended last year. The burner of the lamp of tllis instrument \\-as altered by the 
IIathematical Instrument Office, Calcutta, and the lamp now burns satisfactorily. 

After repairs to the underground observatory, carried out in 1922, to prevent t l ~ e  
repetition of inundations during t l ~ e  rainy season, the malls of the observatory ~vitl~stood the 
ieht of the monsoons 111) to last ycar; but ~ ~ n f o r t ~ ~ n a t e l y  (111ring tlie heavy rain in Allgust thin 
>ear the observatory began to leak and in the course of a few days the water rose almost thrcr 
fec~t in the passage round the room and flowed 01-er the 14-foot wall across the doorway. As 
i t  was feared that the instrument5 might be swamped and to avoid any risk of injury to them, 
the wall a t  the doorway was raised to a t~eight  of about 4 feet. 

Tlle boulder trench round the observatory is connected by a drain pipe to carry off the 
arcnmrllation of any subsoil water in it, to a large open pit which had been designed for the 
pnrl'ose ootsidr the observator>-, and the passage round the room of the obse~vatory is simi- 
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larly connected to carry off any water collected in i t  to a mamnry well ; but the undersoil 
water had percolated into the pit and well a t  tlie same time that  i t  entered the observatory and 
the water in each was a t  the same level. 

Coolies were employed, night and day for about a fortnight, in bailing water out of the  
passage, drawing i t  up by a charsa (large leather bowl-shaped bucket) from the well and 
puml>ing i t  up from the pit a t  the rate of 250, 1200 and 500 gallons per hour respectively; 
but  in spite of this the water continued to remain a t  the same level for three days, after which 
i t  gradually decreased and the passage pit alid \re11 were fiually draiued. 

The settliug down of the water was due more likely to  a natural subsidence of the 
subsoil water on the cessation of rain in the hills than to the  effect of bailing and pumping. 

The outer walls of tlie underground observatory have suffered much from the frequent 
pressure of the subsoil water wI.ic11 percolates through the walls and plaster. After tlie 
subside~ice of the water it  was noticed that  the plastering in the passage on the north side of 
the room had bulgecl out and craclied for more than half the length of the wall and a leak 
was also discoverecl under tlie cloor sill a t  the entrance to tlie onderground room. 

Altho~igh precautions might be taken by freshly plastering tlie walls of the observatory 
there is strill a fear of further inundations as tlie walls are already weakened by the constant 
penetration of water during tlie rains. The safety of tlie observatory and instruments during 
the rainy season is therefore a problem which will require careful attention a t  an early date. 

2. Mean values of the Declination and H. F. cowstai~ts.-The table below gives the 
mean monthly values of magnetic collimation, the clistribution constants P,., and P,., as 
obtained directly from the deflection observations and the acceptecl rallies of p and q used in 
determilling the values of tlie re~isetl  distribution factor. The values of m are also given, 
correctecl for revised distribution ant1 change in the moment of inertia. These revised raloes of 
m are used in the compatntions for 1915 and are derived from tlie vibration observatio~is as 
determined with the chronogml~li. 

Jfealz values of the  constant.^ o f  Jfagrtet 11'0. 17 z u  1915. 

:). Menn buse Zinc vnlues.- The table below gives tlie mean monthly observecl and 
rtcceptetl valurs of tlie cleclination and horizontal force base lines: the accepted values have 
been r~srd to compute the values of these elements for 1915. The H. F. base lines have been 
derived from 11 as determined with the present revised values of the moment of inertia and 
distribution coefficient. 
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Base li>re valzrrs of Magnelqqrnphs in 1915. 

E. 7 % ~  I I L P , ~ ~  .~cl l le  rvrlnes c o l d  tempu~.ature r.rcn!/e.- The mean scale values for 1913 
for a11 ordinate of 1/25 inch are :- Horizontal Force 44.5 gammas. 

Declination 1 .03  minutes. 
1-ertical Force 4 8 1. t.o 6 .  %9 qarnmas. 

The meau temperature throughout the year \\,as 27O.0 C. The temperature of reduc- 
tion is 27O.0 C. 

5 ,  ,Ifrrrrr n lo~ t th (g  r.r~lrrr.c n t z ~ r !  srcnl/ir cho~lge . -  The following table shows the 
monthly mean values of the magnetic elements for 191-t-15 and the secular changes for tha t  
period : thcae secular changes are tledaced from the val~ies of 13 as corrected for the changes in 
the moment. of inertia ant1 the reviser1 distribution coefficient. 

,%~rulnr rhnnges rrt 1)rfil.a Dtin in  1913-15. 

H o n l z < > x ~ . i ~  F o n r ~ .  , D E ~ L I N A T I ~ X  V E ~ T I C A L  FORCE 
E. 2 ' +  N. 44, + .32000 C. G .  8. + 

idcrrn<. I 
1.14. 1015. ! :K ,914. 1 ICJI~, 1.14, I ~ 1 6 .  I sernl"r change. 

I I .  . 
I I ,  

Y Y 1 Y 

1 3  I9 9 27 6 7 . 7  384 4 4  IUO 

4.I lB.! I  1 6 . i  3 - 2  20.4  29 2 7 330 493 103 

I pril 3 - 2  21 -7  2 8 . 8  7 . 1  40!l 601 92 

3 2 1 1 2  0 29 :3 i 3  421 607 86 
I 

Jone 3 .1  2 ~ 8  30.4  7 8 432 616 X3 
I 

3 3  2 3 . 2  30 9 7 .7  438 631 93 

Anons t  3 6 21 1 31.6 i 6  416 638 93 

3 8 26 0 :I2 I 7 .1  468 6 M  82 
I 

92 

:)eremiter 

- -- 

I 

DECLINATION. 

p- value of Bnae llue 
U M ~  lil~e. I I accepbed. 

HORIEONTAL FORCE. 

Yenu valuenf Bwe liue 
Base line. accepted. I I R~mrsas .  

' 

1 

i 
} 1 31 - 2  

i 
1 
I 
) 

1 3 0 . 8  

1 30 .7  

Jnnonrp ... 
Februnry ... 

Uarch ... 

April ... 
&I q ... 
June ... 

Jnlp i 
Angnst ... 

September 

Octtnber ... 
Xovember .. 

H. Y. 
To 1 0  6 on 7th 

From 10 29 O I I  7 th  

To September 14th 

For .. 16th 

O N  , 16th 

1 31.1 

1 31 ' 4  

1 3 1 . 3  

1 31 .4  

1 31 .2  

1 91 .1  

1 31 . 2  

1 3 1 . 2  

1 31 - 2  

1 3 0 . 8  

C. G. S.  

.327!13 

,38799 

.33798 

,32795 

.32iO9 

,327Y7 

.32i98 

.39809 

.3?S05 

.%!SO6 

,3279s 

,32793 

'32790 

.32790 Uecenlhr . 1 I 30.7 

C. G S. 

,32799 

.32T99 

,3279s 

'32796 

.32i89 

..32797 

'32798 

.32809 

-32805 

,32805 

.32802 

'32798 

,32793 

.32790 

,32790 
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6.-Barrackpore Observatory. 

1, The observatory was closed on the 25th April 1915, but  as the magnetic resulte at 
the observatory were given only up to the encl of the year 1914 in last season's Records, i t  
remains now to give them up to the time the observatory was closed. 

2. Meon 7.arue.q of tlle ~tec,/i>rutton and H. F. co)utanla.-The following table gives 
the monthly mean values of the magnetic collimation, and the revised distribution constants and 
moment m, as explained in para 2 of the note on the Dehra Dun Observatory. These revised 

values of m were used in the computations for 1915. 

Mean values of the constalzts of magnet No. 20 in 1915. 

3. Mercrr zlrr/tten of hose IIIIPP -The table belo\\. gives the lnean nionthly observed and 
aecel)ted base line values of the Decl~nation ancl H. F. instruments: t l ~ e  accepted vall~es have 
been nsed to cotnpnte the \,alt~es of these elements for 1'315. The H. F. base lines are derived 
from H as dctermlned with tlle present revised values of the moment of inertia and distribu- 
t ~ o n  coefficients. 

Hrtse l ~ l t e  I.UIYO.F ?f Mng~~etoyt.nolrs 111 191.5. 

MONTHS. 

4. Menu scnlr vnltces atid tenrpe~~c~tu~.e ~c~n/~e.-l'lle mean scale values for the year for 
an ordinate of 1/25 inrll are :- Horizontal Force -1,. 86 gammas. 

Declination 1 .0Y minutes. 

Vertical Force 4. -E3 gammas. 
The mean lc~nperatr~re for the 4 months, January to April, was 51'. 7 C., with maxi- 

mlum and min i~nr~m vall~cs of 38'. 1 C. to SlO.1 C. The temperature of r e d ~ ~ c t i ~ n  is 31C.0 C. 

DECLINATION 
COSSTAXTS. 

Menn 
rnn~ne t i c  

collimation. 

, ,, 

H. F. CONSTANTS. 

 IONT TI IS. 

Jnnunry ... ... 

Febr~~nry ... ... 

blarrh ... . , ,  

April ... . . .  

5. Menn IIIOII~AI!/ caluer rr~zd secrrlar chnn!/r~.-The following table gives the monthly 
mean values of thr  ma!:nct~c elements for 191 1 and 1!)15 ant1 the secular changes for that  period: 
these s r c ~ ~ l a r  r l~anac  vallles are deduced from the values of H as corrected for the changes in t h e  
momcut of inertla and the reviscd d~stributlou c.oeffic~ents. 

LIISTRIIUTION FACTORS. 

Jan~ary ... ...I - 7 23 

MEAN V A L U E  or m. 

PI., 

6 . 6 3  

6 . i l  

6 . i C  

G ii, 

February ... ... 

Alarch ... ... 

April ... ... 

R~arltss. 

From 1st to 6th. 

,, 7th to 18th. 

,, 19th to 26th. 

DECLI~ATIOS. 

3lenn vn111e 

Monthly 
meme. 

i 
1 9 3 6 6 6  

I 
- 5 29 

- 5 26 

- ; 2s 

I l o n ~ z o x ~ , \ ~  FORCE. 

N n i u  rrdae 

Accepted 
m. 

936.66  

Accepted vnluea. 

or 
b ~ s r  liue. 
--- 

J I 

- - 0 4 4  4 . 5  

- 0 4 . 6  

- 0 4 .6  

9 

3 

p2.3 

5 . 3 6  

7 - 3 2  

i . 4 0  

5 . 4 7  

------ 

m - 
aC 

H n ~ e  line 
accepted. 

C.G.8. 

.KO96 

.37U96 

* 37098 

( '37100 
I 

1 .,;lo5 
1 . 3 7 1 0 7  

Tllrse l ine  
ncceptegl. ! 'lf Ilne*. lioe. 

C . G . S .  

1 
} -0' 4 ' .5  

I 
J 

,37097 

,37097 

3iO99 

.a7105 
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Secular chr~nges ar Barrackpore in  1914-15. 

C.-Toungoo Observatory. 

1. Blr. B. B. Shome held charqe of the observatory up to the 2Gth January 1916 
when he was relieved by Mr. K.  N Mukerji, formerly magnetic observer a t  the Barrackpore 
observatory. Mr. Shome was transferred to the head quarters office of the party a t  Dehra Dun. 

The declination, H. F. and V. F. maqnetographs have worked well throughout the year. 

2. Mearb vulz~es o f  declinntiox azrl H. F. cov~stants -The table below qives the mean 
monthly values of magnetic collimation, and the revised distribution constants and moment m, 
as  explained in para 2 of the note on the Dehra Dnu observatory. These revised values of m 
mere used in the computations for 1915. 

The fall of the moment of the magnet continued to be 1 . 0  C.G.S. as in tlie previous 
year which is higher than the average normal fall of the other observatory magnets during a 
year. 

Mean val?res o f  the Constants of Magnet No.  19A rn 1915. 

Monrns. 

Jnnuary ... 

... February 

March ... 
April ... 

hIny ... 

June ... 
July ... 
bugust ... 
September ... 

October ... 
November ... 

... December 

3Ienns . 

HORIEONTAL FORCE 
.37WO C.Q.3. + 

D E C L I N A T ~ ~ ~  VERTICAL FORCE 
E. O0 + N. SO3 + I .PZI)OU C.G.Y.+ 

Moarns. 

DECLIXATIO~ 
CUNBTAXTS. 

Mean UEMARKS. 

H. F. CONSTANTS. 

i n 1 .  I 1915. ( ::::E 1 1.1. 

To JIurch 13th. 

From lGt,h hfarcl~.  

To December 9111. 

From December 1 ltll 

Junuary .., 

Februnry ... 

hIarclr ... 
April ... 
hIn J ... 
June ... 
July ... 
August ... 
Srpternber ... 
(lctobsr ... 
Sovember ... 
Dacember ... 

6 

I ~ I S I R I D U T I O ~  FI\CIORS. 

lCll5, 1 ::cg 1 1914. 1 1 :E:EF: 1 1014. 1 1916. 1 
Y 

393 

398 

396 

393 

.\IEAN V A L U E S  O F  m. 

408 

415 

403 

399 

397 

309 

401 

406 

29.0 

2 8 6  

28-3 

27.7 

maenrtlc / 
collimarion. I Accepted values. 

i 1)l.Z 1.'2.3 1 
I P I  9 

' 

34.6 

34.1 

3 3 8  

33.4 

Y 
398 

396 

s98 

401 

bfo~~tlllg 
menlls. 

877.31 

87731 

877.31 

870.91 

876.87 

876-71 

876 G9 

876 GO 

876 48 

876.40 

876. 36 

876.31 

876. I6 

876.00 

- 5 6  

5 5  

6 .5  

5 7 

61.3 

61.7 

6 2 0  

62.2 

... 

... 

... 

... 

... 

... 

... 

... 

... 

Y 
+ 5  

- 2  

+ 2  

+ 8  

AccrpLe81 
nl. 

877.31 

877.31 

877.31 

876 91 

876.87 

I 8 7 6 , i l  

876.69 

876 GO 

876 48 

876 49 

870.36 

876.31 

876 16 

870.00 

, ,, 
-10 3 

- 9  62 

- 9 66 

- 9 58 

- 9 5 1  

- 9 54 

- 9 51 

- 9 67 

-10 4 

- 9 66 

- 9 64 

- 9  69 

Y 

421 

430 

431 

438 

4-49 

462 

461 

466 

473 

476 

488 

488 

457 

56.8 

57'2 

57.4 

BY 0 

I 

+ 4 . 6  

4.5 

4.6 

4.2 

... 

... 

... 

... 

... 

... 

.. 
... 

.. 

... 

... 

... 

... 

... 
... 

... 

Ln . 
0, 

... 

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

... 

... 
I '.. --- 

MI1 

I 

8 29 

8.27 

8.28 

8.35 

8.27 

8.29 

8.29 

8.35 

8.39 

8.37 

8.35 

8 3 3  

. . . . . .  

Y 
489 

496 

501 

506 

... 

... 

... 

... 

... 

... 

... 

... 
--- 

... 

32.81 

9'02 

9.13 

8.85 

9 02 

9'13 

8 . 8 2  

9 08 

9.10 

9 0 9  

9.03 

8 97 

8.93 

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

... 

... 

... 

... 
... 

't 

+68 

66 

70 

68 

... 

... 

... 

... 

... 

... 

... 

... 

... 

3p.4 

32.0 

31.5 

31.1 

30.7 

30.2 

29.6 

32.2 

58.1 

5 8 7  

60.1 

5 9 6  

60.2 

60.3 

61.0 

60'8 

------ 
... 

... 

... 

... 

... 

.. 

... 

... 

... 5 8 9  
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3. Meas base liae value?.-The fo l l~wing  table gives the mean monthly observed and 

accepted base line values of the Declination and H F. magneto graph^ : the accepted raluea 
have been used to compute the values of these elements for 1915. 

Tlie H. P. base liues are derived from H as determined with the present revised values 
of t h e  moment of inertia and distribution coefficients of magnet No. 19A and are not 
redaced as formerly to  the value of magnet No. 19 which was in use in  the earlier years of the  
observatory. 

Base line  value^ of Magnetographs i n  1916. 

4. Meal? scale values and tenqerature ranye.-The mean scale values for l!)l> 
for an orclinate of 112.5 incll are :- Horizontal Force 5.Y!J yammah. 

Declination 1.01 minutes. 

Vertical Force 5 .W to 6 . 3 3  gamniab. 

Tlie lncan tcn~perature for the year was S!I0.2 Falir. \n th  nia\imoln ant1 ~ n i t ~ i n ~ u n l  
m o ~ i t l ~ l y  values of bYO. 7 17al1r. to Stio.9 Fahr. Tlle temperature of recluction iz Fi!I0.O 1"allr. 

5 .  Mean nionthly i - n l ? r e ~  and secular change.-The table below :rives the mcnn 
rnontl~ly values of the maqnetic ele~uents for 1914 and 1015 and the secular cliange for t l ~ a t  
period : these secular cl~anqe values arc deduced from the I-alues of H as cor~ected for chan;ea 
in  the 11101nent of inertia and the levisecl distribution coeffic~ents. The values of I1 i l l  tilts 
table ale all in terms of ~naqne t  No. 1'3 A. 

S e c i ~ l a r  chaages rrt Toringoo in 1914-13. 
- 

Moarns. 

July. . 
August . 

September. 

October . 
Xovel~lber . 
Decell~ber . 

MONTHS. 

January . 
February . 

nlurcll . 

April . 
May . 
June . . 

+ 

HORIZONTAL FORCE. 

I Mean value B~~ line 

B,s::i,,, accepted. 

NOWTIIS. 

J I I I I U I I I . ~  . 

Frbrllary . 

!~i,~rcli . . 
Apr i l  . . 
Blay 

June . . 

JUIJ . 
A I I ~ I ~ .  . . 
S~tpteliiber . 
Octohcr. . 
November . 
Deceniber . 

I I E C L I P A T I O ~ .  H O R I ~ O X T A L  ronce. 

C. G .  S 

.38633 

-38633 

.3863i 

.38C23 

.38620 

.36(;31 

38631 

1)ECLINATION. 

i Mean ralue Dpee line 

Boseoiine, nccopted. 

Meon. . . I 936 I 1005 I + M  I 2.G I 3.1 1 -5.7 1 6 .1  / 7.2 1 +lml 1 629 1 653 1 +a 

C. 0. S. 

.38(;33 

,38633 

I ,38630 

.38626 

'3SG31 

'38';31 

o r 

0 51.2 

0 51.1 

0 51.1 

0 5 1 . 1  

0 51.7 

0 51.9 

HonlarnsT,\L Fo l l r~  
.3HU110 C. ti. S. + 

- -  I 1915, I sc~111.r cl~unge. 

DE~I.ISATI~IS. 
o3 + 

1014. I 1:'. I S e c ~ l l n  
E. cbunpe. 

I D ,  

0 6 2 . 3  

0 52 8 

0 52 9 

0 53 2 

0 53.2 

0 53.2 

1 

, 

} 0 51'1 

i 
J 

0 51.7 

0 51'9 

DIP 1 V ~ l l T l m ~  Forcrs. 
N. 23' + ltiUOU C. 0. 5. + 

I lD16, I secll1.r 1 lili, 191i, I i e c ~ ~ l ~ r  chauge. chnuye. 

6 . 0  

4.4, 

4 . 1  

3.0 

3 - 2  

2 9 

2 5  

2 0 

1 . 6  

1 . 1  

0.7 

0.1 

c .  0 .  S. 

,38627 

,38624 

.3862i 

.38623 

.38622 

.38G1G 

0 5 2 . 9  

0 52 8 

0 52.9 

0 53 2 

0 53.2 

0 53 2 

Y 

+ I 5  

2.4 

23 

23 

23 

18 

I9 

25 

28 

17 

8 

13 

IIH5 

979 

9S1 

9 i 9  

981; 

986 

98G 

980 

982 

989 

991 

997 

C 0 9. 

.38G2i 

,38624 

,38627 

,38823 

,38622 

.381$16 

5.7 

6 .8  

5 . 1  

G 0 

6.9 

6.7 

6.8 

6 . 1  

6 . 1  

G.7 

7 . 0  

6.7 

0 . 5  

1 . 0  

1 3 

1 6 

2 .1  

2 . 4  

3.0 

3 9 

4.6 

6.1 

6.4 

6.0 

Y ' Y  

11100 

1003 

1004 

1002 

1009 

1003 

1006 

1006 

1010 

10OG 

990 

1010 

6.7 

6.8 

6 . 9  

7.0 

6 .8  

7.7 

7 .2  

7 . 2  

7 . 1  

7.6 

8 1 

7 7 

-6 .6  

6 . 4  

6 4 

5 - 2  

5 3 

6 .3  

5 .5  

6.9 

G.0 

6 . 2  

G 1 

6.1 

+ 1 ' 0  

1 . 0  

Y 

G24 

623 

Y 

C1. l  

647 

GI8 

G4S 

4 

659 

G53 

663 

654 

659 

6G3 

Gfi0 

Y 

+20  

24 

31 

22 

21 

35 

27 

25 

25 

1 9  

19 

:g 

1 8 ,  616 

1.0 626 

0 9 

2 0 

1.4 

1 . 1  

1 .0  

0 . 9  

1.1 

1 0 

628 

624 

626 

G28 

G29 

640 

644 

643 
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0.-Kodai kanal Observatory. 

1. Magnetic observer Ramasvami Ayyangar held charge of the observatory during 
the year. 

Thanks are due to the Director of the Solar Physics Observatory for the cordial 
assistance in all matters connected with the magnetic work. 

The magnetographs worked satisfactorily t h r o ~ ~ g h o u t  the year. The chuck of the 
magnet rlsd with the observatory magnetometer had become worn and lost its grip : the spare 
chlick of anotlier magnet mas substituted on 25th January until the original chuck was 
repaired and used a month later. The temporary chuck was heavier and i t  was necessary 
to  take r moment of inertia experiment with it as well as with the original chuck after 
repair, so as to  preserve n co~itinoity of record. N o  change in the moment of inertia was 
appreciable in the magnet when the repaired chuck was used. 

During tlie inslmtio~l  of the observatory the torsion head of the Declination magneto- 
.graph was tornecl on accoilnt of the grad~lal shift of the trace due to  secl~lar change. 

2. Jfeata values of Declitilrtion and H. F. consfants.-The table below gives the mean 
rnolitl~ly values of the magnetic collirnation, and the revised distribution constants and moment 
m,  as r\plninetl in p a n .  J of the note on the Dehra D i n  Observatory. These revised values 
of In were u>wl in tlie compntntions for 1913 and are derived from the vibration observations as 
detrrrnilied with the chronograph. 

Mean values of the constnnlv of magnet No. 16 i n  1915. 

' I)T.CLI. 1 , DECLI. 
N A T I V S  H. F. coasraxrs. ! N A l I O X  

C I ' S Y -  I CONS-  H. F. COXSTANTS. 
TASTS. / TANTS. 

.- -- 

July . -:4?8 

April . - 3 2 9  

J I n  . 1-328 9U.; 501 
I I 

June . - 3  25 .j st13 b l l  
i I 

3. JI,,,I,I h ~ ~ a c  l i t ~ e  r~ctl/les.-The follominl: table gives the mean monthly observed 
an(l nccel~ttul base line values of tlie €1. F. ant1 Declination magnetographs: the accepted 
vallies Iiat-e been usell to cornl,r~t,e the values of these elements for 11113. The H. F. base 
line \-nll~e.; ha\-e been derived from FI as ,leterrnir~ecl with the present revised values of the 
nlo~i~erlt  of inertia ancl distribution coetficients. 

B(1.l.e line voOres of ~Mn~~rctographs i ~ t  1915. 

l , r < r  I Y I T I ~ , ~ .  I l ~ ~ ~ l z n s r r l .  Fvnr~. l ~ n ~ 1 1 . o ~ ~ ~ ~  FORCF. 
--- 

!I .~raq.  alo~ras .  

Ill<, ,d,,, H".cI""I 

- -  I .  
1 

' i  c . Q . . ? . :  C . Q . S .  
i 

. I s ~ ~ ~ a n r ~  . 1 .->i i / 3 i 3 i 1  . 3 i 3 i l  J u l  . . I 1 67 3 i 
I 

Fphr~~nrr ' 1 57 6 
I? 

a ~ c a  I i; 4 

.4prll I 7 7 

M., . . 1 57.t; 1 / .3 i373  1 .37373 November . 1 5 7 . 7  
I 

June  . . I 57 4 i 1 ,37373 1 .T i353  December . 1 57 4 

,37370 

. : j i 3 i l  

.37370 

,37370 

.a7367 

,37363 

.37370 

'37371 

.37370 

.37370 

.37367 

.35363 
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4.  Mean scale values and lempei.a!ure range.-The mean scale values for 1915 for am 
ordinate of 1/25 inch are :- Horizontal Force 5.90 gammas. 

Declination 1.03 minutes. 
Vertical Force 5.18 to 5.58 gammas. 

The mean temperature for the year was 18O.5 C with maximum and minimum monthly 
values of 19".0 C to 17O.5 C. The temperature of reduction is 19O.O C. 

5. !Mean t r ~ o ~ ~ ~ h l y  ~.ulues a11d seczil(lr cltrrnge.- The table below gives the mean 
monthly values of the magnetic elements for 1914 and 1915 and the secular changes for tha t  
period : the secular change values are deduced from the ralr~es of H as corrected for t h e  
changes in the moment of inertia and the revised distribution coefficients. 

d e c ~ ~ l u r  chunges a t  KoduikZnul iu 1914-15. 

6. 'liangfer of the Koduikinul Observatory.-It has been dee~ued advisable to place 
the Kodaikinal Observatory under the control of the Meteorological Department, for a better 
supervision of the work of the observatory than is possible a t  so great a distance from the 
Survey Head Quarters a t  Dehra Dun. TVith the approval of the Director General of 
Observatories and the sanction of the Government of India, the magnetic observatory and the 
observatory staff were transferred to the Rfeteorological llrpartment on the 1st  August 10 16. 

It has been arranged that the 1)ircctor of the Korlaiktinal Observatory will continue 
to  send the ~~erio~l ical  returns of the magnctir obser\ations as usual, in original and dul)licate, 
to the Oficer in charge of No. 18 Part! for t l ~ e  computation of the observations aud for 
record. 

111.-Taur.hs OF R ~ s r  LTS. 

7 

V E ~ T I C A L  FORCE 
.UZOOO C. G .  s. + 

MONTHS. 

January ... 
February ... 

hlarol~ ... 
April ... 

May ... 
J u n e  ... 

J u l y  ... 

Auguet ... 

S e p t e ~ ~ ~ b e r  ... 
October ... 
X o r r ~ i ~ h r v  , 

DIP 
N . h O +  

A- Mean values of the magnetic elements a t  obseruatories in 1975. 

Menne ,.. 

lS1" 

8 2 

8 . 5  

9 . 1  

9 . 8  

10.5 

11.7 

12.0 

12.5 

12.5 

12.7 

13.7 

13.5 

Secular 
chanre. 

-- 

+ 62 

71 

74 

68 

69 

60 

66 

63 

60 

6G 

61 

63 

- 

lo''' 

' 7 7 7  

719 

723 

730 

737 

745 

758 

7G1 

767 

767 

769 

780 

778 

t- 

~ ) E ~ L I N A T I ~ N  
w. 10 + 

Observntory. 

Dehra D i n  ... 

Toungoo . . .  

Kodaikinal ... 

December ... 

781 

794 

804 

805 

814 

818 

827 

820 

827 

829 

841 

841 

- 

Honrror; V A L  F O ~ C E  
'3io00 c. a. s. + 

763 

Sec''lor 
chnuye. 

-------- 

+ 6 . 3  

6 - 4  

5.4  

5 . 3  

5 .3  

6 . 5  

5 .5  

5 .5  

5.1 

4 . 6  

4.4 

1916. 

13.7 

15.0 

15.8 

1 5 . 9  

16.7 

17.2 

17.9 

17.2 

17.9 

18 .1  

19.2 

19.1 

1914. 

14.5 

14.9 

16.2 

15.7 

16.3 

16.7 

17.1 

17.5 

18.3 

19.3 

19.8 

L a t ~ t u d e  snd L o n g ~ l u d e  

0 , I/ 

30 19 19 N 
78 3 19 E 

18 55 4.5N 
96 27 3 E 

10 13 50 N 
77 27 SG E 

8171 + 64 

~~~~~ 
Y 

+ 9 

0 

6 

13 

10 

8 

8 

49 

16 

16 

I 7 

1014. 

Y 

599 

606 

605 

604 

608 

602 

602 

600 

607 

605 

609 

GO4 

Secular 
cl~ange. 

+ 5.6 

6 . 5  

6.7 

6 ' 1  

G'2 

5 ' 5  

5 .9  

4.7 

6 . 4  

6 . 4  

6 . 5  

6 . 6  

1916. 

19.8 

20.3 

20.6 

21.0 

21.6 

22.2 

22.6 

23.0 

23'4 

23.8 

24.2 

1016. 

Y 

608 

606 

611 

617 

618 

610 

610 

619 

G23 

620 

609 

-- 

614 
I 

610 i 
+ 10 17.1 

Dip. 

0 3 

N.4430.6 

N.23 7.2 

N. 4 17.0 

620 --~,l,,, 10 20.2 25.0 4 8 

3 

V. F. 

C. C .  s. 

e32522 

-16653 

,02817 

Declinnt~on. 

0 I 

E. 2 15.5 

W . 0  3 - 1  

W. 122 .3  

IT. F. 

C. 0. 9. 

~33083 

-39005 

m3761J 
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- 

Nore.-\Yhr~l the sign ie + L l ~ e  V.P. is greuter, nnd when - it 1s lea8 tlian the mean. 
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NOTE.-When the sign is + the V.F. is greater, lrnd when - it is less than the nlean. 





F.-Hourly Means of the Declination a t  Kodaikanal i n  1915, rlete~.~nined from a l l  ar~ailuble days. Declination= W. lo+ tabular quanti ty.  

o r  1 .  1 2 
3 1 4 1 5 

6 I 7 1 8 ~ 9 1 10 11 i N o o n 1  13 1 14 1 15 1 16 1 17 I 18 1 19 1 20 ( 21 1 22 ( 23 Mid. Mean. 
I 

I ,  , I  I 

(.I~LII. 9 9 .  2W01 20.2 20.4 20!7 20.'21 19'5 19:i 20'1 20!1 1 9 k  19.3 19!2 1 9 ~ 3  19.5 19, 19f5(1K4!:) 19'6)19'6 1 9 h  19.~7 19:8 

I 
'::: 1 ' 2  ' I  2 4 1 20.3 1 20,: 1 20.6 21.1 21.6 2 4  I 8 20.0 19.6 19.4 19.7 20.0 20.0 20.1 20.2 20.2 20'2 20.3 20.3 1 . 21, j 20.5 1u G I ti :;::; gij .3  20.8 20.5 2 0 . ~  20.1 20.3 2,j.n 21.4 21.8 21.5 20.8 20.2 20.2 20.4 20.6 20.6 20.6 20.5 20.5 20.6 

: { 
act. , 2 3 , s  2:: 7 2:j.Y 2:3 8 23 9 ; 24.G 2:LY 2 3 3  ( 2 3 . 5  24.0 2 4 8 ,  24,s 24.4 23.8 23.3 23.1 23.4 23.6 23'7 23.9 23.9 24.0 23.9 23.8 23.8 
S r r .  2411 2 1 1  r i I  1 2 4  I 2 4 . 3 :  2 l i  24.4 4 ? I  4 2 . 9  5 . 2  24.9 W l  2 3 7  21.4 23.5 23.8 2 3 8  23.8 24.0 24.1 24.3 24 -2  2 l . i  24.2 

[be(. 2 1 ,  2 1 ,  1 1  I 1  2 5 1  23 3 213  25 3 2 5 1  2 4 8  25.0 5 . 5  2 5 5  1 2 24.9 2 4 7  1 24.5 1 2 4 6  2 4 7  1 2 4 6  24 7 2 4 8  24.9 25.0 2 5 0  2 5 0  
- -. - - - - I --p-_-__p_____--------- --- 

Mc;rr13 2 2 2  2 I 22 2 1 22.3 22.4 1 22.5 22.3 22.4 1 22.2 / 22.:! 1 22 5 13.0 2:3.0 22.6 22.2 21 -8  21.7 21.9 22.0 22.0 22.2 22.2 22.3 22.3 22.2 22.3 - 
'23.0 23.3 23.2 22.6 21.9 21.3 

! ! I  
21.7 22.7 m!) 22.3 21.4 20.7 20.6 1 2 0 8  21.1 2 1 3  21.2 21.1 20.9 20.8 21.0 

21.4 21.9 22.0 22.0 21.8 21.6 21.4 21.6 
2 3  2 3 , 8 t 2 : 3 ! )  4 2 2 9  22.3 2 2 0  2 2 3  2 2 5  22.4 2 2 4  2 2 3  22.1 .22.2 

2.7.7 24.5 6 2 4  23.4 22.8 25.3 22.6 22'9 22'9 22'8 22.8 22.6 22'6 
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No. 19 PARTY (BASE L I N E ) .  

BY E. C. J. BOND. 
Owing to the deficiency of ofticere in the. 

PEBSONNEL . department, caused by the war, no Base Line  
work was practicable during the year. 

Provincial Oflcera. A traverse survey of the Imperial Delhi Area 
Khan Bahsdnr S ~ e d  Alllad Hoaeein from 1st boundary, on t,he west side of the Jumna ri17er, 

October 19 16 to 30tb November 10 1 6 .  was undertaken by the party. A report on this  
MI.. E. C. J. Bond, in charge from 1st December work is given in Part  III.-Special Report, 

1916. 

Mr. 0. N. Pushong, artnclled fro111 1st Decenrbcr 
a t  the end of t,his volume. 

1915. Programme for 1916'-17.-During the ensuing 
Lower Subovdinale Seruice. field season triangulation will be carried out in 

2 Cornputerr. atc. 
Delhi for providing points to No. 2 party, Northern 
Circle, for the revision of the 4-inch maps of "Delhi 

and vicinity ", and also for the control of the traverse of the Imperial Delhi Area boundary, 
on the east side of the Jumna river, to be executed by No. 2 Party. 

T H E  C O I I P U T I N G  OFFICE.  

PERSOXNEL. The office was visited by H .  H .  Sir James 
Imperial Oficer. Meston, K.C.S.I., LL.D., V.D., Lieatenxnt- 

J. de Qrn~~ff  Hunter, Esq., iU. A,, in charge. Governor on 14th Jrdy ll)l(i .  
Coari~rr.r~xc, SECTION. 

Provincial Oscer. The excellent services of Mr .  Ishan Chantlra 
Mr Bnnuninn PrncnrI, l i a~ r ; ,  ~ z ~ t t .  ~oorlt.  Deva in t l ~ e  Conilrut~ing Ofice from lSS5 and as 

Head Conl1)rlter from 190s have been recognisetl, 
Computing Oflee. 

and the title of Rni Sahib ha.; been conferred on 
I:ni b n l i ~ b  Js11u11 Cllnndra Desa, B. A. n l ~ d  11 

Colnpll!ers, Cornpulere nltnclled (B Coll,l,ulers him. The Gazette of Yrcl J r~ne  l!)lC, contaioed 
f r o n ~  llle field onrties worked lor n vorllon of the fo l lo \v i~~~r  anno1111ce1nent:- 
t h e  penr in  Coniputinp; Oficr)  10 booli.b~l~ders. <(His Esce]lellcj. t,lle Viceroy Governor (3.eoel.nl 

Printin.9 Ofice.  has been 1)leasetl to confer the t,itle of Rai Sahib 
MI,. Serst Hnmar h l u l i e i j ~ ,  S~b-A~att. S I I P ~ I .  as R 1)ersorix1 distinction IIPOII 

17 Compositors, 3 Prinrers. A4r. Ishan Cllnndra Deb, B.A., Head Computer, 

Toror.lis hous. Trigononrrtrical Survey Oflice, Dehra DLIII". 

1 Hend Arlificer, 8 fillers nnd cnrpentere. On :!ntl September Inl(i Colonel G. P. Lenos 
Conl-n~ham, R.E., Sul~erintendent of the Tri- 

gouo~iietrical Survey held a public durlar  ant1 handed the su,lart of ltai Sahib to Mr. IsIlan 
Chaudra Deva. 

A " RiIillionaire ", an arithmometer of qrcatly itn1)rovetl pattern, a Con1pto111elt.r (adding 
machine) and 7 slide rules have been received in the Compntine Office daring the year. The 
addition of these instruments has greatly facilitated the work of coml)ntations. 

T~~rr, , ! l?t/a/ io?l Pamplllets. Good progress ha. bee11 made ~ ~ i t h  the coml~ilat ion of 
"G. T. data" ( i .? .  all tlnta avni1al)lc in the I-Ie~tl Bt~artcrs  oflicc~, Dehra) for trianqulation 
pamphlets. The Co~llpntinq Ofire in r:onjunction \\it11 1 5  1'art~- 11ave coml)iled (lata for 2O.i 
dczree sheet.; t111l.in~ the 1 2  mo1itl14 under revie\\,. Ccr ta~n  minor alteratio~ls have been 
i~lt~otlucvstl, I I I I ~  1 1 1  111t. mnllr tllc ~ r r o c c d ~ ~ r r  e\lrlainctl i l l  1a.t year's report has been founil 
sat~sfactnry 111 1)ractice. 

A d j ~ ~ s f n t e n t  ?f Iriangulolion. T l ~ e  revisionary trinngl~lation a t  t l ~ e  junction of the 
R ~ ~ r m a  Coast Series and the R f a n i p ~ ~ r  Meritlional Serios was con1l)leted iu February by 1 5  

Part,!- ancl t l ~ e  nl)serv~tio~ls were shortly after\val.ds retlucecl. I t  mas not 1)osxible to  take tip 
the adjnstment of the Hnrnla trinngnlatio~l a t  once, but a d a r t  llas now been n~atle and the 

nolntion of the necessary ecluations for the adjllstlnent is nearly completed. It is 1 1 ~ ~ e t l  that 
the atl,i~~st,ment will be coml)letecl i l l  1918 but it has only been l)o~sible ul,  to the present to 

a p p l ~ .  tnlo conipnters t'o the work. When this has been completed it  will be possible to proceed 
with Burma triangrllatiou pamphlets. 
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All gtodetic triangulation t l~ror~ghont  India other than what clepnds on the Burma tri- 
Rnpulation lias now been d jos ted ,  t,he following series having been dealt with during the year :- 
SembRlprir Mcridional (No. 85), Hanchi (NO. 83), Ashta (NO. 88), Naldrug (No. 90) and 
Middle Godav~r i  (No. 92) Series. 

Levelling. The tlyuaniic and ortl~ornetric values of the following lines of levelling 
were computed during the year:- 

( ] )  Inclian lines. Dacca to Mymensingh ; Tindhiria to Darjeeling ; Raichur t o  
Ufqalkot ; Bareilly to Hithras  ; Bareilly to Meerut (revisecl) ; Arnbila to Meerut (revised) ; 
S a r F d h a  to AInltin and Mahiwala ; Solon to Simla ; Ferozepore to Lahore (revised) ; &111lt,in t o  
llaliiwalpr~r ; Jacobibitl t o  Qlietta ; R e l l a l ~  t o  Gooty (revised). 

( 2 )  Uurrna liues. Thazi to Mandalay (revised) ; Xandalay to Myitkyina (revised) ; 
; ln~herst to P e p ;  Henzatla to Rassein ; Thazi to T a u n g g ~ i ;  Minbo to Paligrna and P a ~ i y ~ n a  
to Palin. 

The revision of the levelli~lg line 61 between AIeerut ancl Ambala having throwu cloubt 

on the reliability of the bellell-mark a t  ,imbAla Cllrlreli ( " 5 ~ ; , z - )  ( r ide page 77, Records of 

the Sr~rvey of I ~ ~ t l i n ,  Volnrne \-11) its ~ a l n e  \\.as coml~r~tetl from M e e n ~ t  by t\vo different 
routes, ~la~llrl:- c s i o  S n l ~ i r n n l ~ a r  a11d ~.im 1)ellli ant1 Knrnsl. The former gave its value as  
!l(IO..iO:{ (tl>-~~anlic). the latter, as !)00.581. The lllrnn of these t,wo ( ~ : i z .  900.542) has bee11 
atlol)tvd n x  tlle ti nnl vnllle of the hench-mark in s11l)c~raession of the value pnblishecl 011 1)age 
257 of (;. 'l'. S. l'ololne S I X  B, ant1 all heights (1el)endellt on this have been corrected. 

'I'he : ~ r l j ~ ~ s t ~ i i e n t  of the i\ssaln-l3el1#al circllit from Pirbat ip~rr  ?,in Gar~hbti, Karimganj, 
.\kllnu~.a, 1)arca and Paclirtria to Yoradalla lias been completecl and the revlllts publishecl in 
;~tltle~ltla to levelling l~,aml~lilets 78 an11 79. 

11s mentionetl in last, year's report,, 1':lel)ltant Point which had hitherto been the datum 
of Ievel for lh~rn la  nas  consi[leretl ill sllit,ed to t,lie Imrpose, seeing tha,t the tidal observatory 
is :! mile* 111) the Ra~rgoon river. Alean sea-level as tletern~ined by t,he Xrnherst Tide-gauge 
is nlore reli:~lile ant1 has been adopted as the new datum, ancl a l l  Iieights dependent on 
Rlt~l)llnnt. I'oint, 11ave bt)en convcrtctl to the ne\v terms. The entire 13urma levelling previo~isly 
l)~~l)lii;l~etl wit11 l)relin~i~lary values has been rect~rnl~nted. The final dynamic and orthornetric 
valllt-s of the r ~ n l ) ~ ~ l ~ l i r l l c ~ ~ l  lines have also heen worked out. These valoes will not be modified 
for man!- years to cllrne, rlntil probably such time as a jtinctioli with the Indian levelling is 
eBrrte(1. 

.\ scsrolirl rtlition of the I311rn1a pamphlets with orthometric values, is now being printed. 
This \\.ill su1l~r~rt le  the old ~rrovii;ionaI iusrle of 1911-1:). (kood prozress has already bcen 
nintlr- in that ~ l i r~c t ion ,  anrl ~)nn~plllet !)I., the first number of the second series, is mgll advanced 
t l l r l ~ ~ l ~ l l  tIlP llrtlss. 

IJ/.c,rs crork. 1)rlrinq the !-ear ljreas col~ies for 205 triangnlation  pamphlet,^ wcrc 
1~1 ' t~ lnre~l :  tlli.: n'lrnher is esclnrive of 20 preparetl and printed last year. Proofs of 180 
1ia11i1~11It~t:: w r e  rcntl in the C o m l ~ r ~ t i ~ ~ g  Ofice ant1 l~assetl. 

.\tltlrntla to I(~vcllin: llarnphlets 1.7, 78 and ?!I, together with the press copy of 
level l i~~q ~,n~ril , l l l t~t :1 C \\.ere ~~rel'arecl ant1 ~lroofs ~)assetl. 

Part I of t l l ~  :tll Ictlition of the Ill~siliary Tal,les, comprising 37 Tables of Graticules 
in  2 I 1 ) n ~ t ' s  was ~~r r l rn r~c l  for 11ress ancl proofs \Yere read and l~assetl. 

Yrnofs of l~agt,s (;!) to 10-k of Professional paper No. 16, at  present in the press, 
n-c,rr rrntl, esan~inetl nntl r)a.cserl. 

Rrrortlr .  ,\ card intles of all the rerortls has been begl~n ant1 is nearly complete and 
all the rccu~rls arr  new ~atisfactorily stored in s~titahle racks. 

llr.*rnrr.h. .\ rornl1lt4e nlcchanical analoyy to any net,-work of scr'es of t,riangnla.t,ion 
Itas hcvn f o ~ ~ n ~ l ,  s11v1i tllnt the r t r a i ~ ~ s  in the mecl~anisn~ correspond to the most probahle 
a t l j ~ ~ s t n l r ~ ~ l t *  in the nvt-work. Thr  corresponrlil~g nn~lerlyir~g principles are, in the one the 
pr in r~ i~~l rof  least \rnrk,an~l intl~t!othertheprinciple of minirnrlmscluares. This analogy has as~isted 
the crrn.;itlrlntit~ri of most probahle atlj~~strnents, xrl(l conveni,,nt. forrnnlp for the ljrobable closing 
rtrrors of cirrnitr f t r r rn~l  h!- series nf triangnlat.ion hat-e been folind, which agreesat,isfactorily 
n-it11 avtl~al rw~llts.  The probable closing errors in side or azirnl~th vary a$ where 

>I i p  the ~ ~ ~ ~ a ~ ~ t i t y  explainwl in Inct :ear's report* and S in  the lengt,h of the corre~ponding series 
in tllr circuit The  roba able cloeing error in northit~g or pasting depends on the point of closnrc, 
and rarica ag J j '  11 ' lt9 da m-here R is meas~irerl from the closing point. For a line of given 

form this variw as t,he three halvee power of the linear dimeneions. 
- ~p 

neeordl of the Snrvej of India, Yol. IX, page 13i. 
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The question of probable errors of positions fixed by triangulation after all adjustments 
have been performed has proved more troublesome, but now appears to have been satisfactorily 

It is of i~ i i~or tance  to kno\v horn closely a fixing may be relied on, either when 
comlIaring astronomical fixings, or in such cases as when revisionary triaognlation is 
performed to test ml~ether an earthquake has caused appreciable horizontal movement of the 
ground. The Sl~illong earthquake of 1897 has been considered from this point of view, and 
it alqlears there is not rcal justification for assuming any wholesale horizontal movement of the 
ground. To establish such movements liiore accurate observations would be necessary. The 

questions briefly alluded to above are being discussed in detail in Professional Paper No. 1 0  
no\\. in the press. 

Book l,i?rdi~t!l. Iluring the year a wire stitching machine was received from England 
and \\.as made use of in stitching the triangulation panlplllets and other small prtblications, by 
wire; the machine has been fo~und very useful. The work of bincling small panll)l~lets has 

thereby been mucl~ accelerated. 

A good deal of attention has been given to the binding ancl general appearance of 
publications, and it  has been found possible to make considerable improvenients n.ithout adding 
appreciably to the cost of t,he work. 

The follo\ving publications and manuscript books \\.ere bound :- 
Degree triangulation l~ampl~lets  ... . . .  ... 6390 Copies. 

. . .  Professional Pal)er No. 1.3 with gold lettering on back . . .  150 ,, 
Addenda to Levelling pan~phlets -1.3, 47, 76  and 79 . . .  . . .  600 ,, 

. . .  Five Figure I~ogarithniic Tables ... . . .  100 ,, 
Anxiliar!- Tables, 5th Etlition, Part  I . . .  . . .  . . .  200 ,, 
Blank angle books for Parties . . .  , . . . . .  200 ,, 
Port11 17 Tol)o. (Cllinometric Heights) in s~nnll  booli~, for Parties . . .  1050 ,, 
Old rnan~tscril~t recortls of triangulation . . .  . . .  . . .  4.50 Books. 

. . .  Registers for office use ... . . .  50 Copies. . . .  

Abollt 100 books of daily use were also re1)airetl. 

During t l ~ e  !.ear this office ha8 been rearranged antl an adtlitional room hns been tnke11 
over into \vl~icl~ the t111,cr I~nntl 1)rrsses have been moved. The maill room is now occupiecl 
only by compositors and distributers : anrl all the case-frames have been xrmnged so as to be 
nlore economical of spare. Some new case-franies have I~een receivetl from E n z l n ~ ~ t l  ant1 more 
have no\\ been i~~tlentetl  f o r ;  so that nest. year all the olcl furniture, \vhich is very oltl x~ltl  
unsntisf:lctorj-, \\.ill be 1-c~plncet1. h see-o~ld maelline press is cspcctetl vcry a11ortl~- antl nl.l.:t1ltv:.c- 
n i e ~ ~ t s  for its accommo~lntio~~ are bei~rg ntatle. Thcsc c h a n ~ e s  I~avc Lecn ma& oeccsaarJ- by 
thc great incrcnsc in  wint tiny \vork \vl~iclr has recentl~. occnrrell. A larger stock of t>.l,e llas 
also bee11 receivctl so as to make it ~)ossible to give complrte 1)roofs of a l~rtblicntion bef'ore all!. 
part is tlistribr~tetl. This has adtled to the efficiency of the \\-ork. 

I ) u r i n ~  the year t~,iang,rrtlation 11aml)hlets for 1hO tlegree sl~eets (G. T. data onl!-) 
been ~ ) r i ~ ~ t e d ,  totalling I I ( ;  I.(; lvagrs. ;Ill the :ratictlle t:tbles usetl i l l  t l ~ e  departme~lt (37)  hare 
been printed, forming l'art I of tile .ill1 editioll of t l ~ c  . i r~si l iar~-  Tables. Yrofessio~~nl Pal)er 
No. 16 hns bcc~r l~rintetl from 11agcs (;!I-1 0 1.. 

't'he 11-orksllolls have g~.catly I~cnclittctl from the instnllatio~~ of all electric motor i n  
l!) I-1.-1.5. 11 se~~si t ivc t l r i l l i~~g niaelli~~c has bee11 receivetl tll~ring tlre !-ear 19 15-1 (i. TIle 
outer Iexn-to slrctl has I)CCII e~telltletl to tllr fllll I e ~ ~ g t l ~  of the IVorksl~o~) l ~ t i l t l i ~ ~ ~  and a 

conc~.etc Hoor laill tlo\vtl. 11s the S ~ : I ~ O I I  l~ns  been n ~~nrticltlarly \vet one t l~ i s  has provetl 
invnll~al)lc. 

'1 lot ol' \vorl; Ir:ts Lc,c~l tlo~re i l l  the c o ~ ~ s t r r ~ c t i o ~ r  of large r ~ c k s  at~t l  tables for the 
v a r i o ~ ~ s  scc t io~~s  n ~ ~ t l  trigoltometricbal 1)arties. P a i ~ r t i ~ ~ g  of all tl11: \\~ootl\vork of tile ofices has 
hccn tlo~le 1))- t l ~ c  carllenters. Variot~s minor atltlitions to the otlicc b~~il t l iugs Irave Ilerll 

~ ~ e c t l  for tlrrsc was xbsolrltely imperative. T11l.c~ out of four lle\v 111asts very Si l l l i j aP  to 
that  ill~tstratetl in ltecortls of tllr! Snrvcy of Tntlia, V o l l ~ n ~ e  V, page 11.7 I~ave been nlatlc. 

1 1  1 I I P  tlesig,rn has beell al~l)reciaI)l,v iml)rovetl ant1 t,he mast is now verv strong, tlrlrab]e 

ant1 coml~act. T l ~ c  \root1 11setl is NRIIR.  Tllese masts are for sotlle of the Series 
( t r i a ~ ~ g l ~ l a t i o ~ ~ )  s h t , i o ~ ~  about to he observctl at. by No. 1.i Party. 
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Repairs to many instruments and apparat~ls of the Trigonometrical Partiee (notably No. 
15 Party) have been carried out. The integrator reported as under construction last year 

has been w,tisfa&rily finished. It is illustrated in this volume. 

Mechanical Integrator for ctrlculating pfcct of irregulnriftes of form and o f  density 
i n  the earth's crust on the ~lrflcction o/ the p lu~~rb- l in*  -The attraction a t  0 along O P  of a n  
elementary cylinder of density p of height h and standing on a base of elementary area rd B dr 

h ~ b d  ~ d 8  
referred to O as origin is p rd B dr-- or -- 

v'r"hZ J ;a- 

The components of this in two directions a t  right angles are 
ph tlr dl9 cos SX = -- ph dr dB 

6Y = - sin B Y 
J G h 2  J+ + A 2  I 

Integrating over a finite area, 

0 X 
These are the integrals then which are sought: except for the case where curvature of the 
earth has to be taken into account. I n  this case the expressions may be written 

rl r dr  x =ph f i ( r )  zm- sin 8 Y= - h /'(r)- cos 0 'f Jp+v 
and f ( r )  is a function of r only which is not very different from unity. The form o f f  ( r )  
will not be consiclered here as i t  does not affect the mechanism to any marked extent and the 
integrator may be arranged to deal with any type of function. The integrator is construckd 
on the principle of the Kelvin disc-cylinder-sphere integrator, but is arranged to be automatic 
except so far  as it is necessary to follow a pointer round contours of height on a map. I f  then 
a plateall of height h and of area defined by any bounding curve on the sea level surface is 
required, it is necessary to  perform the integrations 

sin 8 1l7- cos 0 d r  

round the hounding curve : and when the attracting mass is a t  a sufficient distance to make 
curvature of the earth have appreciable effect, both of these integrals have to be modified by 
m ~ l t i ~ ~ l i c a t i o n  (under the integral sign) by a function of r which differs little from unity. 
The integrator performs these integrations as mill now be explained. 

A is a horizontal disc of 6" diameter supported a t  its centre on a point and also on 
three wheels. rhese permit A to rotate about a vertical axis through its centre. 

B is a wheel wllich rubs on the disc. I t  is free to slide with the shaft CC (the shaft 
itself tloe.: not rotate), but is constrained to rotate on this shaft with the wheel Dl to which 
are atta.chctl two rolls parallel to t,he shaft and passing t h r o l i ~ h  two holes in R. These can be 
sern in the l~hoto close to the wheel D. 

'rile shaft C Fit.; in a bearinq a t  E which permits O F  a slight tiltinz of the shaft in a 
verticnl plane. Ilohiucl F is a second hearing carried t)y an arrn pivoted a t  G on a horizontal 
asis I';trallel to the sliaft. The reason for this mounting is to errahle the wheel B to rise 
and fall slight.1~ ant1 su to keep a uniform pressure on .I in spite of slight lack of truth of 
A, B, C. The shaft is continuetl outwards to t,he right hy a rack H H  the tcetli of which are 
clear in the photo. The junction of the rack and shaft is made free by pivoting in two direc- 
tions a t  right a n ~ l e s  to avoid jamming when the shaft rises ant1 falls. The rack passes 
through a g ~ ~ i l l e  heloiv the gear wheel I, ancl engages another gear wheel clamped on the same 
shaft with I antl below I. Rotation of the wheel I accordingly moves the shaft C and with 
it  the wheel B in direction of the shaft C. 

:I mire passes from 0 antl is wrapped once round the wheel K aud thence goes to the 
counterweight IV,. A second wire from 0 passes rorind the wheel D and thence to the 
conr~ter\rcigllt Ilr9. 

Tracing these wires in the opposite direction they are led from 0 over little wheels 
into a vertical direction :and thence over two more ~vlieels outwards along the long arm LL. 
This arm is pivoted on a vertical axis through 0 and is also provided with a sliding part MN. 
The wire which goes to  the wheel D is made .fast to MN a t  a height which makes it horizontal 
along the arm L L :  the second wire is attached a t  a height above the first wire which 
represents A. If then the arm LL is swung round the axis through 0 and the portion MN 
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slid along i t  so as to follow any boundary line on a chert, i t  will be seen that  the wire to 
changes so as to  represent dr while the other wire represents J r 2  .+ hz. This second wire ie 

made of suitable length so that  when J r m 2 =  0, the wheel R (which is moved along CC 
proportionally to the movement of the wire and the wheel K) is exactly over the centre of the disc 

dr 
AA. I n  this way an angular movement proportional to - J,Z + J Z  is communicated to the disc 

AA : for the wheel B turns by an amount dr and drives on the d i ~ c  AA a t  a distance from its 
centre proportional to J r z  + hz. The motion of the disc AA is communicated to two counting 
friction discs P Q (similar to those found in ordinary planimeters) ancl inclined to the radium 
of the disc a t  angles of 8 and 90" + 6 respectively. These discs accordingly take up the rnotione 

d1. fir 
- cos 8 and =- Jr" h2 

sin 8 
J 1 . q  h2 

respectively. To arrange for their talting up the correct angular positions they are mounted 
on vertical spindles each bearing a wheel whose periphery is screw cut. A wheel R of the 
same size and design is moanted on the vertical axis of rotation of the arm L L ,  and an endless 
wire passes round these three wheels (with a complete turn ronncl each to avoid slipping) and 
so ensnres all three wheels having the same angular motion which is also that  of the arm L L  : 
and the direct,ion of a c o ~ ~ n t i n g  disc is accordingly 8+ a constant, 8 being the ~ o l a r  angular 
coorclinate of the arm TJL. The constant is easily acljusted to the zero for one disc ancl DO0 for 
the other. The advantage of having the 3 wheels screw cut  on their peripheries is that complete 
turns of the connecting wire may be applied \vithout, c a a s i ~ ~ g  tlre turns of the wire to foul. 

The counting discs are also pivoted on a horizontal axis so as to ride by their own 
weight only on the disc AA. 

To enable thc pointer of the portion MN to be caused to follow any give11 contour on 
a map n.it,hont effort, a \vlleel S and shaft T are fitted. The shaft is screw cut  and a \\.ire 
extentling the ~vhole length of the arm LL (o~lly a small portion of \vhich is visible in the 
photo) is \vrapped several times rot~nd the shaft,. The turning of this nd~eel S traverses the 
part M N  along the sha.ft LL. A counter weight to make ~novement in either direction 
approximately equally easy is attached by means of a wire passing rouncl the wheels U V to 
the part Rf N. This weight, is,not visible in the photo : but the wire may be seen on the left. 
It is not taut as the weight was removed when the photo was taken to enable t , l~e 1v11ole 
instrument to be tilted over and so allow a bet,ter photograph to bc taken. 

When curvature of the earth is to be taken account of, this is clone by so arranging 
that  the wire dea,ling with t,he correspot~cling factor is pulled more or less up t , l~e vertical 
port,ion of 34 N by passiug it rolund a 111111ey below and attaching its extremity to  another 
pulley on a guide of suitable sllape. This guide al~propriately sl~aped for dealing with a map 
on the scale 32 miles = 1 inch is visible on the riKllt of the ,111ot~. 

The calibration of the integrator is easily l~erfo~~tned by running the pointer round a 
contour of geometl.ical form, which enables the attractions to bc calculated precisely. 

T H E  SEISNOG I I . I I > I ~ .  

Thc Omori Seismograph has been working t,hro~lghoat the year. The local earthquake 
of 29th Angust I916  dislocated it, so that no lbropcr record was obtained. The earthquakes 
recorded are tabnlated below :- 



92 RECORDS O F  T H E  SIJRVEY O F  INDIA, 1915-16. [Vol. X. 

L i s t  of  eorlhqwcrkes 19 16-16. 

* ' l ' l~e  reanltr of  1 1 1 , .  8i111ln ul~servntions 8s p~~bl irhed in the Dnily Wentl~er Report are nlso given for llle 
E ~ L I '  of ~~111il*nrldu11. l.11~ 1)rllrn est~ l l~ntes  were made qrllle independently. 

S o r . ~ u  P ~ o ~ r n r : n ~ ~ > ~ v .  

A-egnlit:es lakerb d ~ w i n g  1915-16. 

I 

O\vinp to clo~~ily state of neatller no 13" Negatives were t~kerl  from Jllne to September 1916, 

h 

.- 
L .  

2 I 

I 

l i n n  i n .  S o  01 No. of 

I 

Time of bepinning 
(correoted). 

1 
2 
3 

-F 
6 
6 

I 
October ... ! 31 0 ! 5 6  April ... ( 90 0 52 3 

I 
Soveml)er ... YO 53  2 ;\.fa)- ... 1 30 1 b.5 2 

Dece~lilxr . 29 P 1 2 2 June ... 21 6 36 0 

J R I I I I R ~ ~  30 1 O L .  1 JIII)- . 2 3 38 0 

l?el)r~~rtr!- I ... 2.4, 7 40 0 

Jtnrcl~ ... , 50 1 55  / 1 September . 2 5  5 4 , 2  0 

I 

I 

3Ionlt1. of 

! 

a 
. - - 
c - 

1 25 
2 15  

4 

37 
28 

... 

7 
2 YO 

4'6 

1 32 
1 1 4  

55 

1 15 
2 

111Len8ity' 

Great,. 
Moclerate. 

Sligl~t,. 

Great. 
Moderate. 

Slight 

Slight,. 
Great. 

Do. 

Severe. 
Great. 

Do. 

Moderate. 
Great. 

Del~rn.  

12 52 
IS 34 
1 97 

8 11 
18 38 
14 I4 

8 7 4  
I9  -1. 
12 ?j 

1-1 2 
12 :3:3 
1:3 16 

:1 38 
8 I2hl 

Distance of 
Epicentre 
in ~ni les .  

I Del~rn. Bimlo*. 

SthOct., 1915 
2nd Nov. 
27th ,, 

3rd Dec. 
18th ,, 
21st ,, 

i i s i , , l e , ;  8" LVe- 12" Kc .  
lcntiveq.,gative~ 

Remnrks. Identifi. 
cntion wit11 any 

definilely ancertainad 
enrthquake. 

Bill~ls*. 

2 
18  4 

1 37 

8 19 
12 YS 

... 

S 7 
i 9  3 
11 59 

1-1 1 
12 32  
13 14 

3 31 
2 

9,SOO 
3,570 

420 

840 
840 

Local 

700 
2,:310 
3,920 

S ,SX 
2,2-40 
3,010 

5,040 

I 
7 1 30th ,, 
8 !2nd Jan., 1916 

1 4 t h  ,, 

1OIl l . th  ,, 
I 1 I ,, 
12 i 2nd Feb. 

13  it,]) ,, 
I I. : 2St,l1 ,, 

No. of 
N e -  

palives. 

Sun in- 
vi8ib1e'  

I 

1 10 Moderate. 1.5 Sth April 

9,000 
5,000 

200 

1,000 
1,000 
... 

000 
5,000 
4,000 

4,000 
2,500 
4,000 

6,000 

No. of 
12t tNe.  
gntises. 

-- 

Blontl~.  

- 

Japan. 15 7 1 15  4,000 

No. 

day*. 

I0 / l l : t , l~  ,, 
17 IStIl ,, 
IS  ' .'.'nd ,, 

I !I :!211cl ., 
20 :!>tll ., 
2 1 :!:;r11 Jt111e 

2:: 31~1  -ill:. 

N.WT.Pacific. 

23 :!!It11 ,, 12  1 1 1 10 Severe. 
I 

I 12th Sept. 1:; 10 1 12 10 3,570 
i i 

1.1 Great. 3,500 
6,000 

17 9: 17 11 6,600 

Instrument dis- 
located. 

2G 
54 

16 
1 58 

25 

19 28 ' 19 28 
1:) 5 4 +  13  5.1 

1 ~i!l 

GIoclerate. 
Severe. 

Slight. 
Great. 
Sligl~t. 

64.0, 

'I.? 0 

7 lo:( 7 11 -1,!170 





Diagram of the Triangulation and Traverse 

of the 
Imperial Delhi Area 

Scale 1 lnch t o  1 Mile 



PART 111.-SPECIAL REPORT. 

TRAVERSE SUE]-ISY O F  THE BOIJNDARY O F  THE I?t lPERI. lL DISLEII ARE.\. 

An accurate surver of the bounclarg of the Imperial Delhi Area, on the west side of 
the Jamna river, \\as asked for by the Chief Enqineer, Public Works Department, Delhi, for 
l)repwing a skeleton plan to be tiled with tlre Record of Rights. Mr. Dond, Officer in charge 

No. 18 Party, was placed in charge of the Base Line Party in addition to  his other duties and 
directed to car? o l ~ t  tlre work. A detachmeut \\,as formed, under Afr 0 .  N .  Prl<hong, \ \ho 
\vab tracsferretl to the l)art! from No. 2 Dra\ving Oflice, to e\ecute a traver3e to  determine 
accnrately the bearings ant1 clistanceb between the 775 pillars of the bonndary, \\-hicli is abor~t  
30 miles in length, and also bctneen the 200 l~illars tlemsrcating the boundaries of 13 small 
ai,eas of ~u lac~~ui red  land, \\.itli~n tlie lrn1,erial L)elhi Area, termed "Idands." 

r l necessary eclnipment \vas collecteil a t  tlre head clnarter< office a t  Dehra Diin and 
tile officer in charge l>roceetled to  Dell~i \\ it11 tlie tletacl~nicnt 011 the Lit11 1)eceinber 191.5. On 

arrival a t  Dellii a reconnaissance was begrln for a trlnngnlation \vlrich was required t o  afford 
suitable points for the conti,ol of tlie tlavel.se. 

The reronnai~sance was coml~letecl on the 15th December and a small esl~erimental line 
of traverse \vas then run for a few days niider the snpervision of the officer in cll:trge to train 
the tletachnrent in the  node of 1)rocetlnl.e. During t,his test tllc Sr~l)erintendent of the 
Tr~~onomct r ica l  Survey inspected the tletacllment. 

After starting tlie triangulation the officer in chai.ge returned t o  Drlira Dun on t l ~ e  
20th Decenllrr l!)l.j. 

H e  inal)ected tlic tletacliment acain in the tield on tlie 19th Janrlary and also a fe\v 
d a ~  s i)rior t o  the completion of the \vork o n  the 20tl1 3Iarch Ivl~en tlie detaehtnent retnrnecl t o  
Dehra Dun .  

Thc trianzulation falls \vithiu the limits of the bo~lndar~-  and embraces an area of .'2h 
square miles. I t  is based on the side Pir Gliaib T .  S.-T;II Katora, 11. s. of the Great Arc 
Mericlional Series. 

The sides of tlie triangles are fl.oilr 1 to 5 lriiles in length. 1 4  statioils and 1 illter- 
sected point nere tixed. Three of the stations are borlndary pillars, viz :-Nos. 969, -I.fiG 
768, and fonr ot11e1.s to \\~hich the bonndaly was connected are close to the b o r ~ n d a r ~ ,  ,:i:., 
Jnmna I3ridge s., Pa l~ i rgan j  s., BI~airo~~-ka-?tIa~lclar s. stid Basti 13aori s. 

r >  11ie rougl~ sketch in this rel)ort illustrates the t ~ . i n ~ ~ g t ~ l a t i o ~ l  a.ntl the Lo~lllclar\.. 

The main triangle Pir C;ha.ib T.  S.-TAI Eintora 1i.s.-1ndnrl)at. s. \\.as observeel on 
thrcc zeros wit11 a chalige of face on eacll zero ant1 the 1,emaining triangles on tir.9 zel.os. A 
G-inch transit theoclolite b r  Tro~lgliton and Simlns, reading to 10 seconds, \\,as used. 

~l lnlost  all thc observations \\,ere taken to heliotrol~cs a.nd in only a fe \ \~  \.instances nyre 
opaque signals 11set1, \vl~ich \\.ere bettcr for intersection a,t short distances than the dazzling 
flash of the hrlio. 

s(111are tower on an cminence in the centre of t,lle Imperial 1)elhi Area, named 
" To\vcr station A " by thc lcnginccring Dellart~ment, \va,s well tixed by t,lie triang~~lat,ion. It 
is nscd by that tlellartmrnt as the initial point from wlliclr all other points a.re laic1 out for t,he 
consf.rr~ction of t.l~e Government I-Iouse builtlings and for the alignment of roads to  the north, 
s n ~ ~ t h ,  east ant1 \vest. 

On the completion of the observations of tlle triangulation the traverse of the boundary 
\va< begnn on the 23rd ~ecctnber .  It was started from ~lillar No. 2 near the Jumua Bridge 
triangnlation station, and carried along the bo~lndary, counter-clock~~ise, up t o  pillar No. 776 
near tlie right bank of the Jnmna I t~ver  opposite to Hnmij-iin's tomb. The last two pillars 
of  the boondary, Nos. 777 and 778, \\we washed nway by the erosion of the river bank. 

The point of o r i ~ i n  used for the tl-averse is Pir Ghaib T.S., of the Great Arc Meridio- 
nal Series, situated on the "Ritlge" a t  Dclhi. 
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The traverse was divided into 5 circoits, each from 4 to 6 miles in length, and a small 
cjrcuit about a mile long. Each circuit was connected a t  its initial and terminal points to 
station of the triangulation : by this means the accumulation of error in the traverse is. 
reduced and a satisfactory adjustment effected. The positions of the six circuits are shown 
in the rough diagram accompa~~>-iug t'his report. 

Cimuit No. 1, which includes pillars 2 to  191, started from Jumna Bridge s. (No. 1 
pillar was washed away by the river) and mas run alongside the eastern and outer malls of the 
Delhi fort snd round by the southern walls up t o  near the Ajmer Gate whence i t  branched 
off to the east of Pahtirganj and skirt.ing round the southern limits of this part of the town 
closed on Pahiirganj s. 

Circuit No. 2, which includes pillars 192 to 369, commenced from Pahtirganj s., ran up 
in a northerly direction to the south-western limits of the Sadar Bazar quarter of the town 
and thence in a south-easterly direction and closed on pillar No. 369 of the of 
the stations of the triangulation, situated a mile to the nort,h of T i1  Katora h.s. 

Circuit No. 3, which includes pillars 370 to 456, began from pillar No. 360 and 
proceeded for  about 2 miles west by south, then turned southmarcls to a point a mile of 
T d i p u r  village and branched off from there to pillar No. 466, which is.common with the New 
Cantonment boundary pillar No. 43, where the circuit closed. 

Circuit No. -1, which includes pillars 487 t o  637, began from pillar No. 486 (one of the 
triangulation stations) and followed the rocky ridge 011 which i t  is situated in a southerly 
direction for a mile wheuce i t  left the ridge and ran for 3 miles south by east, then turllecl to. 
the north-east for a mile and closed on Basti Baori s. 

Circuit No. 5 ,  which inclucles pillars 638 to 768, commenced from Basti Baori S. alld 
proceeded t h e e  quarters of a mile south by west, then turned in an easterly direction to the- 
G. I. P. Railway line and follo\vecl i t  for half a mile north-nest of Kil6kri Railmay Station; 
branching off from this point to t,he north-east for half a mile i t  again turned north-west to 
x\-itl~in half a mile of Hurnftj-in's tomb where i t  turned off to the north-east and closed on 
pill:ir No. 76s (a  station of tlie triangulation) situated on the "Bela" land east of H u n ~ t i ~ f i ~ ' ~  
t o ~ n h .  

Circait S o .  6, n.l~icll inclutles pillars 7G9 to 770, began a t  pillar No. 768 and toolc a 
corlrsc tlue ea.st to pillar No. 776 on the right bank of the Jumna river \vhere the bomntlary 
enrlrtl; it then t ~ ~ r n e d  back ancl closecl on the pillar froni which it  started. 

illo~l: circuit No. 1 it was not possible to observe a t  more than three o r ~ t  of tile 1 6 s  
pill:irs, as tl~ose a l o n ~  the east and sonth of the fort were close up to its ~valls and otllrrs 
ronncl Pahftreanj \yere also against walls of buildings ancl in the most filthy and inaccessible 
parts of tlie o~rtrkirts of this sriburb. The traverse lines bj: the east walls of the fort hat1 t o  
be cleareel tl~rorrqh blilrr~shes wl~ich were most difficult to cut away and hampered the progress 
of tlie traverse to  a consitlerable extent. The proximity of the bountlary pillars to the ~valls 
of tile fort ant1 l)niltlir~gs necessitatetl many offsets and intersections being taken to them. For 
tile lirst half of circuit KO. 2 the pillars were mostly against bnildings ant1 for the remaincler 
of the tliatnnce were 01-er v c y  rocky grorrnd which made chaining cliffic~~lt. In  circuit No. :3 
chaining \vns again clifficnlt owing to rocks and bo~~lclers and the cor~nt~ry being c a t  rll~ ~vitli 
ravines. ZIZea~~~rillq i r l  c i r c ~ ~ i t  S o .  4, was n1.w laborions r~ntil  the rocky ridges were passed ant1 
the traverse entered Hat conntr!-, b l ~ t  here again other obstr~~ctions were met rvittl in 
of zror~nd coveretl wit11 stnntetl shr~tbs of I n t l i a ~ ~  crab-apple xvhicll had to be c ~ ~ t  ancl clearetl 
a\\-ny for the chaininy. In circnit No. .>, though the gro~und was very undulating, progress 
was easier, bat  nqain iu circuit No. ci slow l~eatlmay was made owing to the thick growth of 
I j ~ ~ l r l ~ s l ~ e s  n-liiclr llacl to be cut away along the whole of this circrlit,. 

I ~ ~ s t r r r m e r ~ t s  ti.?cd,for t d e  t ~ ~ n c e r s e  n ~ r d  thc mrthods et~ployed.- 11 G-inch transit theoilo- 
lite 1,y Troughton and Simmz, reatling to 1 0  secontls, was used. IJarticnlar care mas take11 to 
centre the theoclolite accnratel  over eacll traverse station. 'll\\-o measures of each atlgle \\.ere 
taken nn in orclinnry trxversinq. The ho1111dar.v 1)illars were intel-sectcd by the theoclolite in 
nlnlly instances n-here it was not possible or convenient to take offsets to thern. Vertical 
angles were observetl from one traverse station to another in order to rrtlr~ce all measnred clis- 
tanrrs to the 110ri~01ntaI; tllry were also taken for the ranle reason to h o ~ ~ n d a r y  ~)illars, wllere 
fo1111t1 Ilecessar> . 

The Abney level \vas n.rtxl for any intermediate variations of slol~e. 

Trarcrse rignals.-The signals used consi.rted of a tripod and staff, i l l~~strated and des- 
cribed in the Records, Voll~rne IX. They were designed by Air. J. de Graaff IIunter f o r  
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the traverse of the Bombay City Survey. The traverse staff can be easily and quickly d j u s t -  
ed and is of great advantage in correctly intersecting a point over which i t  ia centred, when 
the point itself is not visible, as the staff is perfectly vertical when a re fu l ly  adjusted. The 
good results obtained in the angular measurements are largely due to  the employment of these 
staves which have proved so useful in this traverse survey. 

100-joot steel tape.-This is a flat tape about 115 of an inch wide, graduated to feet 
along its whole length. It is wound on a small metal drum about 6 inches in diameter. 

I n  measuring the distances between the traverse stations the tape was laid along the 
ground and carefully aligned. The near end of the tape is adjusted by bringing the zero 
exactly over the mark on the traverse station and is held down firmly. A spring balance is 
then attached to the forward end of the tape and a tension of 12 pounds applied and the com- 
plete tape length marked on a peg driven into the ground. The measurements were carried on 
in this manner from one peg to another until t,he tape approached the next traverse station 
where the measurement usually closed with a fractional part of the tape length which was read 
up  to the last complete foot and any part in excess of the foot was measured by a metal scale 
and recorded to the 1/10 of an inch. 

The tape was compared at intervals during the survey with the Invar standard tape and 
there was found to be a constant difference of 0 .35  of an inch in excess of the standard. 

Offsets were measured by an ordinary steel tape which agreed remarkably well with the  
standard. 

Work during the vecess.-The detachment was employed during the recess season on the 
computation of the triangulation and traverse of the Imperial Delhi Area boundary. 

I n  the comp~ltation of the triangles which are based on tlie side Pir Ghaib T.S.-TBI 
Katora h.s., 8 common sides were obtained and the average linear error from these is 0 . 1  foot 
per mile. 

A great cleal of work mas involved in tlie computation of the direct distance and 
bearing from pillar to pillar o~ving to the many offsets and intersections taken to the bolundary 
pillars. 

The whole of the computations, including a list for publication, of the bearings and 
distances from pillar to pillar and the coordinates of each pillar, will be completed by the 
middle of Decen~Ler. 

The average angular error of the traverse is 6 seconds and the linear error 1 in 9064. 

TABLE 11.-DETAILS OF TILIANGI,L.LTION A N D  TIL.IVEI~SING BY NO. 19 P.iltTY IT DELHI. 

(Instrument used, Diameter in inches ... 
... ... 

! 
Area in square miles 

... Square miles to each point fixed 
Square miles to each height ... ... 

. . .  TILI.INGULATION. Stations fixed ... ... 
Triangular error in seconds ... ... 

... Linear error per mile in feet ... 1 ... Intersected points: No. of points fixed 
(Intersected points: Linear error per mile in feet 

... ... ... Linear miles chaining 29.8 
No. of stations a t  which theodolite was set u? ... T n ~ v ~ n s r  NQ. 4.57 
Angular error per station in seconds ... ... 6 

11linenr error 1,000 ... ... ... 0 .11  
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A-HISTORY AND GENERAL REPORTS. 

(Obtainable from the Superintendent M a p  Publication, 13, Wood Street, Calcutta). 

MEMOIRS. 
1. A Memoir on the Indian Surveys. By C. R. Markham . India Office, London, 1871. 

Price Rs. 5 or 63/Bd. 
2. Ditto (second edition). By C. R .  Markltarn, 

C.B., F.R.S., India Office, London, 1878. Price Rs. 6-8 or 75/46. 
3. Abstractof the Reports of the Surveys and of other 

Geographical Operations in India, 1869-78.By C.  R. 
Markham a n d  C. E. D. Black, India Office, London. 
Published annually between 1871 and 1879. (Out  
of print). 

4. A Memoir on the Indian Surveys, 1875-1890. By C.E.D.  
Black, India Office, London 1891. Price Rs. 6-8 or 73/4d. 

ANNUAL REPORTS. 
Reports of the Revenue Branch . 1851 to 1877.-(1851-67 and 1869-70, out of print). 

Price Rs. 3 or 46. 
Ditto Topographical Branch . 1860 to 1877.-(Out of print). 
Ditto Trigonometrical Branch . 1861 to 1878.-(1861-71, out of print). 

Price Rs. 2 or 2318d. 

I n  1878 the  three branches were amalgamated, and from that date onwards annual reports 
in  single volumes for the whole department, are available as follows :- I from 1877-1900 (1877-79. 1687-88, 1895-96 aud 1897-98, out of print). 
General Reports at Rs 3 or 4> per vo2ume. 

(from 1900-1916 (1902-04 nnd 1906-08, out of print) at RI 20r 25/86 
per volume. 

From 1900 onwards the Heport has been issued nnnually in the form of a condensed 
statement lrno\vn as the "General Report" supplemented by fuller reports, which were 
called "Extracts from Narrative Reports" up to 1909, nnd since then have been styled 
"Records of the Survey of India. " These fuller reports are available a8 follows :- 

(a) "Extracts" Volumes at Rs. 1-8 or 25 pel. volnaze. 
1900-01-Recent Improvements in Photo-Zincography. (3. T. Triangulntion in Upper 

Burma. Latitude Operations. Experimental Baee Mensurement with Jiiderin Apparatue. 
Mngnetic Survey. Tidal and Levelling. Topography in Upper Burma. Calcutta, 1903. 
(Out of print). 

1901-02-0 .  T. Trinngulation in Upper Burma. Lntitlrde Operntions. Magnetic Survey. 
Tidal and Levelling. Topography in Upper Burma. Topography in Sind. Topography in the  
Punjab. Calcutta, 1904. (Out of print.) 

1902-03-Principal Triangulation in Upper Burma. Topography i n  Upper Burma. 
Topography in Shan States. Survey of Simbhar Lake. Latitude Operations. Tidnl and Levelling. 
Magnetic Surrey. Introduction of the Contract System of Payment in  Travelqae Surveye. 
Traversing with the Subtenee Bar. Compilation and Reproduction of Thina Maps. Calcutta, 
1905. 

1903-04-Magnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuthe. 
Utilization of old Traverse Data for Modern Surveys in the United Provinces. Identification 
of Snow Peaks in Nepil. Topographical Surveye in Sind. Notee on town and Municipal Surveys. 
Notes on Riverain Surveys in the Yunjnb. Calcutta, 1906. 

1904-05-Magnetic Surrey. Pendulum Operatione. 'I'idal and Levelling. Triangula- 
tion in Baluctbistitn. Survey Operations with the Somaliland Field Force. Cnlcutta, 1907. 

1905-06-Magnetic Survey. Pendulum Operations. Tidal and Levelling. Topo- 
graphy in Shnn States. Calcutta, 1908. 

1006-07-Magnetic Survey. Pendulum Operatione. Tidal and Levelling. Triangu- 
lation in  Baluchietin. Astronomical Latitudes. Topography in Shan Statee. Calcutta, 1909. 

1907-08-Magnetic Survey. Tidal and Levelling. Astronomical Latitudes. Pendulum 
Operatione. Topography in Shan Statee. Calcutta, 1910. 

1008-08-Magnetic Survey. Tidal and Levelling. Pendulum Operations. Triangula- 
tion. Calcutta, 1011. 
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ANNUAL REPORTS-(Continued). 
(b) "Records of the Survey of India" fit Hs. 4 or 5 W  por volume, except - 

otherwise slated. 
Vol. I-1909-10-Annual reports of parties and offices . . . ... Calcuttn, 1912. 

11-1910-11-Annunl reports of parties and offices . . . ... Calcutta, 1913. 
III-l9ll-l2-Annunl reporta of parties nnd ofices ... ... Calcutta, 1913. 
IV-1911-13-Eqlorations on the North-East Prontier. ... ... Calcutta, 1914:: 

. V-1912-13-Annual reports of parties and o5ces ... ... Calcutta,.l914. 
TI-1912-13-Link connecting the Triangulations of India and Russia Dehra Diin, 1914.;. 

VII-1913-14-Annual reports of pnrties and o5ces . . . ... Calcutta, 1015. 
1865-79-Part I 1 Explorations in Tibet onti Dehra Dun, 1015. 

V1ll- { 1879-92-Part 11 ) neighbouriwcj repions { Price of each P a d  Bi. 4 or 5$,4d, 
19-1914-15--~Annual reports of pl~rties and offices ... ... Calcutta, 1916. 
X-1915-16-Annual reports of parties and o5ces . . . Dehra Dun, 1917. 

SPECIAL R E P O R T S .  ' 

1. *Heport on the Mussoorie anil Landour, Kumaun and GarhwM, Ranikhet and Eosi 
Talley Surveys extended to Fesllilwar and Khigiin Triangulation during' 18G9-70 By Major 
T. G. Norllgonterie, R.E. (Out  of print). 

2. 'rlccount of the Survey Operations in connection with the Mission to PLrknnd and 
Knshghar in 1873-iS. By Coplain Henry Trotter, R.E. Calcutta, 1875. 

3. Report on the Trans-Himslayan Explorations during 1869. (Out  of print). . . 

4. Heport on the Trans-IIiu15lsynn Explorations during 1870. Dehra Dun, 1871. 
(Out  of print). 

5. Report on the Trnns-Himillayan Explorations during 18i8. Calcutta, 188C. (Out 
of print). 
" N o t e s  of the Survey of India" aie issued monthly. (Stoclred iu the Surveyor General's 
Office, Cnlculta). Price as. 2 or 2". 

B-GEODETIC WORKS OF REFERENCE. 
(Ohtniirnble frorn llre Strperinteizde,~t of the Trigonornetrical Survey, Dehrn D l t ~ ,  U.?.) 

EVEREST'S GREAT ARC BOOK. 
1. A u  account of tlre Rleasureu~ent of nu Arc of the Meridian between the parallels of 

18' 3' and 24' 7' . . . ... East lntlia Courpnny, London, 1830. (Out  of print.) 
2. An account of tlle Rleaaurement of two Sections of the Meridional Arc of India, 

bounded by the pnrallels of 18' 3' 15", 24" 7' ll", and 29" 30' .I.Y''. E n ~ t  India Company, 
I,ondon, 1847. (Out of print.) 

3. Engrnvi~rgs to illustrate the above. London, 1847, (Out of print.) 
G.T.S. VOLUMES-descr ibing the Operations of the Great 'I'rigonotnetrical Survey. _ 

Price Rs. 10-8 or 14" per volume, except where othertoise stntrtl. 
' 

To]. I-Sta~ldards of Measure and Base-Lines, alao an Introductory Account of 
the early Operations of the Surrey, during the period of 1800-1830. 

Dehra Dun, 1870. (Out of  print.) 
Bppendix No. 1. Description of t he  niethocl of comparing, and Ll~e nppnratus employed. 
Appendix No. 2. Comparisons of blie Lrngths of 10-feet Standards A nnd D, and determinn- 

lions of the D~fference of their Expnneions. 
Appendix No. 3. Comparieo~~s between the 10-feet Slanderds IB IS and A. 
Apl~endix  No. 4. Comparisons of the 6.inch Brass Scales of the Con~pensated ;\IiCr00~0pe~. 
Appendix No. 5. Determination of the  Length of tlie Inch [7:8] on Cnry's %foot Brass Scale. 
Appendix No. 6. Compmrieons between the 10-feet Standard Bars Is and A for determining 

tlie Expansion of bar A. 
Apprndix No. 7. Final determination of the Differences in Lengtli be t reen t he  10-foet Stan- 

dards I B  Is and A.  
Appendix No. 8. On the  Thermomelers employed with the Btnndards of Length. 
Appendix No. 9. Detrrminalion of Llle Lengths of the Sub.divisions of the Inch [a .b] .  
Appendix No. 10. Rcpnrt on the Practical Error8 of the Uess i~rement  or the Cape Comorin 

Base. 
11-A History and General Description o f  the Reduction of the 

Principal Triangulntion. . . . Dehra L.un, 1879. (Out  of print.) 
Aplwndix No. I. Investigations applying to  the  Indian Geodesy. 
Appenrlix No. 2. The LIicrometer Jlicroscope Theodnlites. 
Appendix No. 3. On Observationu of 'l'errestrial Refraction a t  certain stations nitnsted on  

t he  plains of the  Pnnjah. 
Append~x  No. 4. On the  Periodic Errors of Qrarlnated Circles, kc.  
Appendix No. 5. On certain Modificationu of Colonel Evereut'u System of Obuerving intr0- 

dnced t o  meet the  specia l i t ie~ of particular instrnments. 
Appendix No. 6. On Tidal Observations a t  Korracbee in 1866. 
Appendix No. 7. An alternative Method of obtaining t he  Formnlre in Chapten VIII  and  

XV employed in t he  Rednction of Triango1ation.-Additional Formnlm 
and   demonstration^. 

For Departments1 use only. 
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G.T.S. VOLUMES-(Continued). 
Appeudix No. 8. On the Dispersion of Circuit Errors of Triangulation after the Anglee 

have been corrected for Figural couditious. 
Appendix No. 9. Corrections t o  azimuthal Observations for imperfect Instrumental Ad- 

justments. 
Appendix No. 10. Rednction of the  N.W. Quadrilateral-the Non-Circuit Triangle8 and 

their Final Figural Adjustments. 
Appendix No. 11. The Theoretical Errors of the  Triangulation of the  North.West Qnadri. 

lateral. 
Appendix No. 12. Gimultaueous Reduction of the  N.W. Quadrilateral-the Compntationa. - - 

111-North-West Q u a d r i l a t e r a l , - l ' h e  Principal Triangulntion, the Base-Line 
Figures, the Karachi Longitudinal, N. W. HimLlayn, nud the Great Indua 
Series. ... ... ... Dehra Dun, 1873. (Out  of print.) 

1 V - 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  I'rincipal Triangulation, the Great Arc- 
Section 24'-30°, Rnhiin, QurhLgarh and Jogi-Tila Meridional Series and the 

... ... Sutlej Series. ... ... Dehra L ) h ,  1876. 
I 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  Principal Triangulation, the Jodhpore 

and the Eastern Sind Meridionnl Series with the detaile of their Reduction and 
the Final Results. ... ... ... Debra Dun, 1886. 

V - P e n d u l u m  Operations of Captains J. P. Basevi and W. J. Heaviside, 
nud their Heduction. Dellrn Dun nnd Calcutta, 1879. 
Appendix No. 1. Account of the  nemeasurement of the Length of Eater's Pendulum at  

the Ordnance Survey Office, Southampton. 
Appendix No, 2. On the Relation between the  Indian Pendulum Operations, and thoae 

which have been conducted elsewhere. 
Appendix No. 8. On Lhe Theory, Use and History of Lhe Convertible Pendulum. 
Appendix No. 4. On the Length of the  Seconds Pendulum determinable from Materiala 

now existing. 
Appendix No. 6. A Bibliograpl~ical List of Works relating t o  Pendulum Operations in  

connection with the Problem of the  Figure of the  Earth. 

TI-South-East Q u a d r i l a t e r a l - T h e  Principal Triangulntion and Si~nultaneous 
Reduction of the following Series:-Great Arc-Section 18O to 2-hO, the East 
Coast, the Calcuttn and the Bider Longitudinal, the Jabalpur and the Bilavpur 
Meridionals. ... ... Dehra Dun, 1880. (Out of print.) 

V I I - N o r t h - E a s t  Q u a d r i l a t e r a l - G e n e r a l  Description and Simultaneous Reduc- 
tion. Also details of the following five series:-North-East Longitudinal, the 
Budhon Meridional, the Rnngir Meridional, the A111ua Meridional, nnd the 
Knriira Meridional. ... ... ... Dehrs Dun, 1882. 
Appezdix No. 1. The Details of the 8eparatr Reduction of tho Budhon hleridional Series 

or Series J of the  Nor th -Ea~ t  Quadrilateral. 
Appendix No. 2. Reduction of the  North-llast Quadrilateral. The Kon-circuit Triangles 

and their Final Figural Adjustments. 
Appendix No. 3. On the Theoretical Errors Generated Respectively in Side, Azimuth, 

Lat,itude and Longitude in a Chain of Triangles. 
Appendix No. 4. On the 1)ispersion of the Residual Errors of a Simultaneous Reduction 

of Severnl Chaius of Triangles. 

Vol. V I I I - N o r t h - E a s t  Quadrilateral-Details of the following eleven series :- 
Gurwini I\leridional, Gora R.Ieridionn1, Huriliiong Rleridional, Chendwiir bferi- 
dional, North Pirasniith Meridional, North BIslunchs Rleridional, Cnlcutta 
Meridional, East Cnlcutta Longitudinal, Brnhmnputra Bleridional, Eastern Fro,,- 
tier-Section 23' to 26O, aud Assam Lo~~gitudinnl.  ... Dehrn Dun, 1882. 

I X - T e l e g r a p h i c  Longi tudes-dur ing  the years 1875-77 nnd 1880-81. 
Dchrn Dun, 1883. 

Appendix to Par t  I. 1. Determination of the  Geodetic Elements of Longitude Stations. 
2. nescript,ions oE Points used for Longitude Stations. 
3. Comparison of Geodetic with Electro-Telegrnphic Arcsof Longitude. 
4. Circuit Errors of Observed Arcs of Longitnde. 
6. Results of Idiometer Observations made dnring Season l8SO-81. 

Appeudix t,o Pnrt 11. 1. Situntions of the Longitude Stations a t  Bombny, Aden and Suez. 
2. bnrvey Operatious nt Aden. 
3. Results of the Triangnlation. 
4. Right  ascension^ of Clock Stars. 

X - T e l e g r a p h i c  Longi tudes-dur ing  the years 1881-82, 1882-83, and 1883-84. 

Dehrn Dun, 1887. 
Appendix to  Part I. 1. Determinntion of the Qeodetic Elements of the Longitude Stations. 

2. Descriptious of 8tations of the Connecting Trinngulation and of 
thosc a t  which the Longitudo Observations were taken. 

3. On the Errors in AL caused by Armature-time and the  Retardation 
of the  Electric Current. 

4. On the Rejection of some donbtful Arcs of Season 1881.82 
6. On tlrc probnble Causes of tho E r r ~ r s  of Arc-measurements, and on  

the Nature of the  Defects in  theTransit Instruments which 
might produce them. 
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X I - A s t r o n o m i c a l  L a t i t u d e s - d u n n g  the period 1805-1885 Dehra Diin, 1890; 
SII-Southern Trigon-General Description nnd Yimultaneous Reduction. Also 

detnila of the following two series:-Great Arc-Yection 8' to 18O, and Bombay 
... Longitudinal. ... ... ... Dehra Dun, 1890. 

SIII-Southern Trigon-Details of the following five seriee :-South Konkan Coast, 
i\lmgnlore Meridional, Madras Meridionnl nnd Coast, South-Enst Cost, and 
BZsdras Longitudinal. ... ... ... Dehra Diin, 1890. 

S I T - S o u t h - W e s t  Q u a d r i l a t e r a l - D e t a i l s  of Principal Tringulation and Sirnul. 
taneous Reduction of its component series. ... Dehra Diin, 1890. 

ST-Telegraphic L o n g i t u d e s - f r o m  1885 to 1892 nnd the Revised Results of 
Volumes I X  and X :  also the Simultnneous Reduct'ion and Final Results of the 
whole Operations. ... ... ... L)ehra Diin, 1893. 
Appendix No 1. Determination of the Geodetic Elements of the  Longitude Stations. 
Appnl l ix  N . 9. On Retardstion (o numerical mistnke was mnde in this appendix in Ihe 

conversion of R form~ila  from kilometres to miles: the  conclueionsdrawn 
cannot therefore be upheld). 

STI-Tidal o b s e r v a t i o n s - f r o m  1873 t o  1892, and the Methods of' Reduction. 
Dehra Diin, 1901. 

S Y I I - T e l e g r a p h i c  L o n g i t u d e s - d u r i n g  the years 1804-95-96. The Indo-European 
Arcs fro111 Kariichi to Greenwich. ... Dehra Diin, 1901. 

Appendix No. 1. Descriptions oE Points used for ~ o n ~ i t u d e  Stations. 
Sppel~dix  No. 2. The Longibade of Madras. 

STIII-Astronomical L a t i t u d e s  from 1885 to 1905 and the Deduced Values of 
... Plumb-line Deflectio~~s. ... ... Dehra Diin, 1906. 

Appenrlix No. 1. On Deflections of Lhe Plumb-line in India 
Apprndix No. 9. Determination of the  Geodet.ic Elements of the  Latitude Stntione of 

Brjnmara, Bahuk, Lnmb~Lach and Kidarkunta. 
Appendix No. 3. On the (N-S) Difference exl~ibitod by Zenith Sector No. I .  
Appendix No. 4. On the Value of the Micron~eter of t he  Zenith Telescope. 
Appendix No. 5. On the Azimuth Observntions of the Great Trigonomet.rical Survoy of India. 
Appendix No. 6. A Catnlogue of the Publicntione of the  Great Trigonon~eLricol Survey of India. 
Appendix No. 7. On the  combination weights employed. 

S I X - L e v e l l i n g  of Precision i n  India from 1858 to '1909. Dehra Diin, 1910. 
Appendix No. 1. Experiment t o  tcst the  chauges, due to  Moisture and Temperature, i n  t h e  

Lenzth of a Levelling Staff. 
Appendix No. 3. On the erection of Stnndard Bench-Marks in  India  during t h e  years 

1904-1910. 
Appendix No. 3. Blemor~n(111m on the  steps taken in 1906.1910 to enable movements of t h e  

Enrth's crnst to be detected. 
Appendiq No. 4. Dynamic and Orthometric corrections to the  Himalnynn levelling lines 

ant1 circuit: and a conasideration of t he  order of magnitude of possible 
refroclion errors. 

Appendix No. 5.  The passnge of rivers I)y the  Levelling Operations. 
Appendix No. 6. The Errors of the Trigonometricel values of Heizhts of stations of the  

principal triangnlntion. 
Appendix No. 7.  The effect on the  spheroidal correction of employing Theoretical instead 

rnE Obcrveil  vnlnes of Gravity and a discussion of different formula: 
giving variation of Ornv i t ,~  with Labitnde nnd Hcight. 

Appendix ?lo. 8. On the  rliqcrepaucy h ~ t w e e n  the  Trigonomctrical and ~pir i t - levcl  vnlncs of 
the clifferencc of h c i ~ h t  hetween Dehra V i ~ u  and blussooree. 

S I X A - B e n c h - M a r k s  na the Southern Liues of Levelling. Dehra L)un, 1010. 
Prirp Rg. 6 or 61/911. 

S I S B - B e n c h - M a r k s  on the Northern Lines of Levelling. Dehra Diin, 1010. 
Price I:< .  5 or fi/RIf. 

SYNOPTICA L VOLUMES-giv ing  cliartu. descriptions of stations, and full synopes of 
coordinates and heights of all stntions and  point^ fixed by Principal and Secondnry Trian- 
gulation." 

Price  Bn. 2 nv 2'i9'l per. colltnle trrllcsa olherluiae strtled. 
1/nlic.filycirr.~ rlrP i t )  rh~,~no/oyic(rl  order. O I I ~  w j e r  to  the  Indez  C?tnrt of the B. T. Survey.  

North-West Quadrilateral 
1-01, I-The (freat Indup Series (.5'2). 1)ehr:t Dun, 1874. 

IT-The (:reat Arc-Section 24' to 30" ( 6 ) .  Dehrn Dun, 1874. 
111-'Fl~e T<nrnchi Lonyit~tdinnl Seriea (25) .  nehrn Dun, 1874. 
1 - T I  ~ r l i g a r l  I e r i l i n ~ l  r e  ( 2 )  1)ehrn Dun. 1875. 
Y-The l t n l ~ i ~ n  i \ I e r i d i n ~ ~ a l  Herieu (.?.?). 1)ehra Dun, 1Hi5. 

YI-The .Jogi-Tiln Meridion:il Series (,7i'), and the Sutlej fiZeridionnl Seriee ( 4 5 ) .  
Debra Dun, I S75. 

TII-The N. \V. Hirnfrlnyn Series (22)  and the Trinngulation of Knshmir (36). Dehre 
Dun. 1879. 

VIIA-The Jodl~pore IIeridionnl beries (62) a n d  the E18tern Sind Meridional Seriee 
( 6 4 ) .  Dehra Dun, 1 S t r i .  
. - 

hl~eciel charts can he knppl1e0 o f  thaw aerles for ~ h l c h  no Yynopticnl Volumes ore avrti1able:wir. r- all 
Bmma Chittagong and Deluchiqtin triangnlation, the Assam Longitudinal, the  Sambnlpur Jleridional. and the 
Oilrit  Beriea with a few recent oecondarp ~ e r i c a  in India. 
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SYNOPTICAL VOLUMES-(Continued) 
South-East Q u a d r i l a t e r a l  

Vol. VIII-The Great Arc-Section 18' to  24" (8). Dehra Dun, 1823. 
IX-The Jabalpur bleridional Series (53). Dehra Dun. 1878. 
X-The ~ i d e r '  Longitudinal Series (43). Dehra Dun, 1880. 

XI-The Biliopur Meridional Series (58). Dehra Drin, 1880. 
X I  I -The Calcutta Longitudinal Series (5). Dehra Dfin, 1880 

XIII-The East Coast Series (24). Dehrn Dun, 1880. 
XIIIA-The south P$rasll$th (1) and the South Mi~liincha Meridional Skien (17). 

Dehra Dun, 1885. 
North-East Quadrilateral 

Vol. XIV-The Budl~on Meridional Series (2). Dehra Dun, 1883. 
XV-The! Kaugir Meridional Series (4). Dehra Dull, 1883. 

XV I -1'he Alnua Meridional Series (3) and the KarBrn Meridional Series (12). Dehrn 

Dun, 1883. 
Val. XVII-The Gurn.$ni Meridional Series (29) and the Gora Meridionnl Series (15). 

Dehra Dun, 1883. 
X\TIII-The HurilSong Rleridional Series (21) nnd the Chendwkr Meridionnl Seriea (14). 

De111.a Dun, 1883. 
X]X-l'he North Plrasniith (27) and the North Maluncha Meridional Series (13). 

Dehw Dun. 1S83. 
Xx-The Cnlcutta Meridional (16) and the Brahmnpiitra Rleridional Series (56). 

Dehra l)Cn, 1883. 
XXI-Tho East ('nlcuttn Longitndinnl (48) and the Eastern Frontier Series-23' to 

26' (4-11). Llelira Dun, 1883. 
XXII-l'he Asaaui T'nlley Triangulatiou, E .  of Rleridinn 92" (55). 1)ehra Dun, 1891. 

(Out of print.) 
XXXV-The North-ti:~st Longitudinal Series (20) with the volume of charts. Dehra Dun, 

1009. Pvice Rs. 5 or 6 ~ 1 8 ~ .  

Southern Trigon 
Vol. XSIII-The South Koukan Coast Series (11). Dehra Dun. 1891. 

XSIV-The Rfnngnlore Jferidional Series (49). Dehra Dun, 1S01. 
XSV-The South-Enst Coast Serics (6.3). Dehra Dun, 1891. 

SXTTT-The Rombnv Lonritudinal Series (3). Dehra Uun, 1892. 
S S  \ ' I  I-l'l~e Madras Longitudinnl Series (54). Dehra Dun, 1892. 

XXYlJT-The Rlnllrns 14eridional and Coast Series (f6).  Dehra Dun, 1892. 
XXlX-The Great Arc Meridionnl Series-Section 8' to 18' ( 9 ) .  Dehrn Dun, 1899. 

South-West Quadrilateral 
Vol. SXX-l'lie Abu 3Ieridionnl Series (26) and the Gujarst Longitudinal Series (29). 

1)rIim Pun,  1592. 
S X X I  --The 1CIiinl)isurn Meridional Series (18). Dehra Dun, 1893. . 

X X X I I  -The Singi lleridional Series (10). Dehra Dun,  1893. 
XSSIII-The Cutch Const Series (.35). Dehra Dun, 1893. 

Addendum to the Cutch Const Series, (Indus delfn) (separate pamphlet). 
Delirn Dun, 1902. 

X X X I V - ~ ' I I ~  Rtitliiiwir Meridionnl Series (28). Dehrn Dun, 1894. 
T R I A N G U L A T I O N  PAMPHLETS with charts, are now being issued for every 

~q11nr0 d ~ ~ r e e ,  g i ~ i n g  t,he results of all minor trinngulntion, as  well as thnt shown in Synop- 
tical Y ~ ~ I I I I I ~ ~  l'ricc Re. 1 or l q / 4 1 ' p e ~  panrphlet. Vide page 111. 

L E V E L L I N G  P A M P H L E T S - g i v i n g  heights nud deecril,tions of all Bench-marks, 
fixed by lrvclling of l'rec-ision i l l  Tuclia nnd Burmn. Ench pamphlet embraces an area of 
4' x 4' nnrl the ~ l u m l ~ r r i n ~  is tlle snnle ns tlint of the correnponding slleets of the 1/31 mnp 

of Indin. Ench i n  i l l l l~t , l .~l~td by a ~nnp  of tho nrea. Price Rs. 2 or 25/9" per pamphlet 
exrept I ( ' ~ I P I . C  o f h r ~ . t ~ i . w  s / ( I / P ~ .  

P n ~ ~ ~ l ' l ~ l ( ~ l  Nos. I,ntilll~ir. Lo11~ll1lrlc. I'nblished Pn~nl,lllet, Nos. Latitude. Longitude Published. 
Inrlin 3 2 GID-RR3 1khl.n Diln, 191R. India 67 12'-16" 76"-80° Debra ~ u ~ ,  1912. 

,, 35 24"-2H" 64"-(iBn 1911. ,, 68 8'-12" 7C"-Roo ,, 1914. 
,, RX a%"-%;" ono-i2" 1912. ,, 03 24"-28' 80'-8.1. ,, 1911. 
,, R9 28"- 32O GH0-723 1913. 

,, Arl~lcnclum ( 0 1  press) ,, 04 20'-2C 800-8j0 ,, 1912. ,, 40 24"-28' G$--i'$ 191 l ,, (;i, ]Go-90' 80"-8p" ,, 1913. ,, 41 20"-2.1' 68'-72" 1913 ,, G0 12°-160 8 0 0 - 8 ~  ,, 1912. 
, 43 32'-3G' 72"-76" 1913 ,, i s  24"-28" 8JC-88O . 1912. 

,, Addendum 1915 ,, 73 20"-24' 84"-08O 
9 ,  1913. 
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LEVELLING PAMPHLETS-(Cont inuad)  
pamphlet Nos. Lnt.itude. Longitude. Published. Pnmphlot Nos. Latitude. Longitude. Pnblished. 

~ddia 44 28'-32" 
,, 46 24'-28' 
,, 46 20"-zro 
, 47 16°-200 
,, ,,* Addendum 
. 4 8 1 2 " - 1 6 '  
,, 4!)* 8'- 12. 
, 62  32"-36" 
,, 53  28'-32' 
,, 64 24'- 28O 
,, 66 20"-24" 
,, 56 16"- 20" 

1912 lnd ia  
1911 ., 
1912 ,, 
1912 ,, 
1915 ,, 
1912 ,. 
1911 Surma 
1912 ,, 
1912 ,, 
1914t ,, 
1912 ,, 
1912 ,, 

54 16"- 20" ~4 ' -  88' Dehra Din, 1918. 
78 24'-2.9' 88°-92e 9 ,  1912. 
.,* Addendum ,, 1916. 
79 20'-24' 88'-99' ,, 1912. 
,, Addendum ,, 1916. 
83 24"- 28" 92"-96" ,, 1912. 
84 20'-24' 92'-96" ,, 1911. 
, Addendum ,, 1914 
86 16"- 20" 92"-96" ,, 1913. 
92  2c-28' 96'- 100' ,, 1911. 
03 20'- 24' 9G0- 100" ,, 1911. 
9416° -200  96'-100° ,, 1911. 

* Price Re. 1 or l'/.id. t 2nd Edition fenlareed). . - ,. 
TIDE TABLES- 

. Siuce 1861 Tidal predictions based on the observations of the Survey of India have 
been published annually by the India Office, London. The tables give the time and height of 
high and low water for every day in t,he year a t  each port, and are published early in the 
previous year. Current tables are available for the follonring SO ports :- 
Western Ports- 

Suez (Egypt)-Perim-Aden-Maslzat-B~sl~ire-Knrnchi-Okl~a Point and Bet Harbour 
(Gulf of Cutc11)-Porbnndar-Port Albert Victor (KBthi2mir)-Bl1aur1a,onr-Bombay (Apollo 
Bnndnr)-Bo~nbny (Priuce's Dock)-Mormngno ( Goa)-TZ2rrr%r-Beyl1ore (nenr Calicut)- 
Cochin-Minicoy (Indian Ocean)-Tuticorin-PLmban Pass (Island of ItZtnesmnran~). 
Eastern Ports- 

Galle (Ceylon)-Triucomnlee (Ceylon)-Colotnbo (Ceylon)-Negnpatam-bfndrne-Co- 
canida-Tiznpnpntnm-Me-Point-Dublnt (Snugor 1slnnd)-Diamond I-Inrbour--Kidderpore 
(Calcuttn)-Chittagong-Akyab-L)in~nond Idand f burnla)-Bassein-Elephnnt l'oint (Burma) 
-Ran~oon-Amherst-~I0111~1ein-1Cler~ui-Port Blair. ' 

The Tide Tables are issued i ~ r  the follozuing.forms :- 

( i )  C o m b i n e d  Volume-inclutling all the above ports-Price Rs. 4 or 5 ~ 1 4 d .  
( i i )  Part I and Part 11-i~~clutling Western a ~ i d  E a s t e r ~ ~  ports respectively- 

E ' n c . l b  anrt Rq. 2 or 2"156. 
( i i i )  P a m p h l e t s - g i v i n g  separately the tables for individu:~l porte or for small 

local croups of ports-Price varying Jr.orn As. 8 or. 8"o Rs. 1-8 01. 25 par 
yav~phlet. 

- 

C-CATALOGUES AND INSTRUCTIONS. 
(0Cfni)zntle ,frona the Stiperirrlendrnt, Map Publicntiow, 13, ll'ood Street, Calcufln). 

D E P A R T M E N T A L  ORDERS. 
Frotn 1878 to 1bS.j the Surveyor General's orders were all issued as '' Circular 

Ortlers. " Since then ther  have been classified as follows :- 
( 1-Goverment o f  India Orders (cnlled " Circrtlar O ~ d e r s "  

From 193.5 to 1904 as i u p  to 1598.) 
2-Departmental vrders ( A d m i n i s t r a t i v e ) .  
3-Departmental Orders ( P r o f e s s i o n a l ) .  

I n  1904 the ~ a r i o u s  orders issued since 1878 mere reclassified as follon,s :- 
XrrnrL~r to  dale. 

1.-Government of India O r d e r s  - 677 
2.-Circular Orders ( A d m i n i s t r a t i v e ) . -  8-50 
3.-Circular Orders ( P r o f e s s i o n a l ) . -  190 
4.-Departmental Orders (nppoin tn~e~~ts ,  promotionn, transfers, etc ) 

These are nr~~iilererl serially ant1 had reached the above numbers by Sel~tember 1916. 
Gorcrlrment of Inrlia 0rdrr.y nlrr? Circrtlnv Orders (Ahninrrtratrme) are bound up in volr~mes 
from time to time, as shon-n below, while Ctrct~lnr 0rtIrr.s (Prof~ssionol) are gratloally incor- 
po~ated in the S ~ i r r e y  IIand-books. Besides the above, temporary orders have heen issued 
since 1!)10 in the form of .'Circular Memos." These either lapse or become incorporated 

in some more permanent form, an11 are therefore only numbered serially for each 3-car. Bouncl 

volumes of orders are ax-a~lahle as follows:- 
1 *Go~ernmer~t  of I n d ~ n  Orders (Ilepartrnental) 18iA-1903.-Calcutta, 1901. 

1)itto t l~t to  1904-1903,-Calcutta, 1909. (Out of print), 
Ditto ditto 1900-1913.-Calcutta, 1915. 

2. mCirculnr Ordorm (Administrative) 1878-1903. -Calcutta, 1904. Price Rs. 1-4 or 1'18'. 
Ditto d ~ t t o  1904-19~8.-('nlcuttn, 1009. ,, ds. 6 or 6". 
Ditto ditto 1909-191.7.-Calcutta, 1015. ,, As. 8 or Bd. 

For Deparmental use only. 
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DEPARTMENTAL ORDERS-(Continued) 

3. " Regulatious on the aubject of Language Examinations for Officers of the Survey of 
India. Calcutta, 1914. 

4. * Map Publication Orders 1908-1914 (Superintendent, Nap Publication's Orders.)- 
Calcutta, 1914. 

5.  specimen^ of papers set a t  Examinations for the Provincinl Service.-Dehre Diin, 
1903.-(Out of print). 
CATALOGUES A N D  LISTS. 

1. C a t a l o g u e  of Maps published by the Survey of India. Second edition. Calcutta, 
1915. Price Re. 1 or 1J14d. 

NOTE.-Lists are issued tquarterly of new ~llaps published during bach quarter, 
and similar lists for each month appear in the monthly NOTES OF 
THE SURVEY OF I N D l A .  

2. Catalogue o f  Maps of the Bombay Preaider~cy, Cnlcultn, 1913. Price As. 4 or dd. 
3. List of Survey of India publications (published annunlly)-Qratis. . 

4. Price List o f  Mathematical I n a t r u m e n t  Omce. Calcutta, 1913. Qratir. 
5.  Catnlog~le of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print). 

6. Catnlogue of Scientific Books snd Subjectv in the Library of the ~ r i ~ o n o m e t r i c a l  Survey 

Office. Dehrn Diin, 1908. Price Re. 1 or lSl4". 
7. Catalogue of Boolcs in the Library of the Trigonolnetrical Survey OEce. Dehra Dun,. 

1911. (Out of print.) 
8.  Green Lists-PART I-List of officer* in the surrey (h111f yeat-ly to dates 1st January 

and 1st July)-Calcutta. Price zls. 6 or* 6". 
PAKT 11-History of Services oE Officers of the Survey of India 

(annually to dnte 1st J1tly)-Calcutta. Pvice As. 8 or 9". 
9. Blue Ljsts-Rlinisterial and S~tbordil~ate Establisliu~ents of the Surrey of India. 

PART I-Head quarters and I)ehra Dull offices (publisl~ed arlnually to dnte 1s t  
A l)rilj-Calcutta. Price Re. 1 o r  ld l" .  

PAlt'P 11-Circles and parties (published uonually to date 1st January).-Calcutta. 
Price Rs. 1-8 or 2,'. 

(Nos. 8 and 9 nre stnclied in the Sur~eyor  ( J e n e ~ a l ' ~  Office, Calcutta). 
TABLES AND STAR C H A R T S .  

1, Auxiliary Tables-to facilitate the calculations of the S u r ~ e p  of Inclia. Fourth 
Edition, revised. Del~ra l)uo, 1006. Price Rs. 4 or 514" i lr  cloth nttd calf, o r  Rs. 2 or PIS1 in paper 
and boal.k. 

2. Auxiliary T a b l e s - t o  facilitate the calculntions of t.he Survey of India. Fifth Edition, 
revised slid extended. PAlC'l' I-GFmticules of 91a1)s. l)ellrx Dun, 1916. Price Re. 1 0s. 1~/1'i. 

3 .  Tablen for Graticules of Maps. Extracts for the use of Explorers. Debra Dun, 
1910. P ~ i c s  As. 4 o r  4 d .  

4. * Iletric Weights and measures and other Tables. Pl~oto-Litho Office. Calcutta, 
1889. (01rt  of print.) 

5. Logarithmic Si~les a t ~ d  Cosines t o  6 places of  dcci~nals. Uehra Diun, 1S8G. Pt,ice As. d o r P .  
6 .  L ~ ~ a r i t l ~ n i i c  S i ~ ~ e s ,  Cosiues, 'l'nngents and Cotangents to 6 places of decimals. Del~rn Dun, 

101 5. Price Rr. 1 or 1.'14". 
7 .  Coln~l~on Lojinrithms to 6 places of decimals. Prire As. 4 or 4". 
8. Table for determilling Heights in Traversing. 1)ehra Dun, 1896. P,.ice As. 8 or ad. 

0 .  Tnbles of distances in Chains and Links correspolitling t o  n sllbtense of 90 feet. Debra 
Dun, 1880. Price As. 4 o r  dd .  

10. * Dit,to dibto 10 feet. Calcutta, 1915. 
11. * Ditto ditto 8 feet. Ditto. 
12. 8t11r Charts for Illtit,ude 20' N. By Col(,nrl J. R. H~bt l~ ty ,  I.S.C. Calcutta, 1900. 

(Out of print). 
13. Star C'llnrts for latitude 30' N. By Lt.-Col. Burrn,.d, R.E., p.B.8.  Debra ~ u ~ ,  1906, 

Price Rs. 1-8 01. 21. 
14. * Cata10~11e oT21,9 Stars for epoch Jnn. 1, 1802, from observations by ttle Survey. 

Dehrn D i ~ n ,  1893. (Out  of print.) 

15 * llninf~ill from 1868 t,o 1003, ~nensnrod at the a. T .  Survey Office. Debra Dun. ( o u t  
of print.) 
OLD MANUALS. 

1 .  A Mnnnal of Surveying for India, detailing the mode of operations on t h e  H~~~~~~ 
n l l r v e ~ ~  in Uengal and tho North-Wentern Provinces. Compiled by Captains R, Sftryth and H .  z. 
Thr,illier. Cnlcuttn 1851. (01lt of print.) 

2. Ditto ditto dit,to. Second Edition. London, 1855, 
Price Rs. 4 or 5"I.l". 

3. A Mnnlinl of Srirveying for I n d i ~ ,  detniling the n~ode of operatione on the Tripnomet. 
ricd, ~ o ~ o g r a p h i c n l  and Hevenuo Surveys of India. Compiled by Colonel H .  L. Thuillier, ~ , S . I . ,  
R R . , ~ ,  and ~ieutenant-Colonel 3. Sncyth. Third Edition, revised and enlarged. Calcutta, 1875. 
(Out of print.) 
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SURVEY OF INDIA HAND-BOOKS. 

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914. Price 
31. 3 or 4* 

2. Hand-book, Trigonometrical Branch, Second Edition. Calcutta. 
(Out of print.) 

3. Iiand-book, Topographical Branch, Third Edition. Calcutta, 1905. (Out of 
print.) 

*The following chapters of a revised edition of the T o ~ o .  Band-book are available for 
issue in pamphlet forms:- Price ds. 8 or 8" per copy or Rs.  3 or 45 per set. 

Chnpter I-Introductory. 
,, 11-Constitution nnd Organization of rr. Survey Party. 
,, 111-Triaugulation and its Computation. 
,, I V-Traversing and its Computation. 
9, V-Plane-tnbling. 
,, TI-Far  Mappiug. 
,, YII-Trans-froutier Keconnaiesance. 
,, IS-Forest Surreys nnd RInps. 
,, 1-Heproduction of the Sheets of the one-inch RInp. 

4. +Photo-Litho Office, Notes on Organization, hlethods and Processes. Calcutta, 1914. 
5 The Reproduction ( f o r  the guidance of other D e p a r t m e n t s ) ,  of Maps, 

Plans, Photograph*, biagrnms, nnd Line Illustrations. Cnlcuttn, 1914 Price Rs  3 OT 4 5 .  

NOTES AND I N S T R U C T I O N S  

Drawing and Paper. 
1. *Kotes on the Drnmlng of New St:~ndnrd Rlaps. By Najov W. X, Coldstreana, R.E. 

Calcuttc, 190s. 
2. f Notes on Printing Pnpers s n i t ~ ~ b l e  for Rlrps, and ou Whatman Drawing Paper. B y  

dlnjor 7V. X Colcfstrenm, R. E Calcutta, 191 1. 

Printing and Field Litho processes 
3 *Report 011 Rubber Offset Pr~nt ing  for Maps. B y  Nnjor W.  T.. Coldstream, R .  E. 

Calcuttn. 1911 
4 *Noter on the "Tnnrlyke" or Direct Zinc Pr in t~ng  Process, with details of Appnrntus 

and C'hemicnls required for asmall ~ectiou. Cornpiled in the Photo and L ~ t l ~ o  Office, Survey of 
Inciin. Cnlcuttn, 1913. P ~ i c a  He. 1 or 1'14''. 

5 .  'Report on the Working of the Light Field Litho Press (experimental) in November 
and December 1!,10 with Appeudices. By Lie~te~rnnt  A.  A. Chnse, R. E., Calcutta, 1911. 

(1) Notes on Rome of the Methods of Reproduction suitable for the Field. 
(2)  Sugze~ted Equipment Tables for the Light Field Litho Press (experimen- 

tal). 

6. Ilteport on a trial of the equipment of the 1st (Prince of Wales' Own) Sapperr and 
Miners for reproducing maps in the field. B y  Lierctennrat A. A. Chase, R. 2. Calcutta, 1912. 

Base Lines and M a g n e t i c .  
7. *Sotea on uqe O F  the JHderin Base-line Apparatus. Dehra Dun. 1904. 
8. 'RIi~cellnneour Pnper~  relatinq to the Measurement of Geodetic Bnmes by Jaderin Iuvar 

Apparatus. Del~rn Dun, 1912. 
9. +Instructions for taking BIagrletic Obsermtious. By J. Ecclos, N. A. Del~rn Dun, 1806, 

l o .  Rectangular Coordinates -On n Simplification of the Computations relnting to- 
By J. Erclps, A .  Dehrn Dun, 1911. Price Re 1 or 1 ~ / 4 d .  

11. +For E x p l o r e r s . - N o t e s  ou the use of  thermometer^, Bnro~neters nnd Hypaometers 
with Tablee for the Colnpr~tation of Heights. B y  J. de Q m o f H ~ l ~ ~ t e r ,  ill. A. Dehra Dun, 1911. 

D-MISCELLANEOUS PAPERS. 

( 0 6 t n i n n ~ l r  from IAe S~cperii~t~iiIIet~I,  I l fap Ptrhlicntion, 13, 7I-ood Street, Calculta). 

UNCLASSIFIED PAPERS 
G e o g r a p h y .  

1. A Sketch of the Geography and Geology of the Himilays Mountains and Tibet; in four 
p n s .  B y  Colonel i9 O. Burmrd. R. E., F, R S. ,  Srrpdt., Trigonometrical Surveys, and Nr.  8. H .  
Hayden, B. A. ,  F. Q. 8., Rul~d t ,  Qeologica2 Rrdrvey o f  India. Calcutta, 1007-08. 

For Dcparcolcutel nee only. 
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UNCLASSIFIED P A P E R S - ( C o n t i l r u s d ) .  
Geography-(Cogat inued) .  

Part I.-The High Peaks of Asia. 
,, 11.-The Principal Mountain Ranges of Asia. price a, 2 or 26/86 par 
,, 111.-The Rivers of the Himalaya and Tibet. 

, I part. 
,, 1V.-The Geology of the Himalayn. 

2. *Report on the Identification and Nomenclature of the Him%lnynn Penks as seen from 
g%tm%ndu, Nepgl. Calcutta, 1901. 

3. Routes in the IVestern Himslnya, Kashulir, etc. By Lieut.-Colonel 2'. Q. Nontgomeris, 
B. E., R R. S., F. R. G.  S. Third Edition. Revised aud corrected. Dehra Dfin, 1909. (Out 
.of print.) 

Special Reports. 
4. Report on the Recent Lleterminntion of the Longitude of RIndras. Calcutta, 1897. (Out 

of prin t) . 
5. *Report on the Observntion of the Total Solar Eclipse of 6th April 1875 a t  Camorta, 

Nicobnr Islands. B y  Colonel J. Waterhowe. Calcutta, 1875. (Out of priut). 

6. *The Total Solar Eclipse, January 22, 1898. Dehra Den, 1898. 

(1) Eeport on the observations a t  Dumraon. 
(2) Iteport on tlre observations s t  Pulgaon. 
(3) Report ou the observations a t  Sahdol. 

7. *Report on Local Attraction in India, 1893-94. By Captain S.  G.  B u r ~ a r d ,  R.E. 
Calcutta, 1895. (Out of  print.) 

8. "Report on the Trigouolnetrical Results of the Enrthqualce in Assam. By Captain S. Q, 
Burvnrd. Calcutta, 1898. (Out  of p!.int.) 

9. *Notes on the Topographical Surrey of the ,& Sheets of Algeria by the Topographi- 
cal Section of the "Service Geographique de 1'ArrnGe". By Cnptnia JV.z Coldstreont, 
R.E. Cnlcnttn, 19OG. 

10. *The Simln E ~ l n t e s  Boundary Surrey ou'tlle ecnle of 50 feet to 1 inch. By Captain 
E .A.  Taudy, R.E. Calcutta, 1906. 

Geodesy. 
11. Notes on the l'11eo1-y of Errors of Observation. By J .  Eccles, N . A .  Dehra Dfin, 1903. 

Price As.  8 or 8". 

12. *Note on a Change of the Axe8 of the Terrestrial Spheroid in  relation to the Trian- 
gulation of the G.T. Survey of India. By J .  de Grncfl Hli~zter, U.A. Dehra Dun. 
(Out of priut.) Now incorporated in Professional Paper No. 16. 

Projections. 
13. On the projection used for the General Maps of India. Dehra Dun, 1903. (Out of 

print). 

14. *On the deformation resulting from the method of const,ructing the I~~te rna t iona l  
Atlas of the World on the scale of ono to one million. By CW Lnllca,nnd. Translated 
by J .  Bcrles, N.A.,  together wit11 tables for the pro,jection of 1/M Riaps on the 
International system. Dehra Dim, 1912. (Out of print). 

M a p p i n g .  
15, *A Note on the different metliods by nl~ich hills cnn be represented upon maps. 

By  Colonel S .  C. B ~ o , ~ ~ r c ~ ~ d ,  C.S.I., R .E . ,  F.R.S. ,  S ~ r ~ ~ ~ . e , ~ o r  Gene~. t~l  of Intlin.. sirnla, 1912. 
16. Note UII the representation of hills. B y  Nnjov C. L. Robertson, C . X . Q . ,  R.E. 

Dehrn l)ilu, 1912. 

17. *A Note on tlie representation of hil1.q 011 the RInps of Indin. B!/ 2UnjorF. W.  Piwie, 
I . A .  1)ehrn Dun, 1912. 

18. *A consideration of  t,ho Co~itour intervals and Colour Scales best suited to Indian 
l/bI ninps. B y  Grptniw 111 O'C. Z'mzt7y, R. E. Cnlcu tta, 1913. 

P R O F E S S I O N A L  P A P E R S - P r i c e  Rttpec I 0 1 .  I ' /4J per volume, ercept zcltere otlrerrvise 
stntrrl. 

No. I-Pr0ji3ction-on tlie Projection for a RInp of India m ~ d  adjacent Coul>trie8 on 
t'l~e male of 1 : 1,000,000. By CoZoncl Nt. a. C. Gocc, R.E. Second Edition, 
nehrn Di~n ,  1903. 

No. 2-Base Lines-Method of njensuring Geodetic , Bares by means of-Metnllic 
tVirev. B!/ 1U. Jiitlerin. (Trnnslnted froul RlGrnoires Preaentes par l)ivors 
Bnvnnl.8 5 I'AcndE~nie des Bciences de lllnstit ,ut de France). &hra Dun, 
1899. (Out of print.) 

* For Dcp~rlnlent,al  I I ~ C  onl j .  
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PROFESSIONAL PAPERS -(Continued). 

No. 8-Base Lines-Method of mensuring Geodetic Bases by means of Colby'e 
Compensated Bare. Compiled by Lieutenant H. NcC. Cowie, R. E. Dehra 
Iliin, 1900. (Out of print.) 

No. 4-Spirit-levels-Notes on the Calibration of Levels. By Lieutenant 3. A. 
l'andy, R. E, Dehra Diin, 1900. (Out of print.) 

No. 6-Geodesy-The Attraction of the Himilayn Mountains upon the Plumb-Line 
in India. Considerations of recent data. B y  Najor 9. Q .  Burrard, R. E. 
Second Edition. Dehrn D h ,  1901. Price Bs. 2 or 2 W .  

No. 6-Base  Lines-Account of a Determination of the Co-efficients of Expansion 
of the Wires of the Jiiderin Base-Line Apparatus. B y  Captain Cf.  P .  Lenox. 
Conyngham, R. E. Dehra Diin, 1902. 

No. 7-Miscellaneous. Calcutta, 1903. 

(1) On the values of Longitude employed in mnps of the Survey of India. 
(2) Levelling across the Ganges nt DBmukdia. 
(3) Experiment to test the increase in the length of a Levelling Staff due to 

moisture and temperature. 
(4) Description of n Sun-dial designed for use mith tide gauges. 
(5) Nickel-steel nlloys and their application to Geodesy. (Translated from 

the French.) 
(6) Theory of electric projectors. (Translated from the French.) 

No. 8-Magnetic-Experiments made to determine the temperature co-e5cients of 
Watson's Magnetographs. By Captain H. A. Denholm Fraser, R. E.  Calcutta 
1905. 

No, 9-Geodesy-An Account of the Scientific work of the Survey of India and s 
Comparison of its progress mith that of Foreign Surveys. Prepared for the 
use of the Strrvey committee, 1905. B y  Lieutenant-Colonel S .  O .  Brcrrard, R. E.,  
El R. S. Calcutta, 1905. 

No. 1 0 - P e n d u l u m s - T h e  Pendulum Operations in India, 1903-1907. B y  afajor 
G. P. Lniox-Conyngham, R ,  E. Dehra Dun, 1908. Price Rs. 2-8 or 3 ~ 1 4 ~ .  

No. 11-Refraction-Obserortions of Atmospheric Refraction, 1905-09. B y  H. a. 
Shnno, Suroey o j  India. 1)ehra Diin, 1911. (Out of print.) 

No. 12-Geodesy-On the Origin of the Himalaya Mountnins. B y  Colonel S. G. 
Burrard C. S .  I. ,  R. E., E! R. S .  Calcutta, 1912. 

No. 13-Isostasy-Investigntion of the Theory of Isostnsy in India. B y  dfajor H. L. 
Crosthrcait, R . E .  Dehra Dun, 1912. 

No. 14-Refraction-Formula for Atmoshpheric Refrnction and their application to 
Terre~trial Refraction and Geodesy. By J. de CJraafHunter, bl. A. Dehrn 
Dun, 1913. Price Rs. 2 or 2 ~ 1 8 ~ .  

No. 1 5 - P e n d u l u m s - T h e  Pendulum Operations in lndia and Burma, 1908-13, 
B y  Captain H .  J .  Couchman, R. E. Dehra Dun, 1915. Price Rs. 2-8 or 3 ~ 1 4 ~ .  

KO. 16-Geodesy-T11e Earth's Axes and Triangulation. B y  J.  de CJrnnf Huntel*, N.A. 
(at press) .  

DEPARTMENTAL PAPERS SERIES. (For  departmental use on1.y.) 

No, 1-Type-A consideration of the most suitable forms of type for use on mnps. 
By Capfain X. 0'0. Tandy, R .  E. Dehra Dun, 1013. 

No. 2-Symbols-A review of the Boundary Symbols used on the maps of vnrious 
countries. B y  Capiait~ iU. O'C. Tnndy, R. E, Dehra Dun, 1913. 

No. 3-Maps-Extract from "The Pu'ew Map of Italy, Scale 1: 100,000." B y  Luigi 
Cfinnnitrapani. Trnnslnted from the Italinn b,y Nnjor W. X. Coldstream R.E. 
Dehrn Dun, 1013. 

No. 4 - T o w n  S u r v e y s - A  report on the practice of Town Surveys in the United 
Kingdom and its application to India. B y  major C. Z. Robertson, C .X .O. ,  R .E .  
Dehra Dun, 1913. 

No. 5- S t e r e o - p l o t t e r - T h e  Thomp~on Stereo-plotter and its use, mith notea on the 
field work. B y  Lientennnt K. dlaaon, R .  E. Dehra Dun, 1913. 

No. G-Levelling-Levelling of High Precision. B y  Ch. Lnllewand. Translated 
from the French by J. de Qraaf Hunter, d1.A. Dehrn Dun, 1914. 

No. 7 - S t a n d a r d  Bars-Bar  Comparisons of 1907 and 1908. B y  dlajor H .  Me0 
Cozc~e, R.E. Dehra Duo, 1915. 

KO. 8-Helio-zincography-Ifeport on ltubber Off-set Flat bed Machine Printing. 
By Captain S .  W. Snckuills Halt~tltun, R. E.  Calcutta, 1915. 
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PROFESSIONAL FORMS. 
A large number of forms for the record and reduction of Survey Operations are stocked 

at Dchra. A list of these can be obtained from the Superintendent of the Trigonometricel 
Survey, Dehra Dan, U. P. 

PUBLICATIONS O F  THE ROYAL SOCIETY. 
(Obtainable from Mcssrs. Dulau 8 Co., 37, Soho Square, Loadon, W., or Messrs. 

Harrison 8 Sons, St. Martin's Lane, London, or the Royal Society at Burlington House, 
Jondon.) 

1. Philosophical Transactions, Series A,  Volume 186, 1895. India's Contribution to 
Geodesy, by General J. l! Talker, R.E., C.B., F.R.S., LL.D. 

2. Philosophicnl Transactions, Series A, Volume 205, pages 289-318, 1905. On the Inten- 
sity and Direction of the Force of Gravity in Indin, by Lieutenant-Colonel 
S. G. Bur~aw7, R.E., PR.S. 

3. Proceedings, Series A ,  Volume 90, pages 32-10, 1914. On the effect of the Gangetic 
Alluvium on the Plumb-Line in Northern India, by R. D. Oldhaln, F.R.S. 

4. Proceedings, Series A ,  Volume 91, pages 230-238, 1915. On  the origin of the Indo- 
Gangetic trough, comnlonly called the ITimalayan Foredeep, by Colonel Siv S. f3. 
Burinrd, E.C.S.I., R.E., R.R.S. 

AGENTS FOR THE SALE O F  INDIAN OFFICIAL PUBLICATIONS. 

LOKDON. CARIBRIDGE. 

A. CONSTJIILR $ CO., 10, Orange Street, 1,eices- D E I G ~ T O N ,  BELL Sc CO., LTD., Trillity Street. 

68, Cnrter Lane, E.C. 
B. Q n ~ n ~ ~ r c u ,  11, Graft011 btreet, Kew Boud 

Street, \V. 

HENRY S. UINQ & Co., G5, Cornhill, E.C. 
GRISDLAI $ Co., 54, Piirliauient Street, S.W. 
T. FISIIER Usnrrs, I,TD., 1, Adelphi Terrace, 

1 v . c .  

ter Square, 1v.C. 
p. S. RISG $ Sox, 2 and 4, Great Smith Street, 

)\restmiuste~*, S.'AT. 
g ~ o a x  PAEL, Tasscrr, Tncnxsn & co. ,  

w. l ' n a c ~ ~ n  Sc Co., 2, Creed Lane, Ludgate 
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