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PART I.-TOPOGRAPHICAL SURVEY. 
NORTHERN CIRCLE. 

(Iride Index ;\.laps 1 and 4.) 

Su~l~~llary.-The Circle comprised four parties and one detachment for topographical 
work, apart from the special parties and detachment mentioned below. Doring the  year a 

total area of 14,289 square miles was topographically surveyed. This includes an area of 

2,600 square miles beyond the frontier else~vhere. 

The mork of the Sind-Sigar Party and of the Punjab Riverain Detachment is, strictly 
speaking, not topographical survey. 

No. 20 Party (Cantonment) \vas transferred from the administrative control of the 
Superintendent, Northern Circle to that  of the Superintendent, Southern Circle with effect 
from 1s t  April 1917. I t s  operations are dealt with in cletail with those of the parties of the 
Southern Circle on page 21. 

The Siucl-Sigar Party was formed from 15th June 1917 for the purpose of undertaking 
rectaugulation in the Siud-SRgar Doib and Thal as a basis for the Punjab Government's 
Sind-Sigar Canal and Colonizatioll Project. . 

Prom the same (late No. 4 Party was amalgamatecl with it, and, from the end of the 
recess season of 1917, this party (No. 4,) will be in abeyance as a topographical unit. 

ti dctachment, called the TRnk S,orvey Detachment, was formed in June  to accompany 
the TVaziristf~n Field Force. 

It remained in existence from 1st  June 1917 to 11th Atlgust 191 7. 

The Circle mas under the administrative control of Lieut.-Colonel C. L. Robertson, 
C.M.G., R.E., throaghout the survey year. 

No. 1 PARTY (KtlSI-IMIR A N D  P U N J A B ) .  
BY B. R. HLGI-IES. 

The head-quarters of the party ol~ened in the field a t  (2urdaspur on the 10th November 

PERSONNEL.  1916, and closed early in May 1917. The o 5 c e  
reopened 011 14th Blny a t  its recess quarters in  

I'roi~r~icinl  ([ficers. i\Iassool~ie. 
Mr.  B . R .  1111.1lcs in cI1n1.g~.  The country snrveyecl during the minter consist- 
,, 0 . J  s .  Itac. 
,, II.l'.L). BIorlnc. 

ed of well c ~ ~ l t i ~ - a t e d  and partly canal-irrigated 
,, P.A.T. Kenny. plains, ancl intricate foot hills; that  surveyed (luring 
,, KC. 1J11nnon. tllr summcr being ~ n o u ~ ~ t a i u o u s  wit11 well-wooded 

Z'pper S c b o v d i ~ ~ o l c  Scruicc. valleys. 

Mr. S h r ~  Jnng,  K. 11. l o  9bll Norcmber 1916. The health of the party was good. 
,, Pintlin S i n g I ~ ,  IL. 9, t,o 20111 h l n r c l ~  1917.  Plnlte-!a6Zing.-The 4,011 square miles of coun- 
,, Hnmicl (3111, to 16t11 P I . O ~ I I I I I ~ J  1317.  try surveyed on thc scale of 1 inch = 1 mile comprised 
,, Jngrlec.sl~ Prnend Vnrtnv. 2,677 square miles of new surrey, l,O5G of resurvey 

Loroe? Sntorrlinntr Scr~%icc .  and 218 square miles of snpplementary sur-vey, in  
3G Snrrcyor~ ,  PIC. l'arts of the Jammu and Chamha States, and t,he 

tlistricts of Gnrd%spur, HoshiRrpnr and KBngra of 
thc Pnnjah. I t s  snrveJ- occ~~pied the party from November to August, and t.he area lay in the  
following shrcts :- 

4 3 -O.-- r 
8.12.18 ' 43 3. r,  5 . 6  ; ,R.  9,10,11,12, Id.  14, 1 6 7 ~ 3  and $2 1 (ltart,P2 (pnrtj. 

I n  the earlier part ef the field season 22 surveyors were divided up into 3 camps under 
Messrs. The, Morton and Hanson, and the following allotment of mork was made :- 

No. 1 Camp, under BIr. G. J. S.  Rae, c o m p r i s ~ l  9 surveyors and dealt with sheets 
43 r r 4,8,12, 15 (pmi) 43 7. I l  (southern h.Ivas) '  
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No. 2 Camp, under Mr. H.  P. D. RIorton, comprised 6 surveyors and worked in sheets 

43 3 m o : i h i , .  
No. 3 Camp, under Mr. R. C. Hanson, coniprised 7 surveyors and surveyed sheets 

P 
43 i0, 11 (uorthern hall), 14 (mouthern half). 15 (~~orther~lllnE). 

I n  the latter part of the season 1 5  surveyors were divided into 2 camps under Messrs. 
Morton and Hanson :- 

No. 2 Camp, under the former officer, had 9 surveyors and worked in sheets 43 O 
8, 121 

43 A aud No. S Camp, under Mr. R. C. Hanson, with G surveyors sprveyed sheets 
6.0 (par t )  

r 
43 +' " 9 (part), 13. 1.) (northern half, 

and 5 2  
1, 2 (purts)' 

The cost-rates of the different classes of survey are given in Table 111. 
Mr. P. A. T.  Kenny in charge of 9 surveyors, undertook the special survey, on a 

scale of 4 inches to a mile, of the Pesh,imar Artillery aiicl Aviation Practice Camp during 
the nrinter. Mr.  Kenny and the surveyors worl<ing under him remained on the strength of 
this party for purposes of pay, etc., bat  he received his instructions on all professional points 
connected with the work direct from the Superintendent of the Circle. The out-turn mas 
208 square miles. 

During tlie summer Mr. Kenny was called upon to carry out surveys in connection 
with the operations of the Wazirist5n Field Force, and was transferred from the  party to  the 
charge of the Tgnk Survey Detachment for r ~ ~ t h e r  over 2 months. 

Tria~igu1ation.- No triangulation in advance has been done during tlie year under 
report for the  ordinary programme of the party, since sufficient data in advance already exist 
over the whole area nlhicli will come under survey by this party during the next two survey 
years, but 20 square miles was carried out in the area surveyed in Peshiiwar for military 
purposes to supplement points already existing. 

Travevsiny.- N o  traversing was done iu advance during the year under report for 
the ordinary programme of the party for the sdme reason as given above in regard to 
triangulation, but 66 linear miles were run in the area surveyed in Peshgwar. The country 
covered by triang~ilation and traversing in tlie Peshawar area consisted, for the most part, of a 
highly irrigated cultivated plain intersected by numerous branches of the K ~ b u l  and BiirB 
~ivers ,  and partly barren stony waste cut  up by innumerable ravines. 

Recess Duties.- Owing to most of the surveyors being employed on what was 
practically a summer programme, to  transfers of men for work overseas, to the employment 
of others on the Peshriwar fair-drawing and also to the very early re-commencement of work 
in the field in connection with the special surveys for the Akora Artillery Practice Camp, the 
fair-mapping of the sheets of the whole of the survey executed during the year under report 
remained incomplete a t  its conclusion. 

To  cleal n i t h  these arrears of mapping a stronq drawing section will be left in 
Mussoorie during the coming winter. This section mill also have to prepare the maps of the 
Akora Artillery Practice Camp survey, as the work comes in from the field. The publication 
of these is being treated as a matter of war urgency. 

The following fair sheets, for publication on the 1-inch scale, of areas surveyed during 
the past field season, have been completed and sent in since the 30th September 1916:- 

N 0 
43 5, 7, 9, 10, 11, 14, 15 52 &d' 

There are no arrears of 1-iuch fair sheets drawn from surveys executed during 
previous field seasons. 

The half-inch fair sheets, drawn from previously published one-inch sheets, submitted 
a for publicabion since 30th September 191G are :- 38 ,& and 4'3 m. 

The cost-rates of mappiilg on the different scales work out per square mile ae 
follows :- 

4-inch scale ... ... ... ... ... . Rs. 23. 
14-inch ,> for publication ou tlie 1-inch scale ... ... 1 9  4. 

$-inch ,, ,, I )  ,, ,, 4-inch ,, ... ... I] 40. 

The high rate for )-inch mapping is due to an excessive ratio having been assumed 
for the work done on these sheets during the previous eurvey year. 
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K O .  2 P.SRTY (PUNJAB) .  
By T. IT. Banos.+u. 

~h~ head-quarters of the party was located a t  Serai b h i l l a  (Delhi) d o r i n ~  the winter. 

Yr. T.W. Bnbonaa in clrnrge. 

,, F.D. Powell. to 31st hIvrch 1917. 
,, R.E. Saubolle. 

,, J .E .  J O ~ ~ I I S O I I .  

,, J.A. Calvert. 

[Tpper Subordinate rSeruice. 

Blr. Chuni Ln1 Iinpur. 
,, Qhulnm Hnnnu. 

The party n-as employed in trianynlating 
and traver>inz, and in execr~ting detail surreys on 
the I-inell a ~ ~ d  4-incI1 scales, in tlie Garqaon district 
ancl the N ~ b l ~ a  State of the Punjab, and in the 
Aln-ar, Rharatl,nr and Jaipur States of the Central 
Inclia 8gency. Ll re\-ision surrey, on the scale of 
4 inches =1 mile, of Iniperial Delhi and the New 
Cantonment of Delhi was also carried out. The  
town of Alnrar, with an area of about 4 square 
miles, was surveyed on t l ~ e  14-inch scale. 

Lower Subordi+rate Sercice. The nature of the country covered by the  

26 Gurveyora, etc. 
+-inell aucl 1-inch snrve~-  \\-as hilly, with sand hills 
and plnius hetn-een the I~i l ls ;  that  covered by the  

foor-iIlcl1 survey was uuclu]atinq gronucl \yhcre live feet contonr intervals were shen-n ; tha t  
over which the triangulation eltended 11-ns hill!-, a good yortion of it bci11~ coverecl by 
thick jangle. Sollle of the traversing \\-as done in f a t  countr!- where triangulation was 
in~practicable. 

Tlze field season began 011 the 15th Sorember 1316 and eudecl on the :Sot11 April 1017. 

The health of the eetablishme~~t was good t l i r o n ~ h o ~ ~ t  the season. 

I'lane-tnbling,-T11c one-inch st1rve.v was esecutecl in five sheets:-59 ik ant1 54 

One camp, co~lsisting of 7 survej-ors under Mr.  Saubolle, carried out the survej- of these sheets. 

Tlie I~alf-inch survey lay in sheets 54, ,, ;, ,,, 1,, ,~1,  ij, ,,,' 
This 117ol.k n-as nuder Mr.  Johnson till 15th January, when he fell sick ancl was 

succeeded by Mr. Saubolle, ~ v h o  carried it  on with 5 srlrvej-ors and completed the surrey of 
all but sheets 54, A. 

Tlie survey was based partly on revenue traverse data aucl partly on triangulation. 
The 4-inch reyision survey of the Imperial Dellii ancl Dellii New Cautonment area 

was carried out on blue prints of tlie previous snrvey executed in 1911-12 ancl 1913-14 
respectively. 

The height raloes used for the purpose of running contours a t  5 feet vertical intervals 
were reduced to the terms of the triaugulation carried out during the current and previous 
seasons by No. 19 Party. 

Tlie positions of a number of points appearing 011 the previous maps were fixed in 
terms of the new triangulatiou over an area of some 110 square ~niles (including the 64 square 
miles of revision sorrey) for the purpose of determiuing the direction and degree of error 
in tlie geographical positiou of information given in those maps. Tlie result of the operation 
disclosed the fact that all detail iu the prcl-ious map had been placed 4 chains too fa r  to  the  
north and 20 links too far to tlie east. The error was probably due to the earlier survey 
having been based on old revenue traverse data which had been insufficiently tied down. 

Trin~zgitlnlion.- This was carried out in sheets 54 and in portions of slieets 54 A 
1.8 

by Messrs. Chiini Lal K a p ~ l r  and Glialam Hasan, Sub-Assistant Superintenclents. The area 
executed by there two officers was 800 and I50 square miles respectively. 

Traversing.- This mas run with theodolite and chain in sheets 54 5 and 5-4. ,&2 by  
Mr. Ghulam Hasan and a surveyor. Heights were observed and connections mere made mith 
conspicuous objects to which heights were given. 

31 linear miles of traversing were executed along the Imperial Dellii boundary on the  
east banlr of the rivcr Jumna, and 28 linear miles for the purpose of connecting the traverse 
stations, on which the original 4-inch survey of Dellii was based, with the points of the  new 
triangulation by No. 19 Part!-. 

Recess Duties.- ( a )  Mr. F .  B. Powell was in charge of the fair-mapping of 6 half-inch 

frontier slieets drawn from published modern 1-inch sheets and old style 4-inch maps. From 
the commencement of the field season he also took over from Messrs. Saubolle and Johnson 
the ~upervision of the completion of 1-inch sheets 44 5 and 53 
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Jlr.  Johnson took over tlie supervision of 4 of the {-inch frontier sheets, of which 
JIr .  Powell had hat1 charge, on the latter's retirement. He also supervised the fair-mapping of 

1-inch sheets 44 ant1 5:J GI, of the previous season's surveys up  to his proceeding into 

the fielcl in 1!)16. 
Of the sheets of current surrey XIr. Saubolle sopervised the fair-mapping of 1-inch 

sheets 53 ii and 5 E l,O.fm nncl that  of ?-inch sheets 5-1 N&.; he also supellrised the typing 

of fair sheets 4.1. $ and 53 &a for a short time in 1916. 

Xlr. Calvert had charge of the fair-mapping of the four 4-inch sheets of the Imperial 
Delhi and Dellii New Cantonment revision surreys. 

The 1-inch and f-inch plane-table sections as a rille covered half sheet areas. The fair 
sheets have therefore been drawn, half by the direct mapping process, and half by tracing and 
transfer. 

The follo\\.ing sheets, drawn from snrvexs conll~leted prior to the season iinder report, 
\\-ere sr~bniittetl for priblication during the year:- 44 ,Aj and 53 3,xy,8,1.L. 

Two Iialf-inch sl~eets, drawn from published 1-inch sheets, were also submitted for 
pliblication brit one of these has had to be withheld io the Circle Drawing office for further 
correction. 

ow in^ to shortage of establishment none of the sheets drawn from surveys completed 
dririr~g the current season have been finished bj- the end of September 1917. 

E'or~r f -inch sheets drawn from 1-inch published sheets, the fair-mapping of which has 
been in hanil in the party for \\ell over a year, also remain incomplete. 

The areas of mapping, in square miles, completed on the various scales during the  
survey year, as also the cost-rates per square mile, are RS under :- 

( h )  The con~p~ltat ion of the triangulation and traversing was completecl in every 
respect by the en11 of &Ingr~st .  That  of the triangulation mas esecuted by Messrs. Calvert 
an(1 Cl~nni  Lnl K a p ~ ~ r  nncl of tlie traversing by a compnter. 

I n . s ~ w ~ - t ~ o ~ ~ . - T h e  Superintendent, Northern Circle, inspected the palty both during 
the field season and d l~r inq  recess. 

The Pnr~e!.or General inspected the party during the mont,h of September 1917. 

n- 

Scale of mapping. Area. i 
.&-inch ' 64 

... i 14-inch . . .  ; 1, 1-14 
$-inch . 3 

I 

A-0. :j P.LR'rT ( I - S I T E D  PRO\-INCES .1ND OCDH). 
RY H. H. B. H a s n ~ .  

. 1 .  art,^, \ritIi the exception of one small section, assembled a t  Bareilly on the 9th 
Soveml)er l!)l(i, and returned to Alussoorie on the 

I ~ E R ? I ~ S X E L .  .'.'lltl >la!- 1!117. Plane-tabling was however carried 
~ r c ~ r i n c i , ~ ?  ofirer*. into d l~nr .  an11 the last traverser ditl not return till 

Mr. 11. H.  5. I I n o l ~ s  in c h o r ~ e .  11enr1~ the end of A ~ ~ g n s t .  
., E. J .  Eizcie. The health of the party mas on the whole 
.. .a. >I .  T ~ l n t i .  pootl. 
., 11. T. Bnchru.  
.. G. E. F.. Cnnper. Plrrnr-tr~hli,,~q.-Tl~e c o ~ ~ r ~ t r y  surve~.ed mas 

Cost -rate. 

Rs. 55.1 
,, -I.-k 
,, 4 . 5  

,, > l o q i ~ ~ i ~ i , l d i n .  flat ant1 fairly open i r ~  the S O U ~ ~ I .  In  the cent,re lay 

r p p e r  .<~60rd ina le  ,~r.r1.6.r. the Tarai a1111 Blidhar tracts of district Naini Ti1 
ant1 the well-irrigated ancl wooded lands of the li5m- 

Mr. blnbamrnn~l Hnwin.  

,, A .  A. 8 .  >lat!nlb ,\hmnrl. pnr State, while, to tlic north, the area coneisted 
of \vell-n.o~~~led hills, the I~igllest point touchetl being 

Lonrr  8uhord1nn t r  F r r r i c r .  over S ,  000 fret. 
64 Snrrcjora. etc.  The party mas tlividetl into four camps. 

Xo. 1 C'atnp. - Mr. H. T .  I-Iughes in charge, 
wit11 one 1 - p p r  s l ~ b r t l i n a t e  5 p n - i ~ ~  office- and eix Pllrvexora, completed the resurvey of sheets 
$1 & on the I-inch scale, at1t1 snrveyed 11 aclrlare miles on the %inch scale in sheet 53 7-. 

3.4 .1 .e  



Vol. XI.] TOPOGRAPHICAL SURVEY. 
7 

No. 2 Camp. - Mr. G. E. R. Cooper in charge, with six surveyors executed the aurvey of 
0 

121 q u a r e  miles lying in sheets 53 ,- 011 the scale of 4 inches to  a mile. Of this a r a ,  
3 square miles were sul~plementaq survey, leaving a balance of 118 square miles of original 
4-inch special forest survey. Of the 11 8 square miles, 72 srluare miles represent the actual 
area of reserved forests, and 46 square miles of contiguous non-forest areas. 

No. 3 Camp.-Mr. Afoqitnuddin in charge, with seven surveyors completed the resurvey 
P 

of sheets 53 on the scale I inch = 1 mile. 

No. 4, Camp.-A senior surveyor in charge, with six surveyors completed the resurvey 

of sheets 53 ,,Fir on the scale 1 inch = 1 mile. 

To lneet military re~~nirelnents, during the middle of August a section mas formed 
consistillg of one Upper Subordinate Service officer and twelve survevors. This section, with 

3 t r .  G. E. R. Cooper in charge, mas sent to Campbellpore (Punjab) to survey 112 square miles 
on the scale 3 inches to the mile, the area appertaining to the Hatt i  Artilleiy Practice Camp. 

Triangwla/io~~.-TI~e work of trianjinlatio~l was clone by the following officers :- 
0 

Mr. A. 34. Talati trianglllatecl 643 square miles in sheets 53 ,, ,, ,, ,, ,, for ?-inch work, 

,Ucl 95 square miles in sheets 5 3  lu&lm for 4,-inch work. One computer ancl 1 surveyor 
0 of the party between them trianqnlated 650 square miles in sheets 5:3 ,, ,,,, ,,, ,,, ,, for &inch 

survey. 
The cost-rate of triaugnlation is :- 

for 2-inch survey . . . . . . Its. 7 . -h per square mile. 
for -1.-inch survey . . . . .. ,, 2 1 . 4  ditto. 

navelsing.-The area traversed embraces the follon~ina sheets:-53 ,,, lb . 
l u  adtlitioa to the above, the party trarersed 183  linear miles in district Gorakhpur, a t  

the expense of the Settlcnlent Officer of this district T V ~ O  was supplied n.ith 16-inch plots of 
38 villages. 

Reces.9 Duties.-(a) The f a i r - ~ i ~ a ~ , ~ ~ i o ~  \\-as divided into four  sections under l\Ie>srs. 
E. J. Biggie, 13. T .  TInghes, ?II~~~imnclrliu aucl a senior surveyor. 

JTr. E. J ,  Biggie, assisted by Mr. M3lnhammad 1-Iusain supervised the drawing of last 
year's arrears of mapping, which inclr~cled four half-inch sheets and the seven 2-inch sheets 

K If 
5 3  j( NS; S ,  , Y  ( S,  s ,  ,,* and 1-inch sheets 36 3~ ; he also l001ied after the clrawing 
of 2-inch sheet 5 3  - of the current season's survey. For over tnro months in the midclle 
of the recess season ho\\.ever he was removed from these duties to take charge of the fair- 
mal>l~ing of the Peshi\var Artillel:\. and Aviation aheets of No. 1 Party clurillg the absence of 
Mr. P. 11. T ,  henny  \ v ~ t h  i,he JVaziristin Field Force. 

For want of men no further progress coulcl be made on sheets 53 x* m]licll mere 

commenced last season. 
Mr. 14. T. Hnzhes supervisetl the dran-in? of sheets .j:j A ,,, ,, ,, , on the scale 14 inches = 

1 mile, Mr. ?Ifoqirnucltlin that of sheets 33 -, Sheets j:j x% lvere sullervisecl by a 
senior snr\-eyor. 

Thcre are therefore at  present in hantl, or awaitinq toil~~,letion, G sheets for pnblication 

on the 2-inrh scale, 5  sheets for pllblicatlon on the 1-inch scale, ant1 2 shpets for that  on 
the 4-inch acalc, all of scasons prior to  that untler report; while, of the sheets snr\.e~-ecl during 
the last lieltl season, none have as j e t  been completed for publication. T h e  follon-in= 
however have bcen prncticall,~ con~l~letecl, and will be submitted for publicatiol~ durillg the nest 

two nlonths, viz: -33 ---I,---. 1, 2, 5, I< ,  12, 16 

There arr also in hantl in the party 4 half-inch frontier sheets drawn from 
l~ublisl~etl one-inch ahect,s and old stj-lc half-inch publisl~ed sheets. 

The shects of Mr.  IInghcs' section are hack~vard as he did not return from the field 
till nearly the midtlle of June. 

A strong section of 15 men under ;\Iessrs. H. T. Hughes and C;. E. R. Cooper is being 
left a t  Mussooric (luring tile conling minter to deal with these arrears of mappillg and every 
entleavol~r will be m d e  to clear them off. 

The cost-mte of 14-inch mapping is Rs. 7.4 per square mile, and that  of e-inch 
mapping Rs. 2 6 . 3  per sclnare mile. 
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The mapping of the 4-inch forest surveys is being dealt with in the Forest Map Ofice 
at Dehrls Diin. 

( h )  The compntat,ion of all triangulation ant1 traversing which hacl been carried out 
during the field season of the year under report has been completed wit11 the exception of that  
of the intersected points of 1,043 square miles of the triang~ilation for 2-inch srlrvey. 

N o  triangulation charts have been drawn. 

Niscel1aneous.-One pupil draftsman, and two draftsmen received instr~iction in the 
field. 

Inspections.-The party was inspected during the recess by the Superintendent, 
Northern Cilrle, ancl by the Snrvegor General. 

No. 4 PARTY ( U N I T E D  P R O V I N C E S  AND OTTDH). 

The field progmmme allotterl to  the party embracer1 5 sheets for resurvey in the United 
Provinces. Tlie head-quarters of the 11art.y remain- 

~'EHSOSSEL. cd a t  Jiussoorie throughout the year, but  a field 
Imperial Oficer. camp with its head-quarters a t  Goralrhpor took the 

Mnjar R.  L. Crosthwnit. R.E., in chnrge from 
fielcl on the 4th November 1916, and completed the 

5th l l n y  1917. work assigned to it on the 16th April 1917. 

Prori i~c ia l  O J c e r s .  
The health of the  party mas good. 
Plane-tahli?zg.- The conntry surveyed is a dead 

Mr. Ii. I Y .  U I F ~ I ~  in-chnrcc, t o  5th April 1917. level with extensive caltivatioi~ interspersed with 
,, J .  A .  Freemnn, lo charge from 6th April 

1!11i t o  G t l ~  BIsr 191;. numerous mango orchards, and village sites. The 
,, J. C. C. Lenrs to 1 4 t h  Jnne 1 9 l i .  anntial innndntion caused hv the Rnuti and Ami 
1 -  E. C. O'Sullivnn* Irom 14th November 1'16 rivers overflolving tlleir baniis maintains a treeless 

t o  18tl1 beplenrber 191i .  
,, F, J. Grice, frunl 21st dpnl lo lJth tract of variable width on both sides of these rivers. 

J u n e  1915. There are many small forest reserves in the 
,. Dunl Chnncl Pnri. t o  31st May 1917 and possession of 1)rivate owners, and some G o r e r ~ l ~ n e ~ l t  

.ynln  from 12th August 1917. forest reserves. The Government forests are clivided 
Tpper S~rbord~nafe Srrriee. into small blocks, the principal one snrvej-ed is 

JlohalnnlRd H , ~ ~ ~ ~ ~  ~h~~ to 1 4 t , l  J~~~~ 3915, kn0n.11 as R i ~ n g a r h  Jongle, a b o t ~ t  11. miles east of 
,, Dau!nt Bnm Vohra. Gorakhl~ar. 

Louser Subordrnafe Sereice. The tree most common is the sal (Slto~ea volr~ts- 
ta) n~hic11 is generally fortnd alternating nit11 munja 

23 Snrregors. ctc. (Suchharam inunjo). 

Mr. Lears, rrho n.aF in charge of the ficld camp of sunreyors, nndertoolr the resurvey 
of five 1-inch sheets, viz : sheets 63 --\' ancl O:', - N .  These were completed on the 1Gth 

I ,  2 , 6 , 6  

April, n-hen the camp returned to recess rluarters. 

The area surveped on the 1 -inch scale was 1,329 square milee, and t l ~ c  cost-rate of 
detail surrey worked out to Rs. I 1  ' 0  per square mile. 

Dceirl~s this, ?,COO srlrlare miles of survey was execoted on the &inch scale hcyoncl the 
frontier el-en-l~cre at  a cost-rate of Rs. 6 . 6  per square mile. 

Trinno.:/o/lon trnd Trai-ersing.-No triangulation or tral-ersing was clone by the party, 
since the existin: tralerse data throughout the arcas into which its topographical operations 
were likely to hare extended in the conrse of the nest few years are sufficient for the purposes 
of detail survey on the 1-inch scale. 

H p : p v t  drrtic.s.-These consistecl of :- 

( 0 )  Fair-mapping on 1-inch ~ ~ a l e ,  of current sheets ti3 :, G3 A. I. 2. 6. fi . . 

( b )  .lrrcnrs of fair-mapping on 1-incl~ scale, of sheets 63 4, G Y  6.3 .-La 
3, 4, 7, 8 

(c) Half-inch mapping from I-inch pnblisl~ed maps of 8 frontier ~hee ts .  

( d )  Compilation and preparation of special editions of 1-inch sl~eets showing village 
boundarire. 

There have been nrimerous chanqes of officers in the supervision of recess work. This 
hae been unavoidable o~vin,o to the manj- transfers to  and from the  party, and to the training 
of ~nrvej-om for the Sind-%gar Part?-; different officerq being depnted to supervise the 
training as changes were made. 3 I e s ~ r s .  Lears, Grice and Dani Chand Puri were in charge 
of t h e  c o m n t  I-inch fair-mapping. Mr. O'Sullivan supenised the half-inch mapping till he 
h d  to be relieved for training of traversers and triangulators for the Sind-Sfagar Party. The  
half-inch sheets were then taken over by No. 3 Draving Office. 
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Messrs. Grice and Diini Chand Puri supervised the arrears of mapping of 1-inch 
sheets. 

The typing of the 1-inch current sheets of the party has again been heavy. This is 

due to  the density of village sites and other detail carrying names, which in this part of t h e  
United Provinces is very great. 

The m a . ] ~ ~ i n g  of the five 1-inch sheets of current survey remains incomplete a t  the 
close of the year under report, and, as the party ceases to exist as a working unit on amalga- 
mation with the Sind-Siigar Party, these sheets are being made over to  No. 2 Party for 
completion. 

The seven following 1-inch sheets left over from 1915-16 with a total area of 1,865 
square miles were submitted for publication :-63 2, 13 6 3  J 12. 15 and 63 3, - J. N-- .  7, R 

The fair-mapping of 6 frontier half-inch sheets \\.as carried out c~oring the  year;  of 
these four were sent for publicat,ion. The remaining two mere made over to No. 3 Drawing 
Office in a practically completed state. T n o  others were also made over incomplete for 
completion in that  office. 

The twenty sheets of the village boonclary editions, tnentioned below, were also com- 
D pleted and submitted for l)ublicatioo :-62 -- 6 2  5 and 6 3  F 

10. 11, 12. 14, 15, 18' 3, 8 1.2.3, 4.6, i ,  8,s. 10. IS, 13, 16' 

The cost-rates per square mile for the different scales and classes of mapping with 
which the party has dealt during the year under report are :- 

la-inch scale for publication on that of 1 inch = 1 mile . . .  11s. 9 . 5  
$-inc11 ,, , 9 J3  4-inch = 1 mile . . . ,, 2 . 7  
1-inch ,, for village boundary editions of 1-inch luaps . . . ,, 0.3  

~l isccl ln~~ru~rs . -Tl lcre  are fen. mctallecl roads in tlrc countrjr snrveycd, and the un- 
inctalled ones are in such a state of clisrelnir that marching was tedious and tro~tblesome. 
The clilbcnlty of cart trans1)ort \\.as grcatly augmented by the absence of bridges on the 
roads. 

I n  the case of the surrey of Goralr11l)ur to~vn,  about half the plotted trijunctions could 
not be found. A great cleal of plaue-table traversing had therefore to be done autl supple- 
mentary points fi xed. Every effort \\,as made to identify and fix bench-marks sho\\-n and 
clescribecl on a map of the "City, Civil Station and Cantonment of Gorakhpur" on the scale 
of 4,-1(0 fcet to onc inch, lent by the Collector of Goralrhpur, bat not a single one could be 
t,raced. Itlforulation obtaiuecl locally poit~tecl to t , l~e fact that  they hacl either been built over 
or destroyed. It seems a pity that  nlarks such as these, ~ rh ich  cost a good deal of nlolley to 
fix, shoultl not he preserretl, as  such preser\.ation \ronld cost a fraction of t h a t  ~ r i ~ i u a l l y  re- 
quired to fix them. 

It~sl~wtions.-The party was inspectecl by the Surrej-or General and the Sol)er intende~~t ,  
Northern Circlc. 

SIND-SAGAR P h R T Y  (l'UNJA13). 

This part,y was inaugurated on the 15th June for t,he purpose of carrying out the rec- 
tangulation in the Sinrl-Ssgar Uotib, lying between 

PERSOKSEL. 
the Indus and t,he Jlteltun rivers, to  the sonth of the 

Imperinl  Oficcr.  Salt Itaugc, in connection n.itlt a large canal and 
hlnjor 11. L. CroslllrrniL, R. E., i n  chargo. colonization schellle \vhich the Ponjab Govcrnnleut 

Provincial  Oficrrs .  1)ropose to  carry out in this area. 
During the recess the surveyors, who are to  be Mr. J .  C .  C .  Lenr6. 

,, F, J. arirc. engaged in this work, were especially trained in trian- 
gulation and traversing both in the  field work and 

U p p e r  Subordinate Seraice. 
con11)utations connected with these operations. The  

Nr. Bfol~ninmnd Rueain Iihan. party will take the field for the first time in October 
,, Nabidarl Klian. 

1917. 
Lotoer Subordi j~ale Service. 

18 Gnrreyore, clc. The total expenditure of the party from 15th 
June to 30th September 1917 has been Rs. 16,419. 

As in the case of the Rivcrain Detachment, this cost is to  be a charge against Punjab  
provincial revenues. 
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R I V E R A I N  D E T A C H M E N T .  
BY MAYA DAS P ~ I I I ,  RAI SAHIB. 

The fielcl operations were commenced 011 the 1 s t  October 1916, and were brought to  a 
close on the 3 1st May 1017. One Upper Subordi- 

PERSONNEL. nate \vith one traverser continued the Ktingra road 
Prooincial Oficrr. survey till the 13th July 1917, when i t  was finishecl. 

MI. Mnys DM Puri. R. s., in charge. The office of the cletachnient~ remained a t  Camp- 
Upper Subordii,alo Service. bellpore all through the year. 

nrr p n r ~ a  1ta111. The detachment \vas divided into several camps 
,, Jnmnn P I I I J H ~ .  R. S., from 1st October 1916 alld sections:- 

to  1.5111 July 191'7. Mr. Paras Ram looked after the plotting sec- 
,, hlnl~on~cd L I I I ~  Ali  from 10th November 

1916. tion ant1 the K i n g r a  road survey. 
., I ~ ~ k ~ l ~ u r i  Dot1 J o s h ~ .  J l r .  Jamna Prasad, R. S. assisted in computa- 
,, T I ~ J ~ I  Dl~or  Cl~oprs.  tions and in starting n ~ a i n  circuits along the  Indus 

Lower Subordinate Service. 
74 S ~ ~ r v c ~ o r s ,  ' I ' r n ~ r ~ s o ~ s .  etc. 

in the Dera Ghtizi K h i n  lahsil. 

1 Nil11, Tnhrrldtir snd 5 liirnungos (Settlement Mr. JIahonled Lutf Ali was put on minor 
eatabl~s l~~uent) .  traversing for about 3 months, after which he 

retr~r~letl  to otlice due to ill health, and later proceeded 011 long leave on medical certificate. 
JIea.1-. Tlak*Lmi n u t t  Joshi and 1-idya Dhor Chopra were eml~loyed on main circuits 

antl dc tn~l  traiersing alollp the Indns, R ~ v i  and the Chenib in the field, and on computations 
ill recess. They also stip~rvi.cd several traversers for some months. 

?cIunsl~i (iancla. S i ~ ~ p h ,  ,I7iib Tnhsilddr, remained in charge of a camp during the field 
senson, and ditl miscellanrons work in office. 

The cletnchn~ent continued the work of traversing, and laying don111 base lines. 977 
linear, and I,i!)li square miles of main circuits ; ancl 2,246 linear, and 421  square miles of 
minor traverses werc run ;  ant1 l,:359 theodolite stations of the former and 8,535 of the latter, 
were fiaetl In the area under water action of the rivers Indus, Chenib, R i v i  and Jumna  in 
districts ])era Gl15zi Khin, JI~lzaffargarh, Mnlt%n, Ambila  ancl Sahiranpur. 537 corners of 
179 squares \\,ere demarcated wit11 permanent mark-stones in an area of 748 square miles on 
both banks of the Tntlris and the Jumna in districts n e r a  G l ~ i ~ z i  Khtin, Muzaffargarh, Ambila  
and Saliilrnr~l~ur. This denurcntion is to serve as a basis for the future survey and clemarca- 
tion of bonliclnrics ari(1 lields in the beds of the rivers. 1,231 plottecl, and 355 boundary 
masriris (settlement mapping sheets) on the scales of 1/2,610 (Dera Ghizi  K h i n )  and 1/2,28O 
(.\mbirln) and 31 four-inch sheets were traced ant1 supplied to  the Settlement Officers. Be- 
sides these, 191 miscellaneous traces were prepared and all the traverse stations marked during 
the yi8ar \\,ere plotted on Y O  four-inch sheets. 5 riverain boundary sheets (scale 4 inches to  a 
nl~le)  of the Beils river (districts K i n g r a  and Hoshiirpur) were typed and finally examiued; 
the compotntion volllrnes yct remain to be completed. ;\Iucli trouble was experienced for 
want of khnltisis as they could not be liar1 in sufficient numbers locally, doe to mllitary re- 
crnitrner~t, ant1 cnnscqnently had to he imported from Hazirribigh ; this delayed the work 
nca1.l~ a month. Several traversers had also to waste a good deal of time in crossing the 
Indns for t h r o n i n ~  oat  points on isolated islantls and cutting the heavy jmngle along bouncla- 
rips situated in the Iletl of the river. There was also some waste of time on account of tho 
onccrtainty of the settlement demands during the middle of the season. 

The f 'ollomin~ tables give full details of the riverain work completed during the year :- 
(1) FIELD J Y O ~ K .  

ro,i-n~ Ri,-r. 

Khin mnd .UnzrlTnr. 
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(2) OPIron  ore son THE c r o r r T n n L  s u r v E y s  0s n1VEn*lN ESTATE9. 

Number of  
g.ineh 

,beets on 

Number of 
nheets traced 
for the  use of 

Number of 
plotted 

Number of 
compiled 

Settlement lwhich new 
Officers On wBB 

scale 4 inches 1 ,,lotted. 
to a mile. 

i 

5 5  

26 
i 

2 5 

Name of river. 

, , Jumna 

, , . Indus 

Senle of 
llraairvis. 

2,280 
inches 
=one 
inch. 

2,fi40 

Name of dislrict. 

A m b d a  . . . 

Dera GhAzi KhAn 
inches 
=one 
inch. 

T o h l  I . .  1 L74 L 
!,%:!,I 1 335 I 

Besides these 191  misccllaneons traces were prepared. 

31 I 30 

(3) O F F 1 c ~  ~ Y O B K  DONE T ~ * E  -1.-IXCH cOMPIL.\TION OF RIVEnhIN BOUNDAIIIES. 

tnnsavis show- alat6r:is show- 
ing traversed ing rivernin 

p i n t s .  boundaries. ! 

Name of river. 

Buis . . .  

2'33 

'338 

TIle remaining ~vork  in the K i n g r a  district was conti~lued cluri~rg the year. 414 

traverse stations were coml>ntetl, and plotted on 2 four-inch sheets; and the computation 
volumes of Pilampur, Ksngra, and NGrpnr have to a great extent been completed. 1,187 

~~lnsc ir i s  of 60 tikcis (sub-rillages), and 102 enlarged boundary .~nusiz' is  of 32 villages 
of the BeAs, on the scale 20 and -10 ~ ~ I . I I I S  (one kurm ~ 5 i . 5  ioches) t,o an inch, and 1s traces 
of 18  sheets, ou the scale -1, inches to  a mile, were s o p p l i ~ l  to t,he Settlement Officer, Kingra.  
Besides these 1 0  ~niscellaneons traces were prepnred. 

The con1potatiou vola~nes of the Sinlla district were conlpleted during the year. 

ITllr: IZ~i~tgrn Rood S ~ i r v c ! ~  was carried on in continuat,ion of the last year's programme 
with the object of avoicling bo~ul~dary discrel~nncies as compared with the settlement Insps. 
~1.3.30 lniles of roacl, fro111 mile No. 4.S to 5:3'2S, from nlile h-0. 94, to 91.72, ant1 from mile 
No. 89 to 53.26 \vere survcyecl. SIU points \Yere fsecl wit11 theodolite, and 55 linear miles 
traversetl. 29 sheets (scale 200 feet to an inch) of the n n i n  road, and :?:3 sheets (scale 50 feet 
to an inch) of 20 briz~irs,  snrrcyetl last year, were plotted, tj-ped, esa~minecl, and supplied to  
the Esccntire Engiucer, Provillcia,l Division, h l ~ n g r a ,  toget.her \\-it11 copies of KhnsrtTs (records 
of rights) relating to the same. 27 sheets (wale 200 feet to an inch) of the main road, and 
5 sheets (SCRIC 50 fert to an inch) of 5 I,,i=~ii.s, srlrre!-etl t,his year, are also almost, readv and 
will be snpplied to the I.:secr~tive Engineer c;~rlj. during nest  minter. &sides these 7 illdeses 
of the last year's ant1 5 of this ?-ear's work were prepared on the scale of 4. illclles to a mile, 

A t  the entl oI' :\r~jit~rt 1!)17 nrcessary traversing n-as luldertalien for ;t :j-incI1 
survey close to Hatti in the -1ttocli icrhsil. 16 linea,r miles were travcrscd, suficicI1t theodo- 
lite stations were mncle i l l  suital~lc l)lnres, ant1 their I ~ e i ~ h t s  talien. 

r '  l h e  riverain are:] \vas generallj- broken, full of swamis, scrub, Iligll glass and sand. 
The Indns was cut into se\-era1 small strea,ms ant1 creeks beaitles t,lle L~~~~ 
isola.tecl 1,lots in the brJs of thc rivers ant1 portions of yillngcs above t,lle banks \\-ere open, flat, 
\\-ell cnlti\.nted, ant1 in placcs ~vootletl. 

Thc 11ealth of Ihc tletnchment rvas on tlle n.l~ole sntisfactory all through the year. 
Several men \vorlcil~g on the lndns suf f r~~ed  badly from malaria ill the early part of tile season. 
5 khnlrisrs died of fever. 

The lndns main circnit,s were connectetl with hlhnndi Kot 1'. S. CX, Nirzichend T. S. 
C I x ,  Il!r,ili T .  S. CI, S a l l a r ~ r i l ~ i  1'. S. S C \ ' I I I ,  JJlaliar T. S. SCy, l>a]ura T .  S. ~ ~ 1 1 1 ,  

Name oE series. 

Klngra  
Hoshiirpur 

I Number of sheets 
Number of elieets finally 

typed. and completed 

8 1  

5 5 
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Abriu T. S. XCVII, M i r i  T. S. CII, IihemnB~B T. S. CIV, MohBnit T. S. CV, Tounse 
T. S. CXIV, Gullman T. S. CVI, Tfiri T. S. CSI I I ,  Chfini T. S. CXXIV, R B ~ W B  T. S. 
CXSII I ,  Tibbi Platform Station CXIX, Laugcl1vil5 7'. S. CXVI, Faro\r.iI~ T. S. CXVII, 
Dago T. S. LXSVI,  Gapoli T. S. LSXX,  Thal Bfrcrij T. S. LXXXVII,  and Gan,sllg 
T. S. LXYXV, and those of the Rivi and Cheniib wit11 Abdul Hakim, l'ulumba, Cliannu, 
and Tarkllxna mark-stours of the Jaderiu Traverse, and wit11 Multin Fort. 

Work on the Jarnna was based on the main circuits rtui in season 1010-11. 
The Hatti traverse was cot~nectecl wit11 Kilu or South-West End Station XI11 and 

Kiimm Hill Mark. 
The average errors in the various classes of work were as follolr-s:- 
Riverxin Sur\-evs:-(a) Base-lines 1 -02  feet pel corlier when com1)ared wit11 the tlleo- 

retical values. 

The total espenditnre of the detacl~ment from the 1st October 1916 to 30th September 
1917 mas Rs. 91,0(i0 as detailed belo\v:- 

Riverain Survey iucluding Hatti trarersing :.. ... Rs. 77,947 
Kiingra District Snrvey ... ... ... ,, 8,106 
Si~nla Survey ... ... ... ... ,, 1,3% 
K5ngra Road Survey ... ... ... . . . , ,  3,651 

The detacllment rvas inspected by the Superintendent, Northern Circle, on the 13th 
Noren~ber 1916. 

... (6) Nain circuits Indus ... 
R- : a\ I and Clientib . . .  

... ( r )  Minor traverse Iodns ... 

Jumna ... ... 

A u g u l o ~ ~  
error per 
stut~on iu  
~ecorids. 

3.06 

4 .05  

4.G9 

30.50 

Linear error i n  links 
per ten clinins, 

0.0.5 

0 .09  

0 . 3 5  

I 0.55 





Tou~Ina IN THE CENTRAL PROVINCER. - 
- 

The ford ssmae the Nurbudi% River at Kariye Bhiit, into Bhopal Ststc. - ---- -= 
- - 

Plom ph-ph lq Limt.-0olmelC. L. Robw?am, C.M,G., R,R 
- - - >- -- - - 
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SOUTHERN CIRCLE. 
( Vide Index Maps 2, 5 and 9). 

Surn~~~ary . -  This Circle was under the superintendence of Colonel T. F. R. Renny- 

Tailyour, C. S. I., R. E, throughout the year and comprised Nos. 5, 6, 1 and 8 Parties, No. 4 
Drawing Ofice and the Training Section. No. 20 Party was transferred from the Northern 
t o  the sou the^-n Circle with effect from the 1st  -4pril 1917. 

During the year Nos. 5, 6, 7 and 8 Parties completed 11,769 square miles of detail 
aurvey, 22,316 square miles of triangulatiolr and 390 linear miles of theodolite traversing. 

The detail survey consisted of :- 
5,045 square miles of ?-inch original survey. 

5,532 ,, ,, ,, I-inch original survey. 
557 ,, ,, ,, 1-inch rovisioll survey. 

24 9, ,, ,, 1-inch supplementary survey. 
431 ,, ,, ,, 1;-inch resurvey. 

65  ,, ,, ,, %inch original survey. 
115 ,, ,, ,, 4.-inch original survey. 

KO. 20 Party surveyed an area of 24,689 acres in ca.ntonments and military stations. 

Owing to the shortage of supervising officers on account of the war, the detail survey 
mas considerably curtailed. Nos. G and 7 Parties took the field with a frlll strength of 
surveyors bnt  the majority, including the head-quarters, of Nos. 5 ancl 8 Parties remained a t  
Bangalore throughout the year and were 1)l.incipally employed 011 the fair-mapping of +inch 
sheets compiled from published sheets of the 1-iuch map. 

The Training Section carried out detail survey on the 13-inch scale in sheet 57 + . 
3 l~robationels of the Upper Subordinate Service and 10 pupil surveyors, etc. received instruc- 
tion in t ~ ~ ~ o g r n p l ~ i c a l  sur\.eying. 

The follo\\ing work was undertaken in the Photo.-Ziuco. Section of No. 4 Drawing 
Office :- 

. . .  ... . . .  Re~roductions . . .  40 
. . .  . . .  Enlargements . . .  . . 113  

. . .  . . .  . . .  Redoctions . . .  14.0 
... Sheets vanclyked . . .  . . .  . . .  108  

... . . .  Copies printed ... . . 8,552 

No. 5 PARTY (BERAR, C E N T R A L  I N D I A  A N D  C E N T R A L  PROVINCES) .  

BY P. R. ANDERSOX. 

This party took tlre field in reduced strength ancl completed the detail silrvey on the 

PSRSOSSEL. I-incl~ scale of sheets 55 &4. The party also corn. 
pleterl tlie triangu!atiou of slleets 65 -A. 

Provincial Oflcers.  13, 14 

Mr. P, R. Anderson in chnrze. The general nature of the country is liigllly 
. C. \Vest to 12th April 19li. cultivated, well-nrooded plains and intricate jungle- 
,, H a j ~  Abdul Ilnbim. K. H .  clad hills. 
,. F. H .  Grant from 28th March 1917. 

The field season opened on the 12th November 
Upper Srhordinnte S e r r i r e .  1916 and closed or1 the 20th April 1917. The head- 

Mr. Demodnr Khndilknr. quarters of the party remained at, Bangalore through- 

Lotlqer S r h o r d i ~ l n t e  S e r ~ ~ c e .  out the year. 

22 Surveyors, etc. The health of the party in the field was not good. 
The members suffered very much from fever. T h e  

Melghrt, nlllere they were employed for the greater part of tlle field season, is a notoriously 

malarious locality, ancl an abnormal monsooll made i t  mol-e feverish than usual. There were 
no deaths. 

Plane-ladling.-The nature of the country surveyecl is varied. The 1-inch or lpua l  
eorvey covered the monotonous alld well cultivated plains of the P i y r n g h s t  in sheet 55 

and 
the intricate and hilly country along t11e north bank of the Tip t l  river ln  shee! 55 4 'l'ha 
1-incli revision survey wae confined entirely to  the picturesque and intricate Melghat llills ~ t h  
their abrupt scarpy summits, densely wooded slopes and steep ravinea in rheeta b5 $; theae 
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hills rise suddenly t o  their greatest height along their southern-most range, which immediately 
overlooks the Pfiyinghiit, and decrease in height, as they stretch away northwards towards the 
TBpti river. 

The stirvey was done by 5 surveyors under Mr. Damodar Khadilkar. Mr. Damodar 
Khrdilkar also p n r b i l ~ d  the ?-inch survey of the previous season. 

The country corerecl by the 1-inch original survey is not favourable to rapid plane- 
tabling. As the greater portion of i t  is a gently sloping plain dappled over by large .trees, 
interpolation was impossible mitlloiit an unusual number of aiixiliary points which the plane- 
tabler had to cut  in for himself. The I-inch revision survey gave little trouble, as i t  was 
carried out on vandyked blue prints on Bristol board of p1iotogral)liic recluctions of previous 
4-inch surveys which proved to be very reliable. 

The f ~ i l l  programme, amounting to 931 square miles, was completed. The total out-turn 
of 1-inch oriRiual survey and of 1-inch revision survey was 274 and 557 square miles respect- 
ively, the average monthly out-turn per man was 28.0 and 4 3 . 7  square miles respectively, 
and the coat-rate per square mile was Rs. 1 3 . 4  ancl Rs. 1 2 . 1  respectively. 

T,.in~~~nlrrfion.-The nature of the country is a well-wooded, highly cultivatecl and 
gently andulating plain. It lies along the Narbadi  valley ancl falls in the lower half of 
sheet 55 A and the whole of sheet 55 z .  

Mr. Anderson completed an area of 4a12 square miles in sheets 55 &, and the 
cost-rate per square mile was Rs. 3 . 2 .  

Recess Duties.-(a) The fair-mapping was divided between two sections as follows :- 

No. 1 Section, which worked tliro~ighont the year, under Mr.  Haj i  Abdul Rahim, 
4-inch sheets (compiled from 1-inch piiblished sheets) 4'7 M 54 A, 54 P 

S . .  S . W .  S.W., S. E., 
n - w 55 . _  - 55 0- K 64 L This S.W.,S.\Y.,N.E..S.E, N.E.,S.E.,' &.' 5 5 N . \ V . . S . \ V . , N . E . , S . E . '  N . E . '  

section also completed a considerable number of sheets, which mere left unfinished by No. 6 
Party a t  the end of the previous recess season. 

No. 2 Section, which worked throiighout the recess only, under Mr. Da~nodar  Ichadil- 
kar, 1-inch shcets 55 -f-. 

2, 4, 4 

All No. 6 Party's work lias bcen completed and sobrnitted. Of the 4-inch sheets com- 
I P I 55 K A pilecl from published sheets, 5b +, 5 1 1  n v + ,  55 , , , s. E, , 65 have 

D G K been submitted for pnbllcation, 55 mw,, N.E,,Y, E. , 65  m, 55 
N. W., s. W., N. E. are 

DI well in hand and 47 Tc lias been commencerl. Sheets 55 are completed and mill be 
submitted by the end of the recess season. 

Tbe party lias completecl 11, O G O  square miles of fair-mapping for the 4-inch scale from 
published sl~eets and 931 square miles for the 1-inch scale, a t  a cost-rate of Rs. 1 . 2  and 
Hs. 3 . 3  per square mile respectively. 

(6) For want of computers, the compntations hare not been completed, but i t  is hoped 
that  all arrears will be wiped out by the end of next year. 

The preparation of the data for the triangulation pamphlets was under Mr. West; on 
trancfer to  Calcutta Ile was relieved by Mr. Grant.  Sheets 4,G K, 49 P, 55 P, 58 1, 56 M 
ancl 57 P have been completed, slleets 46 0 ,  46 PI .jS L, 55 G and 55 I are in hand, and sheets 
5.5 C, 55 F and 55 N will be put in 11ancl when the areas they cover have been plane-tabled. 

~ l l i sc~ l lnnen~~.~ . -Tl~e  comn~unications throngliout the Rlelqhat, considering the hilly 
nature of the ro~lntr,r, are gootl. A p n k k n  road with bridges runs from Akola to Seln, and from 
there a n-ell planned forest road to E-Iarisil on the Hnrhiinpur-Ellichpur road. This roacl is 
practicable for motor*. Bnnchinq away from this main route are many well-kept cart tracks, 
which work their n-ay into all parts of the hills. Local labour is scarce ancl the country is 
unl~ealthy, so it  is advisable to liave squatls at full etrengrth and a reserre of khalcisis a t  camp 
heatl-quarters to supplement c;asualticxs. Supplies are only to  be had a t  the brizZr villages in 
the Piyfinghit or along the B ~ i r l ~ i n p u r  road. 

The most convenient form of t r a n a p r t  is camels for camp officers and triangulators, 
end carte for plane-tablers. H a d l  ie the most convenient centre for camels; carts can be had 
locally, whenever needed. 
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No. 6 PARTY ( BOMBAY, HYDERXB-$D A N D  M-ADRAS ). 
13y J .  O'B. DON.~GHEY. 

This party completed the detail survey on the 4-inch scale of sheets 0 G L ,  I ,b 36TE-13 

and on the 1-inch scale of sheets 5 ~ ~ ~ s , ~ - ~  except 
PERSONNEL. C 

that  the area of Bombay in sheet 56 -j- and the areas 
Proui~ ic in l  Qf i rers .  of Secunderibid Cantonment and of HpderBbd 

Mr. J. O'B. Dounghcy in charge. 
K 

City in sheets 56 were sur\reyecl OD the 1-inch 
,, E. A .  hleyer. F 

,, F. C. l'ilcher to 19th Jnne 1017. scale. An area of '37 square miles in sheets 56-  
.. h l ~ u ~ s h i  Lal. B . 4 .  was also surveyed on the 4-inch scale; this area, 
,, F.\\'. bitb from l l t b  December 19". \ v ~ ~ i c ~ l  mas snr\;epec1 but  rejected last year, was not 
,, hi. S. Onnesn Aiynr. 

,, I<. S. Gopnlachnri, U A. included in the areas entered iu the General Report 
and Records for 1015-16. Scattered areas of re- 

U p p e r  Subordinate Sertvce. served foreats in Hyderihftd were surveyed on the 14- 
Mr. Ekuath Battn. P 

,, Ram Nnrapnn Hnstir. 
"leets "3,4,6,7,8, I", II , IZ,LI,IF ' 47&4' 

Nnbidad Khan to 7th January 1017. . i 5 2 , 5 6 A ;  .I 
I I 

as thece areas had been previously sur- - - 
,, Alnsud Khan. yeJ-ed on the 4-inch or 1-inch scale, they are not 

Loroer Srtbovdrt~ate Sevcice included in the oat-turn for the current year in 

38 Surveyors, etc. 
Table I1 of the General Report for 1916- 17. The 
11art)- also unclertook the trianqulation for the 4-iuch, 
L d 

I-inch and 1 4-inch scales in sheets 5G 2L I I  
I t o  10 ' " A "2- ' 56&' 5 7  I ,  2, 5 , 6 ,  10, 13, 14' 

The ceneral nature of the conntrv is undulating and llighly c ~ ~ l t i v a t e d  to the east and - - - 

south \\.it11 scatterecl r o c l r ~  hills in the so~~t l le rn  portion, the remaining area being mostly hilly 
\\,it11 nnd~ilating portions consisting of cultivation and scattered areas of scrub and open jungle. 

The fieltl season opened on the 23rd October 10 16 and closed on the 30th April 1017. 
O w ~ n g  to abnormal ant1 Ileavy rain, very little field worlr conld be done before the 15th 
November 1016. The fielcl head-cloarters n7as a t  Secunderibftcl and the recess head-quarters 
a t  Ilaugalore. 

The health of the party u7as on the \\rhole fair; not\\~ithstandinglig a severe outbreak of 
plagne \vhich was 1)revalcnt during the ear l~er  part of the iielcl season throughout the area 
under survey, only one menial of the party was attaclred by and died fronr this disease. There 
were four deat l~s arnonq the menials from cholera. The calnl) ~vlticlt was cmplo!ed on the 
rcberved forcst sarvel- suffered a goocl deal fro111 malaria. 

l ' f n n c - t ~ ~ b f i ~ z . ~ . - l ' l i e  nature of the countr!- snrveyecl in sheets 5 6 2  is unclulating ancl 
1 to d 

111ghly cnl t~rated ~v i th  low hills in the north-eastern l ~ o ~ t i o n ;  in sheets 5(iPhL. the co~untry is 
I to 11, . . -  

mostly hilly,-a cons)>icnor~s fmtnre being isolatetl granite hills and bo~ilclers,-interspersed 
~vitli nnclolatiug arras of cultivation, l~atclles of lo\\, scrubby jungle and in the north-\vestern 
portion nllmcrons tanks nscd for irrigation ljorposes. The ~,eserved forest areas consist of 
\\~ooded strcp hills ant1 Bat-toljpetl hills chmacteristic of the geological formation knon-n 
as the " 1)eccxn trap ". 

The work was divitled anlonc three camps as follo~vs :- 
A\'CJ. I Cnnrp.-TTuder J I r .  AIeyer with 3Irssrs. Nabidad Khan ancl JIa>ntl Khan and 

10 slnvcyors con~plctetl t l ~ r  original survey of shcets 5G 
. ~.,- 

A'o. 2 Corn,~.-1Tnilcr Mr. Pilchcr with 15 surveyors completed the original survey of 
sl1cets 5 L L ,  3; 2-, 

IS. Ili 1 to lti 

N o .  .Y Cnt>~p.-TTntler ?tIr. JInnshi La1 with G surve~-ors \\.as em1~lo3.ed on tile sllecial 
I' resurvey of scattrrrtl rcsc~~vctl forrsts of the I-l!-tl~r~b~tl State in sl~ects - 1 , 6 -  

9. 4. 6 ,  i ,  8, IU, 11. 12, 14, 16' 
4.7 -2' - 1' 

1,6,!8, I O , I . I ,  14 J 5 " ~ ,  'j" 

ii  total area, amorunti~~g to 7,333 sclnare miles, \\-as completed. The out-turn of the 
4-inch, 1-inell nn(l 14-inch detail survey was 5,O-'5, 1,S57 and 4.31 scloare miles respectively, 
the average inonlhly out-turn per man was 74'. 3, 26 .!) and 13 5 s(lunre ~niles respectively 

and the  cost-rat'e per sqnare mile \\,as Rs. -1-.4., Hs. 1 0 . 3  and Rs. 3 0 . 6  respectively. Areas 
of 5,045, 788 and ,131 square miles of &-inch, 1-inch and 11-inch survey respectively were in  
1 f y ( l ~ r i t ~ i , l .  

7'~inngi~lnlion.-The nature of the country mas on the whole easy for triangulation 
consisting of ope11 cultivatecl areas wit11 commaoding hills which are for the most part bare 
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and rocky or lightly wooded. I n  sheets 56 s5 portions of the  country consist of forest-el& 
hilly areas somewhat difficult for triangulation, and i t  will be necessary to provide extra points 
b y  means of traversing. 

XIr. Smith completed an area of 504 square miles in sheets 5G h5, Mr. Ganesa Aiyar 

completed an area of 5,485 square miles in sheets 5(i ,, ,, ,qto ,,, Mr. Gopalachari completed an 

area of 1,542 square miles in sheets 57 ,,, Mr. Eknath Battu completed an area of 

2,220 square miles in sheets 56 Mr. Ram Narayan Hastir completed an area of 3,246 

square miles in sheets 56 ,,,,,,,, :,,, ,,, ,,, 56 z, 57 g*3 and surveyor Dharmaji Narsu com- 
D pleted an area of 2,283 square miles in sheets 5G ,, ,,7,8,11, ,$, Iti. 

The total out-turn was 13,280 square miles and the cost-rate l)er square mile ma< 
Rs. 2.8.  An area of' 11,335 square miles is in Hyderibird of whicl~ an area of 350 square 
miles mas triangulated for the la-inch scale. 

Recess Duties.-(a) The fair-mapping was clivicled among three sections as follon-s:- 
nTo. 1 Section.-Under Rlr. RIeyer, ?-inch sheet 50 C and 1-inch sheets 56 C. 

N.W. 1 to 4.6.7. Y 

No. 2 Section.-Under Mr.  Pilcher, 4-inch sheets 5G N,W., N.E:s.N,, On the trans- 
fer  of i\lr. Pilcher to the Basrah Survey Party, this section mas taken over by Mr. Meyer. 

No. 3 Section.-Under Mr. AIunshi Lal, nineteen ?-inch sheets of reserved forests in 
the Hyderfibad State. 

All the above sheets should be completed by the end of 1917.. The fair-mapping 
remaining a t  the end of the recess seasou will be coml)letecl by No. 5 Party and No. '1' Dram- 
ing Office. 

The area of 97 square miles, which n7as surveyed in sheets 5G F and is in Hyderi- 
15. 10 

biicl, mas fair-mapped by No. 5 Party. 
The total out-turn of fair-mapping was 7,840 square miles (5,G70 square miles for the 

+-inch scale, 1,739 square miles for the 1-inch scale and 431 square miles for the 2-inch scale), 
and the cost-rate per square mile was Rs. 1 a 8 for the +-inch scale, Rs. 2 . 0  for the 1-ioch 
scale and Rs. 8 . 0  for the ?-inch scale. An area of GO-1, square miles mas fair-mapped for both 
the +-inch and 1-inch scales. 

The areas fair-mapped by Nos. 5 and G Parties in H J - d e ~ j b ~ d  were 5,183 square miles 
for the i - i n c l ~  scale, 4844 square miles for the I -inch scale, 186 square miles for both the +-inch 
and I-inch scales and 431 square miles for the ?-inch scale. 

( b )  The computations of the triangulation have not been coni1)leted but it  is intended 
that  they shall be completed during the coming field season. 

No. 7 PARTY (i1fADRhS). 
B Y  W. Al. GORJI.IN. 

This party completed the 1-inch detail snrvex of sheets 57 N - o 
11, 12, 1.5, 113' " -Jm' 

Prouincial  Oficers. 

Mr. W.11. Gormnu in chnrgc. 
,, H. B.  Simons to 3uth June 1917. 
,, V.IV. Morton. 
,, H.H.P. Bntterfield to 9th idag 1917. 
,, B.T. IVrott. 
,, N.S. Rnrihara Iyer. 

L>per S u b o ~ d i ~ l a f e  Seruice. 

Mr. Abdnl Hakk, K. 8. 
., K. Bfandnnna. 
,, P.9. Vengnsvami. 
,, Shib Lal. 
,, H. Naraaimhnrnurti Rao. 
,, Shailih bfnhammad Salik. 
,. E.N. Katasau. B.A. 
,, P.B. Roy. 
,, J.M. Mukerji. 

Lower Subordinate Ser.cice. 

88 &urreyors, etc. 

6 6 L ,  G G  2- with the exception of some reserved 
3, 1 I, 2, 5, d j  

forests falling in sheets 57 17izis7iR surveyed on tho 
. . .  

2-inch scale and the special forest survey on tho 
4-inch scale of Rfiptir Velilioncla Block A ant1 
Extensions, Itiplir I'elikonda Block B and Esteu- 
pions and Utlayagiri I'elikonda Block R and Ex- 
tensions falling in sheets 57 - N--. Thc party 

a, 6. 7, s . . .  
also coml)letecl tllc triangrllat,ion of sheets 
5 6 P 50 L- up to tho Iiistna 

2, 3 ,  4, 6 ,  7 U I ,  I 1 ,  I 1 5  t i  8, 12 

river whicl~ is the limit of t,he Madras Presidency 
I and of sheets 56 to 16J  and theodolite tmv- 

ersing for the special forest survey falling in sheets 
5 7 N 

I ,  2, 5, 11, 7, 0, 11' 

With the exception of the special reserved 
forests situated on the eastern slopes of the Eastern 
Ghits ,  the country surveyed extends, in an undulat- 
ing expanse of wooded and cultivated lands broken 
a t  long intervals by detached knolls, from the foot 
of these G l ~ i t s  to the sea coast. 
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~l~~ field season on the  1st December 1916 a t  (itidfir which wm the field h a l -  
qua,+ers and close(l on tile l e t h  May 1917, except for the trianglllmtors r h o  finishml work on 

the 2:jrd June 1917. The pad;!- recessed a t  Bancalore. 

' There mere Eercral cases of malaria among the men of the tI-ian~alation section from 

~~~~h onwar(ls wll i le  i l l  t,Ile Sallanlalais Six khabixis died t111ri11z tile ft'lll gm*on, 

two from fever, tn-o from ful,cst tires ant1 tn.o fronr other ranses not rontrartetl ill tllr field. 
One sttrveyor tlieil tlorinji recess while on leave, from natural eauscs The 11~altI1 nf t l r ~  p d y  

-rorking i n  the Ion. Srollnil, n.itll the cxcel~tion of one 1Tpper P~~bord ina t r  and ont. sllrveyor 
wlro contracted malaria ant1 were obl i~et l  to  go on leave, \\-as ;ootl. 

p],r,lr.-toblj,Lu.-T\lr country rnrveyed on the -l-indl rrale r r~~i ) races  the fairly t ) p t . l ~  Hat 

crest. alld ?&-tern pr~c i~>i tons  slol)cs of t,hc 1-elikonda range, of an areraqe \v i~ l t l~  of  l'rnlr~ onc 
to  :wo miles, with low-lj.ing antl luidulatine gronnrl dcnselx co\.crctl wit11 forest, starting fronl 
the foot llills east\var(I?i, containing numerous small channels I~ar,lly tliscernihle a l t l l o ~ r ~ l l  ~vcll 
clefinell as lnaill hill streams as far  as the foot of the hills. The .'-inch ant1 1 - i n ~ h  survey 
stretclled from the foot of the Ilastertl (;lrits on the west in an untlrllati~~g esltansc of n-oded 
and land to the sea coast, varicil a t  Ion? iintcrvals b!. the incl115ion of a detached 
knoll, bounded on tlie north by the Penner river ant1 oo tlrc s o ~ ~ t l r  by the detaclrctl ranges of 
the Nagari antl Nigalripvraln hills, offshoots of thc ~ R S ~ P ~ I I  (;l~;its, tllick1~- forest-clad, steel), 
intricate, and standing out holdl! from the plains. JIain ~nctallctl roatls tlrro~leliont tlrc lo\\- 

country are fairly nnmerolls ant1 ~v(b11 (listril.)lltt~d, ant1 cart track> Irelll tci span tlie c o ~ ~ n t r y  
~vliere deficirnt in the former. SimilarI!- th(. Iiuckin~llaln Canal hlot~g t l ~ e  sc :~  coait sl~ly)liee 
.a need n. l lc~~ hot11 arc n-ant in:. Two rnil\va!.s, one on tlrc stantlnlrl, nritl tlrr other on t l ~ r  
metre gange, tmverse tlrc \vo~.li, from nortll to s o ~ ~ t l r  and from n-cst to east ~ e * ~ , e c t  ivelY. The 
chief rivers falling iu t h t ~  \vork arc the l'enner, Saartramukl~i ,  and Fiau~ller l~.  Of these the  
only one perennial is the l'rnner a l ~ d  helps to irrigate a large a rm.  Nu~nerorts tanks \vhicll 
geoerally drx 1111 form a fe:rtrtre of the c o ~ ~ n t r y .  The countr!., as seen from tllc. vast, area of 
Ion scr11b j1111gIe prevaililrg \rhicl~ is rnostly reservetl bj- the lJorest 1)epartn1ent, for fllcl 
1 ~ ~ 1 1 0 ~ s ~  o\ving to its ston!. soil antl absence of perennial watrr, is poor antl ~rl~l)~.otl~rcti\-e. 
Tlle corrntry east of the Pulicat lake contains lit,tle or no enltirat,inn, is consirlere~l \-el.? 
malarior~s and elel>hantiasir is vcr!- comniolr. Tlle noted teml~le of Siva ill Kiilalrasti t i~~vl r  
attracts tho~lsantls of \vorshil>l~crs from all over India dllrinp the t,en days' fcstirnl Ilrld 
iu February. 

Tlre worl; was divided arnolla thrcc c;ln\l\s as follojvs :- 
N o .  1 C ~ ~ I I P ,  nntler Mr. ;\[orton lvitli Mr. 1\'!.att for tlrrce niontlrs arlJ an average of 

7 SUrVCJ'Ol.s, Ca.rl.ied out the original sorvcy on the -I.-illrll 1l.i r t l l l a r c  m i ] e r  of sl,eeial 
reserver1 forests in sheets 57 . ,  N -. 

6. fi. 7. 8 

1Vo. 2 Camp, r111cler Mr. Euttertielcl assistetl by surveyor 1Canl;aL Khan \\-it11 Mr. 1r-yatt 
and 1 6  surrcyors, carrieti orrt tlle original survey of (ii square niiles of ~,cser\-ed forests 011 the  
2-inch scale ancl the origi~ial surrey 011 t l ~ e  1-iueh scale of 1.1,33 square miles in sl~ects 
57 -N Citi R.  

11, 12, 15, 16' 3, 4 

No. 3 Ca~np, under Mr. Alxlnl IIalili with 12 sllrveyors, carried out tlre original srrrve!- 
on tlrc 1-inch scale of l,(i7Y sqlrare miles ancl tllc snlqtlelnentar!- s~rrvej- on the I-itlcl~ scnle 
of 85 square niiles in sheets 67 __2!.- 6G 2 . 

9, 10, 13.11' I ,  2. 6 ,  ti 

The reserved forests, for survey on tho 4c-incl~ scale, lie scattered t l ~ r o t r g h o ~ ~ t  several 
sheets wit11 an equal number of blocks north and soath of tlre Penner river, ant1 pl~ese~rtecl IIO 

diffic~rlty in thc Iligh grorrntl, it being poorly forest clad with bold ontstanrliug feat~lres and 
detail \re11 defined. I n  the low ground, covered with a dense g r o ~ ~ t l r  of trees, plane-table 
traversing w a s  resorted to in order to  pick up the numerous detail coqtained tl~ereirl, this a~rtl  
the srarcity of water in the area, coml~elling the surveyors to encanll) on the o~rtskirts of the 

reserves or near villages, incant maclr loss of time ancl out-ttrm of {vork. 1\'ith the exception 
of aborrt a mile of disl)ntetl boundary of the Udayagir~ T'clikoi.da l3loek U and Este~rsione 

R~served l~'orest, all boiintlaries \\.ere clcarecl. Tlre disputed portion war surveyed as l,ointrd 
out hy the lleputy Ranger of Gudigunta. No cairns ~ v i t h  n ~ ~ m b e r s ,  as statcd in the noti- 
fications of tltese forests, mere found. 

The twenty reserved forests, surveyed on the %inch scale, consist of small trees aud 
shrnbs of e thorny growth forming what is called scrub jungle and are located in ~ u n d u l a t i n ~  
g r o ~ ~ n d  v~rierl a t  times by tlie incltlsion of a detached knoll ; the forest. were s ~ ~ r v e y e d  mostly 

by plane-table traversing and by interpolation. Forest plans, sopplied by the forest aothori- 
ties for these reserves, were atilised in checking boundaries and for locality names. 
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Direct blue prints on Bristol boards of certain I-inch prints of maps by the Madras 
Revenue Survey, containiog much detail, were obtained from that  Department ancl from the 
Southern Circle Office. The remaining 1-inch prints were transferred in blue by surveyors 
as the work progressed. The work of the Madras Revenue Sorvey was found accurate and 
satisfactory and c o n ~ i d e r ~ b l y  helped the mork. Zarrrindiri areas in the 1-inch prints supplied 
by the I\failras Revenlie Survey contained very meagre detail n.Iiich was generally incorrect 
and only ~ ~ s e f u l  as a guidtl. Trijiinctions of the 31adras Revenue Sorvey in the coast sheets 
were rttiliscd ant1 were very helpful where trigonometrici~l points \\ere fell- and far between. 
All work was gone over and checked as rigoronsly as if 1-inch original work. 

2-inrh plots ou tracing cloth of the TungaLhadra irrigation lrroject with contours a t  
20 feet intervals, colrtail~ing gronntl level heights a t  distances of 3.30 to 660 feet alonq cross 
sect ion~ from 1 to .!a miles apart and referred to G.T.S. Bench Mark data, fell in the mork 
ant1 \\.ere apl>lictl for from the Chief Engineer for Irrigation, RIadras. The data were inserted 
l~ropurtionately on tlre 1-inch prints of tlre 3ladras Revenue Survey, and utilibed as a check on 
height% and contouring. 

Tlrc only re>erved forest pre\ ionsly published on the 4-inch scale and falling in the 
work war rthtl~lced to the 14-inch scale in blue, which was inked up in detail and hill features 
ant1 aqai t~ rcdnced to the 1-inch scale and transferred on the plane-table in position by common 
trigonolnttrical 1)oints. This was rigororisly gone over, supplemented, bro~rght  up to date, 
contourcd, a11t1 \vna found correct. 

The total ont-torn of survey on all scales was :3,512 square miles. The out-turn of the 
4-inch original survey, of the .'-inch original survey, of the 1-inch oriqinal survey and of the 
I-inch sup l ) le rn~r ta r -  survey was 115 square nriles, 65 square miles, 3,lOS square miles and 
2-1. stluare nliles respectively, the average out-tr~rn per man per month was 3 . 5 ,  12.4', 28.9 
a1111 l b . 3  sllnare milcs respectively, an11 the cost-rate per scluare mile as mentioned in the 
al~ove ortler is Hs. 9 3 .  ti, Rs. 3 l .  ti, Rs. 7. -1., an11 Rs. 2 . 3 .  

7'rin11grtlnlion.-'rI1~~ country triangulated embraces the Nallamalai hills, wit.11 its out- 
liers to t l ~ r  east ine~.ginp into the plains, the flat open ant1 cr~ltivatetl valley of Nandj-%I iu 
the cwrtre nrrtl the Krran~ala hills furthrr west; thc I<istna river, both narrow ant1 snii't, 
l ~ o n ~ r d s  it  or1 the north. The general run of the xalIanialais is from south to north as far as 
thc Kistna ri\-er from \vlrence it  takes a bend to the east and consists of a series of hill 11caks 
a ~ ~ t l  *III;III irrcb:~ilar ranges I\-ith several l)lateaiis, the whole corrrecl \\-it11 nnbroken forest and 
a I I ~ ~ : L \ J .  u n t l t ~ r - ~ ~ ~ u \ \ t l ~  01 Iliglr grass, ~uost ly rcscrved forest. -1s this area was prcvior~sly 
triang~~lnttb~l for the -I-inclr scalc, the Former work was only snl~plemrnted. The Erramaln 
hills. 111ost1y rc,wrvctl forrst, rise np pradnally into a geries of flat-topped plateaux genrrally 
I)nre, 1,nt \rith their rzi~>l~es clotlrctl wit11 atnntecl trees arrtl shrubs, and l~resentetl a dif ic~i l ty  to  
tl~t, t r i : ~ t ~ y r ~ l n t o ~ . ~  in l is i~rz points. The country generally is tleficient in main roads, the hilly 
n1.c.n h~in: 1 . ~ 1  wiall!. i l l  s~ll,l~lietl. The Kr~rnool-C'r~iltlalml~ Caual runs throngli the Sarrdyiil 
vallc*?- ~ I . , I I I I  I I I I I . ~ ~ ~  1,)  S O I I ~ ~ I  a11t1 is navigable tlrron~lrout the year. Tlre 1Iaclras and Southern 
;\lal~r;~tt:l  I:nil\\:~y %n~cbtrc gxllgr) cro~scs the area from west to east. \vitl~ a ])ranch-line from 
l ~ r n n a c l r t ~ l l : ~ ~ ~ ~  t o  KII~IIOO!. ;\lalarial fever is very pr~va len t  almost evcrynhcre, especixlly in 
tlrc Sallnn~nl:~ii;. (;~rill,>a-n.ornl, t111e to t l ~ c  i m p ~ ~ r i t y  of water, also prevails. Great rlillicultp in 
l ~ r ~ ~ r r ~ r i n z  s!r],l)lic.: ant1 lal)onr i l l  the Fallamalai t~,ar,t was espe~,ic~nced, as villages arc. few and 
far n13n1.t. \\-ark i n  tlri9 area was carried ont by assistar~ce rendered by the forest a ~ ~ t , l ~ ~ r i t i e s ,  
I V I I ~  r~rrl,l~-)! Inrgrl!- a forest t r i t~e  called the Clrench~is. Scarcity oE water also 1)revails (luring 
tlre trot nrnnt11.l :in11 can 0111~ he obtained at, certain halting placer. 

'l'l~c total out-turn of triangulation by the party for ?-inch ant1 1-inch survcys n a s  
I;,!)!) 1. 5q11ar~ miles an11 as cleta~lc~l below Ira.; completetl by :- 

J l r .  Si~rlons, a r m  1,091 square miles, in ehcets 57 -L, 5(; 1 to the Kistna 
14 14, 1.5, Ili 

ribcr. 

Mr. Harillara I>er, area 1,850 square nriles, in sheet. 57 56 '. to the 
1.2.  5, OX 10' 8, 12 

K ~ s t n a  rir6.r. 

J l r .  S h ~ b  I d ,  area I,.'!% square miles, in shcets 57 L, 56 - P-- to the Kivtne 
16, I6 2, .1,8,7.8 

river. 
Mr. Shaikl~ 3llthamrnad Salik, area 1,334 q u a r e  miles, in sheets] .57 &, 

5 6 2 -  to the Kistna river. 
11,. 11. 11 
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Surveyor Jagan Natb, area 1,433 square miles, in sheet0 67 3.4,7,8 I, 56 L 4 to the 

Kistna river. 
The above was based on the Great Arc Meridional and the Madras Meridional and 

Coast series, but as the area between these series contained no geodetic or minor triang~llation, 
a small secondary series, the stations of which are built of pukka material, mas rnn from the  
base Katornoraj-Iierebelaaal of the former series to  provide data for adjoiniug triangulatore. 
Observations were talten on five zeros on a 6-inch micrometer theodolite by Messrs. Troughton 
and Sirnms. Two stations of the series, v i z .  Guriminikonda and Gummankonda, mere handed 
over to the local authorities and the remaini~lg stations \vill be similarly dealt with during the 
conling field season. I n  addition to the points now fired t h e n  are about 1,064 points fixed 
by previons triangulation carried out for reserved forests surveyed on the 4-inch scale. Charts 
on thc 3-incli scale embracing the area triangnlated, showing the principal traverse stations 
and village t r i ju~~ct ions  of the Madras Revenue Survey and all geodetic triangulation on 
which their work was based, were obtained for the use of the triangulators to enable them to 
fir the same and so check the accuracy of the revenue work. 28 trijunctions were kxed in the 
area completed. 

The cost-rate per square mile was I<<. 5 . 9 .  

Traversing.- Theodolite traversing of the boundaries of the special forests, was started 
a t  the end of October 1916 in advance of the detail snrrev to supply data for the same 

as a theodolite traverse for 4-inch plots. Those boundaries, of ~vhich no Madras Revetlue 

Surrey traverse data or no 1)revious snrreys by the Surrey of India adjoining these forests 
existed, \\.ere traversed. Po~lrtcen 4-inch traverse plots on drawing paper, sl~owiug all existing 
data of t l ~ e  Madras Itevenae Sur\.ey connected with and adjoining these forests, were supplied 
by the AIadms Kevenue Sarvcy. 

132 linear miles of bonndaries for special forest survey on the 4-inch scale in slreets 

57 for thc follo\ring reserved forests- 
- , 5 , 6 , 7 , Y  

Ripfir ITellkonda Block A & Extensions 

9 ,  9 ,  7 & ,, 
Udayagiri Trelibonda Block A & Extensions 

,> , I  ,, J3 ,, 
G audlakoncla 

mere traversed and connectetl ivitl~ 18 trigor~oinetrical stations a1111 2 2  azimuths were observed 
by 3lr.  Narasimhamnrti Itao and a s~rvej.or.  

The total oat-turn was 132 linear nliles and the cost-rate per linear mile was Rs. 28.0. 

Recess D~6lies.- ( 1 1 )  Two sections were engaged in the fair-mapl)ing of the survey 
con~pleted during 191G-17. 

No. 1 Section, under M r .  AIorton, sheets 5 7  m:is,is, G6 e4. 
No. 2 Section, under Mr. Abdal Hakk,  and while on leaye by the officer in charge 

assisted by Mr. Vengnsv:tn~i, sheets 57 n*, G(i ,-rt5yG. 
It is expected t.hat t,he fair-mapping of these sheets will be co~n~le tec l  before the party 

leave3 for the field. 

The total out-tnrn of fair-mapping is 3,197 stpare miles and the cost-rate is Rs. S - 8 
per square mile. 

( I ) )  Arrears of the co~rlp~~tat ions of degree sheet 57 If from last recess, together with 
current work, are in hantl. I t  is especte(1 that  the former, partly completecl (luring the field 
season together with 56 1' \\fill be read,v by the end of this recess, leaving as arrears 57 I alld 

56 L the baqe \vorlr of n l ~ i c h  has onlr been completed. The error disclosed on comparison, of 
trijr~nctror~s iisctl by pai.t)- t r i a r~q~~la t ion  wit11 their values assupplied b!- the Madras Revenue 
Survey on reduction from recbanynlar to sl)hel.ical co-ortlinates, is 0.58 seconds in latitrlde alld 
in longitr~cle. 

Triangt~lation chart,s were under $11.. Simons, and ou his transfer mere handed over t o  
Mr. Wyat,t.. Very lit,t,le progress has been made iu the preparat,io~l of triangulation charts and  
pamphlets owing to the f l~r ther  issue of instructions on the subject whereby charts 48 L and 
57 L completed last year were returned and are being brought a p  to date. Besides the 
chart GG D is well in hnnd and is expected to  be completed soon. W i t h  the assistance of No, 
5 Partmy, ccllarts 48 P and 67 P were completecl. 



No. 8 PARTY (MADRAS). 

The ]lead-quarters and the bulk of the party remained in Bangalore throughout tlie 
year and cont,inued the fair-mapping of +-inch slleets 

Pssso~nst .  compiled from 1-inch published sheets. The portion 

Provinool ~f f icerr .  of the party that  t,ook the field consisted of a - 
plane-tabling section working in sheet 58 2, 

Mr. W.F.lt .  Adnmv in clinrge. 
,, M. Malindeva Bfodnliar, 3L.A. triangulator who ~vorked in sheets 58 

0, 10. 13, 14' 

i7pper Sttbomilnale Serrice. 5 8 L  and a t,raverser who worked in sheets 
1, 1. 5 

Mr. Anantarno Dhoodibs Nnndl~rc,  R.S. 58-E--, 58 A_. 
l l , , l , l  1, 2.9  

to 15th August 1917. 
,, li. Xnrnrn~les~nnii  Chetti. The country under survey comprises the high - 

Loleer Srbordinute Service. 
wooded hills in sheet 58 4, t,lie high open hills in  
sheets 58 G and the flat plains in sheets 58 3- 

26 Surveyors, ctc. 0, 10 13, IS' 
58 -K-. 

1, 2 , 5  

The plane-tabling section, triangulator and theoclolite traverser left Bangalore on the 
3rd December 1916 and retorned to Bangalore on tlie 3rc1, 26th and 29th hIay 1917 
respectively. 

The health of the surveyors in the plane-talJing section n-as fairly good, while among 
the khalisis there were a great number of cases of fever and guinea-worm. The  menials 
with the triangulator and the traverser kept good health throughout the field season. 

Plant-tabling.-Sheet 58 O is a very clifficult one for survey, half t,he area is 

unexplored. The hills vary from 150 to 6,300 feet in height and are clothed with heavy 
forests, swarming with wild elephants and leeches. 

The 1-inch orizinal survey n-as completecl by six surveyors under the supervision of 
Mr. AIahacIeva Mudaliar. 

The total area plane-tabled n-as 293 square miles, tlie average monthly out-turn per 
man was 12.X square miles and the cost-rate per sqnare mile was Rs. 62.2. 

Triangrilation.-The country is fairly favourable for triangulation, consisting of the 
high ranges of Sadraziri and Kndiramnlai and the flat plains of the Mxlura district which 
are interspersed with a few rocky isolated low hills. 

The total area triangulated mas 1,030 square miles and the cost-rate per square mile 
was Rs. 4.4. 

Trorersieg.-The country traversed is dead flat consisting of black cotton soil inland, 
succeeded by rleep sand near the coast. 

One surveyor traversed 2.35 linear miles a t  a cost-rate per linear mile of Rs. 9 .6.  

I n  adclition to the above Mr. 3Ialiadeva 11ndaliar traversed Section I X  (about 3 linear 
miles) of the Tinnevelly-Travancore boundary. 

Rece .~ .~  Duties..-(0) The fair-mapping of +-inch sheets, compiled from 1-inch published 
sheets, was under Mr. Anantarno Dhondiba 3Iandhre until he retired on the 10th Allgust 1917 
and was afterwards under Mr. Narayanasvarni Chetti. Sheets 4.8 -L . ,  58 --R-, N.E., S.E. N.W., N.E., S.E. 

n :jS L , .jS J& were completed and submitted for pnhlication, sheets 4a8 b8  
W .  S.L.  N.E.. s.E.' 

5 8  .-A- are well in hand and sheets 57 - ---2- 58 -D, 66 -2-. have been 
R E.. S.E. N.W.,S.\V.,N.E.,S.E.' N.E. N.W.,S.W, 

commencecl. 

Mr.  Mahadeva Jludaliar was in charge of the fair-mapping of sheet 58 .:. 
A total area of .5,75l square miles has been fair-mapped a t  a cost-rate of Rs. 3 . 9  per 

rqriare mile. 

(b) The coml,iitations were undertaken under Mr. Mahndeva Mudaliar. 

The material for the triangulat,ion pamphlet, sheet. 58 D mas completed, and the material 
for the p r n p h l e b  sheets 58 A, 58 B and .58 C should be completed by the end of November 1917. 

MisceNaneotrs.-For the survey of fiheet .58 :, local labour and transport were not 

pmcurable and had to be imported from other diet&. 



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

During the year under report, the party was employed on the survey of the cantonments 
and military stations of Rtimalpincli, Chitril, Drosh, 

PEUSO~NEL.  Ghairat, Jhelum, Siilkot, Topa, Dharmsirla, Cham- 
ProvinciaZ OjTcers. an, Jllinsi, Deoli, Neernnch, Nasir~bftd, Ahmad- 

Mr. A. Ewing ID charge. nagar, Drazinrla. Jandola, Ja t t a  and Z i m  on the  

,, 0. D. Jackson. scale of 16 inches to a mile, altd on the bazirrs of 

Upper subord ina te  Service. 
RBwalpindi, Jhelum, Siftlkot, Topa, Jhi~usi ,  Deoli, 
Ne~much.  Nasiriibird and Bllmatlnagar on the scale of - -.- 

Mr. DLarmu. 64 illclles to a mile. The triangulation arid traversing 
Lorucr St~bovdi7iole Service. of chi t r+ Drosll, Ghairat, Dharmsgla, Jhinsi,  Deoli, 

26 Surve~ors,  etc. N a s i r ~ L ~ , l ,  Ahmadoagar, Drazinda, Jaoclola, Jat ta  
and Z;iln \\,ere completed doring the year. Twenty- 

six fair sheets have been sllbnlitted for eleven hare bee11 colnpletell but I1ave 
as yet been Submit,ted for pnblication, sisteen are in 11and and thirty-eight are remaining to 

be fair-mal)ped. TIlese sisty-five fair sheets will be subniited for lj~blicatioll July 1'318. 

The field season conrmenced in Riwalpindi, Jhelnm, Sialkot, Topa atla Neenluch on lst 
October l y l ( j  ant1 closed in I)losll, Chainan, J l ~ i n s i  and Xlimadnag~r 011 Septelnber 1917. 

The l ~ e ~ d - ~ u a r t ~ ~ . ~  of the 11artj- \\,as a t  Rin.all)incli until the beginning of ;\lay 1917, and a t  
Poona for the remainder of the year. 

The healtl~ of t l ~ e  pa~.t,y Ivas good during the year, btlt some of the draftsmen and 
menials in Riwalpindi sl~fferecl from malarial fever. 

P/alle-tab/ii,g.-JIr, ~ ' : \ ~ i ~ ~ ~  :.\ras ill cllal,ge of the snrrej- of Ran-alllindi, Jhelum, S i d -  

kot and I-lhmsdnagar, hir.  Jackson was in charge of the snrve,vors employecl on the surrey 
of Chamall, Deoli, Nee~nnch and Nasirgbid, and Mr. Dharmu was iu charge of the survey of 
Chitriil, Drosh, (+hairat, anrl of the four snlall ~nilitary out-l~osts of Drazinda, Janclola, J a t t a  
and ZSm. There is an increase of -L, 901 acres on the scale of 16 inches to a milc and of 257 
acres on the scale of ( i -b inches to a ]nile to \\-hat \\.as l~re\~ionsly surveyecl during season 1!)15-16. 

The accuracy of the survey done during the year mas tested by Alessrs. Ewiug, Jack- 
son and Dharmr~ by 30 linear milts, 63 linear llliles and 21 linear miles of test lines respectively. 

The total areas planc-labled 011 the 16-inch ancl 6-1,-inch scales were 23, 859 and 6:30 
acres reslwctively, thc average monthly ot~t-tnl,n per man was 29.5 and 2 1 .  (i acres ~.espect- 
ively and the cost-rate per acre \\-as Rs. 1.1 and lie. 1 0 . 1  respectivel!-. 

1\.ic-ln~,rtl(,tio7a1-iI sufficient nnlnber of stat,ions ant1 intereectetl 1)oints \!,ere fisecl from 
the nearest Great T~*igonometrical Series in Cllitril, 23roal1, (;hairat, JIiRusi, Deoli, Nasir ibid,  
Drazinda, Jandola, Jntta ant1 Zgm for the conuectio~l of theoclolite traversing doue in these 
cantonlnents. Messrs. Jacksou and Dharnlr~ and tn-o surveyors \\.ere employed on the 
t,riangnlation. 

The total area triaugnlated was 515 sqrlare miles ancl the cost-rate per square mile \\-as 
RS.  9 .n. 

fiacc,r.qiy.-Duri~~g the year the traversing of Chitriil, Drosh, Ghairat, Dharms~la ,  
Jhinsi, Deoli, Nasiril);itl, Al~maclnagar, Drazinda, Jaudola, Jxt ta  ancl Z i ~ r l  Ivas completed by 
3Iessrs. Jaclrson ant1 Dharnlr~ and four surveyors. 

The throtlolite t'raversing clone tlruing t,he year is very good both in angnlar o b s e r \ ~ ~ -  
tions and in chaining. 20.b linear miles mere tra\?ersetl a t  a, cost-rate l)cr linear mile of Rs. U . 4 .  

L e ~ ~ e / l i ) ~ ~ . - t t  fen7 milrs of levelling mere tloue in Chaman, Jhiinsi, Deoli, Neemucll, 
Nasilibilcl ant1 llltmatlnagnr. From fire to ten bench-marks were fisecl in each cauto~lnlent 
a t  a cost of Ns. 326. 

Recess Du~ie,r.-ll\venty-six fair sheets 1la1.e been submitted to Dehra DGn for publica- 
tion. Eleven fa.il. slicets of 11%1valpindi I~ave been completed but 11al.e not bee11 firlally examin- 
ed, tltesc sheets will lm sr~l~mittecl for pahlication in October 1917. Sixteen fair sheets of 
Jlteltlm, Siiilkot and Tolpa are in limlcl and thirtj--eight sl~eets are remaining to be fair-nlaplled. 
Out  of tho t,ltirty-cight sheets remaining eight were completed during September 1917 and 
five are verj- small slleets. The fair-mapping is about four months in arrears owing to some 
of the draftsmell being sick mitlr malarial fever when the I ~ e a d - ~ n a r t ~ r s  of party was in 
~ ~ ~ a l l ~ i n d i .  As the field work of this party is increasing every year tile number of dl.aftsmeu 
will also ]lave to be increased. The fair-mapping mas done under the supervision of Mr. ~ ~ i ~ ~ .  

Tile total arcas fair-nlapped on the 16-inch and 64-inc11 scales were 20, 277 and 435 
acres respectively and the cost-rate per acre was Re. O - 3 and Rs. 3 - 2 respectively. 
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EASTERN CIRCLE. 
( Vide Index 3laps 3 and G.) 

Sumv~~nrr/.-The Circle mas ~incler t,he superintendence of Lientenaut-Colouel R. T .  
Crichton, C .  I .  E., I. A., throughont the year and consisted of Nos. 9, 10, 11 and 12 Parties 
and No. 5 Drawing Office. 

During the year 0,723 square miles of detail survey and 9, 405 square miles of triangu- 
lation were completed. 

The detail survey consists of :- 
2,140 square miles of 4-inch original survey. 
6,870 do. I-inch original survey. 

334 do. 1-incli revision survey. 
370 do. 2-inch original aiirrey. 

;\ section of No. 9 Party was employed on half-inch mapping during the year. 

Yo. !) PARTY ( B E N G A L  A N D  BII-IAR A N D  ORISSA).  

BY J. SMITH. 

This party, which took the field in reduced strength, completed the detail survey on 
the 1-inch scale of sheets 7 9 A  also of portions of sheets 72- , 1, 2,5, ti, Ll ) 5 ,  b, 0. 10 

The country in Bengal is flat ant1 featureless, and being widely cultivated,mas easy to  
survey. I n  BihSr hilly portions were selected as the 

PKRSOXSEL. survey was intended more for instructional purposes 
Provincial OFcers. than for mapping. 

Mr. J. ~ m i t ~ i  in cl~nrpe. The party office, except for the ;-inch mapping, 
,, nhani  Ram Verrna, to 10th A p r ~ l  1917. was closed a t  Shillonfi on the 3rd November 1916, 
,, A. B. Hunter, from 3rd N a y  1917. 
,, B. C. Newland. 

and re-opened a t  Deoghar on the 10th idem. The 

,, Aniar Kriehna M ~ t r a .  camp for detail survey in Bengal under Mr. Dhani 
Ram Verma assembled at Belclanga on the same 

Upper Subordinate Serrice. 
date. The field season closecl on the 3rd May and 

N r .  Raln Sinkli, to Gth June 1917. 
,, Arni~lyn Cbsrnn Ghosh. 
.. Qopsl La1 b l ~ t r s .  .. . 

Lozver Subordinate Service. 

office re-openecl a t  Shillong on the 10th May 1917. 
The health of the party throughout the field 

season was good. There was only one serious case 
of fever amongst the surveyors in Bih5r. but the - 

27 Survrpor~, ~ t r .  man mas brought into Deoghar for treatment and 
soon recovered. One khalasi attached to a surveyor's camp in Bengal was badly bitten by 
a dog, believed to be mad, ancl the man mas sent up to  Shillong for treatment a t  the Pasteur 
Institute a t  Government expense. 

Plane-tabling.-In Bengal the area surveyed comprises portions of the Murshidibid, 
Nadia and Burdmiu districts. The B h ~ g i r a t h i  river which, further south, is known as the 
I1ooghl~-, tlivides the first named district into almost two equal parts, but forms the boundary 
between the other two districts. Two lines of railway traverse the area from north to south, 
one on each side of the river, ancl there are, besides, numerous cart tracks and a few good feed- 
er roads to the railway. The river is crossed by ferries when the water is high i . e .  between the 
commencement of the monsoon and November. For the rest of the year i t  is fordable by 
carts as well as people. The general level of the country is about 30 feetabove mean sea-level. 

One camp under Mr. Dhani Ram Verma with 8 surveyors completed the detail survey 
of the whole of the area in Bengal. Owing to l ~ i s  transfer to the Sirnla Drawing Office in 
April, Mr. Amar Krishna Mitra had to be brought down from Shillong to take over charge 
of the camp. 

Very few of the intersected points which had been fixed in previous seasons from a 
theodolite traverse were found to be incorrect, and the work was principally done from "in 
situ" fixings, plane-table traverses being only resorted to in surveying the interior of the 
village-sites and the banks of the  river^. 

I n  BihBr, as already stated, the country surveyed being selected mainly for instr~~et ional  
purposes, is hilly, the general level is about 600 feet and the highest point in the hills about 
1,600 feet above sea-level. Thecamp, made np of 2 Upper Subordinates and 4 pupil surveyors, 
was u~ der the charge of Mr. Ram Singh with surveyor Ghulam Haidar to  help in the 
tmining of the pupils who were abeolutelr ram and did not even know the use of their instru- 
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The out-turn of plane-tabling was 1,362 square miles in Bengal and 319 equsre milee 

in  Bihar. 
Cost-rates work out as follo\vs:- 

I-inch detail survey in Bengal . . Rs. 11 4 per square mile. 
1-inch detail survey in Bihir  and Orissa ,, 34 .6  do. 
+-inch fair-mapping . . .  . . .  ,, 1 . 3  do. 
1 -inch fail.-mapping . . . ... ,, 4.7 do. 

The total cost of the party was Rs. 63,568. 
Recess Duties.-(a) Mr. Newland, wit11 Mr.  A l i t , ~ ~  helping in the examination of 

maps up to the end of March 1917, heltl charge of the 4-inch mapping section throughout the 
year. The following sheets have been completed and submitted for publication since the l a s t  
report-72 A, 73 L, N.W. 78 0, S.W. 78 P, N.E. 83  , 83  L, 84 94 2- and 

N. W., N. E. S.\V. N.W.,S. W . '  S.E. 

. The following sheets are nearing completion :-94 E 

94 N.w.,N.E.~s.w.,s.E. N.\v.,N.E.,s.w.l 
tmo others 94 $ and 94 2- have been recently put in hand. S.b. N.E. 

The fair-mapping of the 1-inch sheets was supervised by Mr. Amar Krishna Mitra  and 
will be completed before the party takes the fieltl except in regard to the district bou~~daries  which 
have been referred to the Collectors for verification; this may delay the publication of the sheets. 

( b )  Mr. Iinntcr was cntrnstecl with the 1)reparation of t,he triangulation charts and lists 
for palnpI~lets of all the triangulation clone by the party, since its transfer to the Eastern Circle, 
and the correction of all volu~nes in tc1.111~ of the latest value of data supplied by  the 
Superintende~~t  of the Trigonometrical Survey. Charts for degree sheets 72 L and 72 P will 
be coml~leted before the party takes the field; two others 79 B ancl 73 F a r e  nearing completion. 

jfiscel1nneous.-The area surveyed in Hihir, althongh previously done caclastrally and 
ordinarily should only have had to be supplemented by the topographical survey, was executed 
as  original survey, os i t  was cousiderecl inadvisable to allo\v thc  plane-tablers access to the  
old maps, seeing that they were ~incler instruction. This area has not bee11 mappet1 but the  
work will be iocorporated a t  some futore date ~ r h e n  the supplementary survey of these sheets is 
being nndertalren. 

With regard to the anticipated delay in the publication of the Uengal sheets, i t  should be 
stated that  the physiographical changes in the conntry have been so great that  the district boun- 
daries, as defined and mapped from sllrvej-s executed hetween 1853 to 1870, cannot now be 
delineated on the grountl. The matter has been referred to the Collectors of districts concernecl. 

Iizspctions.-The Superintenclent, Eastcrn Circle inspectecl a portio~l of the partJ- in the 
field in Tannary 1!)17, ant1 on several occasions during recess. 

KO. 10 P,i l tTT (I.rPPElt BtrR?tIai).  
BY 11. C. PET'I'EIIS. 

Tllis party continned detail survey in 31)-itkyini and Pnt,ao districts, the area 

P~nsoxsm.  s~uveyecl extending over sheets 02 
7 ,  10, 11, 12, 16' 

!I2 x.-- I,1rperinl Oflcev. N.\V.,S.\V,,N,K.,S.E. and !):! 5 with small areas of 
1,s ,<. T. I:ich, I:, E,, in chnrgc to 2.7rd revision in sl~eets !!LC ancl !)!?P. The triangulatio~l 

October 1916. in advance for snrvej- on the one-inch and half-inch 
P r o l ~ i ~ ~ c i n l  O B ~ C P ~ S .  scales c~nbrxced shccts !I:! A !I2 .- C .. a.nd !I2 2: 

1 '  1 ,  2, 5, ci 1 to l O  
Mr. 31. C. l'ctters in c b n y c  from ;th Novcrn- The ronntry under survey ranged in altitude 

l ~ c r  1911;.  fro111 600 Icct in the valley of the 3lali  I-lka to ,, I\'. G. Jarlm, in charge fro111 2'4th October 
t o  4th Novcmber 1911;. 11,300 feet abovc sea-level in the Kulnon Bum, 

,, n. II. Crecd, fronl I l t h  Oclober 1916. \vhich here forms the watershetl between t,hc ;\lali 
.. A .  F. Di~,!ison. IIlia and Cl~intlwin rivers and the bon~idary betnleen 
,. I). N .  Hnnerjcc, I,. C .  E. Pntao district ant1 the r ic l~ u ~ a t l ~ ~ l i ~ l i s t e r e l  tract of 

Z j ~ p r r  S u L o r d i ~ ~ n f e  Scrr ice. the Hnlra\vng valley. Below 7,000 feet the area is 
M r .  Havat BlnI~nmn~ntl, I<. S.  covercd nritl~ tlensc forest gro\vtl~, and heavy ,jnngle 
.. B l n n ~ ~ p  K1nnr Kycin. clearing was ~ ~ c c c s s a , r ~  a t  s ~ ~ i t a b l c  sites to  allow of 
,, Dhirt~l l~ lr:~  Xntlr Snlra. sluvc).ols tiaillg the 1)oritions ant1 heights of sur- 
,. 1:nm l'rasnd, 1:. S. ronntling detail. I\-ork was retarded in the early 

Low~r S?~hordinate Ser~.i~p. months of the season by e heavy mist which ob- 
$3 Snrvryors, ctc.  scored trigonometrical points and made plane-table 

fixings by interpolat'ion impossible before 1 0  A.M. 
Kachin coolies were rmployecl for transport of equipmest and ~ t i o n s  over large areas on the 
eastern slopes of the Knnlon B ~ l m  which are uninhabited and mi t l~o~l t  communications. 
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The fielcl sewon opened on 26th October l9 lG and closed on different dates bet\veen 
2 l s t  RIay ant1 lot11 Jrme 1917. The field I~eail-quarters was a t  Myitkyini.  

Tlle I I C A I ~ . I ~  of the party IVRP o111y fair. A large number of men suffered from malaria 
and 111ce1-s due to leecll-bites atltl t,lle stings of a variety of poisonous flies. Pupil surveyor 
3Iaring I-lla PR \vas dro\vned \vllile bat,l~ing in the AZoga~ing cllanng. Two surveyors, as a 
result of malaria, llad to  stop their field work and proceed on 101lg leave. l 'he head clerk 
who IIMI beet) s n f f e r i ~ ~ ~  from astllnia froni the commencement of the field season also proceed- 
ecl on niedical leave befort. t,he close of tielcl ~ o r l i .  Three khal%sis died in t,he field, one of 
wl1011l was killetl by a tiger. 

P l o ~ ~ e - t a h l i ~ ~ ~ . -  The programme of detail survey was conlpleted and an area of 94 
square miles, in addition, was surveyed 011 the one-inch scale. The ~vorlc was divicled illto 3 
c a n ~ l ~ w ~ n ~ l e r  JIessrs. 31. C. Petters, W. G. Jarbo and D. N. Banerjee, whilst Mr. Rlaung 
R y r m  X ~ e i n  was in cIlarge of a calnp of i ~ ~ s t r u c t i o ~ ~ .  

A'o. 1 Cninp.- IJnder J1r. iM. C. Petters wibh 3 snrveyors completed an area of 
322 rqllare miles on the one-inch scale in sheets 92 2. This camp also revised 8 square 

1, 6 

miles of faulty work in sheet 92 % . An escort of 1 2  rifles \Ifas provided by the military 

police for the survey of a portion of t,he Sana tract lying in the sollthern half of sheet 90, 55. 

,Yo. 2 Camp.-ITncler hlr.  \V. G. Jarbo completed a11 area of 44 square miles 011 the 
one-inell scale in sheet 92 P- and 2,l-LO square miles on the half-inch scale in sheets 

2 . .  . The camp was originally composecl of Rlessrs. H. H .  Creed and 
N.\V.. S.E., S.W., J.E. 

A.V. 1)icksotl ant1 S surveyors. Two surveyors, however, developed a severe type of malaria 
early in the season and \\,ere obligecl to l~oceecl on long leave; their departure necessitated a 
re-adj~istment of work to complete the season's programme, one surveyor was transferred 
from S o .  I Canil) ant1 another from No. 3 Camp. Rlessrs. Haj-at Muliammacl, K.S. and Ram 
Pmsatl, R.S., on finishing their triangnlation also helpecl to complete the detail survey. As the 
average distance of this camp was 18  marches from Alyitkyins a good deal of time mas s ~ e n t  
on the road by surveyors despatched to reinforce it. Heavy and continuous rain in April also 
delayetl the co~nplet,ion of the work. The camp returned to Myitkyins between the 1st  and 
8th June 1917. Tlie sruvry was confinecl to the ailrninistered tract Iying between the l l a l i  
I Ikz on the ibwt xntl tllc Kamon range on the west. BIessrs. Creed and Dickson, in addition 
to  plane-tablin: on the one-inch and half-inch scales, assisted the officers in charge of Nos. 
1 and 2 Camps in testing the work of snrve!-ors. 

-1-0. 5 Cal~y.-l;ntler J I r .  D. N. Banerjee with 8 surveyors completed an area of 60 
square 111ilcs of reserved forest on the two-inch scale in sheets 92 C, 702 square miles on the 11,12 
one-inch scale in sheets 92 and a revision of 8 square miles on the one-inch scale of 

7, 11, 15 

country ~urveyed during the previous season in sheet 92 C. 

Mr. JIarin: Kyaw Xyeiu in addition to  plane-tabling himself was in charge of a camp 
of instrurtion composeil of 10 pupils of whom 4 were attached Erom No. 11 Party for training. 
The pupils ha11 ncquire(1 s~lficient experience for indepenclent worli by the end of March and 
 ere given small areas to s111-vey in the valley of the Namkawng cltai~ng which is waterlogged 
for 9 montl~s in the year, April and Ma!- h e i n  the only months in which this tract can be 
conveniently anal a c c ~ ~ m t e l y  snrveyed. Mr. bianng Kyam Nyein personally surveyed an area 
of 76 s(1llar.e rniles in sheet 92 & on the one-inch scale and the pupils 94 square miles on the 
same scnlc in sheet !I2 2. 

14) 

Out-turns and cost-rate7 are as follows :- 

4-inch original survey, 2,140 square miles a t  Rs. 19.6 per square mile. 
I-inch ,, 1,  1,068 do. Rs. 3 9 . 0  do. 
I-inch rel-ision ,, 16 do. Rs. 21 .2  do. 
2-incl~ orizinal ,, 6 0 do. Rs. 101.0 do. 

The out-turn nnrl cod-rate of fiurrey on the one-inch scale by the instrriction camp are 
not i o c l u d ~ l  in the above. 

Triangu1atinn.-Mr. Hayat  Muhammad, K. S., triangnlated an area of 1,080 square 
miles for detail stin-ey on the one-inch scale in sheets 92 -L. 

1, 2. 5 .8  

Mr. Ram Prwarl, R. S., triangulated an area of 3,672 square miles for plane-table 
somy on the half-inch scale in sheets 92 -A! and 92 -L-. Great credit is due to Mr. 

14. 15 1 b 16 

Rom Prasad, whose work lay at an average diatence of 20 maml~es from Myitkyinii. There 
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are few ,roads in the area he triangulated and his arrangements for coolie t r a n s F r t  and 
provisions for his squad were mbcle entirely by himself. 

Out-turns and cost-rates are as given belo\\, :- 
Triangulation for half-inch original survey, 3,672 square miles a t  Rs. 2 . 2  lwr 

square mile. 
Triangulation for one-inch original survey, 1,080 square miles a t  Ry. 6.4  11er 

square mile. 
The cost-rate for half-inch triangulation is Rs. 4 .0  less than that  of last year. 
Recess D,Lties.-(n) The fair-mal>ping of tlre seaso~~'s  detail survey, consistill# of four 

half-inch firc one-inch sheets ant1 two sheets containing small areas of revisiol~ on the 

one-illch scslo, has progressed very satisfactorily. 811 the sheets will be submittetl for 

publicatio~: before the part,y mores into the field. 
r llle 1 system of direct-mappin:, \vhich appears l>articrilarly snitable for parties recessing 

in n u r n ~ a ,  was tried this year wit11 success. Plane-table sections of c o n ~ ~ ~ l e t e  sheets were 

deslbatcl~ed from the field to the Superintendent of J Iap  l'riblication for enlargement to  the 
scale of dra\ving. A copy of each of these enlargements on I-Iollingworth paper n a s  then cu t  
and tonetller in position, in Calcntta, on sheets projected to the scale of drawing, a11 
distortion in qat icule  beiug elinlinatcd by sub-d i r id i~~g  the enlargements, when necessar!-, into 
5 niinut,e or 10 miunte sclnares. These compiled sheets \\,ere then treated as origit~als and 
relxo(lncer1 by ~)hotography and 2 d r a \ r i ~ ~ g  blue prints obtained, O I I C  for the oritlinr ant1 the 
other for the cont,onr original. By this metl~oil, not onl!. uras the time savetl, ~ v l ~ i c h  is usuall!, 
sl)eut in the tniildle of the recess seasot1 \\-hen fair oritline sl~eets are sent to Calcutta for 
vand~.kc prints for contour originals but, it enabled worlr on the fair o r~ t l i l~e  and contour sl~eets 
to be carried out coucurrent l~ ant1 the l~earier sheets to be clmwn in doul~le s l~ i f t s  from the 
beginning of t11e recess sc:lson. 

The fair-mal~ping \\\as tlivitled into 3 sections as follo~rs :- 
No. 1 .qeclion.-l'nder Mr. 1V.G.  Jarbo, sheets 9.' !- - ancl !I2 2.. 

6.1. ... h.\V., S.E. 
R'o. 2 Sec/rori.-TTnder Mr. 1-1.13. Creed, sl~ects !1Z & and the ontli~te of sheet ,, 11, 1: 

92 2-. 
N . W .  

,lTo. 3 Sar/iopr.-lTnder ;\Ire A.Tr. l)ickso~t, sheet 02 + and tlre contortrs of s l~eet  

92 - . I n  addition, Mr. Dielison personallj- dre\v t l ~ c  creatcr llortiot~ of the a1.c.a. in slleetr 
x.m. 

92 C and !>2 G nl1ic11 were resurveyed on the two-inch and rcrisecl on the one-itlcl~ scales 
1 2  

respectively 

The areas of fair-mappinq in square miles on thc I~alf-itich ant1 one-inch scales \\et,e 
2,31'0 and 1,111 and their cost-rates per bquare mile R.;. 3 .  S and 11s. i (i resprctirely. 

( b )  The computation of the seasou's triangulation was com1)letecl J I r .  Ram Prasa;L 
assisted by threc computers. 

l t ~ s ~ ~ ~ c ~ Z ' o n ~ . - T I ~ e  Saperiute~ident, Eastcrll Circle ~nspectecl the party in tile fielcl in 
February 1017. 

During field seasot) 1916-1 7 bltc 11at.t.y was en~ldoyed i n  tlte dist,rict of JIergui,  Lon.er 
13urma, ant1 the districts of JIantlalay and K!.ankse, 

PEIISOSXEL. and the Nort,hern Shan Statcr, ITl,l)er 13~rma.  T l ~ e  

~ r o a i n c i a /  O J P ~ C P ~ S .  classes of survey n-err original and revision 011 the 
1-inch scale, and original .'-inch of ])art of the Mr. J.O. Grciff in rlrnrpr. 

,, C.N.C: Frcurh from 25th Octol~cr 1916. forest of ye!.aman' 
., o..J.H. Anrt. The total area surveyed was 2,709 square miles, 
,. 1'.P. Denvnr from 9th Fel~rnnry 1917. distribrtted as follows :- .. C.O. Picnrtl. . ~ 

Original I-inch, 2,219 sclnarc miles in s l~eets  
t:pp~r Strbordinofe Service. 

95 G?-- 1 (:art)* ti, 7, 11, 12, 1. ( p 8 t r t j ~ + m r t ) .  1.5 ( p u t , ,  18 Mr. Lnchmnn Dnji Jndn. 1 t . R .  
95 ,. Dnll~ir H f l i  from 17th Oct~ohcr I O l f i .  1 (11nrt). 2 ( t )n rO,  3 (t)nrt), 4 (pnrt), G (purtJ,7 

,, P.C. Sen Gnytn, B. SC. Revision 1-iticl~, 74 square miles iu  sheets 
P 95 $ 9  95 f i  and 244 square miles in sheets 93 8%2. Loroer Swhordinatr Service. 

Origir~al 2-incll, 178 square miles in sheets 
30 Snrvegora, ctc. 

B C 
93 lo and 93 To-' 
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The  recess office was closed a t  Mayrnyo on the 25th October 1916, and the field ofice 
opened a t  Mergui on the 6th November 1916. 

The field office was closed a t  Mergoi on the 5th June  1917, and the recess office opened 
a t  Maymyo on the 11th June 1917, where i t  remained for the rest of the year. 

The country surveyed in Upper Barma was densely wooded with a heavy undergrowth 
of g=s jungle. The area enclosed by the Yeyaman forest reserve is known as  the " Yeyaman 
Hill T w t  ". The main watershed, rising to over 5,000 feet, and limiting the eastern 
boundary of the forest reserve, is also the boundary between the district of Kyaukse and the 
 souther^^ Shan States. A single, and fairly good, mule track runs through the reserve from 
Yeyaman village in the south-west to  Kyawkku in the north-east, in the Southern Shan 
Strrtes. I n  hfergoi the surrey extended over parts of the valleys of the l'enasserim and the 
Little Tenasserin) rivers, the seaboard area enclosed by the mouths of the former, and King 
Island, the largest island in the JIergoi Archipelago. Inland the country consists of a suc- 
cession of rugged steep hills and valleys running north ant1 south almost parallel to  the 
Tenasrerim, and rising to elevations of over 4,000 feet on the main watershed, which forms 
the administrative boundary between the district and Siam. The almost primeval forest 
growth, the size and height of t l ~ e  trees, and the undergrowth of cane and bamboo, with 
which these hills are covered was again a serious obstacle to  progress. An attempt was made 
t o  work from platforms raised several feet above the ground, but  even from these the view 
was so contined, that  the idea bad to be abandoned, and plane-table and prismatic compass 
tnwersing resorted to. Sheet 95 L is practically unknown land, borne oa t  by the fact, that  

7 

witl~in the wl~ole area not a single local name was available for any of the main streams and 
hills. I n  the early mornings, until dried by the sun, the whole country 1s enveloped in fog, 
the  vegetation dripping with moisture, as though i t  had just ceased to rain. Thu thick 
vegetable matter under foct harbours all kinds of objectionable insects, and during this season, 
in addition to  leeches and ticks, swarms of bees and large horseflies had t o  be contended 
against. The state of sonle of the khalis ia a t  the close of the field season was pitiable. The 
seaboard area consisted of low hills fringed with broad stretches of mangrove swamps, broken 
np by numerous creeks and inlets. The sea coast of the main land, and even of the islands 
in the Arcl~ipelago have hardly any beach to speak of, the foreshore consisting of soft mild 
flats or rock an11 shingle. 

As regards roatls they were conspicuous by their absence ; communications except by 
boat do not exist. Mule-tracks and 1,aths had to be cut  and cleared to all camps, some of 
which were six to eight days' march from the nearest village. 

Local supplies were altogether wanting. Four supply dep6ts were established through- 
out t,he area. The main depOt was a t  AIergui, from where supplies were regularly sent up to 
the sub-depOts, whence they were conveyecl by mules or coolies to the several camps. Coolie 
transport, always a tlisadvantage, was particularly so this year, from the inability of the men 
to carry much more food than they required for themselves over long marches. 

The party was rlividecl into four camps as follows :- 

,Yo. 1 (;clny.-Four surveyors, under the personal supervision of the executive oficer, 
L 

completed the sun-ep of sheets 95 6ml' I n  3Iarch the charge of the camp was transferred to  
J l r .  Lachrnan Daji Jadu, I1.B. 

,l-o. 2 Cvurnp.-Mr. Lachrnan Daji Jadu, R.B. in charge, and eight surveyors, completed 
the survey of sheets 9.5 ,,., 15,,,t1;, 16 and 95 4TP&t,' hIr. French took charge of the camp at 
the end of February. 

S o .  3 ('amp.--Mr. Picard in charge with J I r .  Gupta and seven surveyors, completed 
L P 

the s u n e y  of sheets 93 m ~ t )  and 95 2 ,,,,, 6 

,\o. 4 Limp.-Mr. Den-ar in charge and 3 surveyors, completed the revision survey 

in sl~eets 99 TBE, and the .'-inch forest surveF in sheets 93 & and 93 Mr .  French was in 
charge till the end of January. 

The cost-rates for the different classes of survey are, original I-inch Rs. 47.3 per 
square mile, revision I-inch Re. 1 6 . 8  per square mile, and original 2-inch Re. 52.7 per square 
mile. Thej- show an appreciable decreaee on those of last year. 

fiiun-~ul,a/ion.-New triangulation was completed over an area of 4,075 square miles 
P 1 M 

in sheets 95 r j J  96 LS, at-,. 5. a. ; cartmTil (put). IS. 14. 15 (prt)'  96 I,S.S (prt), 5.6 (part), t (part), 9 (part) 

Tbe triangulation in the Mergui Archipelago was carried out by Mr. Dalbir Rai, tha t  inland 
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by surveyor Muhammad Yusuf Khan. The country N.6  difficult to  triangulate owing b t h e  
dellsity of the forest growth, and the almost entire lack of habitations and communications. 
The supply of labour for hill clearing was a constant source of trouble and anxiety. I n  t h e  

Archipelago the conditions mere even worae; the islands, bn t  for a few fishing villages, are 
uninhabited except by Salons, an aboriginal tribe of sea gipsies, said to  be of Malay descent, 
but  whose language is said to be akin to the Cham of Cambodia. They are in a very low 
.state of civilization, and on the islands go about in an almost nude condition. They are 

expert divers and weather prophets, and live by bartering shells, tish, biche-A-mer, wax, honey, 
etc. with traders. They are extremely timid, and on the al)proacll of strangers disappear and 
hide, until confidence is restored. When I visited the Pickwick group of islands, a whole 
family on the beach disappeared, and defied all my efforts to trace and photograph the group. 
The consequence was that  progress in the Archipelago was extremely trying and slow. 
Another source of endless delay mas the use of a sea-going boat instead of a launch. The 
Archipelago is frequently subject to rough weather and contrary winds, and sailing boats are 
conseqoently held up days at a time. T l ~ e  difficulties for a triangulator and his helio-men 
under such conditions arc easier imagined than clescribecl. I n  addition, the  haze over the  
Archipelago during the early part of the season \\,as so dense, t,hat a 6-incll helio would not 
.show up at a distance of .  15 miles. The results of the triangulation in the Archipelago are 
not very good, but considering all the circumstances under rrhich the work was carried out, 
i t  would be unfair to fii~d fault. 

The cost-rate for t r i a ~ ~ g u l a t i o ~ l  is Rs. 5 . 0  per square mile. 

The Mergui Archi~~elago is extremely pretty, and the Fell Passage along tlie east coast 
of King island is said to be one of tlle prettiest sights in the Archipelago. I t  is a rich 
pearling ground, and its islands are the home of the esculent swift, \\-hose neets are 
ext,ren~ely valuahle and are exported in large cluantities for the delectation of the Chinese. 
The nest is pure white in the shape of the half of a small cup, and is b t~ i l t  up of the 
saliva of the bird. 

Recess Dt~fies.-(a) Daring recess the party was divided into four sect,ions :- 

h'o. 1 Sectio9l.-CnJer Mr. C. 13. C. French co~lil~leted the fair-nlappirlg of slleets 
95 and 95 -P . A t  t l ~ e  beginning of the year Mr. French was attached to the drawing 12. lti 4. 7 

office, t o  dispose of the final examination ancl despatch of t,he half-inch and quarter-inch 
sheets. &If-inch sheets 84 " 992 G, 92 L and 03 4 and quarter-inch 

NE, b\Y, SE. ' SW.  S\V, SE. 5 E 

sheets SS N ancl 03 I were coml)leted and seut for publ icat io~~ by the end of January 1817. 
,b. 2 Section.-The Maymyo drawing otfice l~nder  iVr. 0. J. H. H a r t  completed t h e  

fair-ma.l)l)ing of one-inch shects 93 L R, 12 ' 93 2, 5, 0 95 - " . , 05 A, 05 K (contoa!. sheet 
1:i 11 

only), !I5 - - L a n d  95-5,  also 3,000 square n1ilt.s of nlapping in quarter-inch sheets 
7. 10,lS (pnrt), 14 

93 E and 93 J and 1,100 square miles of half-inch mapping in sheets 03 E and 9 3 L .  
S \V N W  

The out-turn of fair-mapping completecl by this section is most creditable, considering 
the strength of the etaff and t,he tronbleso~ne nature of the work. The original survey 
of most of these sheets was carried out in bits, thereby permitting of very little direct 

mapping and necessitating a vast aniount of adjnstments, corrections, etc. The maps of 
Maymvo and environs were part,icularly t ro~~blesome;  large areas in t,llem had t,o be compiled 

from original survcys done on the 2-inch, 4-inch and 16-inch scales. Moreo\-er, olving 
to serious discrepancies between the different classes of survey, a large area of the revision 

survey done in the recess of 1013-14 had to be re-checked on the ground. The mapping 
had practically been completed when the errors were discovered, and consequently about 300 
q u a r e  miles of mapping had to be scrapped. 

No. 3 S~ctzon.-T'uder Mr. 1)emar completed tlie fair-mapping of sheets 95 L 
6, 11. 16 and 9.5 - 'L. 

2 (pnrt) 

( h )  No. 4 Section.-In charge of Mr. Picard mas emploged on the computations of the 
t r i a n q ~ ~ l a t i o n  Owing to the small staff amllable, it bas not bee11 possible to complete a11 
the coml)utations, or to  take in hand the preparation of any of tlie fair degree charts. 

Tlle total amount of one-inch mapping completed by the end of the survey year m a  
3,550 square mileq, a t  a cost of Re. 6 per square mile, showing a decrease of Rs. 2.6 on t h a t  
of last year. 

Miarellnneour.-All mangrove swamps were srrveyed by m a n s  of prismatic compass 
traverses, being t,he quickest and most economical method of surveying large valueless areas 
.of ground, featoreless but for creeks and inlets. I n  running these traverses three boats were 
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used, one for the snrveyor and back chain man, one for the fornrard chain man, and one for 
the  tlagman. Cane or fishing line lengths, on acco~unt of t,heir baoyancy, of tive to twenty 
chains, with detachable plumbs, were used for measurements. Each traverse was started 
from and closed on a fixed or interpolatetl poit~t.  The procedure was as follonrs :-Tlle flag- 
man n-ent out in t,he direction the traverse was to run, and anchored on the spot Ile was 
ordered to. The bearing to his tlag was then read atltl recortled, and the forn-ard cl~ain man 
n-ent out the full length of his cllain, cast a t ~ ~ l l o r  a t  t l ~ e  sl)ot arrived a t  and dl.opped his 
plumb. H e  was follo~ve<l by the third boat, tlie chain being reeled in as the boat proceedetl. 
On arriving a t  the spot where the plumb had been dropped the third ])oat cast. anchor, and 
on went the for\vard chain man on his second lap, the ~~roccss  being repcateel, till the 
forward station mas reached. All r e a d i l ~ ~ s  ancl distances were recorded in the ordinary field 
traverse book form, in \\-hicll was also kept u p  a r o ~ ~ g l i  sketcll of the I)anl;s, as well as bearings 
to  important features, ancl check bearings to any known fixed points that  were visilde. At. 
the close of tlie clay's work, these traverses were plotted on a bank 11ost s l~eet  of form .'S Trav., 
on whiclr the graticule of the l~lane-table and the known tisetl poillts l~atl been priclied off; 
the  detail was then entered and iuked up. I f  the traverse closed fairly \\ell bet~veen it>s 
starting a1111 closing point, the material was transferrecl on to the plane-table, otl~ern-ise it  
was acljnstetl between its limits on the princi1)le for atljusting a 1)lane-table trave~.se. T l ~ e  
methotl may appear to be a rough and ready one, but it  nras the most suitable for the ground 
to be covcrecl. 

The work of the party dririnq the !-ear under rcport nras ver!- Ileavy and tryinq. There 
n a s  oul!- one clerk in tlie part!-, auil for a month and a I~alf. tonrards the end, he ~ v a s  on leave ; 
the con.etlnence being prolonged office hours for the ekecntive officer throaghont the year. 

Tlie ttsl~eriences of the part!- 1vit.11 tlie local inhabitauts of Jlergui can be saitl to have 
Leeu a~i!.tl~ing but 1)lrasant. The peol)le al)pear to be an Inclependcr~t fractious lot, not anlenable 
to orders and, living as they are in a fair state of con~l)etetice, were strongly arerse to  leaving 
their llomes and submitting to the liarclsllil>s and cliscolnforts of survey life. Surveyor ,ibclol 
JIajicl was cruelly do l~e  to cleat11 I>>- a villager froni a cut with a d/i ou the heacl. The c.ase 
has been committee1 to the Sessions, and is to be tried nest Xovember. Fro111 the evidence to 
hand therc nplwars to have been no reasonable 1)rovocation for so grave an act, and it  can only 
Le attribntecl to t l ~ e  instinctive propensity of tlie Unrnlan to use llis for little or 110 cause. 
The snrve~or 's  clcntli n-as a great loss to the partj-, lie was an :1.11 ronntl gootl man an2 a most 
pron~ising lad. Fonr surveyors \Yere also robbed of their b e l o n g i ~ l ~ s  and of Bs. 272 orld 
Government mane!.. I t  is tlifienlt to ~iutlerstancl I I O \ V  acts of this nature are l>ossil)lr, in ant1 
around villages, and the pe1.l)c4rators able to escape tlie penalt!- of the Ian, and leave no ~ I I I P  
belrincl. There was a :rent (leal of sickness in the way of fever and tl!.senter!-, of \vIiicll l\vo 
klrnlr;sis tliecl. One was also killed by a falling tree. 

The district of JIergni is full of interest ancl presents a surprising variety of most 
pleasinc scenery. T l ~ e  lantlsca1)e of ])arts of the Tenasseriln rallcy is 1)rett.y and iml)ressivc 
and thr  harbour quite l)ictr~resc~ae. The n ~ a i u  part of the t o \ v ~ ~  is on a riclgc that conimaricls 
a 101-ely view of the -ircliipela~o. The modern town of hIcbrgni and the village of Tenasserim, 
built on the ruins of the old fort a t  the confluence of the Tenasserinl and the Lithle Tenasseri~il 
rivers, are of ancient and historical interest; particnlarl!- the Iat,ter, nl i ic l~ wa,s tlie more i n ~ l ~ o r t a n t  
of the two anll, as far l~acb: as the 1 3  t h  century, tlie 1)rincil)al port on the \vest coast of the 
Siamcse kinqtlo~n. I t  clerivrrl its great in~portance from tlie c ircn~i~stanre,  tllal i t  was ille 
s ta r t i l~g  point of a good overland route to t l ~ e  capital of Siam ancl a port a t  mllich vessels 
of ligllt tlraft could elischarge their cargoes anrl so avoid the long and tlanrterons passage ronncl 
the limits of the peninsula. The larcer and more commodious Iiarbol~r of Mcrgui a.ffortls anchor- 
age for large vessels. The Survey Camp a t  Tenasserim mas pitchetl on the site of the old 
elephant niart. 111.. J. Antlersou iu llis book " Englis l~ Intercourse with Siani in thc X V I I  
Centllry" Trubner's Oriental Series, speaks of three overland routes to Sianl and places the start,ing 
point a t  J e l i q a  seventy miles up the big Tenasserirn. From the map accompanying ltis booli, 
the position of Jelinya was plottecl on to the old 1-incll map ant1 every cnclravonr was made to 
locatc it. and the rol~te acrogs to Siarn, b ~ ~ t  ~r i thont  success. The oltlest inhabitants having no 
knowldclge of such a route, it. is more likely that the main ronte was up the Litt,le Tenasserim, 
the  starting point being somewhere near the present village of Thein-Iihwon. A t  this place, 
it  is said, there still exist. relics of ancient builrlitigs on a large scale, and through it passes n 
well recognised bridle-path to Siam from Tenasserim. This is the route along which Mr. Leal, 
interpreter to  Captain Burnep's Mission to Ranzkok, travelled in 1825-26 and the Jesuit 
Bieliop of Trabaca from Siam also speaks of having travelled along this route in 1761 in 
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chariots. It is certain that  such a route did exist and was a good military road. The I'OLIt8 

falls in sheets 96 &, and it  would be most interesting, when the surb-ey of theee .heeta ia 
for ao endeavour to be made to verify the identity of the route. I t  is a pity, ar Dr. 

Anderson relnarks, tha.t (luring our occupation of the ancient province of Tenasclerim no effort 
has been made to re-establish ant1 maintain these ancient ant1 valuable routes of commerce with 
tile rich kingdom of Sinm. 111 t,he village of T~nasscrini stands a covered-over stone obelisk, 

by the Bt~rman Iiing -llaungpay8 to celebrate his victory over Siam iu 1759. The 

story conaectecl lvith it is, t l ~ a t  i t  was erected ovcr the grave of a woman \vho was b n r i ~ d  alive 
in a state of pregnancy 3s a sacrifice. To this clay, on ccrtain days of the year, thc obelisk is 
visited b!- the n.olue11 of the village and covered over wit.11 gold leaf. Still standing 011 the 

ruins of old Tenasserim is the Wotfshen,q pazoda, built in 1360, in a wonderft~l state of preser- 
vation as also are the baked bricks in the wall of the old fort, which are of a very large size tilea- 
suring 16" x 84'' aild unaffected by time. I n  front of the main jetty at J iergui  stands a 
solid stone set up in concrete, recording the death of Samuel White, the ~Italrdnnrler or 
Principal Port, Officer of the Province of Tenasscrim nuder the Siamese Government. He 
escapecl to England in the massacre of the Enclish that  took place at Rlrrgui in iF.87. Dr.  
Andersou has recorded, that  he traced the death of Samuel M'hite, from one of the parish regis- 
ters in England, to  have talren place in England in 1089. It is now generally helierecl t h a t  
the stone cornmenlorates t h ~ ?  tleath of his wife, who is to have died in 1884 a t  Rlergui. 
But  the inscription on the stone begins "E.qo restcrgart~"; it may be that S a m ~ ~ e l  M'hite 
ly fancied this epitaph and aut,icipated the manufacture of his on.11 tonibstone, for i t  is hardly 
likely that  snch an inscription n,oulcl have been adopted by him for his wife's p a v e .  I n  a 
certain sense the prediction may be said to have been fulfilled, for the stone stands a t  the 
entrance to the town, and, by the researches of Dr. Anderson, 11e has been called forth from 
the mists of the forgotten past. The stone \vxs foa~lcl only in 1905 a t  the Ka, t yy i  lake and 
was being osecl by the dl~obies of the town to beat out old rags on. Sic transit  gloria mundi. 

I?a~p~c / i o ) t s . -  The Snper~ntendent, Eastern Circlc inspectecl the part,? in the fielcl in 
J a n u a y  1917. 

No. 13 PARTY (XSSXi\I). 
BY I-I. IV. BIGGIIL 

The l)art,y contianecl to1>ographical operations in the Lakllimpt~r ancl Sibsigxr districts 
and Nortll-East Frontier Tract, Centrnl ant1 E a s t e r ~ ~  

PEIISOKSEL. Sections, ~ r l i i r l ~  include~l a stretch of the Rralrnia- 
Itnpetinl of ice^.. 1)utl.a rivcr ancl the conut,ry to thc sontl~, the nortl~eru 

Lientenant,-Colonel A .  1\Iears. I .  A , .  I~aulc of the former Geinp the limit of the season's 
iu cl~nrge up  to 14th April 19l i .  o1)erationsins~~eetr83! and S8 L. I n  these slreeis 

8. 11. 14 

Protti~rcinl Of lcers .  a narrow strip abor~t  2 miles in n.idth \\,as s n r v e ~ e d  

Mr. H. IV. Biggie iu rhnrgc from 11ej-011d the higll bank to ensure a satisfactory com- 
l ~ t h  Al~ril 1917. ~ n o n  margin n.lien tile balance of these sheets come 

Mr. E. a. Hardingc. rrncler sru.ve!-, the banks of the I3rahn1aputra being .. ~rnmnrlnrnojnn E ~ J - ,  R S. snbject. to considerable e ros io~~.  An area of about ,, E. At. licnuy. 
,, I'. C. Mit,rn, R .  8.. dnring tbc fel,l  5 5  square ~lliles on t l ~ e  n o r t l ~  bank of the river in 

scaxon oiilp. 9:) -L was also sr l rvr~ed to conll)lcia iltese shcets. 
12, 15 

t ' lq~er  Suborcr'i~~nlr S e ~ . ~ , i c e .  The fielcl season extended over a period of fire 
Mr. Qirljn Sonkcr Baschi. months, from November to April, with the ]>arty 

head-cjr~arters at. Dibrugarh. 
L O M I P I .  S t rbord i~~nte  Serrice. 

The surveyors and menials working t o  the  36 Surveyor#, etc.  
sont~h of t,he Dising river in No. 1 Cam13 suffered 

a good deal from nlalarial fever ; the healtl~ oE the rest of the party was on tlre wllole satisfactory. 

Plavc-fabling.-  A great portion of the country that  came unclcr survey is covered with 
very tlense forest, consisting of trees with an under-grorvth of cane and thortly creepers. I t  is 
gc~icrally Rat wit11 the erccption of a range of llills rising to 1,800 feet, lying lvithin and along t h e  
southern limit of the area of survey, nnd low hills rising to 800 feet wllich are the main features 
of the Abliaipnr reserved forest. I n  the vicinity of the tea gardens', which are numerous, there are 
goor1 winter roads, and second class roads maintained by Goverument agency traverse the more 
open parts of the area at convenient intervals. Besides the Brahmaputra, which flows in a south- 
westerly direction, the Uurl~i DiLing, Dibru ancl Dising are tlie only other rivers of a n y  
inllartance; t,lleir general direction is east to  west and they are navigable by small country 
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boats. A broad belt of jungle parallel to the Brahmaputra lies in the centre of the area and 
extends across the south bank of the Burhi Dihing river; here villages are scarce aud means of 
comm~~nicet ion very poor and labour could not be obtained a t  all. Generally speaking little 
or no labour for line-clearing coolcl be obtained locally. Another difficulty was means of 
transport; carts were procurable only in the vicinity of police stations. The party's elephants 
were invaluable in enabling inspecting officers to  visit and thoroughly check tlie work of the 
snrvejors in the jungle-clad conntry. 

The detail ~ v o r k  in the field mas divided into three camps as follows:-No. 1 Camp 
under Mr.  Pramadaranjan Ray, R. S., with one Sub-Assistant Superintendent for two months, 
eight survej ors and one pupil surveyor surveyed 542 square miles on the one-inch scale and -kg 
square miles on the two-inch scale in sheets 63& , -& , and ; No. 2  Camp under Mr. 
E. 31. Kenny, with one Provincial Officer for two months, six surveyors and one pupil surveyor 
surveyetl 529 sclnare miles on the one-inch scale in sheets 83+4 , and 1 6  square miles on the 
two-iuclr scale in sheet 8 3  -: ; No. 3 Camp under Mr. P. C. Mitra, with nine snrveyors and 
one surveyor surveyecl 076 square miles ou the one-inch scale and 67 square miles on 

1 the tn-u-inch scale in sheets 8 3  *, 11, 12, ; the total results t l i i~s  achieved being 1,717 square 

miles on the one-inch scsle and 132 square miles on the two-inch scale, the latter area cousist- 
iug of reserved forests only. 

The cost-rat,es per square mile for one-inch ancl two-inch plane-tabling are Rs. 25 .8  
and Hs. 97 .1  respecti\~ely. The combined cost-rate per square mile for both scales of survey 
is Rs. 30 .8 .  

Tr i c~~ tyu la l i on  .-A little snpplenientary triangulation was carried ant by Mr. Prama- 
daraujan Ray, R. S.  to  provitle points for the connection of traverses. Six statioils were observ- 
ed a t  and four new stations fixed. No area can be given. The cost is Rs. 1,722. 

IT,.acer.sin!/ .-JIore than three-fourths of the area traversed is low-lyiug and very 
densely \\-ooded, the remaining portion consisting of cultivation and tea gardens. The work 
was I I I I ~ ~ ~  hIr.  E. G. Hardinge with oue Sub-Assistant Superintendent, for three months, 

seven traversers and coveretl an area of 1, 111 square miles in sheets 8 3 , j j  and portions 

of slleets S:', 2:3 in wliic!~ detail surrey will he carried out in the winter of 1917-18. A 

total of 4GG linear miles was traversed of ~ v l ~ i c h  39 linear miles consisted of the traversing 
of artikicial boutidarics of reserved forests. 4, 680 traverse stations were fixed of which 86 
selected stations sue11 as bench-marks, bridges, mile a ~ r d  revenue stones were permanently 
marlied, in adclition 17.; zinc cylinders mere embedded. The cost-rate per linear mile for 428 
]illear miles of traversing for one-inch survey and 33 linear miles of traversing of artificial 
Lo~tt~tlaries is Xs. 7 J . S  ancl Rs. 64 .7  res1)ectively. The cornbined cost-ratc per linear mile is 
I(s. 7 3 . 1 .  These abnormal cost-rates are due to the nature of the country traversed and to 
the fact that a senior Provincial oficer was in charge of the traverse antl compnting sections. 
The cost-rntc ller square mile for 1, 1 1  1 stluare miles traversed is Rs. 30.7 .  

I((,cr.s.v D I / / ; I ~ . ~  . - (0)  The fair-mapping was clivided into three sections as follows :- 
h-o. 1 Section nndcr 1\11.. Pramndaranjan Ha!-, R. S., with one Sub-Assistant S~~perintendent ,  
for three I I IOLI~~IS ,  scven surveyors and one pupil srlrveyor carried oat  the fair-niapping of 

F 
~ h ~ ~ t a  8:; -:, , >: ant1 for p~~hlicntion on the one-inch scale and of a portion of sheet SY r c  
for l ~ ~ ~ l ~ l i r n t i o n  on tlie half-inch scale; No. 2 Section nntler J I r .  I':. 31. Iienny with six survcy- 
or? atrtl one ljr~pil snrve~-or fair-mal~ped sheets h:j ,MF for pllhlication on the one-inch scale 

ant1 I'ortionsof sheets S l  s&x.E. for pr~l~lication on tlie I~alf-inch scale; thc work of this 
section was taken over bj- Mr. E. (3. IIartlil~ge on the 1st Scl)tember 191 7,  when Mr.  E. M. 
Ken~l! procee~lt.tl on l,rivilege leave for :!I clays on the exl~iration of \vhicIi he \\?as transferred 
to tile ollice of thc Snl~erinten,lent~, I<astern Circle for recruitment tlttt,y a t  IJazAribigIi; No. 3 
Sect,ion ~tntler 3Ir.  P. C'. J l i t r a  \vith four surveyors and one puljil surveyor was allottetl the 
fair-mal,l,il~q of shcet$ SY -I.-- for ~ , r th l ica t io~~ OII the one-inch scale, hnt, owing to the 

15. I6 

necessity of his having to ~lroc'eetl on privilege leave very early in the recegs season, t.he work 
of bhis section was taken over in April antl s~~pervised by Mr. Pramatlaratija~~ Ray, It. S.  in 
addition to his O\\-II dr~t~iep. 111.. Y. C. JIitra was agaiu with the party for one nreclc after 
hie return from privilege leave, and was then transferred to No. 5 Drawing Office where he 
remained until the end of the survey year. 
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With the exception of 21 square miles surveyed on the one-inch scale in sheet 83 $, 

and 132 square miles surveyed on the two-inch scale which were transferred to the fair sheeta 
from enlarged and reduced traces on the scale of 14 inches to  1 mile, the fair-dmwing wee 
done on blue prints for direct mapping. 

The out-turn of fair-mapping for publication on the one-inch scale comprises sheets 
83 -, &, +!-- ; of these, sheets 83 2- , + were submitted for publication before t h e  

2 3 4  15, 16 

close of the survey year and the remaining sheets will be completed before the party takes the 
field. In  addition to the above, sheets 83 2,5& of the previous season have been submitted 

for publication during the year under report. 
For on the half-inch scale the fair-mapping of portions of sheets 83 $&, 

is in hand a t  the end of the survey year and of which a proportion has been 84 N. W., S.  E. 

estimated for purposes of out-turn in square miles. The total area fair-mappecl is 4,253 square 
miles, consisting of 2,731 squarc miles for ~ublicat ion on the one-inch scale and 1,522 square 
miles for pnblication 011 the half-inch scale a t  a cost per square mile of Rs. 8 .7  and Rs. 1 6 
respectively. The combined cost-rate of fair-mapping per square mile for both scales is 
Rs. 6.2. 

Sheets 63 -I-, which were only surveyed iu part during the year uncler report were 
8. 11. 11 

not fair-drawn during this recess. The survey of these three sheets will be completed in the 
winter of 1018-1 0, and the fair-mal~ping taken up cloring the following recess. 

( 6 ) .  141. E. G. Hardinge with one Sub-Assistant Superintendent, for three months, 
and six traversers ancl compntelss completed the computations of advance traversing for detail 
survey in 1017-18 aucl the preparation of four-inch plots of traverses of artificial boundaries 
of reserved forests ~vhich have been suppliecl to the Forest Department. 

Miscellaneous.-A question affecting the fair-mal~ping of the recess season Ivas the 
unsettled coudition of most of the acl~ninistrative boundaries dealt with during the year under 
report. These are under reference to the local authorities and decisions are expected in all 
cases at an early date. Existing notifications and rulings are ofteu conflicting and caunot be 
follo\ved out as against the detail given in modern surveys due to their having been based on 
older surveys and maps. Owing lo the difficulty referred to, steps are being taken to have all 
boundaries corning uncler survey in the future finally settled in the field. This will save clelay 
and trouble in recess io dealing with the boundaries wheu they are being fair-drawn. 

I t ~ s ~ t c t i o n s . -  The Superintendent, Easteru Circle inspected the party in the field in 
March 1017 and several times during recess. 
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TABLE I.-Concluded. 

OUT-TURNS OF PLANE-TABLING 1916-17.-Concluded. 

In milu (by 
relectlon). 

14'0 

2 9 . 5  

3 ' 9  

9 ' 1  

... 

6 7 . 0  

1 0 . 0  

1 9 . 3  

6 3 . 0  

6 5 . 0  

75.0 

3 9 . 0  

Locality. 

Uuited Provinces ... 

Madras ... 
Upper l3urma ... 
Upper  llurrnn ... 

Assam ... 

Punjab ... 

P I I I ! ~ ~ ~  . . . 

Madras ... 
North-west Frontier 

Province ... 

United Prouiucea ... 

Delhi Province ... 

United P r o ~ ~ i n c e ~  ... 

Chit r l l ,  Drosh,Ghai- 
ra t ,  C'hnmnn, Ueoli, 
Draginda, .Jandola, 
Jn t tn  nnd ZBln 
Cantonments ... 

R%wnlpindi, Jhelum, 
*i%lkot, 
Dhnrm~Bla,  Jh lns i ,  
Nee.ucll, 2::;: 
h i d  and Ahmad- 
nngar Cantonments 

Deoli C n u t o ~ ~ m e u t  

BBwrlpindi, Jhelun,, 
Sii lkot,  Torn, 
Jhinsi ,  Neemurb, 
Nara i r ib ld  
Ahmadnngsr Can- 
t on~ l~en t , a  

a"d 

... 

*~~$~", ' ," '  
mile. 

Plnnc.t.sbla 
tlaveree. 

19'8 

7 . 4  

58.3  

77 .1  

out-turn, squnre 

Bede. 

%inch . 

3-inch . 

3-inch . 

4-inch . 

4-ioch . 

4-inch . 

4-inch . 

4-iuch . 

:&inch. 

16-inch. 

64-inch. 

~ 4 - i n c h .  

miles. 

TOM. 

11 

65 

60 

178 

132 

56 

56 

115 

206 

Circle, 

N 

Y 

E 

E 

E 

N 

N 

S 

N 

N 

N 

N 

8 

S 

8 

s 

Clams of Burvey. 

Originnl 
Survey . 

Original 
Survey . 

Supplementary 
survey . 

Original 
Survey . 

Originnl Sur- 
vey (Rlilitnry) 

Originnl Sur-  
vey (Specinl 
Forest) . 

Revision 
Survey . 

Supplementary 
Survey (Spe- 
cinl Forest) . 

Originnl 
Survey . 

Resurvey 

Original 
survey 

~ e a u r v e y  . 

Averaye 
per mnn 

per month 
of 24 

working 
days. 

8 ' 2  

1 2 . 4  

5 . 5  

1 4 . 0  

6 . 3  

6 . 7  

39 .4  

3.5 

6 . 7  

Party. 

No. 3 

No. 7 

No. 10 

No. 11 

No.12  

No. 3 

No. 3 

No. 7 

No. 1 

No. I 

No. 3 

No. 3  

No 20 

No. 20 

No. 20 

NO. 20 

i 

115 1 3 6  

64 

3 

1 

I acre0 
1 2 3 , 8 5 9  

i 
J 

1 

i , 
1 ) 630 

I 
J 

6 . 0  

6 . 0  

acres. 
205.9 

21 .6  
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TABLE 111. 

COST-RATES OF S I'RVEY 1916-1 7 .  

.rt~. 

D. 1 

o. 2 

0. 3 

o. 4 

' ink 
k t t .  
0 .  5 

I:OST.B.\TES, RUPEES, PI,ANE.TAIlI.INl;, PER SQUAEE 3111,E. COST.RATb:S, YUPEEG. 1 ............ -- - - : u 

Locdity. ", . .  E .? " 
5 m- 
C 0 +- 
6 8 

C 
BY. 

-- - - , - - C I  >? 
- .. .. . .... 

1 I 
... . . . . . . . . . . . .  . . . . .  l i a s l ~ ~ ~ t i r ,  J a ~ l ~ n ~ u  and 21.5 5 L ( . 1 3 . 7  1 .., .., GS 9 27.1 1 5 . 5  6.0(a)l 4219 1,02.7~0(b) (a) Represents average on all I I nualea. 

and N.W.F. P r o ~ i u r c .  (b) Excludes Rs. 158 debited to  
Tllurocb Slate. 

P~injub and Hijputinn 

IJnited P ro~ inces  and 
. Pl~njab.  

United F~OV~I ICCS 

. Waziristin 

1 Berir. Central Tndis 
j and Central P r o r i ~ ~ r r s .  

io. 6 Bombay, IIyderibid 
snd Macrn~  

I 

6 .5  10 4 ... 14.0 ... 1 13.0 . . . . . . . . . . . . . . .  109.6 ... .. 5 . 7  22.3 20-3(c) 5 . 4 ( n )  2,981 6; ,569(d)  (c )  Work done on Imperial Delhi 
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8.0(1) 
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... 1 12.1 
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. . . . . . . . .  

. . . . . . . . .  

22.7 

13.4 

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

. . .  

... 

14.0 

I 

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

... 

14.1 

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

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

2 8 

2 4fg) 

... 

3,2(e) 

. . . . . .  

1,329 

Y0.6 

. . . . .  

. 
3.3(i) 

1 
8.0(k) 

4;,98S 

. . . . . . . . .  

(g) Based on maoping for pobica- 

, , 

7,333 

14,4(r) 

. . . .  

2 

1,08,78& 

17.8 

(i) For 1-inch. 

(.i) For &-inch. 
(k) For 1-inch. 

297 

831 

35.9 

6,745 

39,082 

16 8(n) 

1-ion on 1" and t" ~ca le s  and o r  
compilation of villl~ge boundary 
editions. 

( I )  ~ i r  +-inch. 

2,863 84,020(/. 

4" bonndary. 
(d) Excludes Ra. 85 debited to tl13 

Executive Engineer Lower Bari 
IJoab Canal. 

(e) Additional points previounly 
fixed will also be used. 
(f) Bxcludee a slim of Rn. 25,170 

debited to Forest Department and 
Hs. 1,969 debit.ed to the  SeLtle- 
rnc-nt Officer, Gorakhpur. 
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PART 11.-GEODETIC AND SCIENTIFIC 
OPERATIONS. 

TRIGONOMETRICSL SURVEY. 

ASTRONOMICAL L.4TITUDES 

As mar conditions still  reva ailed during the 
PERSOXNEL of NO. 13 PARTY. ycar under report, no Latitude operations mere 

Impertnl Oficcrs. o~ldertaken and the personnel of the party mas 
Major H. H. Tnruer, R. E., in charge 1st October eml'loJ.ed ill t he  Head Quarters Offices. 

t o  9th Novemher 1916. The work of marking the Longitude Stations 
Major H. McC. Co\bie, R. E., in c h a r ~ e  10th Sovem- 

ber 1916 to  23rd February 1817 18th ~ ~ g ~ s t  inscribed tablets) which had been commenced 
to  30th September 1917. in the previoris year, was con t in~ed .  U p  to date, 

From 21th February to  17th Augllst 1917, the Pnper- tablets have been placed in position a t  Agra, 
inteudent of t he  Trigonomctrical S u r v ~ y  held 
charge in nddltiou to b16 other d o t ~ r s .  Alryab, Amritsar, Bangalore, Bellary, Rombay, 

Loluer Strbordi,inte Sersice. Chittagong, neesa, Fpzabad, Jalpaigori, Jubbul- 
2 Compotcrs. pore, Karschi, Riangalore, Multfin and N ~ g a r -  

koil. 

P E N D U L U M  OPERATIONS.  

P E ~ S O N S E L  of No. 14 PAltTY. As no officer was available during the year, 
I P I I J > P ~ I < I I  ? F c ~ r s .  pendulum operations mere in abeyance and the  DIajor H. McC. Come. R. E.. 10 charge lo th  Novem- 

ber 1910 to  23rd Fehrnnry 1817 nnd 18th Angost personnel of the party was employed in the Head 
to 30th September 1917. Quarters Offices. 

From lat Octaher to 9th Noven~ber 1916 and 24th 
February to 17th Angnst 1917, the  Superintendent 
of t h e  Trigonom~trictrl Rnrvey held charze in 
addition to  hie other duties. 

Lower Subordinate Service. 
P Computers. 
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PEBSONNE~, of NO. 15 PAR'llP. The programme of field work, (vide Index 

finyerial ofice. Mop 1%. 14), during season 1916-17 consisted of:- 

J.  de Qraaff Hunter, Esq.. b1.A. in charge till 31St (1) The conlpletion of the observations of . . 
August 1917. 

~ r o u i n c i a t  Ofir'trs. the Madura Series. 
Mr. 11. ~ 1 .  Shaw, in chnrgc from 1st September 1917. (9 'The reconnaissance, buildiu,o and ob- 
,, L. Williams. servation of a new series called the BAgalkot 
,, R. t). Matbur, R. A .  

Uppet. Subovdinate Service. 
Series. 

Mr. Jngal U e l ~ a r ~  Lal. (3) The reconnaissance and builtlirlg of 
Lowrr S~~Lordiuate Service. secondary stations of a new series called the 

9 Computers, etc.  Sind-Sigar Do%b Series. The observations of 

the Madurn Series mere carried out by the officer in charge of the party and Mr.  L. Wrilliams, 
and it \\,as arranged that  Mr. Jugal Behari Lal, with a small detach~nent  should reconnoitre 
and hui!d the Bigalkot Series, \\rhile the observations of the Madura Series were being 
completed. 

P.~ILTICI:LAI~S OF TILIANQUT,ATION OUT-TIIILN DUILING THE YE.IX.. 

Bladura 1 series,  beries. 

. . .  . . .  Number of stations observed a t  ... 

. . .  ,, ,, ,, newly fixed . . .  . . .  

. . .  . . .  . . .  9 ,  ,, 1 ,  ,, built 

Length of triangulation conipletecl io miles . . . .  , . .  

Number of triangles observed . . .  . . .  . , , I 10 13 I 

. . .  . . .  , 1 ,  ,, remaining to be clone 

Area of triangalat,ion in square miles . . .  . . .  

. . .  . . .  . . .  , , , ,  astro~io~uical azi~riuths observed . . .  1 
I I 

1 i! I 11 

I 
" '  I " '  

781 1 l 400  

~ I a s i m u m  triangular error . . .  . . .  J '! . 1 7 
P v . O S  i - I 

8 

. . .  

6 S 

10 

10 

102 

* 17de " liecords of the Survey of India", Vol. IX, p. 137. 

1 1  . . .  . . .  1 " . 5 3  lft.O2 Average ,, 
! 

in latitude +OV.01  1 -O".Oti 
,, longitude - o 0 . 0 g  / - o V . o ~  

. . .  ,, heiglrt ;\Iean errors in closing on the Sout,lr-East 
+ J " . 2 Coast Series and the Nsldrng Series res- } 

l~ect~ivcly. ,, log. side, 
the unit heing 
the sere~rth place 

- 0 . 5  foot 
- 1". 1:j 

J of decimals. 

Value of m* . . , . . .  . . .  . . .  

,, OE 31 . . .  ... . . .  . . .  

Tl~eodolite r~scd . . .  . . .  . . .  ... 

- 205 

1 .  143 0 .701  

1 . 5 5  

I -lis 

0 . 8 9  

T .  and S .  T. and S .  
8-inch S-inch 

Jficr.  Nos. AIicr. No. 
1055 & 1311 1 1311 

I 
'L TAe ~ V o d u ~ a  S r r i e . ~  (96).-The reco~rnaissancc and building of this series, which co~rnects 

.he Great Arc and the Sont,h-East Coast Series, a little nort.11 of psrallel of latitude lo0, had 
l r rn  cornplctcd in season 1911-12 (cide "Records" for that  !.ear). 

Thc observat~ions cor~ld not be taken up earlier as the stat,ious a t  the eastern end of t,he 
;cries hat1 to be built in the low-lying count,r)- near the coast and the n-hole area n.as covered 
wit11 groves of l r lms  and other large trees, which necessitated the use of special appamtus for 
.aising the theodolite and also for signals over the station marks before the observations collld 
be secl~red . 
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This appara tu~ ,  which consiskl  of a trestle by means of which the theodolite could be 
raised to a height of 65 feet, and f o ~ ~ r  masts, each 100 feet high, was designed by 
Mr.  J. de G ~ w ~ f f  Hunter. The trestle and one mast had been made in anticipation of the 
present work. They are illnstrated in " Records of the Survey of India" Volumes V I I  and V 
r e ~ ~ e c t i v e l y .  Another illnstration showing the trestle aud one mast in use a t  Kulamangalam 
station will be found facing page 47.  Four nrasts were needed and the remaining three were 
constructed last year in the Trigonometrical Survey workshops a t  Dehra. The follo\vina 
accorlnt of the work in connection with the trestle and masts is taken verbatim from a report 
by Mr.  J. ile Graaff Hunter :- 

a It was intentled to make all observations a t  night on lanlps, as opaque signals are not 
satisfactory a t  ranges over five miles: ant1 for this purpose incandesccut petrol lamps, nomi- 
nally 70 (:. P., were obtained, and arrangements made for hauling these u p  to the top of the 
masts. The possibilit,y of fairly lrigll n-inds had bee11 overlooked in the preliminary tl-ials a t  
T)el~ra, \vhcre there is usr~ally very little \vintl; and where the lanips were f o t ~ r ~ d  to be saifi- 
cientl!- l~o\vcrful to be picked 111, from ten miles distance with the unaided eye. The case, 
howcvt.r, was very cliffert\nt a t  all the mast st:ltions of the 3latlura Series, and very great 
difficr~lt!- was rncotuitcrctl in seeing t,he lamps even with the theodolite. Wind up to 90 miles 
an h1811r was the r l~ l r ,  ant1 the lamps, which were not specialljr meant for ontside work in the 
first ljlacc 1)ccnrne eati~rgaisl~etl : ant1 later, with such protecting covers as could be cont!ived 
a t  short notice in the ticltl, only shonlcd a feeble Iiglrt. As time progressed milt,ters became 
worse rather tlian better, and it  was f o ~ ~ n t l  that  ordinary hruricane lanterns gave better 
visiljility tluring the later \vorli. These were not nearly so bright as was desirable a.nrl 
dific~dties of seeing werc t~hrougllont. very great. The masts tl~emselvcs were fooncl visible 
at  t i ~ ~ ~ e s  (luring (laylight, but  n gootl tlcal tlepentled on the relative posit,io:l of the sun, some 
s I lo \v i r~~  1111 better in t,he evening nntl some better in the morning. One of t l ~ e  most 
important atlrlitions to tlie ecluil)me~~t is a 1a.1np of some 30 C. P. ~vliich will b~u.11 satisfactorily 
in all lveathcr liliely to be expcriencrtl. . in electric lamp ~voulcl offer many advantages, as 
being reliable in these rtsspects : I ~ r l t  this \voultl involve accn~nnlators and a charging dynamo. 

T l ~ e  *tnl)ilit.v of the masts in the wind nns satisfactory and no seriolrs changes of posi- 
tion were clt,tt~tc.tl, tlrongh several check ~neasl~rrments  were made in caqh case. The actnal 
menir~re~nc~rt.: of the relative positions of mast, lamp a n 4  station were troublesome, and 
indicate tire rlc*iral~ility ot' ( 1 )  a satisFactory lamp \vhich will not u s l ~ a l l ~  n~cessitatc any da.y 
 observation^, ( 2 )  a firre a t l j r ~ s t n i e ~ ~ t  for bringing the lamp precisely over the station nlark-tho 
only nreans available i l l  the apl)aratns untler discussion beins tlle slaclii~rg of tlie several dr1111is 
on the ccntral main tlruni, which wonltl not admit of a setting to nearer than a couple of 
inclrcs; (3) all arrangrnient for the lamp to he on tlie axis of the mast, so that  the mast 
w0111ll also I,c cen tn l  ovtsr the station, in case 01)servations were ~natlc to it. This ~voi~ ld  
easily Ge ~n;~na=ctl with an electric larrrp which wolild be fixcd to thc topmost section. :\n 
attcrnllt \vns 111:1de to swine tile pr4rol lamps into position vcrticnllj- a.hove the mast :  h ~ ~ t  the . . sn.lngln: >.art1 e m l ~ l o ~ e t l  \\-as dilticl~lt to manilrl~late- impossible for an ordinar,y lampman-and 
llacl to I J ~ .  nl~nn~lo~rcrl in the fit*lcl: ant1 (-1.) some st~itnblc a t t : ~ c l l m ~ ~ r t  for da.!- olscrvations of 
vertical an:lr*. 

'l'lre \vinll also gave some trouble ant1 anxivty as regards the trestle. A s  a result of 
this it, was  1ir.t. tleemec-1 inadvisal)le to put up the knncrta of the observatory tent because of 
the >r~rface they woulcl present to the wintl. Later on confitlcncc in the strengt,ll of the t,reslle 
to resist this pressure wag estahliehetl. I t  x-ns f ~ ~ n n t l  t l ~ a t  the wintl acting on the krcnnts canscd 
less tlirtr~rl)ancre to the instrr~mrnt than when the kanaf.9 rrcre rcmovcrl and the wind had 
access to tile instrument ant1 observer t h o u ~ h  the trestle mas s~rbjcct,ed to  less dist~~rl)ance. 
The ~tabilisin!: arrangements prover1 on the whole sat,infactory and the level of the inntrnment 
was fairly well maiut,ainerl. I\ g l ~ s t  of wind wonltl callge the whole trestle and with it, the 
instrl~ment to shuclder but the instrument rapidly returnetl to rest and provetl by its rearlings 
tha t  i t  hacl not been disturbed. I t  would be quite easy to choose a time of freedom from 
tremor and make a good intersectmion if a clearly visible 3ignal was ohservetl. I n  the actual 
case, orten the signal was changing from what. could be just seen to what was too faint to see : 
and between the two observation was extremely difficult, and the illnmination of the field had 
to be constantly varied. This latter was arranged by an electric t,orch held by the observer 
a t  varying d i ~ t n c e a  from the transit axis of the instroment. Vertical anglee can be observed 
satisfactorily by using the bent eyepiece, when the level readings can be made without chang- 
ing  poeition, immediately after the observation. The meeta however were not suitable objects 
for intersection and were rarely visible a t  midday. 
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reganls tile mechallica] qllestio~ls OF erect,inp masts and trestle, no dif%culties m ~ s e -  

&fr, wi]liams and assisted a t  the erection of the first mast a t  Pallathivayal and then 

proceeded to the other stations erected the masts a t  each witllout any mishap. T h e  ereC- 

tion of the trestle is a larger busilless, but wit11 practice the kllallsis got  to know their work 
and at  the end of the tilne a nlast could be erected to 100 Feet in three llours from reaching 
tile site and takcll down anti llaclred up in oue and a hall: hours. The trestle took some six 
or seven hours to  erect anti tllrec or foru. hours to take tlown ant1 pack 1 1 ~ .  O n  one occasion 

i t  sLlccessfn]~y takell clowll a t  night :  bnt it  is nlrlrl~ harder to Iceep an eJ.e on all tha t  
necds attention a t  nigl~t .  

the work of dismantling nlasts and trestle one fitter and three 

carllenters nrere taken \vith thc detachment: and a carpenter was usually left a t  cac l~  mast 
when neither Mr. Williams nor myself mas there. 

No attempt was made to centre the masts or trestle over t,he station marks. 

I t  wollld be uncloubtedly convenient t,o have the mast over the station mark but no means of 
accurately doing so were available. I t  is probably best t o  set up the trestle a t  any convenient- 

ly and so not to have to remove the mast and reerect after finishing observa- 

tions. The correction for ratellite st,ations is easy enough to make, though the details OF the 
necesgary mcasureme~lts might be iml~rovecl. It is to bc observed that  when one is on the 
trestle, points near the base of the trestle cannot conveniently be viewed by the telescope as  
the structure of the trestle xntl the observatory tent block the view. Something was done by 
renloving some of the floor boards antl Ioolcing t l ~ r o u g l ~  t,hese spaces. Again when observing 
on ground level no station from \\~hicIi to take the azimuth is visible. T l ~ e  plan generally 
aclopted was to prrt in two pegs on the tlirection of each of the stations, these pegs being 
up\~rarcls of 100 feet distant from t l ~ c  trestle on both sitles, and so visible wit,hout much preli- 
minary tliflic~lltj, from the instrulnc~~t .  The length of the perpendiculars from thc station 
mark ou t l ~ e  lines joining the two 1)egs was then measr~re~l by tape. 

The ~nas t s  aucl 1aml)s \\.ere transferred to jiroruicl level by means of :3-inch theodolites 
set up in two positions nearly a t  right anglcs. This nras found to be a teclious bnsiness : aud  
though perfectly straiglrtforwar(I, \\,as often made troublesome owing to rays near tlre ground 
being obscurctl by small br~sl~eli etc. 

Thc original trestle war: made for a 12-incl~ tl~eodolite, antl to  adapt it  for an 8-inell 
thcoclolite t l ~ c  table I~xd to be rxisecl. This was clone b ~ -  placinX on i t  the top of tlleodolite 
stand littetl with tlrree sl101.t Sect, ~n:~kiu< the height some -1, inches greater. Little thougl,t 
was given to this, \vhicl~ \\.;as t l o ~ ~ r  a t  the last mon~ent  before leaving for  t,he fielrl. jVIlen 
the results of tlic ~ n c a s ~ ~ ~ ~ e l n c n l s  of tlle angles in the tieltl wcre obtainetl, anti three triaogles 
as well as nlcasures of compountl angles became av:~ilable, it. \vas foluld tllat a systematic 

negative crror existell in all tllc angles. Lnckily this was noticecl before the work a t  tile last 
statiolt was cornl)letetl : ant1 its carrse \\-as at,tribntetl to tllis rntllcr llnsatisPactory of 
raising the instrumcnt. ;\rcor(lingly the theodolite table anti this addition mere set up a t  
gro1111tl lcvel and a set of meas~ire~nenls nlntle t,o (letermine whet,Iler there was any yielcling ill 

this member. T l ~ e  1.es111ts sllo\\.rd that t l~erc  rrn,1onbtcdly \\,as, alld gave a measure of its 
anloant. This can easily be avoided in future \vorlc ant1 cert:linlJ. s ~ l o u l c ~  be. 

Owing to the diflicr~ltics of obse~.vation it  was cr~ston~ary to observe as follows :- 

(1). Intersect first station A wit11 tangent screw. 
(2).  I:nrlaml) ant1 swing rountl. 

(3). Clamp antl use slo~v motion t o  intersect B. 
(4). Withont ~ ~ n c l a n ~ l ) i n g  make a secolld settiny on U. 
(5). IJnclamp and swing. round. 
(6). Cla~nl)  and intersect 11. 

I t  will hc seen that in I)I~OC(~SSPS (2)  and (5) some force wits applied (depending on t l ~ e  
~tiffness of t,lie i n s t r ~ ~ m e n t  on its vertical axis) which tended t,o p1111 the stand round. Under 
this forrc i t  wol~ltl swing hp say a" of arc. Process (3) !vould not interfere with this and so 
the angle (1) (3) wo~lltl be loo slllall by a". Similarly the angle (4) (6), for the force is 
always in the (lirectiou to reducc the angle. If, Itowever, a second angle B C was mea~ured, 
it  is pres~~rned t l ~ a t  no Surt,hcr twist will take placz. Rut. on swinging back the error would 
occur in C B  hut not. in BA. Accordingly the correct io~~ for all angles measured singly is 
+ a' and for all angles measured in pairs the mean correction is -:: : and RO on. This cor- 
rection was duly applied. In  addition the angles had to be corrected for the distances of the 
masts and trestle from the stations. Finally the following results were obtained :- 
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The 1wol)aI~le errors were worketl out for each n.ngle nncl are given above. They lead 
to p r o l ~ h l v  trian:rllar errors less t l ~ a n  those actually obtainecl, and perhaps some further 
mecllanicnl hollrce OF syst,e~n:ttic error is still undetected. T l ~ e  experience gained encourages 
colifitle~lce in t l ~ r  st:tbility of the masts. I n  the light of the experience gained in the five 
wccks of ol~serv;lt~ion, sevcrnl simple im1)rovements in the system can be made. The closing 
errors of the circl~ils have alrentlj- Ileen given". 

Dt~ring the month of Decenlber Mr. Williams was employed in helping with the erec- 
tion of the masts at. the various stations. --Is soon as the four eastern stations, a t  which the 
trestle ant1 masts were ~ ~ s e d ,  were observed, Mr.  ivilliams continued the observations a t  the 
remailling stations of t11c Series. Owing to a goocl deal of rainy weather which interfered 
with the helioa, resort hntl to be made in many cases to  observation on lamps but  t,he work 
was carried on espeditiously to its junction with the Great Arc by the first week of February 
191 7. 

The film! connection proved very satisfactory and the triangular and linear errors of 
the work, incllilli~l: that clone a t  the stLtions where the trestle and masts were used, proved 
no larger t11a11 the ;Lvel.:ljie for this class of \rork. X satisfactory connection for the heights 
was not, ho\vever, matle, as t,lle observations of the vertical angles a t  two or three of the 
eastern st,ations of the wries p v e  discrepant results, clue, most probably, to the indistinctness 
of the masts tlt~riii:: thc hotirs a t  which vertical angles are observed. I t  has been proposed 
that  some st~pplcnicntar>- I? \ - r l l in  between Pallathiva?-a1 and Pursm Stations sho~ild be 
carried olit a t  a future (late to establish the connection for t,he heights and throw some light 
on the discrepancies fonntl. 

Thp H,i.gtrlkof .S~~.ir,s (97).- This series connects the 3langalore ?tleridioaal with the 
n'nltlruz Series xntl is 011 tlie pnrallel It;". 

Tlle b~l i l~l inq of the station3 had been completed earlv in February. 31r. Williams 
reached Uiiqalkot, from JIatl~rra, hj- the 1.jt.h of tha t  month, hut owing to the unavoitlable 
dcln~- in gpttinq 111.' the erlnipment. b!- rail, hr was not able to start work before the 22nd 
Fehrnar!-. I'rnm thiq date, however, the observations were poshed on ra11idl.y and the series 
carrictl to it-: ,jli~lctiun with the Nal~ l rng  Series 1)y the Jrrl :ll~ril 1!!1 7. 

Tllc tin:tl conrlcctio~l and the ge~~t.ral accuracy of the work proved very satisfactory. 
The lnexn triangtllar prrors of thie series and of that  port,ion of the JIadnra Series which was 
i n f l ~ ~ w ~ a l e n t  of t l ~ r  treptle ~ tn t ions  were I ".0:1 ancl Ow.! ) ! )  respectively : proving the observation 
work in 110th rases to I)e of x high order of excellence, in consideration of the facts that an 
S - ~ I I C ~ I  theotllllite was ~lserl a1111 t11at the programme was arranged as for 8ecnndar.v triangll- 
lat,ion, and thp tvork carried out nit11 corresllonding despatch. 'I'he values of M obtained 
place the s0rir.s between :19 ant1 :I!) in ortler of merit in the series of the Tndlan triangulations. 

A s t r m n ~ ~ i r n l  I . n t i / l ~ d ~  nf Robat.-Durinc the recess the observ~tions for Latitride 
b k e n  3t Rohat S. of the Knltil Lon,qifrrdin,rl: .'cries in 1907-09 were reduced. The observa- 
tions were carricrl out with T. and S. 12-inrh t,hcoclolite No. I1 and t,he latitude w a ~  comprlted 
from the ohen-ell circ~im-meridian zenith tlistances. 

Tlle reslllts verc sat,isfnctory, t,he probable error of the mean being 0".142 and 
t h a t  of a single observation 2".18. The final valne of the latitude shows a s o ~ ~ t h e r l y  

deflection of 10'.41. The realrlt is of especial valne owing t o  the fact that  no other 
volna of the defledion in the meridian in thie neighbourhood have been determined. This is 

Tr~angle. 

P ~ I I R ~ I  T r 3 . S .  
Annavasal EI. 8. 
Cllcttyapatty 'l'rs. S. 

Puram Trs. S. 
Chet t! apatty 'llrs. S. 
K ~ I ~ ~ I I I : I I I ~ ~ ~ ~ I I I  Trs. S. 

F'urnn~ 'L'rs. S. 
I K ~ ~ l a n ~ : u l q n l a n ~  

I 
'rrs. S. 

1':tllnt 11ivaj a1 'rrs. S.  

Flnnl value o f  
observed angle. 

0 , I/ 

58 34 29-97  
36 18 38 .66  
85 6  51 .18  

68 39 56 -21  
61 52 16 .10  
49 27 4 1 . 6 3  

42 '1.0 45 .70  
79 11 8 - 1 4  
58 8 8 . 9 3  , k 0 . 6 2  1 

Prob. error of 
each angle. 

I I  

+On70 
s 0 . 5 8  
1 1 . 3 9  

k 0 . 9 5  
+ 1 - 3 0  
_+ la63  

k 0 . 6 6  
2 1 - 2 7  

Triangular 
error. 

I/ 

- - l a 5 4  

- 4  68 

+ 2 . 1 5  
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an example of the value of astronomical observations by the triangulation party in 
oiitlying districb where the astronomical par ty is unlikely to follow for many years. Snch 

results, while slightly inferior in probable accuracy to those obtained with the zenith 
telescope using the Talcot,t method, are accurate enough for most geodetic uses to which they 
can at present be put. Observations of this kind, even with a curtailed programme, may  
be h o s t  useful aud i t  is much to be regretted tha t  they have not been made more frequently. 

The &id-Stiir/ar Dot76 St~ries.- Mr. J I a t h ~ l r  was in charge of No. 1 and Mr.  Abdul 

Karin1 of No. R detachment. 
Tlle iletacl~ments left for the field on tlie 13th J a n n a y  1917 and started work on the  

23rcl of tltat month from Rl~alrkar, a fnbsi l  in Jliinwali district. d s  tlie time a t  disposal was 

very limited, no observations \rere uudertal<en and the work mas coufined to reconnaissance 
and lnllar-bu~ldinq. Fifty-one seconclary stations wcre prepared, and G tower stations, having 
conuection with the extension of the work, were tlioronglily repaired. Tlie side Ahmad Sindi 
T. S. - hftini 1'. S. of the Great Indus Series n7as made tlte starting point of the triangu- 
lation. From this base the series was run for a distance of about 30 niiles to\rards the east, 
wl~euce it  braocl~ed off iuto two arms oue rri~luinq tonar?s Ili.;~on.;ili and the other towards 
Khnsliib. The portion to ?tliftn\~ili  traversed a d~stance of about 50 triiles and the one to  
Khushib about 4.5 miles. After tlie conlpletion of these two portions, the work was conti- 
nued S. TV. towards L e ~ a l ~ ,  ant1 joined on to the base 31r1hamtnad Sl~till T. S .  - Shshpur T.S. 
of the Great Indus Series. The length of this cstendecl portion is aboot 70 miles. 

The worli kept tlie de tac l~~neut  engaged till the 17th April 1917, when it closed field 
work a t  Leiah aud retnrned to Dehra Diul. The worlr was greatly hampered b!- sitdden and 
violeut sand storms. 

The secondary stations are built of p a k k n  brick masonry, t ' l~ey are :; feet 44 inches 
srluarc, nnd fro111 1 4  to 3 feet deep, only O inches being above the qround surface. Brick 
slabs 9 iuclieq square, and bear in^ the iu>criptio~i '.:<. , nrliicb were specia1l~- made before 

the detachments left Dehra l)dn, ha\-e been einbeclclecl in each of these pillars, one at the 
bottom aiiil tlie other a t  tlie top. Tlie stations are aboot 7 miles apart ou an average, and 
as tlie tract IS almost flat, i t  will be necessary next year to use sufficiently tall  signals 
while obserrations are being taken. 

The a.rea \ritl~in tlie above reconna.isuauce is sandy, thinly populated, with scanty 
supplies, gram bcing its chief product. I t s  climate is fairly good. It is alinost treeless 
exccpt ncar the raiI\vay line in the S .  Mr. where ~vells are nruiierous. Portions of the t ract  
interspersed \vit,h g r o ~ ~ p s  of srlcli n-ells are lorally ternled do,y4yczr. Owing to the abundance 
of high trees near these urclls, great ditlieu1t~- \\-as experienced in effecting a connectio~l to  t h e  
tower stations, otl~erwise very little m!--clearing had to be resorted bo. The niain t,ransport is  
by camels, bat. occasiot~ally d o n k e p  ancl bullocks are available. Tlte peoplc are 
milling and helpful. The water is bracliieli to  a certain estent.  

KO. 19 Party was also eniplo?-ed on triang~llation. Particolars will be fouud on p. 86. 



Kulamangalam Station, Madura Series, 1916-17. 
Height o f  instrument 67 feet. Height of  signal 100 feet. 

From e, photograph tden  by J.de Qrasff Hunter, M.A. 
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T I D A L  OPERATIONS.  

During the year under report the registra- 
PERSONNEL OF NO. 16 PARTY. tion of the tides by self-registering tide-aa~t,oe waa 

carried out a t  the ports of .iden, K a r ~ c h i ,  A p p l l o  
Provincial Oficers. 

Bandar (Bombay), Prince's Dock (Rombay), M d r a ~ ,  
Mr. Syed Aulad H o ~ s e i n ~  '. B., in charge Kidderpore, Rangoon, Moulmein and Port Blair*. 

8th November 1916. 
,, o, c. Ollenboc,l, in from Oth There operations ~vereconducted undcr the direction 

November 1916 to 10th September 1917. of this department, the immediate control of all the 
,, Syed Zille Hasnain, in charge from 11111 tidal observatories being entrusted to t,he local officere 

September 1917. of tlie ports concernd. 
Lower Subordinate Ser~ice .  I n  addition to the above work, t.he predictions 

20 Computers, elc. of the high and low wat,er for the year 1916 a t  
Hltarttlagar, Chittagong and Akyab myere compared 

against actual readings of the high and low water snpplied by the Port  Officers concerned. 
These reatlings were taken d11ring day-lixlit on title-l~oler throagliout the year. The object 
of the above comparisons myas to see whether the predictions which were based on tidal 
observations taken some years ago still maintained the required degree of accuracy. 

T I D A L  OBSERVATIONS A T  BASRAH. 

An ordinary wooden tide-gauge n-as erected by the military authorities on the Shat t -  
al-Arab river a t  Basrah in connection n-it11 their own re~~nirements. D u ~ i n g  the year 1915 
readings of high and low water taken on this gauge daily, were supplied to this department 
by tlie General Staff, Basmh. The observationh consisted of t h c  heights of high and low 
water only, tlie tttnes a t  \vhicli they were ol~se~\red were not recorclecl. I t  was also not known 
whether the observations nrere taken d n r ~ n g  day-light only, or whether the! \\ere the highest 
and the lowest readinga for the 243 hours. The observations, as they stood, nere not of any  
practical use to thts department. The matter waq brought to the notice of the Chief of the  
General Staff, 13asrali and it  was sugge-ted that  tf hourly leaclings of the tide-gauge nere  
taken day and night continuously, i t  might be possible to discover sometlling of the law of 
the tides a t  Basrah. Tliic proposal was acccptecl and, in cotnpliance therewith, hourly 
readings of the t~de-gauqe were regularly supplied to this department by the Director of Inland 
ljratcr Transport, Rasrah frotn the beginning of BIarch 1916. 

As soon as the readings for a \\-hole year were available, they were reduced in the  
office of 16 Party (Tidal) a t  1)ehra Diin by the method of harmonic analysis and the constante 
thus deduced were used in the computation of data for a set of tide-tables for Basrah for 
1917-18. These data were forwarded in Spr i l  1917 to the National Physical Laboratory 
Teddington, England, where tidal predictions mere made from them with the aid of the tide- 
predicting machine lodged there. A set of the predictions were received from the Laboratory 
on 6th August 1017. \nTith this material, tide-tables for Basrah from 1st September 1917 
to end of December 1918 were printed at the office of the Trigonometrical Survey, Dehra 
Dfin and a supply of the same was despatched to the Director, Inland Water  Transport, 
Basrah on 3rd Srptetnbcr 1917. 

The following is a complete list of the ports a t  which tidal observations have been 
,carried out. frotn t,he commencement of the tidal operations in 1674 up to the present time. 
The permanent stations are shown in italics ; t,he others are %inor stations which were closed 
.on the completion of the requisite registrations. 

* Vide Index Map No. 14. 
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W O ~ K I N B  OF THE OBSERVATORIES. 

The tidal observatories a t  Kidderpore, Rangoon, Moulmein, Port  Blair and Madras wen, 
inspected by Mr. 0. C. Ollenbach. 

Mr. Syed Zille Hasnain inspectecl the Observatories a t  Karichi,  Bombay (Apollo Randar), 
Bombay (Prince's Dock) and Aden. H e  also inspected the Kidderpore Observatory . p i n  
when he went there to transfer the tide-gauge to the new observatory. 

The inspectio~l of each observatoy was carried out rigorously, sljecial attention being 
p i d  to the following points:- 

Checking the working zero of the tide-gauge and comparison of the same 
with the true zero. 

( I )  Testing the s t a b i l ~ t r  of tlie tide-gauge by check levelling between its bed 
plate and the bench-mark of reference. 

( c )  Testing the zero of the graduatecl staff with reference to  the zero of the tide- 
gallze. 

( d )  Thoronghly cleaning and overhanling all the i ~ ~ s t r r ~ n l c n t s  ancl 11utting them 
in perfect working order. 

(e) Final a d j u s t m e ~ ~ t  of thr  tide-sange and the morkinq zero after cleaning the 
whole apparatus. 

(f) Examination and clenn~ng of the observatorg well and the inlet holes and 
securing free commonication between the sea and the mell. - 

<g)  General examination of the observatory cabin with the object of getting any 
repairs done, if necessary. 

The f o l l o \ r i ~ ~ g  remarks regarding the \\forking of each obserratorJ- may be added:- 
Adel&.-The working of this observatorJ- has been far  from satisfactor- during the year 

under report. Tlie tidal ~.egistrations were iuterrr11)tetl 25 times, for a fen- hotus each time, 
owing to t,he st,opl>;~ge of the tlriving cloclr, chiefly during had treat,lier. 

The obserratory clerlrs hare been chanjied no less tha,n fire tinies tlnring tlie year and 
011 this accor~nt the work of the observatory has sufferecl a good deal. There have been frecluent 
delays in tlie clespatch of tlie tidal diagrams and daily reports t,o blle oflice of the Tidal Party 
a t  Dehra Dun. O n  one occasion no reports of an>- kind were rereired from the observatory 
for nearly t,liree m o ~ ~ t l ~ s  ant1 the enc1niries mntle from the Chief Engineer of the port elicited 
no sa,tisi'actory explanation. l\'hen t, l~e inspecting otticer visited blie observatory in the  
middle of February 1917, Ile found all the tidal diagrams ancl report,s from 16th November 
1916 on\vards lying there in an incomplete state. Tlie matter was brought to the notice of 
the Chief Engineer I\-110 promisccl tlo malie bett,er a.rranjic.ments for the working of the observatory 
in future. Iletailed i~istrnct~ions to tlie oLservatory clerk regarding the coml,letion and 
despatch of t,he reports :knd cliagrams to Delira D i n  \rere tlrawn np  by t,he inspecting officer 
in consnltntion with t,litb Chief l'inginecr. These docrunents have since been recei\-ed with fair 
reg~la r i t~y ,  but errors and omiseiolis have )>ern found e\,er!- no\r and again in the titlal diagrams, 
the correction and conipletiou of which have thro\vn a. good (leal of extra lvork on the office 
of t,he Tidal Party. 

Kar,Cclli.-The tidal reg~et~.ations of thih observatorr have been fretluently disturbed 
dllrinq tlie past year owin< to the co~ilmnnication between the sea and the tide-gauge mell 
bcinq wholly or partially blocketl. These clistrlrbances were very frequent hetween the beginning 
of Dcccmber 1916 and tlic cntl of February 1017, having occurred 35 times during this period. 

The inspecting officer visited the observatory early in &larch 1917 aud on investigating 
the callse of the above defect, lie found that  a great deal of mud had accrlmulated both outside 
and insicle of the well and this, combined with tlie small size of the inlet hole ( 4 inch in clia- 
meter), wns the main cause of the tronble. The mud outside the well had come up to within 
nn inch or two of tlie inlet hole, while inside the well i t  was more than C inches cleep. The  
matter was a t  once reported to the Chief Engineer of the port n.110 had the well thoroughly 
cleared of mud both from the inside ancl onteide. The size of the inlet hole was increased 
from + to Q inch in diameter. Arrangements were also made to have the mud from outside 
of the well removed by a diver every two months in future, so tha t  a clearance of about 3 feet  

between the bed of the sea and the level of the inlet hole may be constantly maintained. It 
was also arranged that  the inlet hole should be examined and cleaned a t  least twice a week to 
guerd against anything temporarily sticking in it. The tide-gauge has worked satisfactorily 
since the last inspection. 
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Bombay (Apollo Randar).-This observatory has worked very well and no break has 
occurred in the re,oistrat.ion of the t,ides during t,he past year. 

Rombay (Prince's Dock).-During the past year there has been a marked improvement 
in the working of this observatory. The tidal registrations were stopped only twice, for a 
few hours eacl~ time, owing to the recordiug pencil having stuck in its slide. The improve- 
ment allpears to  be chiefly due to the care and attention paid t o  the tide-gauge by tile 
clerk \vho took charge of this observatory in October 1916. 

Madras.-The tide-gauge a t  this observatory has worked well during the year under 
report. A t  the time of the inspection of the observatory i t  mas found that  water had got 
into t.he float. Similar defects were fonncl in this float on previous inspections. It was there- 
fore rejected and a new float of the old pattern was put iu its place. Thc inlet hole in the 
cylinder n-as found to I~ave bee11 enlarged by action of the sea. I t  mas retlnce[l to its original 
size. 

Kidderpore;.-The work at this obserratol~y has been carried out very satisfactorily 
during the past, year. As nleot,ioned in last year's report, t l ~ e  port authorities had clecided to 
abandon the old observatory and build a new one in cleeper wat,er. The new observatory was 
eul'ectetl to be really in January 1917, Ent when the inspecting officer passed through Calcutt,z 
on his return from Rangoon on the 20th of that  month, the boilding had Iiardly been cornmen- 
cetl. The 1)t.l)nty Collservator of the port reported in the middle of April 1917 that  the 
new obser\,:~tory mas re:~rly and Ile proposed that  the tide-gange should be shifted to i t  as 
s o o ~ ~  as l,ossible, o~viug to the possibility of a colla.pse of the oltl observatory duriug the com- 
ing fresllets. Mr.  Syetl Zille Hastrain therefore h vent to Calcutta a t  once. I-Ie arrirecl there 
on .Ilwil 1!)17 ant1 fount1 that the new observatory was practically ready, but t,he float 
c>-lindcr from the olcl observatory had to be removed and fixed in the new one before t,he ti&- 
garl,Ke coultl be instnllrtl. Tllis was clone and the tidal registrations mere started in tlle new 
obscr\-at or!- 011 tlle afternoon of 245tll April 1317. 

r 7 1 he new observatory has been built about :30 feet N.E. of the old observatoq-, along- 
side of the iron jetty, .'+ feet away from the jetty and connectecl wit11 it  by means of a sn-ing 

gangway. It is larger and i l l  every way much bet,ter than the old huilcling. 

'l'he new gmtluatr~l staff has been fixed on one of the iron piles of the jetty on the east 
sitltl of the observnto~.y in suclt a position that i t  can be easily read from inside the cabin. 

Rn~ryoon.-The tide-qauye a t  this observatory has, as usual, worked very satisfactorily 
during t l ~ e  1)ast year. At  t l ~ e  time of the inspection the snl)polting piles on the south side 
of the rahirl were fonntl to neecl atte~ltion and tlle chain on either side of the bridge required 
to  bc lifted up. The Deputy Conservator of the port was requested to do the needful. 

Monlrneitt.-There 11ave been six minor interruptions of a few hours each in the tidal 
reqistration a t  this ohservator~ ominq to the stoppage of the recording pencil. The tidal 
cli.~qram.: of this obser\~atory showed sign.; of carelessness on the part of the obsel.vatory clerk: 
tlle ctuves were batlly inked, the colonring was faulty and the geueral appearance of the 
dinlSralus was untidy. The clerk was warned by the inspecting officer to be more careful in 
the cliscl~ar,oe oE his duties in future. 

P o r t  Rlatr.-No breaks hare occurred in the tidal registrations a t  this observatory 
ant1 all detail.: of the work llare heen carefully and satisfactorily carried out. 

. i l l  the computations pertaining to the past year's work have been completed and there 
are no arrears. The tidal observations a t  the nine working stations for the year 1916 have 
beell r~ luce t l  by tlarmonic analysis. I n  addition, the readings taken at Rasrah from March 
1!116 to ;\Iarcll 1917, on a tide-gauge erected by the military authorities which mere supplied 
to thic clepart,rrlent have been similarly treated. 

The tidal constants dedr~cerl from the above reductions are shown in the attached 
tables. 

These tables give the amplitndes ( R ) and the epochs ( E )  a t  the various stations; they 
elso give the values of H and K which are connected with R and [through the various aatro- 
nomical quantities involved in the positions of the sun and the moon, in s i ~ c l ~  a way that  if 
the tidal observations were consistent from year to year H and K would come out the same 
from each j-ear's reductions. I 
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The following data were prepared and s u l ~ ~ ~ l i e d  to the Director, National Physical 
Laboratory, Teddingtou, England during the year under report :- 

(a) Values o i  the tidal constants for 40 ports for the  tide-tables for 1920, ready 
for use for the tide-predicting machine. 

( b )  Values of the tidal constants for the tide-tables for Basrah from 1s t  Septem- 
ber 1917 to 31st December 19 18. 

( c )  Actual values of high and low water during 1915 a t  1 2  stations. These 

include nine stations at which regular tidal observations by self-registering 
tide-gauges were carried out and three stations at  which high and low water 
readings were taken during day-light on tide-poles. 

( d )  Comparison of the above with predicted values for 1915, the errors being 
tabulated in such a form as to be of use in improving the predictions, if 
possible. 

The predicted times and heights of high and low water for the year 1916, as  given in 
the tide-tables, have been compared against the actual values obtained from tidal observations 
a t  the nine stations n o ~ v  working and at three other stations where tidal registrations by  self- 
registering tide-gauges have ceased but where the times and heights of high and low water a re  
still read on the tide-poles. 

The errors of the predictions thus determined are tabulated in the five tables herewith 
appended. 

No. 1. 

Percelztages altd anzorc~zts of the el*ro13s igz the predicted times of  high wateg* 

a t  the va~iozcs tidal statio~zs f o ~  the year 1916. 
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,, 
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I '. 
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vnlnes. 

667 

696 

366 

505 

697 

i O i  

707 

366 

Errors  of 
5 niinutes 

nud under. 

Per cent 

32 

30 

8 i  

48 

40 

33 

30 

35 

365 1 94 

i O Y  I - 80 

iOCi 1 42 

iu7 i 4(; 

Errore over 
30 minutes. 

t'er cent 

3 

5 

0 

I 

2 

2 

6 

5 

Errors over 
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15 minutes. 

I'er cent 

46 

43 

33 

42 

41 

48 

42 

45 

0 

4 

2 

0 
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30 

42 

42 

Errors  o re r  
15 minutes 
and under 
20 minutes. 

Per cent 

11 

12 
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11 

12 

9 

Errora over 
20 miuutes 
and under 
30 minutem. 

I'er cent 

8 

10 

0 

4 

a 

9 

10 

6 

1 

6 

9 

8 

1 

4 

6 

4 
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No. 2. 

Perce,ztnges and an,ouuts of the errorSs i ~ t  the predicted times of low water 

nt the z-n)-iorls ticlal s tnt iol~s  fo) .  the yen)* 1916. 

No. 3. 

Pel*centcrges n~t t l  rtntotir//j. of the er.r.ors ~ I L  the p~.eclictecl heigl~ts  of high water 

ctt the zaa~,iotss titlcil s tnt io~ts  f o ~  the year 1916. 
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l<i,ltlcl.pore .. . 1 ,, 70; 30 

Ci~ittngong 33 
1 

h k p ~ h  

K n ~ ~ c o o n  29 

\foulmein ... 23 

P , I I . ~  EIla~r . . . 50 

Error8 over 
20 minoths 
and lruder 

30 minutes. 

Per  cent 

8 

13  

0 

4 

9 

4 

11 

1 2  

1 

12 

11  

3 

6GO 

707 

B I ; ~  

I 
Adrir 

~ r r o r s  over 
4 inchen 

mud ntl<ler 
[, inchem. 

-- 

Per cent 

H 

40 

30 

25 

33 

24 

26 

26 

15 

30 

28 

13 

Knrit~,I~i ... 

Dhannngnr ... 

E n o n  of 
4 inches 

n l d  under. 

l'er cent 

92 

b5 

6 i  

i l  

56 

7 4 

47 

48 

83 

62 

38 

87 

N~unlmrr of 
~ n i c  i r i s  o n  I 

S r r r r o r s .  I o r  j I:etwren nt  sprinas 
' ticl~.pole nctn;~l  n n ~ l  111 feet. 
' o b e c ~ ~ n t i o l ~ s . l  predicted 

'l'. I'. 

I (hpollo B n n d r r )  , Allto. 706  
Bomh~ry 

(Prince's 1)ock)I ,, 

I 

691; 

Arlen ... 

vulnes. 
1 
1 

G t;; Anto. 

69G !I :i Knrichi  
I 

Rlrannng~. ... 

I  p pol lo B n n d s r )  
Romlznr 

(Prince's Dork) 

JIndrns . . . 
ICi(lderpore ... 
C h i t t n g ~ n g  . . 

Akra11 . . . 

R a r  goon ... 
SIoolmein ... 

P o t t  Blnir ... 

SO5 13 .0  

i 0 i  

3FG 13 .3  

T.1' .  

Auto. 

.. 

T. F. 

Anto. 

31;s 

7OR 

706 

7CO 

8 . 3  

lG.4 

12 .7  

6 - 6  
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No. 4. 

Perventages and amolmts of the o.ro~.s ia the predicted heights of low water  
a t  the variozcs t idal  stntioizs f o r  the year 1916. 

No. 5, 

2 ' ( 1 b l ~  of average errors ~ I L  I l~e p r e d i c t ~ d  tinies U I L ~  I~eights o f  high and 
lozu water at  the secernl ticlnl strrtiot~s~fov the ileor 1916. 

Arornye Errors 

Stntious. 01 bcipllt, 
i l l  tcrlns of 
tllc ruugc. 

i 
Open Coast. 

Arlcn ... .. ... 

K ~ ~ r i c h i  ... ... ... 

Uli~~unngnr .. ,., 

~ l p o l l o  B R I ~ ~ R I ~ )  

(Pl.incors Docb) 

B111drns .. . ... ,, . 

A k j ~ l b  ... ... ... 

Port Rlnir ... ... .,, 

Oc nernl Meltn 

Riverain. 

R~tldvrpt~ro ... ... 
C l ~ i l ~ ~ ~ g o l i g  ... .,, 

Rnnpoon ... .. . ... 
Moolmcin ... . .., ,,. 

Oenarnl Menu 

Aul o. 

T. 1'. 

Auto. 

T.1'. 

Alllo. 

.. . 

Aut,o. 

T.P. 

A I I ~ O .  

.. . 

6 1  11 11 

1 2  

5 

8 

10 

9 

1 

- 
R 

13 

12 

13 

16 --- 
13 

3.5  

9 . 3  

6 . 6  

. . . 

11.7 

13.3 

16 .4  

12 7 

... 

10 

1 

8 

e 

12 

10 

8 

9 

10 

0.023 0.025 2 

,036 I ,027 

2 

4 

4 

3 

4 

3 

I 

3 

3 

7 

7 

5 

7 - - -  
7 

.011 

.018 

.02 l  

.051 

,030 

'038 

,032 
------ 

. O N  

.044 

,025 

.046 

.041 

3 

4 

4 

4 

2 

3 

2 

3 

7 

11 

8 

11 

9 

.011 

.024 

.c2.l. 

.048 

.C30 

.036 ----_---- 
,027 

-050 

.069 

,041 

,073 

'058 
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Numler at.tion,. 

Summary for 1916. 

Prediction8 tented 
hy 

6 Open coast 

2 ,. 

6. H. Tide-gnnge 

Tide-pole 

'i!lio of the l ie i~l i ts  of high and lo\v water for the year 1916 mere practi- 
cally of the same degree of accuracy as those for tlie l)revious year for all the nine workiug 
statiolls. 'L'lie of times for 1916 n7erc worse for Aden and Rlaclras and better 
for Kar:ichi, Bombay (Apollo Banclar), 31oulrnein and Port Blair than the predictions for 
1913. 

P E ~ c E N T A O E  or  PREDICTION^. AT UlOU AND LOW WAT1B WlTEIN 

3 Rivemill / 8. R. Tide- p n g e  

1 ,. Tide-pole 

The greatest differences between the actual nnd l,reclictecl heights of low water for 1916 
a t  the rivelain ports were as follows :- 

Kitlder1,ore . . .  4 fvet 1 inch on (jth October l!Il(i, a c t u a l ~  being higher. 
Rnnqoo11 .. R feet 3 inches on Jrd September 1016, actnals bring lower. 
31oulmein . .  S feet 8 inclles on 'St11 Jnly 1!)16, actuals being lower. 

The t~tle-table< for the !ear 1918 were t l e ~ ~ ~ a t c l ~ e c l  from Enqlalicl in two coocignments 
on .!.it11 Jtunr and 2jtl1 Jr~l!. 1917. The firqt lot arrived a t  Dclira D i n  on tlie l!)th of Sep- 
tumLer. No ~ n t i m n t ~ o n  of the arrival of the second conqiqnment a t  Karsclli had been reccivcd 
111) to  :IOtIi Scl)tember. They \\.ill be d:strlb~ltecl to the varioas ollicers concernetl as soon as 
the  \vllole sulll)ly is recei~etl. 'rlie title-tables for Basra11 from 1st  September 1917 to 31st 
DecenlLer l!)lS \\-ere a t  the office of the Trigonometrical Survey a t  Dclira I)6n and. n, 
supply of tllr Lame was cletlpatched to tlie Director, Inland Water Transport, Basra11 on 3rd 
Sellteniber l!l17. 

-- 
16 minotea of actual~.  one-tenth at mean range 

T l ~ e  an~otint  realized on the sale of tide-tables d~l r ing  the year ending 30th September 
1017 was Rs. 1, 17!)-2. 

8 inchea of aotuals. 
Hiyh. - 
81 

99 

High. 

96 

100 

Tidal observations tlnrinq the colning year will be continued a t  the 9 observatories 
now \vorkiun. 

Iligh. 

96 

98 

[.ow. 
-- 

82 

99 

Low. 

99 

100 

Lea. 

97 

97 
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LEVELLING 

PERSONNEL of No. 17 PARTY. 

Provincial Oflcerr. 

Xr. H. Q. 81111\v incharge. Retired: in temporary 
employ from 21st February 1917. 

,, D. E. Lura. 
,, R. B.  Mathur, B. A. 
,, G. A. Norman. 
,, Abdul Karim, B. A. 
,, F.  .J. Grice. 

,, IY. N. Ohucherbutty, L. 0. E. 

Upper Subordinate Servib.  

Mr. Sntish Chnndra Mukerji. 

Lotuer Sccbordtnate Service. 

4 Computers. 
7 Recorders. 
1 Clerk. 

Four detachments were employed on levelling 
operations c1nring the past field season (vzde Index 
Map No. 14,), The out-turn amounted t o  540 miles 
of "fore and back donble levelling of in 
Bengal, and in Bihir  and Orissa, in course of which 
the heights of 4 principal stations of triangulation, 
9 primary and 627 secondary bench-marks were 
determined. Full details of this out-t urn of work 
are given in Table I attachecl. 

The health of the detachments \\.as on the  
\\,hole not good dnring the field season, as there were 
nnlnerous cases of malaria anti dyse~rtery. One 

khalisi died of colic. 
I 

The c o ~ ~ n t r y  through which the lines of levels 
were carried was varied in natare, flat in Bengal, 
aud untlulating ancl hilly in Bihar and Orissa. 

Leveltiqt.g o~era t ions . -T]~~ work was di~iclcd among the four cletachments as follows; 

each detachment consisted of one Icvclling officer, 2 recorclers and l!) menials:- 
Nos. 1 (A) AND 1 ( B )  I)E'I'.\CHIIESTS. 

RII,. Clluckcrblltty was in charge of No. 1 (-\) and 111.. h[ukerji of NO. 1 (n) detach- 
ment. These t\\-0 (lctacl1nlents ill ~ ~ , ~ o s i t , e  directions le\-elled ( ( I )  from Aurangibid 

vim D,zltongnnj to 1tAnchi alollK the main roads, and (6)  from Uarl~i  r irr  Haz:il-ibigl~ to Rinchi  
along the P. IV. 1). road. These are new lincs of levels ancl complete the circnit hurangribid- 
~1incl1i-l3arI1i-bnra11gibAd, the closing error being - 0.089 of a foot in  a distance of 3 2 1  
milcs as shown below:- 

Circuit A. 

Nos. 2 AXD 3 DET.<CIIJIENTS. 

RIr. Luxa was in charge of No. 2 and Mr. Norma11 of No. 3 detachment. These two 
detachmcnte \rorked in opposite directions. Levelletl (a) from Rarikar  to B u r d w ~ n  along 
the Grand Trunk Road, and ( b )  from Rinchi via  Purklia to Bnrakar along the main r o d .  
These are uew lines. 

Revised from Chirmpdini to Burdwiu along the Grand Trunk Road. This line was 
originally levelled in 1862-63. 

U n n d l ~ ~ s t e d  
dynernlc d~fferencc 

of helght In feet. 

i 1779.307 

- !)20.191 

- 659.205 

- 
- 0 .06!) 

l'lqtHnre ln  

"llles' 

1 6 3 . 8  

b3.S 

7 3 . 1  

320-  7 

1.1~~8. 

The line Rirnchi via Poriilia to Barihar closes the circuit Rirnchi-Barirkar-Barhi- 
Rinchi with an error of -0.9119 of a foot in a distance of 312 miles as shown below:- 

l'lra~c 

-- 

l9lG-17 

l!)lG-17 

1914-15 

Fro111 

1Smbetltled 13. M. 
a t  Anrangilbirl. 

Standart1 n. M. 
a t  Ilfinchi. 

EnlLecldetl 13. 111. 
near 13arhi. 

To 
- -- 

Stanclmcl B. 11. 
a t  lt8nchi. 

Embetlrled R .  11. 
near Harhi. 

Embedded B. 11. 
a t  AuraogaLild. 

I TOTAL . 
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Circlrit H. 

The difference between t,l~e published dynamic heights of the Standard bench-mark a t  
Bennres, '$, and Barhani T.S., %.?, and also that  between Howrah Botanical Gardens, 
B* ,,, , and Nial T.S., e, agree with tlie unadjusted differences of the dynamic heights 
o b t a i ~ ~ e d  by the nenr levelling ; but  t l~ere  is a discrepancy of - 1 - 6 1 9  feet, between Barhitni 
T.S. ancl NiRI T.S. via rlurangibicl, Barhi ancl Barskar, a clistance of 363 miles, (vide 
diagram). This large discrepanc~- is clifficult to  esplain as all the precautions, necessary to 
guard ngainst errors in levelling of precision, were taken when these lines were levelled; 
moreover t,he difference hetween tlie two levellers from Barliini T.S. to Nial T.S. amounts to  
0 .180  of a foot, which is very small in comparison with tlie large discrepancy nientiouecl 
above. 

The portions from Karamnisa (the point from ml~ich the branch-line to  Barhsni T. S. 
emanatetl in 191.1-15) to Bru~=a.n=Abiid, a clistance of 73 miles, and from Bariikar to Nii l  T. S., 
a tlistnnce of 101; miles, cannot at present. be discossed because they do not form part of the 
C'irr~~its 11 nncl 13 ; anrl if tlicre be an!- discrepancy in either of these portions i t  will be 
disclosed on t,lie rerigion of one or both. 

11gain tlie discrepaocy between Barliini T.S. and N i i l  T .  S.  via Aurangibrid, Ri i~icl~i  
and Bnrsknr i.3 - 3 . 6 9 7  feet i n  a distance OF 470 miles, i.e., a further increase of -1.078 feet. 

Since Circnit d closes well, it may be taken for granted tllat the lines forming it, of 
n l ~ i c h  h u r a n q i b ~ d  to Rinclii is one, are probablx above snspicion ; also there being an error 
of -O.DS!j OF a foot in Circuit J3, the evidence is ~ t r o n g  t,liat the line Riinclii to Rxr:il;nr, 
xvhich forms part, of C'ircnit H, is probahl!- bnrdencd with a large error. The revisiot~ of 
this line \\ill clcnr all donbls on this p o r t i o ~ ~ .  

G E s E n . \ r .  I\-orr:s. 

Slandrcrd Plrer! Tapes.-Dr~ring the past field season stn.ndard steel tapes were intro- 
J ~ ~ c e r l  an(l usell for tleternlininq week by week, the changes in the lengths of the staves. 
Tl~ese ta1,ea \rel.e compnrrd at  a tension of 10 Ills. wit11 a Ilase Line Standard Bar, ancl tllc 
length O F  thei? pllze< h anll I3 cleter~nined, a t  tlie Heat1 Quarters of the Triponomet,rical 
Snrve!-, nc111n Piln. 1111 these tapes are of the same [)attern, so t,11at the following descrip- 
tion of T ; ~ p r  XO. 2 ~vil l  npl~ly to all :- 

Fielrl Stxn~lartl Tape No. 2 consist?: of a +-inch wide Chcsterrna~~ steel band, awl is 
10 fert :if i n r l ~ ~ s  in l e n ~ t h .  T l ~ e  zero and 10-foot points.are marked by fine lines having tho 
fioure* 0 an11 10 en,rrrav~tl a t  their centres, x finely =raduaterl scale, each division being 0'002 
of a foot, i.c rnqnrvetl a t  I,otl~ eclqcs of t,he tape for a tlistancc of 0.3 of an inch on either side 
of t l ~ e  0 anal 10-foot, lines. The intermediate feet are shown by fine lines, hnt without 
nurnlwrr. 

T l ~ e  tape is \rortntl rounrl a metal reel aud in a wooden box to protect it from 
injllrY in ttrrnsit. 'rhe nnrnher on the tape is engraved 011 i t  2nd the two edges are marlied 
A 311J B. 'l'1ie;r tnpe* were mannfactnretl in the N.I.O., Calcr~tta. 

The tape ml~rn 11s~c1 for t,he coml,arison of a staff is  inw wound, stretcl~etl along the 
centre of the qraduated face of the staff, and fixed at the zero end by means of a screw ndlicli 
fits into t l ~ e  bmse shoe of the staff:  a wire attached to the 10-foot end of the tape is st,retclied 
over n I,~~llr?- by mcanq of a 10 Ihs. weight el~spendecl from it. 

.- 
Lines. 

Di~tance 
in miles. 

122.5 

106 .0  

9 3 . 8  

312 .3  

Fron~ 

Standard B.M. 
a t  Riinchi. 

Embedded B.M. 
a t  Barikar. 

Embediled B.M. 
near Rarl~i .  

To 

Embedded B.M. 
a t  Bariikar. 

Enibedded R.M. 
near Barlii. 

Standard B.M. 
a t  Rinchi.  

Total ... 

Undjuated 
d jnamic 

difference 
of height 

in feet. 

-1774.060 

+ 852.880 

t 920.191 

- 

Yeor. 

1916-17 

1914-15 

1916-17 

- 0.989 I 
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Hitherto Field Standard Steel Bars were used, but  hare now been discontinued as the 
tapes are far more cotlvenient to carry about. 

A description of one of the Standard Bars, which mill practically answer for all others, 
is given belo\\. for future reference in case they are used again. 

Field Standard Bar No. J is made of steel and. is 1 0  feet 1 inch in lengtlt, 1 .4  inches in 
width, and $Tth inch in thickuess. It is bevelled a t  the two edges for the first foot a t  both 

ends. The 10-foot length is marked bj- dots on silver let into the bar a t  each end. Through 

these dots crosses or zero lines are cut to  the extreme-edges of the bar:  the ends of these lines 
are marked by arrows. A finely gmdiiated scale, of n,hich each division is 0.002 of a foot, is 
engravecl at both edges of the bar for about half an inch 011 either side of the zero lines. A 
detachable slolv-motion screw is provided with the bar to facilitate the zero lines on the bar 
being made to coincide with t,he zero line on a lerelli~lg staff when compared with the bar in 
the field. The bar is usnally carried on a wooden support, rectangular in section, a r ~ d  is held 
on it  by means of scretrs passing through holes made in the bar a t  a distance of 1 foot apart. 
Tl~ese holes are a little too large for the screws, so that  the bar is just held on the wooden 
support \vithottt being strained. 'l'he bar \\.it11 the \vooclen support is packet1 in a wooden box, 
ml~ich is \\?ell padtlecl a11d lined \vitl~ clotl~, to protect it fvoln injury i t 1  transit. 

The number gf the bar is engrsl-etl on it aiicl the two edges are marked A and B. 
Identi ty of bcnck-ma~~lis.-O11 revisionary levelling, in order to decide when a difference 

betmeen two values of the l i c i ~ h t  of n benc . l~-~na~k  sl~or~ltl  he looked on as ~,cal and \rhen as a 
mere error of observatiot~, the Eollolriug formula will serve as a usefulK:~ide. L e t  
r=  J i ~ ( p +  yl?)AI+ ( O . ~ O : J ) ? ~ . I ' ,  lvl~ere y is the probable accidental error per mile in the old 
levelling, y1 is the probahle accitl~nt,al error 1)er nlilc i t 1  the revision, ant1 39 the distance i l l  

miles from the last undisturbed comlnotl 

I f  t,he difference hetween the heights as ol ta ine~l  in t,he olcl and new \j7orks esceeds .r, 
the bench-tnarlrs shor~ld. be conside~wl to 11:~ve been disturbed and ue\lr values to  tllenl, 
otherwise the difference may be ascribed to error of observation and the olcl retained. 

A tletachment working under the Officer in charge No. 17 Part,!- (Levelling) went to 
the Sind-S,igar Doib for reconnaissance n-ork and builclinp of secondarg triangulation 

Full details of the work done are given 1111der the headillg "Triangulation" in  this volume,  
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TABLE TI-CHECK-LEVELLING. 

Discrepancies between the old attd nmo Weights of bench-marks. 

Temporary line form numbers, not publisl~ed, of Lino 70 A (Benares-Bariker). 
t ,, II I) ,, I I  of revision (Howrah-Chimpdini). 
f 1, 91 10 90  w i n  connection of Burdwin 8tandard bench-murk. 

Diatnnce 
frou~  

stnrting 
hallch. 
,,,g. 

-- 

Miles. 

i 
onsensso eclnnT rnovr: (+ )  on nkJ.ow (-) 

STARTING DENCH-MARK AS UETERMIREU R* 

-- 1 +denotes that 

B.NcB.YARUS OY T H E  ORIOINAL LEVELLIN0 
WERE CONNECTED FOE FBECU.LEVELLIXO. 

Oripinal 
levelling. 

Feet .  

Number. 

Check-LeveEli~~y at  . iurnng~b( id .  

0.0  O"J00 1914-15 0 ' 000 0*000 
... 0 . 7  + 16,409 + 16'373 - 0'036 

1,  1 + 14.087 + 11.101 + 0'014 
... 1 - 1 9  1: 1 - 1.9671 - 0'027 

Check-Leurlling at Barhi. 

note. :iE:yf 

the Ilcight was 
I greater, s n d  the 

elm1 - lm  ill 
Checb.level~illg.~ 1916.17 tbnn 

1916.17. 1 when originally 
I levelled. 

! 

Fret. I Feet. 
i 

Description. 

0,000 
+ 8,333 
-- 7'608 
+ 46.734 
+ 69.5'1:3 

176* 
2/176* 
I /176* 

177" 
178* 

1914-15 0.000 

,, 

-I 

,, 
,, 
,, 

C?heck- Levelli~tg at Ch~mnpd(i~ti .  

Ch%mpd%rli ... 0 .0  0'000 1013-14 / 0.000 / 0.000 
34 t Bridge NO. 15 B.B. . 0 .1  1 - 2.463 1 a ,, 2.469 - 0.007 

179* 

72 H 
,, 
,, 
,, 
,, 

+ 43'768 i + 0.011 
+ G9'54G + 0.023 I + 87.401 + 0.013 

... 0 . 2  + 2,037 ,, i ; 2.047 
Br idgeNo.13B.B.  ... 0.3  + 2'830 ,, ( + 2.821 

- 0,010 
- 0.000 

,, 

Embedded, Barhi ... 
Barikar  bridge ... 
Roclc in  situ ... 
Mile-stone No. 249 ... 
Subdisisionnl office ... 

0.0 
0 .7  
0 . 9  
1 . 5  
3 ' 1  

Oheck-LeuelZillg at Btwdzccin. 

Il~spectiou bungalo\v ... 

:, f 

G f  
14: 
15: 
18: 
1Hf 
19: 
211 

I f  

3 . 6  + 87'891 

O*OOO 
+ 0.030 
- 0'040 
- 0.016 
- 0.028 
- 0.035 
- 0'061 
- 0.027 
+ 0.054 

73 R I  

. 
79A 
,, 
,, 
,, 
,, 

7 i ' ~  

1909-10 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

Check-Levelling nt Bar(ikar. 

0 ' 000 
+ 3.543 
- 3 3  
- 26'978 
- 84.194 
- -E1.335 
- 43.356 
- 47'792 
+ 14.738 

Stnndsrd bench-mark, 
Burdmin ... 

Pillar ... 
Wheel-gnnrd stone ... 
Rfetniiri Railway Station 

Mile-stone . 
Bridge ... 
l'nnk ... 
Well ... 
Temple ... 

270, 
269* 
368* 
267* 
27 l *  
272' 
274' 
275. 

73 I 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

0.0  
0 '4 

1 5 . 9  
16.4 
1 8  
23.0 
22.6 
25.7 
5.0 

Embedded, B~iriikar 0.000 
Bridge over B n r i k ~ r  + 3.0.7.7 

1 9  + 7'547 
1tdl.k " ... 1.8  + 30.378 

0.000 
+ 2.513 
-33,523 
- 26.962 
- 3 4 1 6  
- 41.300 
- 43,292 
- 47.765 
+ 14.684 

1014.15 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

Stone pillar ... 
Zillc plate ... 
ltock .. 
l'illnr ... 

0 .OOO 
+ 3.022 
+ 7.558 
+ 30.38-4 
+ 6.017 
+ 2.071 
+ 42.801 
+ 12.857 

0.0 
0.0 
1 .0  
1.2 

0,000 
- 0.011 
+ 0.011 
+ 0.006 
+ 0.019 
+ 0.008 
+ 0.039 
+ 0.030 

+ 5,998 + 2'963 
+ 4'2'7(i2 + 15.827 
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TABLE 111.-REVISION LEVELLING. 

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

\Torn 0111, iuscriyt ion newly c u t  

t Tllis bcoch-m:~rk  is in line No. i l  

(Rz:z?~i. 
giulLl).Theaign+ 
denotes that  the 
height wns graa. 

and the a im 
-Iessln 1916.11 

when 
ginally levelled. - 

Fee l .  

Di8tnncc 
fmlu 

atr~rtiuu 
bench- 
mark. 

Miles  

D l ~ ~ s n s a r s  O r  ORTEOMETnICHEIQllTS ABOVE (+) 
011 nELOW (-)TIIESTARTIN(I I(ENC;.PAIK. 

B r n c a . a r n ~ ~  O r  TEE 0nrnlNAL LEVELLING THAT !YERE 
CONNECTEl, nllRINU TBR REFISIONAHY OPERITIONS. 

Revision qf part qf l ine No. 75 B (Bolcrah-Nadiri) .  

From 
hoishta' 

F ~ o L .  

ncacriptiou. 

-- - 

loreging. 
Nurubcr. 

Botanical gnrdena ... 

Fmnn revialol~, 
1~10.1, 

(uondjosted). 

Feet. 

::z 
- 

0.000 

+0.057 
+ 0.032 
- 0'027 
- 0.159" 
+ 0'054 
+ 0.015 
+0.145 
+0 '073 

1881-92 
B 

3882-53 
1887-8s 

,, 
,, 
,, 
,, 

:: 
,, 

0.0 1 0.000 0.000 

+ 11.708 
+ 12.431 
+ 13 ',740 
+ 13'452 + 15'931 
+ 18.820 
+11.869 
+22.910 

Plntform ... 
R~ubedded, Cbinsurn ... 
Step ... 

337 
3 
342 

35.1 
31.1 
31.3 
32.4, 
32.G 
32.9 
40.8 
1 0  
42.4  
56.5 l8&-63 

,, 
,, 

. ,, 

+ 11.651 
+ 12.399 
+ 13.767 
+13.611 
+ 16.8i7 
+ 18.805 
+ 11.721 
+ 22,837 
+ 17.582 
+ 21197 

+ 17.676 1 + 0.094 
+ 22.375 + 0.178 

Plinth ... 
... 
... 

2 ;  , Embedded. Tribeni . 
,, Step . 

;:;o 1 ,, 
d+l 79 A 

Tnhlet (ntoue) ... 
Nidl 1.. S (ground mark) 
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M A G N E T I C  SURVEY. 

PERSONNEL of NO. 18 PARTY. The present report on the work of the magnetic 
Provinoial Oscera. party in 1916-17 comprises:- 

Mr. E. C. J. Bond, i n  charge. 
,, R. P. Ray, B A. 

I.-An account of the work during the field 

,, N.  11. Muaumdur. and recess seasons. 

,, R. B. Jlnthur, B. A. 11.-A notme on each of the observatories*. 
Uppe,. Sabordinate Service. 

MI h. P. I).., 8. A. atlached from 1st October 
lII.-'rables of the of the mag- 

1916. 
net,ic elements, dates of magnetic distur- 

,, B. B. Shome. bances and hourly means and diurnal 
Lower Subordinals Service. inequality of the magnetic elements at  

2 Magnetic observers. observatories in 1916. 
12 Computers, elc. 

1. Work dwriug the ,field seus~n.-Tlre observatories a t  Delira D t n  and Touugoo 
were inspected by the officer in charge clnring two months of the field season and a complete 
set of observations were taken a t  each for the comparison of inst,runients. 

The i l l ibf~g and Kodaikilnal observatories, under t,he Rloteorological Depart~nent, were 
also visited for the same purpose. 

No field worlr was 11nt1ertal;~n (lurinlS the year. I\'lien obber\ations are taken aqain a t  

tlie repent stations in tlie liclltl season of l!)]g-20 for cletermin~nl: the secular c l i a n ~ e  for the 
~eriot l  19 15 tu 1920, tlre ~ n a q n e t ~ c  elements and thc iso~nacnetic charts n-hicl~ i l l  be pub- 
lisliecl shortly for tlie epoclr 1!)09 will be revised for 192.0. The rcrision  rill be particalarlp 
needed in tlie case of the Declination n,liich is civen in all tlie published maps of the Survey 
of India. 

The staff of the part! \\as clricflj- rmploYed on tlle retlaction of the final results of tlie 
nlaqnetic elemcntb a t  lit,ltl ,tatio~rs to the wlectetl epoch, Iht January 1011!) 

Tlre ottircr i l l  cha~.jit,, in xdtlition t o  his tluties in tlie mxgnctic 1iart)- held cl~argc, of 
No. 19 Pa.rty \\.liiclr 1 1 ~  I-isitccl i r i  t l ~ o  fieltl jrllcn it \ras e l r ~ ~ ~ l o y e ~ l  on triangulation in Dellii aud 
its vicinity. 

2 IVork tlro.itrg /he  recess.-The cornpatation of tllc co~nl>aratire observations taken 
a t  tlie ob\cr\ntoriec, ant1 t l ~ e  co~nl~ntntion a11d tahlrlatio~l of the l)erl~nation, Dip, I-Iorizontal 
Force and \'ert~cal Porce for tlre three ohserratoric~ (L)ehra Dan ,  Toungoo aud Kodaikinal) 
for l!ll(i Ira\? been complctctl. Tile Inran \alnc> of t h ~ ~ c  elernelits for the year 19lG derived 
from menslrrement of traces of all a rn~ln l~ lc  tl:~ys, e\cl\~di~l: t l lo~e  of great tl i~turbance, are 
qiren in tlie tal~le a t  the end of tllc ~ c l i o ~ t  

The rctl~rction of t lit* ~ n a ~ ~ i e t i c  elenleuts to tlie selectetl cpoch, at. t,he 7 1, repeat stations in 
India and 13arma ant1 the l.i.51 ticlcl stations in l~illin, Burma arid Ceylo~i \rill very slrort.l?- be 
coml>lct.etl. The l)eclinatio~~ and Horizo~it,al Force data a.re ready for publication but as the 
rctl~lction or the llip is \.cr!- ncnr com~~letion i t  is considered tlesirablc to pltblislr i t  n.it.11 tlre 
otl1t:r t\vo cle~rrc*~ltr ant1 also to iricll~tle t,lrr rce ta~~ga lnr  componcut~s of the force so tliat the 
l ~ ~ b l i c : ~ t i o ~ ~  Inn,!. Sov~n :t co~nldcte record of the rcs~rlts of t , l~e rnagnetic sl~rvey of India from 
I to I !  Wit.11 tlic ~>r~l)lislietl va111cs of t,lrrsc elcl~ients \\,ill he give11 the arerage annual 
cliange O F  car11 rlcnrcnt a t  the field n.nd rtlpeat stations for each of the two periods 1901 to 
1!)0!). 0 and 1 !)O!).O to 1!)1 I .  T l l e ~ ~  will a,lso hc 1ss11et1 t,lie montlrly mean values of the elements a t  
tlle ol~servatorics an(l a set of isoi~~agnetic cliarts, as \yell as a set of charts showing graphically the 
rnor~tIrl!- Inmn \-allws ant1 annrral change of eaclr elrme~rt. a t  the observatories from 1901 to 
11)C1!). 0 a,ntl 1!)0!). 0 to 1!)1 I,, i .  r . ,  t,lle avemgc annnal change will 11e givcrr separately for each 
of the periolls l~recrrling ant1 f o l l o ~ v i ~ ~ g  t l ~ c  beginning of Jaliaary 190!), the selected epoch of 
t l ~ e  survey, ~vl~iclr is the (late nearest to the point where an a1,preriable change is indicated in the 
curve of neclrlar variatior~: the sections of the curve, ap l~erk in ing  1.espectively to the two 
pcriocls 1901 to 190!). 0 a ~ ~ d  1!)09.O to 10 14, arc apl~roximately straiglrt lines, representing 
an allnost u~~i forn i  cllauge. 
- .- - - 

Fide  Index Map No. 16. 
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Mean values of tile constants of magnet No. 17 in 1916. 

8. Mean base lilie val~'es.-l'l~e table belo\\. %i\-es the meal1 m o n t h l ~  observed ancl 
accepted values of tlie l~eclination and Horizontal Force Gnse lines : the accepted values hare 
been lised to compnte the values of these  element,^ for l!)l(j .  The H. 1.'. base line \-alues have 
been derived from 13 as determinecl with the rerisccl values of the moment, of inel.tia and 
distribution coeIficient used in the cornputstions for 1016. 

Base l i n e  valzics of ~r~agne tqq~apds  i11 1916. 

> 

E. F. CONSTANTa, 

D I ~ T R I B U T ~ O N  FACTOBB. MEAN OALUEB 01 m. 

mane. 

MONTHS. 

~ K Y I I I I ~  
I l n r ~ n s s .  

DECLINATIOA 
COISTANTS. 

A1ent1 
mwie t ic  

collimation. 

Jnnrlnry ... 
Fcl,ruary ... 
hlnrch ... 

April ... 
hlny ... 
,Tnuc ... 
July ... 
A~igust ... 

September ... 
Octol~er ... 

Nnremhel. ... 

Decenllwr ... 

January ... 

February ... 
Murch ... 
Alwil ... 
BIny ... 
June ... 

... July 

August ... 
September . . . 

October . . . 

November . . . 

Deceniber 

4. Mean r c n b  values and femnparat~~re range. --The meau scale mlues for 1916 fc  
an ordinate of 1/26 inch are :- Horizontal Force 4.42 gammas, 

Declination 1.03 minutes. 
Vertical Force 6 . 1 3  to 7 . 9 2  gammas. 

Tile mean tempent'ure tl~roughout tile year was 270.0 C. 
~l~~ ~mpemture  a reduction is 2 7 O . 0  C. 

I 
J I  

1 :lo'!) 

1  110.9 

1 30.9 

1 3 1 ' 1  

1 31.0 

1 30.6 

1 30.7 

1 30.7 

1 2R.G 

1 2 S . 8  

1  28-5  

0 ,  

1 h0 9 

1 30.9 

1 30.9 

1 3 1 . 1  

1 31 .0  

1 30 5 

1 30.7 

1 30.7 

1 28.6 

1 2 8 . 8  

1 28.5 

0.62 

6 -50  

I ,I 

- G 58 

- 6 56 

1 

Up to I2 h. on 29lb Angnat 

5.92 

5.89 808.71 

c. O .  S. 

32792 

.a2792 

. ~ ? ; ! I P  

.5?;91 

'Jpi91 

.32;92 

.:12791 

,32787 

1 28.3 

C.  G .  V. 

32792, 

- (; 6G 

- 7 B 

- 7 12 

- 7 8 

- 7 5 

- i 8 

- 7 4  

- 7  7 

- 7 5 

- 7  5 

)aoe.sR 

Froln 1:) h.  ou 28th A o g u ~ t  

1 28.3 1 

.3!?79? 

,32792 

,32791 

,32791 

. :A2792 

'R279l 

( '72799 
( .iti;; 

6 . 3 0  

5.99 

6.15 

5.89 

5 .97  

6.02 

5.98 

5.98 

(i . O!)  

(5.10 

6.03 

6.U!l 

G 15 

U p  to 12 11. on 28th Alrg~~et  
F~~~~ 13 1). on ,, 

Up to 13th December. 
From 14th ,, '32761 

( '32767 
. 3 2 i 6 i  

Up to 20th Oclober. 
From 21st ,, 

'32783 / '32743 

3 2 i i i  1 ( '32779 
\ .32777 

0.20 

G 09 

G.16 

6 . 3 1  

6 ' 4 1  

6.29 

I 
J 
1 

el 

'32766 

808 i 2  

806. 53 

806.89 

'32iGfi 

) SOG - FIJ 

I 
1 

w, m 

I 

806.80 

806 SO 

80G.53 

806.96 

SiIG.96 

~ 0 6 . 7 9  
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6. Mean monthly valtrrs nnd arrnual changes.-The following table shows the month11 
mean values of the magnetic elements for 1016 and 1916 and the annual changes for tha - 
period : these annual changes are deduced from the values of 11 as corrected for the momen 

Toungoo Observatory. 

1. The Declination, H. F. and V. P. magnetographs have morlred well thronghoo 
the year. 

2 .  fileart vallres of the Decli~ration Q U I ~  H. F. cons/anfs.--The table below gives t l ~  
mean monthly vallies of magnetic rollimation, revised distribution constants and moment "m 
as determined with the revisetl clistribotion factor and moment of inertia used for thecomputa 
tions in 1913. 

illearl ilnlr~es of t h ~  con.~lnnts of mag~ie t  Xo. 19A i t ,  1916. 

JInrrll 

April 

>In! 

J ~ l n e  

J 111 J 

A o g ~ ~ r t  

Srplemhrr 

Ortoher 

Sorernbar 

December 

From IRIII Jnn to 
101 11 Feb.  

GIOIII 151.11 Feh. 

l e t  to I l th M n r  

Fmni 14th blur, to  
ciitl of Apr. 



Vol. XI.] MAGNETIC SURVEY. 

3. Meail base line vahee.-The following table gives the mean montl~ly observed and 

base line values of the Declination and H. li. magnetographs : the accepted values 
have been used to compute the values of these elements for 191G. 

The H. E. base lines are derived from H as determined wit11 the revised values of the 
moment of inertia and distribotiou coefficient used in the computations for 1915. 

4. Mean scale ealrl,es and letnpernture ranqe.-The lllean scale r a l ~ ~ e s  for 11310 for a n  
ortlinate of 1/25 inch are :- 

Horizontal Force 5 .4.0 gammas. 
Declinntio~l 1 . O 4  minutes. 
Vertical Force 5 . 7 2  to 6 . 1 3  gamma-.. 

The lnean tempe~.atr~re for the ycar \\.as S!I0. 2 Fahr. wit11 m:tsimam and 1ninimu111 
monthly values of 8!)'.7 Fahr, and S9'.0 Fahr. Thc tenlpcritture of redaction is S!I3.O F:~hr .  

5 Meam rno~tfkl~j valtles nud altnt!.al chat~,qes.-Tl~c table Ltllow gives the meno month- 
ly valne:: of the magnetic elements for 1!)15 alld 19 l(i ancl the annu:tl chnngrr for that  1)eriod : 
tllcse a~unnal c!rangc vnlucs are tle:lr~cctl from the r a h ~ e s  of H as correctetl for cl~allges in the  
nromcut of inertia alrd tho revised distrilutiol~ factor 11se~l in t h r  colnl)atntio~ls for 1915. 

.Base line valz4es of mcignelograpJs in 1916. 

M O N T H S .  

... Junuury 

Pebru~~ry ... 

bfurch ... 
April ... 
blay ... 
Jl~ne ... 
July ... 
August ... 
S e p L e u ~ b ~ r  ... 

October ... 

h'ovcuil lr~~ 

HORIZOKTAL FORCE. 

Men" vnlue 
of En80 line. 

C. 0. s. 
,3961 1 

.3860G 

.38C01 

,38603 

,38599 

. 3 8 5 9 i  

.38599 

.385!lT 

.383!12 

,39591 

' 3S.-j!)4 

.3S5X4 

DECLINATION. 

Bnse line 
ucccpted. 

C. G. 9 
.3Sf i l l  

.38606 

.:i8BOL 

.38603 

.385!)9 

,38597 

.38509 

-38537 

.38592 

.3819 I 

,38694 

.38581 

Nenu rnlue 
of,Bnse line. 

0 I 

0 5 3 . 0  

' 0 5 2 . 8  

0 5 3 . 1  

0 5 3 2  

0 61,G 

0 6 1 . 5  

0 6 1 . 9  

0 5 2 . 0  

0 5 P l  

0 52'1  

0 5 2 . 3  

Derembel. ::: I 0 5 1 . 9  0 5 1 . 9  I 

- 

Bnse line 
nccepted. 

1 ' 

/ 0 

5 3 . 0  

J 

0 5 1 . 6  

1) 5 1 . 5  

0 6 1 . 9  

0 5 2 . 0  

0 5 2 . 1  

0 5 2 . 1  

0 5 2  ;3 

REMARKS. 

I, I,8 

'l'o 0-12 on 18t Uny 

b m 

From 0-13 on 1st 
blny 
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Kodaikanal Observatory. 

1. The Kodailisnal observatory is now under the control of the Meteorological 
Department (vide " Records ", Volume X),  but  the absolute observations and the records of 
the self-registering instrnments are forwarded periodically by the Director of the Kodaikinal 
observatory for comp~itation and for record in the partly. 

Thanks are due to  the Director for cordial assistance in all matters connected with 
the magnetic work. 

2. Mean valrces of Declination a n d  H. F. corstants.-The table below gives the 
mean monthly values of the magnetic collimation, revised distribution constants and moment 
r r ,  ,, as determined with the revised distribution factor and moment of inertia used for the 
compatat.ions in  1915. The valnes of m in the table are all derived from the vibrabion 
observation as determined with the chronograph. 

Mean values of the constants of magflet No. 16 in 1916. 

5.  JIenlr base line vu1uerr.- The following table gives the mean monthly observed 
rntl accepted valnes of the Declination and I-Iorizontal Force base lines: the accel~ted values 
ha\-e been used to compute the valnes of thebe elements for 1016. The 1I.F. base line vah~es 
have been derived from I1 as tletermined with the revised values of the moment of inertia and 
distribution coefficients used in the computations for 191.5. 

Base line values of magnetographs in 1916'. 

YONTUI. 

Jsnusry  . . . 

February . . . 

March . . .  

April ... 

Y ~ J  ... 
June  ... 

J u l y  . . .  

August . . . 
September ,.. 

October 

Norember .. . 
neceniber ... 

I 

DECLINATION 
CON6TANT8. 

Menu 
magnetic 

collimation. 

, I, 

- 3 26 

- 3 27 

- 3 26 

- R 47 

- 3 23 

- 3 25 

- 3 23 

- 3 24 

- 3 23 

- 3 23  

- 3 22 

, - 3 24 

H. F. COSSPANTS. 

-- 

DI~TUIBUTION PAcTons. YEAN VALUES OP m. 

Monthly 
means. 

- 

883.18 

833.08 

883.04 

883.10 

883.01 

382.93 

883.01 

832 93 

882.97 

882.92 

882.93 

883.07 

p1.2 
- 

5.36 

5-84 

5 83 

5.78 

5.83 

5.77 

5.79 

5.39 

5.95 

5 89 

5.33 

5 97 

Accepted 
m. 

- 

Ih_ 
N 

p 2 . 3  

-- 

8.49 

8.67 

8.66 

8.60 

8.34 

8'61 

8.63 

Y 31 

8.29  

8 GI; 

8 - 49 

8.18 

Accepted vnlues. 

P - 

2 - - 

9 
- 

- 
'N 

E 
I 

i 
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111.-TABLES OF RESULTS. 

Mean ualues of the magnetic elements a t  obseruatories in 7976. 

4. Mean scale v a h e s  and temperafure range.-The mean scale values for 1g16 for 

211 ordinate of 1/25 inch are :- 
Horizontal Force 5 . 9 0  gammas. 
Declination 1 03 minutes. 
Vertical Force 5 - 1 4  to  8 - 4 6  gammas. 

qyle mean temperatllre for tFe y-r was 1F.1 C, with maxi~i lu~l l  and nii[lirnum 

mollthly values lgO.g  C. and 1 7 O . 4  C. The temperature of reduction is 19"'0 C. 

5. Meon rnonti/y v a l ~ ~ e s  and  annual changes.-The table below gives the mean 

monthly of the magnetic e1eme11t.s for 1915 and 1916 and the annual changes for tha t  

period: these annual change values are deduced from the values of H w corrected for the 
momellt of inertia and the revised distribution factor used in the computations for 1915. 

Annrrul changes a t  Koda.ikZnal in  1915-16. 

NONTHS. 

Januury ... 
Fabrtulrg ... 
Mal.cl~ ... 
April ... 
Jlay 

Observnlory. 

DeliraDB11 ... 

Tonngoo ... 

ICodaili%nnl ... 

DECLINATION 

W. lo + 
HonlzoNrAL Yoncs 

.97000 C.O.S. + 

1015. 1 1916. I 

December . 

Monljs . .  

Lati~uda nnd 
Longit ode. 

DIP 

N. do+ 

6201 

-8- 

614 1 ,113 878 + 6 1  

o 1 11 

30 19 1 9 N  
78 3 19 E 

VERTICAL FORCE. 

-02000 C.G.S. + 

Y 

+ 15 

+ 24 

+ I '  

+ 20 

+ 16 

+ 28 

+ 25 

+ 10 

+ 'i 

+ 16 

+ 28 

Y 

608 

60G 

611 

617 

618 

1 1 I 1 ! 1 0 1 0 1 , 
7' 

623 

630 

622 

637 

634 

638 

635 

fi35 

630 

036 

637 , 

June 610 

July 610 

619 

623 

0 ,  

~ . 4 ~ ; 3 7 * 9  

Anuual 
1915. / / ,, ,,,* 

' 

1 9 - 8  

90.3 

1 2 0 - t i  
21.0 

2 1 . G  

22.2 

22.G 

23.0 

23.4 

23.8 

24.2 

October .. 
November ... 

620 

609 

18 55 4.5 N 

0 1 

E. 2 1 1 . 0  

Y 

+ 68 

+ 61 

+ 61 
+ 57 

+ 57 

+ 6 1  

+ 57 

+ 7 0  

+ ~1 

+ 65 

7 

781 

794 

YO4 

805 

815 

818 

817 

820 

827 

829 

-39018 

.37633 

Y 

839 

856 

838 

8(:2 

8 i 1  

879 

884 

890 

889 

894 

2S.5 

25.6 

... 
26.4. 

2G.9 

27.2 

2 i . 5  

28.4 

2s 9 

19.5 

23.:) 

96 27 3 E 

10 13 50 N '4'. 1 2 7 . 9  
77 27 45 E 

I 

N. 28 8 . 5  ,16677 

.O?S78 

C. G. S. 

-33050 

+ 6.7 

+ 5'3 
... 

+ 5.4 

t 6.3 

+ 5 . 0  

t 4 . 9  

+ 5 , - 1  

+ 5 .5  

+ 5 . 7  

.+ 5.7 

W. 0 S-4 

C. G .  S. 

,32627 

+ 5 .3  

+ 6 '4  

+ 4 - 8  

+ 5.1 

+ 5 .0  

+ 5.2 

+ 6 . 0  

+6'3 

+ 5.4 

+ 5.7 

+ 5 . 4  

13.7 

15 0 

15.8 

15.9 

16.7 

1'7.2 

l i ' 9  

17.2 

I7 9 

1 8 . 1  

19.2 

19.0 

20.4 

20.6 

21.0 

21.7 

22.4 

22.9 

2 3 . 5  

23 3 

23.8 

24.6 
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Diurnal Ineaualitu of the D ~ R  a t  Dehra Dun in 7916. deduced from the above Table. 
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Hourly Means of the Declination a t  Tounqoo in 1916, drtrrminedfrm al l  arailahlc h Y s .  Declination= W. Oa$tabrrler 
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BASE LINE. 

YEB~ONNBL OP NO. 19 PABTY. N o  base-line work was practicable during the 

Provincial OfJicerc. year, owing to the deficiency of officers. - 
Mr. E. C. J. Bond in charge. 

The detachment of 19 Party formed in the pre- 

,, 0. N. Punhong. vious season to run the traverse of the Imperial Delhi 
Area was employed this season in carrying out a net- 

Lower Strlordinale Seruico. 
work of minor triangulation to provide points for t h e  

9 Computere, etc. revision of the 4-inch maps of Delhi and its Vicinity. 

The area embraced by the triangulation includes the  city and old cantonments of 
Delhi in the centre, Imperial Delhi to  the south of the city, and the New Cantonment 
3 miles south-west of the city. The country is opeu and undulating and is well cultivated. 
A sandstone ridge runs north-east and south-west through the middle of the area, varying 
in height from .50 to 100 feet above the general level of the country. Many isolated 
hillocks and mounds are interspersed over the area. In  the north-western portion of t h e  
work a good part is covered with large trees which caused some difficulty with the 
extension of the triangulittion in that  direction. The Jumna River enters the area 4 miles 
d ~ i c  north of Delhi, skirts the city on the east aud flows iu a south-easterly direction. 

The triangulat,ion covers an area of 3 2 1  square miles withiu Latit,udes 28" 30' and 
28" 47' and Longitudes 77" O'and 77" 20'. I t  is based ou the side Pirghaib T.S.-T~lkatora 11.s. 
of the Great Arc Meridioual Series. The sides of the triangles are from 3 to 5 miles in lengt,ll. 

The rectangt~lar co-ordinates of the stations and points were computed in chaius from 
the meridian of origin Nigtlhu s. (Lat i t~lde 29 '  50'  23". 50, Longitude 76" 44' 19". 34) of the 
RGhan Meridional Series: this mas necessary for the  revisionary survej- of Delhi and its 
TTicinit?-, as the 4-inch maps of the area were originall!- constructed on the s!-stem of 
rectangular co-ordinates i l l  cllaius in terms of the origin Nigdhu s. 

Computations mere carried on in the field as the work advanced. When a sufticient 
number of observations became available these were computed and the values of successive 
groups of stations and intersected points ~vere supplied during the progress of the t r i angula t io~~ 
t o  the Officer in charge of No. 2 Party t o  enable his plane-tablers to proceecl with tlle 
revisionary sarvc~-. 

The stations of the triangulation executed in season 1915-16 to fix points for the 
control of the boundar~- traverse of the Imperial Delhi Area were connected and now form 
part of the present triangulation. 

The resuits of the triangulation, and also of the traverse of the Imperial Delhi Area 
boundary esecuted last season by the party, will be published in an addel~dam to "Triangulation 
of India and Adjacent Countries-Sheet No. 53 H". 

Detail of trkangulation i n  Delhi and its V i c in i t y ,  

Theodolite used ... 
Area in square miles ... 
Square miles to each point fixed ... 
Square miles to each height ... 
Stations fixed . . .  ... 
Number of triangles ... 
Average triangular error in seconds ... 
Mauimiim do. do. . . .  
Linear error per mile in feet . . .  
Intersected points : number of points fixed 
Intersected points : linear error per mile in feet 

Troughton 
... 
... 
... 
... 
... 
. . - 
... 
. . .  
. . .  
. . .  

and Simms 
... 
. . .  

... 

... 

.. .  

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

6'' Vernier, 
... 
. . .  
... 
. . .  

. . .  

. . .  

. . .  

. . .  

. . .  
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THE C O M P U T I N G  OFFICE.  

PBRSONNBL. AGustnaent of friangu1ation.-The simul- 

Imperial Oflcer~. taneous reduction of the Bnrma Quadrilateral, 
commenced last year, \\.as completed. It included J. de Granff Hunter, Esq., M. A. in chnrge 

(till 17th Septr. 1917) the consideration of the Burma Coast Series, the 
Nandalay Meridional, the Mandalay Longitudinal, 

Major H.  McC. Cowie, R. E. 
(from 18th Septr. 1917) the J lanipur  Neridional and the Manipur Longi- 

tudinal Series. 
Proui~&cial Oflcer. 

The qi~adrilateral 1~rovidecl three circuits 
Mr. Hnnorunn Prasnd. giving twelve equations of condition involving 

Conrput tng Ogice. twenty i~nknowns. Other series dependent on this 

Ha, SRll lb lsl,nn ChnndraDevn,B, *., 11 cl~ladrilateral, viz :-the Assan1 Valley, the Kohima, 
putrrs; 4 Corr~p~~ters s t t o c l ~ e d  (7 Computers tlie Cichir ,  the N ~ g a  Hills, the Giiro Hills, and the 
from tield ~ a r t i e s  worked for a portion of tile Khisi  k Jaintiii Hills Serles, were afterwards finally 
gear In Cornp~~tlnp Office) nnd 11 book-bindera. adjusted. 

~ r i ~ l t i r ~ g  Ofice. The (freat Salween and the Upper Irra- 
- - 

Mr. Snrnt K ~ ~ m e r  Mulierji, S u b - A S S ~ L .  Supdt. waddy Series being still incomplete, no final adjust- 
21 Compoa~tors & 4 I'r~nters. ment is yet possible. A preliminary adjustment, 

 workshop^. however, has been made by means of empirical 
forniuliu derived from the results given by the 

1 Head Artifioer, titters and carpenters. 
redaction of the Borma Glaaclrilateral. 

Miscellaneous co1np7~tafions.-For the prlrposes of Professional Paper No. I(;,- The 
Enrfh 's  Ares and Tria~lgulalion, fairly heavy computations hacl to be dealt with in deducing 
the probable errors of circuit, hsse-line, and Laplace closures of the Indian llriangnlation. 
Summaries of all Plumb-line deflections, referred to tlie Hellnert spheroid have been com- 
piled. Deflections observed in Turkistin by Russian officers and originally referred to the 
Bessel splieroicl and to the Tashkent vertical have been reduced to terms of the Helmert 
spheroid ancl the Kaliinpur vertical. 

Levelling.-The dynamic ancl orthometric l~eights  of bench-marlzs on the four lines 
Bcnares to  Bariikar, Rigallrot t o  Bijipnr, Howrah t o  Chnmpclini and Bankipore to  Bihta, were 
computed. In  compliance with Trigoaometrical Survey Office Order No. 219 of 23rd July 
1917, coml,ntxtions in connection with lines of levelling will in future be carried out by No. 
17 Party, the Computing Office giving assistance only in cases of emergency. 

The heiqhts of bench-marks on lines of levelling in Burma have been revised and 
reduced to the new datum of mean sea-level a t  Amherst and the publication of a new edition 
of the levelling pamphlets is in hand and well advanced. One-half of the complete edition 
has been published ancl it  is hoped that  the other half will be accomplished ill the course of 
the next year. 

Triarig~tlatio~z Pamphlets.-Great progress has been made in tlie collection of 
G.T. data for the triangr~lation pamphlets, 121 of which were compiied and compared during 
the ?-ear. 

Printing Section.-The year's work included the publication of 90 Triangi~lation pam- 
phlets, \'olume X of the Recortls of the Survey of India, Tide Tables for t,he Port of Basrah 

Levelling Professional Paper No. l(i and Part  11 of the new edition of the 
Auxiliary Tables are now in hand ant1 it is hoped will soon be pnblished. The efficiency of 
tile section has been incremetl I)! the provision of new furniture in the Composing room. 
Net\. frames and cases have assisted largely towards the at,tainment of cleanliness and method. 

The strength of the section will shortly he increased by the arltlition of two machines 
for the accommodation of whir11 the building has been sliqhtly extentled. 

I n  the tjook-binding section the work dealt with comprised d5O copies of Volr~me ?( 

of the llecord. of t h e  S I I ~ V P > -  of India, 4100 copies of Triangulation and Levelling pamphlets, 
900 rolnmes of old Triangulation recortls, 200 copies of the Basra11 Tide Tables and 1760 
miscellaneou.; volnmes. 

IV0rkslrops.-The main work of the year consisted in the making of equipment for the 
Sind-Sigar Party and mlditions and alterations to  the oflice boildingfl. A light pattern of 
telescope depigned for the observation of sroplanes mae made experimentally but has not yet  
been put through any field  test^. 
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Miscellaneous.-The Omori Seismograph has been in operation throughout the year 
and the usual meteorological observations continued as in past years. The f o l l o ~ n g  state- 

ments show the earthquake8 recorded and the number of days on which Solar photographe 
were taken. 

G s t  of earthquakes, 191 6-17. 

SOLAR PIIOTOGRAPHY. 
Slatement showing the 1lunz6er o f  dnys on tvhich Solnr Photographs were t n K e ~ ~  

d16rin.g the yenr 1916-17. 

Intensity 
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Diatance of Epicentre 
in  miles. 

Nonth. 

October 1916 

Pioremher ,, 

December ,, 
Jsnusry 1917 

--- . 

Debra 

Riles. 

... 
210 

1,820 

5,320 
350 
175 

140 
3,290 
4,340 

8,890 
630 

2,800 

4,200 
350 

4,790 

0,320 
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29 

30 
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24 
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Duration 

Minutes. 
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16 
19  

40 
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11 
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99 

90 
36 
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75 
32 
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130 
34 

Month and Date. 

2-10-16 
15-10-16 
22-10-16 

1-11-16 
1-12-16 
4-12-16 
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PART 111.-SPECIAL REPORTS. 

PHOTO.-LITHO. OFFICE, CALCUTTA. 

BY CAPTAIN F. J. M. KINQ, R.E. 

N o  spwial report on the work of the Photo.-Litho. Office has appeared in the ~ e c o r d s  
Volume since 1913-14. 

The most noteworthy feature of the year under report is the large increase in out-turn 
as  compared with previous years. Departmental work showed a considerable decrease 0 4 n g  

to survey operat~ons being curtailed on account of the war. The decrease in de~artrnent.1 
work is however much more than counterbalanced by the phenomenal increase in eutra- 
departmental work due to great denlands for maps for the various field forces and for other 
military purposes. I n  consequence of the large and urgent demands by the military anthori- 
ties @e of some of our ordinary departmeutal maps has had to be delayed a t  times: 
this delay was purely of a temporary nature and the office has always been able to  work off 
the arrears thus caused and so keep its head above water. To  cope with the great increase of 
work i t  has been necessary to employ a good deal of overtime, n.hicli, if contiuued for long 
periods without a break, uncloubtedly causes a good deal of strain on the staff. 

During the latter part of the period under report the Stores Section has been 

reorganisecl owing to the anything but satisfactor!- \ray in n~liich i t  was workinq. This section 
is still very cramped for room, but it is hoped that  this defect can be remedied to some extent 
by getting rid of stocks of old paper, nrhich, thor~gh still serviceable, is not now used for 
our work. 

Mr. Vandyke proceeded to Mesopotamia in October 1916 returning to Calcutta iu 
December l9lG.  TVllile in Ifesopotamia RIr. Vandyke visitecl Basrah and the  Tigris Corps 
Heacl Quarte~s and l ) r ~ t  the Vandyke Printing Sectiou of the Basra11 Survey PartJ- on a 
soullcl ~vorking footing, and \\.as able to  o\ercome the dilficulties \~h ic l l  this section Ilad 
preriousl~- expelienced. 

Fixin-q of S t ~ ~ n z p  Shaded Origivza2s.-All s t r ~ m p  shaded origi~lals on receipt i n  the 
Photo.-Litlio. office are nou7 "fixed" by spraying a solution of gelatine orer them. This, i t  is 
hoped, will prevent these originals from having the challc rubbed off them and so losiug their 
depth of tone, and will obviate the necessity of tonchiug t l~enl  up in casc a reprint is called for. 

Lev?/ Acid-Blast Etch i lq  J1achine.-The e t c l ~ ~ n g  machil~e mentioned in t.he Records 
TToltime of 1913-141 aq having been ortlerccl nrent clown iu a sliip wliich mas sualr by the  
Ernde11 and a new one \\.a5 ordered. The new one arr~vecl here ton-arcls the end of 1916 bat  
with parts of it  badly broken. Temporary repairs were effected here ancl the  ~nnchine \\-as 
taken into use for etclitng line-blocks. It is not 11sed for e t c h i ~ ~ g  half-tone hlocks onrinq to 
the time neceqsar!- to empty oa t  the acid used for etching the line blocks and re-filling 11-itli 
the perchloride of iron with n~hicll half-tone blocks are etched. I t  is therefore recomn~ended 
that  aoothel. machine of th r  same type b ~ l t  of a smaller size be ordered as so011 as possible 
after the war SO as to enable one machine aln.ays to be used wit11 acid aucl the other with 
perchloride of iron. 

Special I/e?is,for correcting distortio?~.-No further experiments have been carried out 
in connection with this lens since Captain Hamilton left the office in 191-k owing to the diffi- 
culty of getting any apparatus made since the nrar broke out. 

The Powder Process.-It seems likely that there nrill be occasion to take up again the  
use of \vl~at is known as the Powder Process" by means of which any number of reversed 
duplicates can be made of a negative. I f  this process were taken into use i t  would only be 
neeesaary to make one negative in the camera of the outline of every sheet, as many reversed 
dllplicates RS required being made of this negative in a printing frame by this "Powder 
Process". The process would also be useful for making the negatives for the layer plates of 
layered maps. The advantages of this methocl are its clleapness and the fact that  no prism 
need be wed in making the original negative in the camera, a shorter erpontlre being 
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therefore necessary. The adoption of this process would lighten the work of the negative 
sect~on enormously and wol~ld clo away with the present congestion of the studio. A 
considerable saving in the cost of chemicals would also result. This process was used in 
former years for the purpose of making reversed negatives for preparing the "dust onv blue 
prints used for hill shading before the present method of preparing these blue prints wae 
worked out. Experiments have been made during 1916717 t o  determine the feasibility of 
adopting this process, and the results obtained seem t o  be in no way inferior to results 
obtained by the ordinary method. The only thing against using the process a t  present is 
lack of space : i t  is hoped that  by 're-arranging the accommodation used for storing negatives 
and glass, that  room will be found iu which to work the process. 

New Formu1ce.-The use of gall nuts obtained from England for etching helio plates 
has been discontinned, and a local not, My~o6olans, (Hindi :-Bara Harre) is now being used 
instead a t  a considerable saving of expense. 

The use of Pl~otopalie for duffiug will be discontinued on the exhaustion of our preseut 
stock firstly 011 accour~t of the difficulty of obtaining stores from England and secondly 
because i t  does not appear to  be superior in lasting quality to  the d u 5 n g  medium made up 
here, the forniula for which is :- 

Indian ink ... 16 calres. 
Carbolic acid ... 1 oz. 
Decoction of ox-gall 4 oz. 
Water  up to 60 02. 

NEW RIETHODS AND PROCESSES. 
I .  A new method of preparing Layer Plates. 

1. The principle in use iu the printing of layers for Survey of India 
Old method. maps is with the exception of the yellow plate, to  prepare each layer plate to 

print three different t ints  of the same colour, namely a light tint, a medium 
t int  and a solid tint.  The yellow plate, however, is only made up to print two tints, a light 
t,int aud a medium t,int,. A reference to the diagram will make the matter clear. 

2. The method which has been in use u p  to  date, of preparing these various layer 
plates, is both laborious ancl not pai-ticularly satisfactory. To  get an idea of the amount of 
labour expended on the preparation of a full set of layer plates, it will be sufficient to  consider 
the labour involved in the preparation of one plate, and imagine that  multipliecl by the 
nuniber of layer plates. X fair example will be to consider the labour and time fornierly 
expended on a plate such as the "first brown " plate in the diagram. It may be noted that 
the light brown estencls from 2,000 to 2,500 feet, the mediun~ from 2,500 to 3,000 feet and 
the whole area above 3,000 feet will be printed solid brown, vide column 8 which will in its 
turn receive further graduatefl t ints of brown and red. 

3. First of all an oil'-set (or image in black powder) of the detail and contonrs 
combined, 11ad to be laid down ou a clean grained zinc plate. The 11-hole of the plate below 
that  part which was to receive t l ~ e  light t int  now had t o  be carefully gummed out by hand with 
a brush. I n  addition, all areas above thc lower limit of the light tint,  which were not to 
receive a layer t int  s l~ch  as lakes and do~ible IinetI streams, were also gr~mmed out. The 
upper limits of both t,he light and meclium tints thcn had to be mal,lred on the plate by means 
of a line scratched into t,he plate \vit,ll a ~11arp point. A t int  transfer from a copper plate 
cousisting of fine engraved lines mas then laid down on the plate, passed several times throndl 
a hand press, and finally washed, leaving the t int  on the ungummed portion of the plate. 
The whole of the area of the platc which had to print either n light, a n ~ e d i ~ ~ m  or a solitl t int 
mas by this method covered with fine parallel lines which formed the light tint.  

4. The whole of the plate now had to be painted out with gllln again, only leaving 
exposed those portions which mere to  print the mediam and the ~ o l i d  tint, the lower of the 
two lines already scratched on to the plate forming the guide for t.he draughtsman. The 
portion of t l ~ e  platc which is required to print the light tint was thus by gum from 
receiving any further t.ransfers. llnother t int  transfer mas now laid down with the lines of 
t,he t int  crossing at right anales the lines of the t int  which was first laid down. After 
washing off the second transfer, t,he light and the medium tints were complete. The portion 
of the plate which was to  print the solid t int  was however still covered with the cross lines 
forming the medium t in t ;  this portion, therefore had then to be ~ a i n t e d  in solid with lithe- 
ink by hand down to the higher of the two lines previously scratched .into the plate. 
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5 .  It will be seen from the above that  even if all went well i t  was a laborious process. 
It was, tlowever, the exception rather than the rule for everything to work satisfactorily ; for 
instance, i t  often happened that  a transfer did not. go down satisfactorily; in which w e  the 
whole of tlie work already done on the plate was wasted and had to be done over again. Even 

if a plate appeared to be satisfactorily prepared i t  was very often spoilt in printing, as plates 
with these fine tints transferred on to them are very delicate and will not stand as  much 
rough usage as mhen the t int  has been put on to the plate photographically. 

When i t  is realised that  the above labour was necessary for the preparation of one 
plate, some idea can be gathered of the amount of time and labour involved in the preparation 
of a full set of such plates. 

6. The first stage of the new method is the preparation of what ie 
Kew met,hod. termed the " Layer Origiual ". For this purpose a blue print of the detail and 

contours combined is made on a piece of any good quality smooth surfaced 
paper which has been previously nlouiited on zinc. The portions of this blueprint correspond- 

ing to the black portions of the layer original in column (1) of the diagram are then painted 
in solicl with opaque Indian I n k  using the laj-er guide n-llich has been prepared by the Circle 
or Drawing office as an assistance to the draaghtsmau. Certain of t,he contours also have t o  
be inkecl 1113 with a fine blacl; line. Agaiu referring to column (1) of the diagram i t  will be 
seen t,liat t,lie 1,000, 3,500, (i,OOO and 12,500 feet contours have to be inked up to show the 
limits betmeen contignoas portions \\rliich are left white on the layer original. I n  the case of 

maps in which every coutoar bounds a 1aj.e~ as is tlie case with our h s l l e e t s  (i.e. on which 
there are no intermediate contours) the inking in of the contonrs by hand can be saved by  
printing the cotrtours in black i~~steacl of in blue on the print on \~liicli the l a ~ e r  original is 
prepared. Any areas such as lakes, double-lined streams and perpetual snow areas which should 
liot receive a layer tint, are, if they fall ~vitliin tlie blackeued areas, left white; if they fall in 
tlie areas left white they are oatlinecl bj- a iine black line. 

7 .  'rhe la!-er orixinal Iraviug been completed, i t  is sent to tlie Photo. Branch where 
%s n1an-y negati\.es as there are to  be la!.er plates are ~nacle of it, tlie negatives, however being 
made through a half-tone screeu using a special ' L X "  sl~aped stop iu the Leus. The exposure 
for these negatives is so regulated tha t  the black portious of tlie layer original come out on the 
negatives as clear glass covered with small opaque clots, lvllile the \vhite portions come out  as  
an opaque grou~i(1 coveretl \\-it11 small transparent dots. The inkecl-up contours aucl areas 
which are to receive 110 layers such as lal;ee, doable-liliecl st,reams and snow areas of cour5e 
appenr clearly on the negatives. An idea of what each uegative looks like can be go t  by 
reference to col~u~nn (2)  of the diagram. 

8. Oiie negative is no\v selectetl for each layer plate ant1 the negatives are sent to  the  
Retouching Section for duffilig. Considering the first brown plate [vide column (7)  of dia- 
gram] :-This nejiative is d~uffed Prom the 2,000 feet contour doxvnwards; above this no 
daffinc is necessarj- excel)t to duff out lakes, double-lined streams and perpetual suow areas. 
The second brown negative is silnilarly treated except that  i t  is dnffed from 3,500 feet donru- 
wards, and likewise n i t h  the first and sccond recl negatives which are duffed from 6,000 feet 
and 12,500 feet downnartls respectively. The yellon. negative, however, (v ide  column (6) of 
the diagram) is duffed from 2,000 feet npnrards and from 1,000 feet downwards, while all sea 
areas and areas above 1,000 feet are duffed out from the green negative [diagram column (3)]. 
Register marks are cut  in a t  the corners of all the negatives, and helio plates are made from 
all the negatives. These helios now appear as in columus (3)) (5), (7), (9), (11) and (13) of 
tlie diagram. 

9. Each Ilelio plate has now had two tints (the light t int  and the medium tint) 
produced on it. ph~tograpl i ical l~,  out of tlle three tints which i t  has to print. It now only 
remains to paint in on tlie helio4 with litho. ink those portious of each plate which are to  pr int  
solid, still leaving blank those portions such as  lakes, double-lined streams and snow areas 
wllicli have no layer8 on them. This completes the preparation of the layer plates. T h e  
plates having had the solid portions painted in and having been inked up in their appropriate 
colours mill now give prints as in colrlmns (4), (6),  (a), ( l o ) ,  (12)  and (14) of the diagram 
while the combined result of printing all tlie plates is shown in column (15). 

10. The advantages of the new method ore as follows :- 

(a) A saving of t,ime and labour is effected. 

(6) The results are as good as, and even superior to, those achieved by the old 
method. 
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(c) If  by any  mischance a plate is spoiled in the printing a new helio m n  be 
obtained in half an hour which only has t o  have the solid portion painted 
on. I n  other words a new plate could, on a n  average map, be prepared in 
a day. Thls would have taken about a meek by the old method. 

( d )  There is less liability for a plate to  be spoiled in the  printing, as an image 
produced photographically on a plate is more durable than one produced by 
the transfer method. 

(e) I n  a very difficnlt or complicated sheet i t  is almost impossible for the 
draughtsman to follow the contour lines on a n  off-set. Ry the new method 
this trouble is overcome during the preparation of the layer original where 
the draughtsman works on a clear blue print which is much easier to follow 
than an off-set. 

If) Owing t o  the fact that  no transferring has to be done, the time of the hand 
presses is not taken tip on this work; hand presses are thus free to do their 
legitimate work which is proving. 

(g) The relative depths of the light, meclium, and dark shacles are absolutely 
under control and can be varied a t  will as required by giving suitable 
expoglres in the camera when the layer original is photographed. 

( h )  Two-thirds of what was hand work by the old method is produced photo- 
graphically on the plate by the new method. 

11. This method has been used in the preparation of the layer plates of numerous 
sheets. The results prove conclusively that  there is a great saving of time by the uelv method 
and tha t  the cost incurred is no more than by the old. The saving of time is noteworthy as 
the  duf ing  is of an entirely new description to the men employed on i t  and considerable time 
had to  be spent in explaining to the duffers the work tha t  had to be clone. As the duffers 
get better accustomed to this work the saving of time should be even more marked. 

I I. Description of  some Developments and Improvements 
in Methods of preparing Tint Plates. 

1. The methods in use in the Photo.-Litho. Office for the reproduction of line work 
such as is used for maps are as  up to date and as satisfactory as the modern methocls of Photo.- 
Lithography will allow : the reproduction of the necessary tints on our maps has however in 
the  past entailed a very great deal of labolir, though in the main the results hare been fairly 
satisfactory. I t  is on account of the vast amount of manual labour expended on producing 
these tints that  a great deal of time and thought have been devoted of late in the Photo.- 
Litho. Office towards the simplification of this work. 

2. I n  the past if a t int  had to be laid down on a zinc plate the portion which was 
not t o  receive the tint had to be protected with a film of gum : a print in transfer ink had 
then to be obtained from the necessary engraved col)per t int  plate in the Engraving Ofice 
and this transfer had to be laid down on the portions of the zinc left nnprotected by gum. 
This " gumming out" of t,he zinc plate was a laborious euough task when i t  only harl to be done 
once, but, i t  often happened tha t  the t in t  did not transfer properly from the transfer paper to  
t h e  zinc, in which case the zinc plate was spoilt and all the work of "gumming out"  had to he 
done again on a fresh zinc plate. 

3. The causes of failure in transferring tints to zinc from transfers fro111 engraved 
copper plates are numerous and it will he sufficient if a few of the causes are enumerated. 
Firstly the copper plates themselves are a p t  to  get  damaged when in constant use ant1 any 
scratches are a p t  to  cause flaws in the transfers. Again if the transfers are kept, any lcngth 
of time they become useless. A t,hird cause of trouble is that  on a print from a copper plate 
the  ink on the lines or dots forming the t in t  is actually projecting above the surface of the 
transfer paper in t,he form of ridges or small mounds : this projecting ink is ap t  to get  squeez- 
ed out flat during the ac t  of transferring the t int  to  the zinc thus carising a thickening of 
the  lines or dots and spoiling the t in t  and entailing rejection of the zinc plate. I n  general 
i t  may be said t,hat the laying down on zinc of transfers from engraved copper t int  plates is 
an uncertain business involving great risk of spoiling a plate, a matter which becomes serious 
if the zinc plate has had much labour expended on its preparation prior to receiving the tint. 
The above, however, is not the end of the trouble for a t in t  transferred as  described requires 
very delicate handling both during preparation for the machine and in the machine itself and 
is very liable to be spoiled a t  both those stages. 
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4, Vandyke directed his attention to trying to overcome one of the greet difficul- 
ties mention& in l,ara. 3 which is caused by the ink on a transfer from a copper plPb 
raised above the sllrface of the paper and cor~sequent l~  liable to ~ l ' r d  when eubjected to 
pressure during tmnsferring. Thia difficulty wae finaIIy overcome b?. preparing I a r p  0d 

zinc t in t  from transfers from the engrared copper t int  plates by means of transfern* 
M~~~ trandfers are of course wasted and spoiled in order to produce one transfer on zinc- 
~h~ zinc is thell etc]led in relief by biting with nitric acid ~ 1 1 e n  it  can be rolled UP and 

on to transfer paper be made from it. The ink on transfers thus t n d e  does not ~ t a n d  
up above the surface of the paper, and when these transfers are laid down on to other zinc 

plates to receive them there is uo tendency for the ink to  spread. 

5. ;\lr. Vandyke while workillg on the above discovered that  the llse of transfer paper 

of ally kind was not necessary. Having prepared a zinc plate with the t int  all over it and 
having etched it  in relief he found that  by inking i t  11p and plttcing i t  face to  face with a 

clean zinc the t int  could be transferred from one plate to the other by ~ m s i n ~  the two 

plates together through a press. It is doubtful if there is any advantage in this direct "plate  

to platev transferring as i t  would seem that  there is bouod to be a tendency to wear down 
the relief of the zi~lc  tint plate by cont~in~ial use in this way o w i ~ ~ g  t,o the co~itact  under 
pressure of the hard surfaces of t,he two zinc plates. l"urt11ermore the t , r a~~sfe rs  prepared 
as  described in para. 4, appear to be so satisfactor,v and avoid wearing O L I ~  the zinc t,int plaba, 
that they are to be preferred to transferring from plate to plate, though some workers 
prefer the latter method. 

G .  C o ~ i ~ ~ ~ r r e n t l y  with what has already been described a great deal of improvement 
has been effected tow;trds the same end by a different method. It was noticed that  the half- 
tone made by Mr. Taylor's " high l ight"  tnet.hod snch as are asecl in t'he Photo-Litho. 
Ofice for hill shade and which are in effect plates with dotted tints (stipples) on them would 
stand rougher usage during preparation for the machine and in the machine than 13lates which 
hat1 stipples transferred to them. These half-tone plates are prepared by the ortlinary helio 
process. This led to the fact being realised that  if tints could also be got  on to the zinc plate 
by the helio process they nroold be much easier to work with than tints laid tlowr~ by means 
of transfers. Mr. Vandyke from this evolved t,he plan of making an artificial negative by  
hand on which the portions to  be covered with t int  were clear glass and the remainder opaque. 
I f  this art,iiicial negat,ive be placed face to face with a sensitised helio plate but with a thin 
film or piece of tracing paper, on which a suitable 'L t in t  " or stipl~le is pri~ltetl in some opaque 
medinm, between the negative ant1 the helio plate, a11r1 an crposnrc to light made, the t,int or 
stipple will appear on the helio plate on develol>~nent only on those portious falling directly 
nnderneath the clear glass of the artificial uegstive. I t  will be scerl that  t , l~is method depends 
ou tlie interposed film being snficiently thin to prevent the action of light rprearling to t,hese 
portions of the helio plate nnclerneath the opaqne parts of the negative. T l ~ i s  methocl gives 
very perfect resnlts and is suitable for such tints as tlie blue of sea areas, etc., c n l t i ~ a t i ~ n  and  
Forest areas. It is not sriitable for such tintas as the red stipple 011 roacls and villages as these 
tints have to be pnt on t>o plates on ~vhicll there is existing work in the form of the liues form- 
ing the roads and the out-lines of sites n,hich cannot be 1,rotectecl from harm during the 

inking 1111 of t,he stipple prior to  development^. There is also t,he c1ifficnltJ- of gettiug tlle 
artificial llegativc to register acc~irately \\lit11 the existing work on the zillc when l~laciug i t  in  
the priuting frame. 

7. The nest develolment was made when it was realised that  the work of preparing 
the art,ificial negative tlescribed in para. 6 was practically (loillg over %gain ,,.ark which had 
already been dolle once by t,he Circle or Drawing office whicll prepare(] the yellow and green 
coloar gllitles. The qn~st~ion then arose as to  whether t,lle work already dolle on tilese coloar 
guides could not be ~ltilised to produce without any further 1lalld work a llezative tSo take the 
place of the artificial negative. Experiments were tried and it  was fotlnd that if a blue print 
instead of a black was used on which to prepare the colotlr grlides and if a suficiently strong 
gamboge and Hooker's green NO. 2 were e~nployed iu their ~ r e l ~ a ~ a t i o l l ,  the colour 
themselves could be photographed to produce negatives to replace the artificial negatives, 
This procedure has consequently been adopted and is nom in genera] use throughout the depart- 
ment. 

A large amount of thought and many experiments have been devoted towards 
producing tile thin transparent screens with stipples or tints on them, referred to in  pra. 6, 

use bckween the negative and the helio plate, and it is by improving the methods of 
production of these that  better results will be obtained. 
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An ideal screen for this purpose would be one of celliiloid with the  t int  composed of 
cross lines cu t  into it  and the lines filled up with some opaque medium. Endeavours have 
been m d e  t o  rule such a screen but  the irregular structure of the cellllloid seems to be against 
it and results in some parts of the lines cutting quite clean while other parts cut  with jagged 
edges. 

Another method which has given a fair amcr~nt  of success is t o  coat a glass an 
opaque it ground " or varnisli and rule t l ~ r o ~ i g h  this " ground " by means of a d i n q  machine. 
This ruled glass is then used as a negative and a helio is made from i t  and the helio used for 
making prints on tracing paper or other transparent medium, these prints being used as 
screen* for interposinq between negative ancl helio. The clifficulty in this method has been 
t o  prepare a suitable " ground " with which t o  coat the glass and which will not chip while in 
the  ruling machine. 

9. The most s~iccessft~l results so far  obtained in making these screens have been 
photoqraphic reprodoctions in one form or another of the rlllecl screens used in half-tone 
work. il positive of the half-tone screen is made in a camera by the wet plate or collodion 
process, the =lass being French chalked before sensitising in order to facilitate the siibsequent 
strippiny of the colloclion film from the glass. When this positive is dry i t  is accurately 
levellecl and coated with zelatine. I f  a t l~ ick  coating of gelatine is put  on, t h r  collodion 
film wit11 the qelatine ailherin= to it, can, when dry, be stripped from the glass ant1 forms a 
qood thoriqh rather dectroctible screen for interposing as clescribecl in para. G .  

A more durable screen though a less transparent one can however be made by only 
laying a thin coatinq of qelatine on the collodion film : on to this a sheet of tracing paper, 
n~hich has been coated thinly w ~ t h  yelatine and chrome alnm, is squeegeed down : ~vhen clry the  
whole is cut round the eclzes ancl pnlled off the glass. This method riqht throoqh 1s a very 
delicate one, the making of the positive reproduction OF the half-tone screen being a most 
difficult matter as any dust spots, irreqnlarities of the collodion coating or bath markr malie 
the rcqult useless. The final strippinq from the glass also is fraught with difficulty. 

10. Some very fairly successful screens have been made on traciny paper as follows:- 

A negative i <  made from a half-tone screen in the camera and from this a helio is 
made on a pol~shetl zinc plate. This helio is etched with nitric acid until the cross lines stand 
sliqhtly up in rel~ef after n.hich the cross lines are inked up with an ink mixed with very 
stiff varnish. The tacky ink is then black-leaclecl ancl a print made on to varnished tracing 
paper the image on which is formed by the black lead adhering to the varnish on the tracinq 
paper. 

By means of varying the shape of the stop in the camera lens when the negative is 
being made i t  is possible not only to reproduce the half-tone screen in its " cross lined " form 
but ~t is also possible to produce a negative consisting of ~ a r a l l e l  diagonal lines or of dots : 
thus, giveu a large half-tone screen of the ordinary type, it  is ~oss ib le  to  produce thin screens of 
all varieties of tints for interpoqing b e t ~ e e n  negative and helio. Many other methods hare been 
tried but the screens we use to most advantage are peparea by one of the above methods. 
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R E P O R T  O N  T H E  L E V E L L I N G  C A R R I E D  O U T  T O  W A T C H  T H E  B E H A V I O U R  
O F  BENCH-MARKS F I X E D  T O  T R E E S  I N  T H E  C O M P O U N D  O F  T H E  

TRIGONOMETRICAL S U R V E Y  OFFICE,  D E H R A  DIJN, D U R I N G  
T H E  P E R I O D  A P R I L  1914 T O  A P R I L  191 7. 

BY COLONEL G. P. LENOX CONYNGHAM, R. E. 

Tlle line of levels formed a small circuit starting from ancl closing upon the G .  T. 5. 
Standard Bknch-mark in the above compoond. The levelling was done twice yearly, once in 

.April and once in October, before and after the monsoons, i. e. just before and after the period 
s f  greatest vegetative activity. 

Ten trees of different kinds and ages were selected on which bench-marks consisting 
C f . .  T. S. 

of zinc plates bearing the inscription -4- were nailed, the horizontal line through the circle 
B. M. 

being the point of reference. 
The Bench-marks were numbered serially from 1 to 24 and the numbers were s t a m p  

ed  on the zinc plates. 1 8  of these zinc-plate-bench-marks were fixed vertically on the trunks 
of the trees a t  heights varying from 9 inches to G feet above ground, some on the bark and 
some on the sapwood after removing tlie bark. Three were fixed horizontally t o  the heartwood 
i n  large nicks cut  in buttresses near the base of the trunk; two were fixed horizontally on the roat 
of a rubber tree, and one on that  of a teak tree. 

The ten trees to which bench-marks have been fixed are :- 
( a )  Large Tun tree ... . . . Bench-marks 10, 11 and 23 
(b )  Small Tun tree ... . . . do. 19  ancl 20 
(c) Large Shisham tree . . . ... do. 1 7  and 1 8  
(d) Small Shisham tree . . . . . . do. 3 
(e )  Larqe Chir tree ... . . . do. 5 ,  G and 21 
( , f )  Small Chir tree . . . .,. do. 4 
( g )  Large Garnhar tree (Gmelina Arborea) do. 7 ,  S and 9 
( I )  Large Teak tree ... . . . do. 12, 19, 1 4  and 24 
(i) Large Rubber tree (Ficus Elastics) do. 1. and 2 
( j )  Small Silver Oak (Grevillea Robusta) do. 1 5  ancl 1 G  

These levelling operations have been carried out at  the request of the Forest Depart- 
ment in order to decide whether the stems of trees rise borlily d~i r iug  the process of growth. 

From the results given in the table attached it nlill be seen that  during this .period 
there has been 110 appreciable change in the co~lstancy of the elevation of the bench-marks in  
question. Prom the effects on and the conditions of the bench-marks nailed to the bark or to the 
sapwood of the trees there is evidence of tthe growth i r ~  the girth of the trees, for seveial of the 
zinc plates were actually forced over the heads of the nails and were found lying on the ground 
and most of the remaincler have become distortecl, owing to strain caused by this g r o d h .  

Those bench-marks whicll are tisecl verticall~. cannot be co~lnectecl by direct levelling, 

that  is to say tlie levelling staff cannot be placed directly on the bench-mark. I n  such cases 
a peg was driven illto tlle gronnd as near the bench-mark as possible aud the staff was placed on 
that,, then the vertical distance from t,he top of the peg to the l ~ o r i z o n t ~ l  line on the zinc *late 
mas measasnrecl with a tape. 

The small discrepancirs shown in tlie table may be in part clue to  errors in the tape 
measnrements which were in some instances rather difficult to make. The results of the 
levelling to  the horizontal bellch-marks, on which the staff could be erected, show scarcely any 
changes a t  all during the three years that  the work has been going on. 



TABLE OF RESULTS. 

B e ~ r r r s  

(Hay 1917) 

Forced over the  heads of the  naila. 
Do. do. do. 

I n  good condition. Connected by direct levelling. 

Bent and beinl forced out. Connected by tape mennnrementm. 
Growth of bark on right edge of plate, otherwine in  goodcondition. 

Connected by tape measurements. 
I n  good condition. Connected by direct levelling. 

I n  good condition. Connected by tape measnroment~. 
Growth of bark on right edge of plate, otherwine in good condition. 

Connected by tape rneasuremants. 
I n  good condition. Connected by direct levelling. 

This tree vus removed in 1916. 

Growthofba rkonbo thedges  oEplate, whiohim bent. Connected 
by tape measurements. 

Growth of bark on a l l  aides of the plate, which i8 bent and not 
horizontal. Connected by direct. levelling. 

DO. do. do- do. 

Theplate,whichisbent, iast ickineonly)inchoutofthetreeatits  
right edge and the  nail on this side has been forced out. Connec- 
ted by tape measurements. 

Forced over the hends of the mils.  

I n  good condition. Connected by direct levelling. 
Luge sbi9ham me 6 ... + 7  647 i 7.659 + 7.61.3 + 7.640 + 7.648 + 7.64; + 7 . 6 j ;  Do. do. Connected by tape mennurementr. 

Vartically on eapwood, 4f .. + 6.276 + 6.268 t 6.287 + 6.279 + 6.288 + 6 276 + 6.271 Bent and being forced out particularly a t  the  left edge which i m  not 
quite against the tree. Connected by tape n~eaeurerneots. - - - -- - - -- 

8mall silver oak 3 :' . ... + I ,981 + I ,986 + I ,995 + I . 98 j  + I  ,988 + I .994 + I .981 Growth of bark on both edges of plate, which is bent. Connected 

(Qrmillea Bobusta) by tape measnrementa. Vertically on sapwood, 3k ... + 1.433 f1'4.32 + 1 ,442  + 1'438 + r ' 4 3 6  + 1'448 + 1'435 Do. do. do. do. ------- 
Horizontally on bark of root, f ... -3'481 -3'464 -3.463 ... ... ... ... Forced out. 

Large Teak tree I f  ... -3.092 -3.086 -3.084 -5,096 -3.097 -3.091 -3 ,096 I n  lood condition. Csnnected by direct levelling. Horimntally to henrtrood, 
Vertically on bark. 5 !  . .. + I .  zSj + I .284 + I . z  29 + I ,259 + I ,264 + I .  2 j 2  + 1.260 Bent a little. Connected by tape mensurements. 

13 Vertically on anpwood, 5 ... +o.r);.j t o . 9 8 8  -0.974 +o.954 +o.g49 c o g 4 8  + o . g g j  Do. do. do. do. 

- 

ti 
Z 

23 

'1 21 

4 

3 

20 l9 I 
22 

DrsCnlPTlON 0, BEXCU.XARE 

How Fixed Height above poulld 
-- 

l i f t  
Vertically on bnrk, .k'! ... 

l y e  Tun trce Vertically on supwood. 4 . . .  
Eor~zontally lo I~eurl wooll, , ... 

I 
Vertically on bark, 4: ... 

Large Glirnhar tree Vert~cally on sapwood, 3k ... 
(Qmelinu drbureu) 

Horizontally to I~eartwoorl, ?:. ... 

Vertically bn b ~ r k ,  4 ... 

Large Chir tree 
Vertically on sapwood, 3 ... 

Horiron~ally to bearlwood, 1: ... 

Small Chir tree Vertically on snpwood, 4 ... 

Small Sl~inham tree Verlicully on bnrk, 3: ... 

Lsree Rubher Lroe Horizontally on sapwoocl of root, I f  ... 

Horizontally on bark of root, ! ... 

Vertically on bark, 5 ... 
Small Tun tree 

Vertically on sapwood, 4! ... 

Horizontally to I~eartwood, 2! ... 

t18.i~ht In feet irlrovu ( + J  or Ie low ( - )  the Slndurd Llench.nrark nenr 
the Ottice u i  the Supvri~lteud~nt 01 tho Trlgono~netricnl Survey 

DATE 

October 1016 

- 
... 
... 

+o,gR4 - 
+ 6 . 9 j 8  
+ j 716 

+4.761 - 
+ 7.407 
+6.247 

+ 4.672 -- 
... 

- 
.. . ... 

+ 0.581 - 
+6.959 
+ 5.720 

+4.758 - 
+ 7.399 
+6.228 

+4.668 

7'333 

April 1917 - 
... 
... 

+0.582 -- 
+ 6 , 9 j 7  
+ 5.714 

+ 4.759 - 
+ 7'399 
+ 6 .  z j3  

+ 4.66; 

... 

October 1915 

- 

... 
. . .  

+ 0.5H3 - 
+6.94;  
+ 5.708 

+ 4.752 - 
+ 7.403 
+6.229 

+ 4.662 

+7'.321 

A11ril 1014 

- 

+4.18g 
+,j. iRq 
+ o.gSj  - 
+ 6.051) 
+ 5.7.49 

+ 4 . 7  jo - 
+ 7.42 I 
+ 6.246 

+ 4.658 

+7'344 

+6.771 

Oc:;Iy;.r 1 April I915 

+6 .7 j7  

- 

+'$. I99 
+3.567 
+ o . g R ~  - 
+ 6.932 
+ ~ . ; o z +  

+ 4.;51 - 
+ 7 ' 4 1  2 

+6.22,3 

+ 4.667 

+7.317 

.- 

+ J ' I R O  
+3'606 
+ o,gX I - 

1 + 6.964 
5.730 

+4.752 - 
+ 7.479 
+ 6.237 

+ 4.66.3 ---- 
+ 7 ' 3 2 j  

+6.76.3 

- -  
+ 6 105 

+5'19z 

+6.481 

+ j ' o i ;  - 
+4.448 +4.457 +4.4,;9 +4 .4 j5  +4.439 +4.466 + 4.460 

+ 6. 1 2 0  

+5 '21z 
_ _  

+ 6 . j o 8  

+ 5.979 -- 

+6.128 

+5.219 

+6-477  

+ j .971 - 

+6.745 

+6.12o 

+5 '206 

+6.492 

... - 

+ G . j 6 j  

- 
+6.126 

+5 '201 

+ 6 - j o 3  

... -- 

+6.;6,3 +6.75;  

-- 
+6.144 

+5 '212 

+ 6 . j 1 0  

... - 

+6.118 

+ j ' 2 0 4  - 
+6.523 

. .. - 
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NOTE ON BASEVI'S PENDOLUM OBSERVATIONS AT MORB. 
B Y  COLOXEL G. P. LESOS CONYHC:H,\;\I, R.E., F.R.S. 

I,, tile geogral)~lical journal for September, 1916 there is a paper "On the acclll'acY 
of Basevijs (letermillations of the value of gravity ill Illdia" by It. D. Ol(lham, I.".kS. 

~ 1 , ~  object, of the paper is to amire a t  a value of r /  for More', Captain Basevi's last 
station, to the probable error of the value atlol~ted. 

~ l ~ i ~  qu~stion \\,as (lealt \vith in the Report of the In te rna t io~~al  Geodetic Confel.ence 
,,f 1909 by prof. Borrass of the Prussian Geodetic Institute. 

Taking all pelldnlalll stations visited b?- Hasevi and Heavisicle in the years 1SA5- 

1873, a t  \\,hiell observations n.ith modern apparatus have since beell mncle, and I I S ~ I I ~  I iew 
as t,he base station, Prof. Borrass c o m p ~ ~ t e s  the value of g a t  eacll station from the " vibration 
numbers" given in Vol. V of the " Account o f  t h e  Opmufions of the  G. T. Survey ". Then 
taking the vallles of g obtained fro111 tlle modern observations, lie finds the correct-ions 
\vllich the results require. The errors of the old observations are ~ n ~ r ~ e s t i o n a b l y  

Ilrincipally (Ille to the absence of means for measuring flesure in the old apparatus. 
Prof, l3orrass i i t ld~ that a t  the majority of tlie stations the correctio~l is tolerably 

oniform, but that Ilehra Dull aurl Rlian Rlir are il l  a class Ly themselves. He points oa t  

that  a special light. stand \\.as rlsed at, Afian Rlir and says that  "in all l~robability the sarne 
was nsed a t  nehra nr111". In this lie \\-as mistaken. The light stand was made for the 
espeditio~l to Nor6 and \\.as used 0111~- at 1\9ia11 Rlir \v\~ic\l  place Captain nasevi visited just 
before starting on the espeditio~i. At  Dehra the ordinary stand was used but  i t  was erected on 
four rnaso1ir.y I,illa~s, so as to raise it above tlie flues used for heating the room during the 
determination of the temperature correction. 

To reduce to the Potsdam system, in n.l~ich g a t  Ke\v i~ ! )S l .201 ,  Prof. Borrxss: 
finds that for thc Indian stations a t  \~11icl1 the ordinar!- stat111 was nsed Basevi's valr~es 
of g, computed fro111 the differences from Ke\v, require a corrcctioll of + !). 030 + 0 .003 .  
For Dellra Dan Ile finds the correction + 0.103 aucl for Aiiau Atir + 0.112. Taking t,Ile 
mean of Dehra n1111 and Ilia!) Mir, I I C  adopts + 0.107 2 0.00-b for Jlore'. As eslllaiued 
above, Prof. 13orrass \\.as mistaken in thinking that the conditions a t  Dehra Dun n.ere einlilar 
to those a t  Rlor6. The 1-nlne 0.107  therefore is based on a lnisconcept.ion ancl must be 
reconsidered. 

The fact is that nit11 regard to Afore', n-e have no evidence a t  all escel)t the l f i a n  >lir 
result, m1c1 if \ve wish to mal;e use of t,lle Dlor6 observations the o n l ~ -  Ilossible collrpe is to  
assume that the flesnre of the stand was .the same at, RlorC as it n.a.s a t  Jfiall Mir, but \ve 
have no evidence as to whether the light stand r~setl a t  I I ian Mir  and a t  >forb mas 
rigid \rherever it \\.as erected. 

This point \\,ill be returned to, but before proceeding further it is ilnportallt to state to 
what the correctio~l + 0 .112  is to be applied. Thih correction is necessarq- in ordcr to  remove 
the error car~sed by tlie difference between the flexure at RlorC and tllat at the base s ta l lon .  
At  Kew the way in \ \ l~ich the pendalums were erected \ras quite different from the pIau 
adopted in India, ant1 the corrections qiven by Prof. Rorrass are only applicable when Kero  
is wnde the hnse s ta t ion .  Prof. Rorrass allodes to this, but Air. Olclham does not and the 
omi<p~on miqlit poscibly lend reatlers W ~ I O  are not fan~ilinr with the methods of pendulum 
obser\ations into error. 

Since the arran~ements  a t  Kern werc not a t  all similar t o  those made in India, and 
since n-c now I~al-e trrlstwortl~y values of g a t  a good many Indian stations i t  will somewllat 

simplify thc tliscnesion of Capt. Rasevi's obserratiolis if Kelv is altogether omitk(1 if 
one of the Intliali etationcr is made the base. 

Debra Dun \vould 1 1 a ~ e  been the most natural station to choose, since it  is the base 
of the rnorlern work, but, as has already been said, Basevi's pendulum stand was erected a t  this 
sbation in a special \Ira)- so that  Dehra has the same disadvantage as Kew. 
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Kaliana will be the best station to choose as the base. It was visited three times by 
Capt. llasevi and the conditions of work seem to have been normal and satisfactory. The 
modern Indian operations give the follolving results based on g a t  Kew = 981 - 200. 

g a t  Dehra D t ~ l i  =979.OG3* 
g a t  Kaliaua = 979.154* 

Making Kaliana the base and nsiug the value 079.15-I., the  resolts of Basevi's obser- 
vatious a t  stations which have since been visited with the modern apparatus, and a t  Mark, are 
shown in the table, and alongside of these are given the res~llts of the modern determinations, 

\Ye ere that Bangalore, Colaba and Xojli resemble each other very closely, that i\Iadras, 
Iialianl~rlr and JIassoorie agree fairly well with one another, and that  Dehra and Mian I I i r  
while agreeing with each other differ widely from the rest. The mean correction for the 
six normal stations is - 0 .010 .  

The effect of Hesnre is to increase the time of ribration; if the time of vibration is too 
laree the re\rilti~lg valr~e of g is too small. I f  therefore a result uncorrected for flexure is 
too Inrqe i t  means that  the flexure a t  the station concerned was less than a t  the base station. 
I t  appears therefore that  the flexure a t  Icaliana was greater than that  a t  any of the otliel- 
normal stations (i. r ,  omittinq Dehra and Mian J l i r )  except Kalianpt~r. 

Bangalore . . .  1 978.044 
I 

;\Iadras . . .  1 978,284  

Also that  the correction uecessary to reduce to a Aexore equal to  that  a t  Kaliana 
\-nriw from + 0 .007  to - 0.021. TVe do not know what the flexnre corr5ction at Kaliana, 
or nt any other station, was and me therefore cannot say whetller this variation is a large 
proport i~~n of the whole or not ; it moult1 be quite incorrect to sa!-, for instance, that  the flesnre 
a t  S o j l i  was four t , i tne~ as great as that  a t  3Iussoorie. Oar  position is similar to that  of a 
person who is told that  the t,herrnorneter reads .jOO a t  one place and 40" nt another ant1 is not 
told n-hat kind of thermometer was used, whether C., F. or R. H e  knows t,hat one place was 
hotter than the other but not how much hotter. 

978.025 

978.279 

976.631 

978.777 

979.1-k3 

97'9.0133 

978.793 

979.383 

. . .  

Colaba . . .  

Balianpur . .  

Xojli . . . 

Mr. Oldham finds that the mean correction to the normal stations ir + 0 .039  mitlt an 
uncertainty of 0 .01 ,  and that  a t  JIian J I i r  the correction is + 0 .  lo!).  H e  pt.oceetls, " F r o ~ n  
this it s e e n i ~  that t h ~  llse of the l i ~ h t  stand introdoces a correction of about tn-ice as mncll a4 

in the case of the heavier and probably an uncertainty in the same proportion." 

- 0 . 019  

-0 .005  

-0 .021  

+ 0 . 0 0 7  

- 0 . 0 2 0  

+ O.03S 

-0 .005  

+ 0 . 0 6 2  

. . . 

078.653  

978.770 

979.163 

The corresponding fiprlres when Kaliana is r~sed as the base a,re :- 

Jlean correction to normal station - 0 . 010  + 0 . 0 1 .  
Correction to J l ian 3lir + 0.062 .  

Tt IS not pos*~ble to make any declrlction with regard to the r~ncertainty of t h ~  Mork 
correction. \Ye knom that  the heavy stand, which mas taken to pieces a t  the conclusion of the 
ohler\ation; a t  each ctation and re-erectetl at the next was sometimes more rigid than a t  
Kaliana m d  sometimes less; we knom nothing a t  all about the hehaviorlr of the light stand, 
hut it  is nat~lral  to suppose that it n-ould he liable to greater variations. 

Dehra Diiu 
. "  I 979.009 

' Prof. Borrnss preferu 979.M5 nntl Qi9'166 t ro t  as all t he  rerent Indian reenlts have been hnsed on 
970.W3 at Debra i t  l a  prefernble to  ailbere to this valns ont i l  it is confirmed or modifietl by a fresh expedition 
with the pendnlnma to Kew and back a ~ a l n .  

31~1ssoorie . . .  

Nian  3Iir  . . .  

JIork ... 

978.795 

979.321 

976.15-L 
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'AS has been said above, the ouly way of deriving a value of g a t  MorC from Capt. 
BaseviJs observations is to  assume thxt the correction found a t  Mian Mir, namely + 0.062,  appliee 
equally to MorB. As to the uncertainty the present writer can merely say tha t  he would be sur- 
prised if the correction was to prove less than + 0 - 030 or greater than + 0 e 120; in his opi- 
nion therefore g at MorC will probably be found to lie between 978.214 and 978.304 or in 
round numbers between 976.2  and 978.3.  

The latitude of hlorC is 33' 15' 39'' and the height 15427 feet. 

Hence 7, =979.5843* 
Correct io~~ for height = - 1 -446 t  

yA =978.138  
Bouguer correction = +O-519% 

- 
yB =978.657 

The Hayford, or compensation, correction has recently been computed by Major Cowie. 
The topography of the surroundings is not accurately known aud therefore the result is 
liable to some uncertainty. The valr~e obtained was + 0 a081 and the probable error nlay be 
estimated at about + 0.003. 

Hence yc = y~ + Hayford correction. 
= 978,219. 

Retaiuing two places of decimals only, and even the secoud is very uncertain, we have:- 
y - m = 978.25 - 978.66 = - 0 . 4 1 .  
g - yc = 978.25 - 978.22  = + 0 .03 .  

So far attention 11as only been drawn to the uncertainty a t  MorC due to the light 
stand. There were, however, other special sources of error. I n  India the peudi~lum s b u d  mas 
always erected on a masonry floor ; if none existed a floor ~ v a s  constructecl for the occasion. 
A t  lfork there was no snch floor. 

A t  all the Inclian stations the apparatus was set up in a room which gave tolerable 
protection from changes of temperature, dt Jlorb a tent had to be used. A special]y thick 
tent mas employed and Capt. Basevi was well pleased with the amount of l)r.otection i t  afforded, 
but ~ t s  lise must have introdoced some additional uncertainty. For these reasolls the \view has 
been held in the Survey of India that the J l o r i  observatiolls are too uncertaill for any argu- 
ment to be based on them. 

But for the war we should long ere this have had the results of the pendulom observa- 
tions made by the members of the de Filippi espeditiou of 1913-14. Commander Alessio 
of the Royal 1talia11 N a y  made a great effort to take a set of observations a t  More', but  
unfortunately he was only able to spare time for this espeditiou in the early part of 
1914 and snomJr neatlier frustrated his plans. Observations were however made at L e l ~  and 
a t  several other places in those regions and, wliel~ the results are pnblisl~ecl, lnuch liglit ~v i ] ]  
be t l~ron,~i  on the state of isostatic coml>ensation underlying them. 

* Conqxlted by FIclo~crt'n fo~.rr,~lln 70=97S.030  (1 + 0.005302 sin" - 00.00007 sin' 29). 

3 8 2 . 4  f D o u g ~ ~ r r  rorrcrt.iou lor IIIIISS  = + - - , - 
'A A It 

111 I'rnf. Borrn~a's Rcliorl. tho corrrclious for h e i a l ~ t  nnd tnnss arc qivrn L I I R  rnlues 1 .440 rind 0 . 6 4 2  
r ~ ~ ] ~ * c l i v r l p .  T l ~ r  rlilT'r~.~lre 0.01)3 in tlre co~.~.rrtinn for height 8eenis to be-due Lo n diffcrencc in  tlrc n d o p ~ e d  
r n l l ~ r  of H, llle lnrnn rndrlls of Ihc cnrbl~. Tlie differeuce in the Boogoer correction ie due to  difference in tho 
sdoptcd rnllrr~ of  l l ~ e  e ~ ~ r f n r o  rind nlean dcnsit,g, 2 . 8  nnd 5 . 5 2  haring been employed insload of 2 . 6 7  and 5 . 5 5 6 .  
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A-HISTORY AND GENERAL REPORTS. 

(Obtainable ,froi)t Ihe Sirperinten(lo~t, M a p  Pl~blicnlion,  13, Wood Streel ,  Calcutta).  

MEMOIRS. 
1 .  A Nemoir  on the  Indian Surveys. By C. M. M a r k h a m  . Ind ia  Office, London, 1871. 

Pr ice  Rs. 5 or 6q-6d. 
!I. Dit to  (second edition). By C. R. Markham,  C.Ij., F.R S., 

India  Office, London, 1878. Price R,. 5-8 01. 7t-1". 

3.  Abstract  of t he  Reports of t he  Surveys and of other 
Geographical Operations in India,  1869-78. By C'. R. 
Murkham a n d  C. E. D. Hlack, India  Office, London. 
Published annually bet\vceli 1871  and 187'3. ( O u t  

of print) .  

4. A Memoir on thc  Indian Surveys, 1875-1590. R!j C. E D. Hlack, 

India  OEce,  Lontlot~ 1S!)1. Price, II's. 5-8 01. 75-41. 

ANNUAL REPORTS 
lteports of the Revenue Branch . 1651.1677 - ( l%l-67 and 1869-i0,  o u t  of print) .  

P r ~ c e  Rs. 3 or 46 .  

Ditto Topographical Branch . 1860-1877.-(Out of print) .  
Ultto Trigonometrical Branch . 1 ~ 6 1 - l b 7 8  -(1861-71, ou t  of print). 

Price Rs. 2 or 23-8'1. 

III 1878 tlie three brancl~eu were auialgmnated. and f'tson~ tha t  ante  onwards alinunl reports 
in fiitlgle V O ~ U I I I C S  t'or the whole departmrut,  a r e  availnl)le as f'olloms : - 

from 1Si7-1900 (1877-79. 1887-88, 1895-96 aud 1897-95, ou t  of print) .  
General Reports j or I?., 3' or 4 .  per uolu~~rr. 

( from 1900-1917 (1902.04 and 190G.08, o u t  of print)  nf Rs, 2 or 2'-8'1 
per unlua~e.  

From 1900 on\val.tls the Itrport  hns been issued ~ I I I I I I I ~ I I ~  in t he  form of a coudeused 
stnteuiet~t. I(l~own as tlie "General Reportv suppleuient,ed by fuller reports,  which mere 
called "Extracts from Narrative Reports" u p  t o  1909, nud since then have been styled 
" Records of the Survey of India. " 'I'hesc fuller reports are  available nr followe :- 

( ( I )  "Extracts" Volumes rct Rs. 1-8 o~ 2J p ~ r  VUIILOIC 
1900-01- l l ecen t  Tml)rove~nents it1 Phot,o-Ziucograpl~y. (3. T .  Triangulation in  Upper  

Burma. Lntitutle 0pet.ations. Esperimeut:~l H a ~ e  iV1ensurement with Jiiderin Appal-atue. 
Rlaguetic Surrey.  Tidal and Levelling. 'I'opogral~hy in Upper  Buruia. Cnlcutta, 1903. 
(Out, of ])lint). 

1 9 0 1 - 0 2 - 6 .  '1'. T~~iangula t ior~  it] Upper 13urula. L a t i t i ~ d e  Ol~erntions. JIagnetic Survey. 
Tidal and Levelliug. TOI)OCI.RPIIY ill Upller Burnla. Topography in  Sind. Topography in  t h e  
l'uujab. C n l c ~ ~ t t n ,  1004 (Oat,  ot' print.) 

1902-03-Pr incipal  'I'riant.ulation ill Upper  Hurma. Topography i n  Upper  Burma. 
'I'opogrnpl~y in Slian States. Surrey of S ; L I I I ~ ~ I R ~  Liilte. Lati tude Operations. Tidal and  Levelling. 
&fagtlet,ic Survey. Introductiou of the Contract  Systelti of Pnyment in Traveree Surreys.  
Traversing with the  Subtense 13nt.. Con~pilatiotl :ind Heproduction of T h i n s  Maps .  Calcutta, 
1005. 

1903-04-3rag11etic Survey. Pendnlum. Tidal and Levelling. Astronomicnl Azimuths. 
Utilizatiou of oltl Traverse I)ata for  RIodern Yurveys in the  United  province^. Identification 
of Snow Pealts in NepB1. l'o!~ograpllicnl Survey8 in Sind. Notes on town and Jluuicipal  Surveys. 
Note8 on Hiverain S u r v c ~ s  i n  the l'nnjnb. Calcutta, 1906. 

1904-05-Rlagr~ct ic  Survey. Pendulum Operatious. l'idal and Levelling. Triangula. 
tion in Bnluchist8u. Survey Operations with t h e  Somnliladd Field Force. Cnlcutts, 1907. 

1 9 0 5 - 0 6 - R I a ~ t ~ e t i c  Survey. Pendulum Operations. Tidal and Levelling. Topo- 
graphy in Shnn H t a t e ~ .  Cnlcuttn, 1908. 

1906-07-i\Inguet,ic Survey. Pendulum Operations. 'I'idnl nnd Levelling. Triangu- 
lation in Hn l~~ch i s t i n .  Astronomical Latitudes. Topography in Slian States.  Calcutta, 1909. 

lQ07-08-i\Ingnctic Survey. Tidnl nnd Levelling. Astronomical Latitudes. Pendulum 
Operations. Topography in Shati States.  Cnlcuttn, 1910. 

1008-00-Nague t i c  Survey. Tidnl nud Levelling. Pendulum Operntions. Triangula- 
tion. Calcutta, 191.1. 
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ANNUAL R E P O R T S - ( C o n t i l t z r e d ) .  
( b )  "Records of the Survey of Indiq" nt R s .  4 or  59-4J prr t'olu~ne, except zvltcrs 

otlrer.tc.rsr s ta ted .  
Qol. I - 1 9 0 9 - 1 0 - A n n u n l  r e p o r t s  of p a r t i e s  a n d  offices ... .. C a l c u t t a ,  1912 .  

11 -1910-11-Aunun l  r e p o r t s  of p a r t i e s  a n d  offices ... ... C a l c u t t a ,  1912.  
I I I - l 9 l l . - l 2 - A n n u n l  r e p o r t s  o f  p a r t l e s  11nd ot l icrs  . . . ... C a l c u t t a ,  1913.  
IV-1911-13--Explorations on the North-Enst  F r o ~ t t i ~ v  . . . ... C a l c u t t a ,  1914. 

V-1912-13-Annua l  r e p o r t s  o f  p a r t i e s  a n d  offices .. C a l c u t t a ,  1914.  
T I - 1 9 1 2 - 1 3 - L i n k  connecting the Triangulnt ioi~s qf Indin and Russrn D e h r a  D u u ,  1914. 

V I I - 1 9 1 3 - 1 4 - A n n u n l  r e p o r t s  of p a r t i e s  a n d  offices ... .. C a l c u t t a ,  1915. 

QIII- { 1 8 6 5 - 7 9 - P a r t ,  I 1 E x p l o r n t i o n ~  in Ttbpt  a d  1)ehrn D u n ,  1915.  
1879-92-Part 11 ) nezghlouvi)rg regzons { Prrce o f  ench P a r t  B s  4 o r  5s.4L 

IS-1914-15- A n n u a l  r e p o r t s  of p n r t i e s  a n d  offices ... ... C a l c u t t a ,  1916.  
X-1915-16-Annun l  r e p o r t s  o f  p a r t i e s  a n d  offices ... Uel11.a D u n ,  1917 .  

X I - 1 9 1 6 - 1 7 - A n n u a l  r e p o r t s  o f  p a r t i e s  a n d  o f i c e s  ... Dehl -n  l)Cin, 1918.  

SPECIAL REPORTS. 
1. * H e p o r t  o n  t h e ~ l u s s o o r i e  a n d  L a n d o u r ,  R u m n u n  n n d  Qarhw%l,  Han i l rhe t  a n d  K o s i  

Qnl ley S u r v e y s  e x t e n d e d  t o  Pesh i iwar  nnl l  Gli5giin T r i n n g u l a t i o n  d u r i u g  lbCi9-70 B y  Xajor  
T. G Alontgonrerte, R.E. ( O u t  of p r i n t ) .  

2. * A c c o u n t  o f  t h e  S u r v e y  O p e r a t i o n s  i n  c o n n e c t i o n  w i t h  t h e  M i s s i o n  to  T i i r l t and  a n d  
K a s l i g h a r  i n  1 8 7 3 - 7 4  By C a p t a ~ n  Henry  Tro t t e r ,  R.E. C a l c u t t n ,  1 8 7 5 .  

3. R e p o r t  o n  t h e  l ' r n n s - H i r n f ~ l a y a n  K s p l o r a t ~ o n s  c lur ing 1 8 6 9 .  ( O u t  of p r i u t )  
4 R e p o r t  o n  t h e  T r a n s - H i m d a y a n  E s p l o r a t ~ o n s  d u r i n g  1 8 7 0 .  D e h r a  D u o ,  1871. 

( O u t  o f  p r i n t )  
5 .  R e p o r t  o u  t h e  T r a n s - H i m B l n y a u  b : sp lo rn t io~~s  d u r i n g  1878 .  C ' i~ l cu t t a .  1SSC. ( O u t  

of p r i n t )  
"Notes of the Survey of India" a r e  i s s u e d  m o n t h l y  (Stocitecl it1 t h e  S u r v e y o r  G e n e r a l ' s  
Office, C a l c u t t a ) .  Pr ice  as .  2 or  2". 

B-GEODETIC WORKS OF REFERENCE. 
( O b t a i n a b l e  f r o m  t h e  Sziperintendcnt  of /Ae Triyonontetr ical!  Szirvey,  Dekra Diu, U . P . )  

EVEREST'S GREAT ARC BOOK. 
1. An a c c o u n t  o f  t h e  n 3 e a ~ ~ t r e 1 1 1 e u t  oE a n  A r c  of t h e  n l e r i c l i a t~  b e t w e e n  t h e  pa ra l l e l s  o f  

18' 3' a n d  24" 7'. B y  Qrpt. George Euerest .  E n s t  I n d i a  C o m p a n y ,  L o n d o ~ i ,  1 8 3 0 .  ( O u t  of p r i n t )  
2. An a c c o u n t  o f  t h e  M e a e u r e m e u t  of t v o  S e c t i o n s  o f  t h e  M e r i d i o n a l  A r c  of Iud in ,  

b o u n d e d  by t l i e  pa ra l l e l s  of 18" 3' IS ' ,  24' 7' l l " ,  n n d  29" 30' 48". B?, L t . - C o l .  Q. Everest, 
F. R. IS. E a s t  I n d i a  C o m p : ~ n y ,  L o n ~ l o u ,  1 8 4 7 .  ( O u t  of p r in t . )  

3. E n g r a v i n g s  t o  i l l u s t r n t e  t h e  above .  L o n d o n ,  1 8 4 7 .  ( O u t  of p r i n t . )  
G.T.S. V O L U M E S - d e s c r i b i n g  t h e  O p e r a t , i o n s  of t h e  G r e a t ,  l ' r i gonomet r i cn l  S ~ ~ r v e y .  

P r i c e  Rs. 10-8 or  145 per coluine, except zr-kere other.loise ntccterl. 
V o l .  I-Standards of Measure and Base-Lines, nl:o a n  I n t r o d u c t o r y  Acco l lu t  of 

t h e  e a r l y  O p e r n t i o n s  OF t l ~ e  S u r v e y ,  d u r i n g  t h e  p e r ~ o d  o f ' l 800-1830 .  
D e h r n  D u n ,  1 8 7 0 .  ( O u t  o f  p r iu t . )  

Appendix No 1. Description of the  n~ethod of  comparing, and  the  nl~parntun employerl. 
Appendix No. 2. Colnpnrison~ of t l la  L P I I ~ ~ ~ I P  o f  lO.fret  Stnnr1111.d~ A 11nc1 B, c ~ n d  d~.terrnin%- 

tions of the D~tirrencc oE tlirir Es~nusiona.  
Appendix No. 3. Comparisons between tho 10-feet Stnndnrds In IS ond A. 
Appendix No. 4. Compnrisons of  the 6-inch Brass Scale3 n f  the Cornl~ensnted AIicroscol~es. 
Appendix No. 6. Determinution of I I I C  Length of the Inch [5.8] on Cnry's 3-foot l!r~las S c s l ~ .  

Appendix No. 6. Cornparirons heln.ren t l ~ e  10 - f e~ t ,  Stn~bdnrd Bl~rs Is uncl A for delermini~?3 
t he  Espnnsion ot hlir A. 

Appendix No. 7. Fin01 d e l e r m i n n t i o ~ ~  of ~ l l e  DilFercnces in  Leng t l~  bctwocn tile 1 0 - h e h  stan- 
dn~,ds  Ig IS n n d  A .  

Appendix No. 8. On tlle Thermornelcr~ employ~d  wit11 Ihr Btnndnrds of Len~ t l l .  
Appendix KO. 9. Determination of  l l ~ e  Lenfiths of the Sub-d i r~s~ons  of tho Inch [a.hJ.  

Appendix NO. 10. Report on the Practicnl Errorn of  the BIensi~remeut of  tho Ca l~e  Colnorin 
Baso. 

11-A History and General Description of the Reduction o f  
P r i n c i p a l  Tr iangulat , ion.  ... Dehrn,  D u n ,  1 8 7 9 .  ( O u t  of p r i n t , )  
Appenrlix No. 1. Investigations applying to tbc Indiau Ocodcsy. 
Appentlix NO. 2. The Micrometer AIicroscope Theodolites. 
Appendix No. 8. On Ohservntion~ of l'errentrinl Refraction a t  certain ~ t a t i o l l ~  flit,oated O n  

t he  plsins of tho Piiujab. 
Appcn~l ix  No. 4. On the  Periotlic Errors of Qmtlnatcd Circlcs. kc. 
appendix KO. 6. On certain blodificntioneof Colonel Evcrent '~ nyntcm of Observiug intro- 

daccd to  rncet the  specialities of particular instruments. 
Appendix No. 6. On Tidal Observations a t  Korrnchee in 1855. 
Appendix No. 7. An alternatire Method of obtaining the  Formulz in Chnptcrs VIII  and 

XV employrd in t he  Rednction of ~rian~ulation.-ddditioml Formale  
and Dcrnonstr~tions. - 
* For Departmental use only. 
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Q.T.S. VOLUMES-(Cmlinued). 
Appendix No. 8. On the  Di~persion of Circuit Errorr of Triangnlation after the  Anglea 

bare heen correctetl for Figural conditions. 
~ ~ ~ ~ ~ d i ~  NO, 9. Corrections to  azimuthal Observations for imperfect Instrnfnental *do 

jnstmen?s. 
Appendix No. 10. Reduction of the  N.W. Qnadrilateral-the Non-Circuit ~ ~ a o ~ l e s  and  

their Finnl Figural Adjustments. 
Appendix No. 11. The 'l'heoreticnl Errors of t he  Triangnlntion of t he  Korth-Ke9t Qnedri- 

Interal. 
Appendix No. 13. Simultaneous Rednctiou of the  N.W. Quadrilnteral-the Compntations. 

vo l .  lll-North-West Quadr i la te ra l , - ' l ' he  Principnl Triangulntion, tbe Bme-Line 
Figures, the Karichi Longitudinal, N. W.  Himklapa, nud the Great Indur 

... Series. ... ... Dehrn Dun, 1873. (Out. of print.) 

1v-North-West Q u a d r i l a t e r a l - T h e  I'rincipal Triangulation, the a r e n t  Arc- 
Section 24'-30°, Rahun, Qurhagarh and Jcrgi-Tila Rleridional Series and the 

... ... Sutlej Series. ... ... Dehra Dun, 1876. 
~ ~ ~ - N ~ r t h - W e s t  Q u a d r i l a t e r a l - T h e  Principal Trinngulation, the J o d h ~ o r e  

the Eastern Sind nleridion:~l Series with the details of their Reduction and 
... ... the Final Results. ... Dehra Dun, 1Y86. 

' v-pendulum Operations of Captains J. P.  Haaeri and W. J .  Heaviuide, 
and their Heduction. Uehrn Dun nnd Calcutta, 1879. 
Appendix No. 1. Account of t he  Remeneurement of the  Length of Kater's Pendulum s t  

the  Ordnance Survey Ofice, Soutbampton. 
Appendix No. 3. On the  Relation between the  Indian Pendulum Operations. and thoae 

ml~ich hare  been conducted elsewl~ere. 
Appendix No. 3. On the Theory, Use and History 01 tho Convertible Pendulum. 
Appendix No. 4. On the  Length of t he  Seconds Pendulum determinable from 3lnterialr 

now exiat,ing. 
Appendix No. 6. A Bibliogmphical List of Work8 relating to  P e ~ ~ d u l u m  Operations in 

conuect,ion with the Problem of tllc Figure oE t he  Earth. 

V I - S o u t h - E a s t  Q u a d r i l a t e r a l - T h e  Principal Trinngulntion and Simultnueoue 
Reduction of the follon~ing Series :-Great. Arc-Yection 15" to 2-E0, the East 
Coast, the Cnlcutta and the B~der  Longitudinal, the Jabnlpur and the B i l a ~ p u r  
Meridionals. ... ... Dehrn Diin, 1880. (Out of print.) 

V I I - N o r t h - E a s t  Quadr i la te ra l -Genera l  Description and Simultaneous Reduc- 
tion. Also details of the following five series:-North-East Longitrrdlnal, the 
Rudhon Mel.idiona1, the Hnngir Rleridioual, the illnun Meridional, and the 
Kn~,&ra Rleridional. ... ... ... Dehra Dun, 1852. 
Appezdix No. 1. T l ~ e  Details of the Sephrate Reduction of t.be Budhon Jleridional Series 

or Series J of the  Norbh.Ra3t Qundrilnternl. 
Appendix KO. ?. Reduction oE the  North-Enst Qnndriiaternl. The Non-circnit Triangles 

nnd their Final Figural Adjnstments. 
Appendix No. 3. On the  'I'heoretical Errors Generated Respectively in Side, Azimuth, 

Latitnde and Longitocle in a Chnin of Triangles. 
Appendix No. 4. On the  1)ispersion of the  Residunl Errorr of n Simultnneons Reduction 

of Several Chains of Il'rinngles. 

V I I I - N o r t h - E a s t  Quadr i la te ra l -Dr ta i la  of the following eleren series :- 
Q u r ~ r i u i  Meridional, Gora RIeridionnl, Iluriliong Meridionnl, Chendmar Meri- 
dioual, North PBrasnith Rleridional, North Ma1uuch:r Meridional, Cnlcutta 
Meridional,  ERR^ Calcutta Longitudinnl, Brah~nnputra RIeridiona1, Enstern Frou- 
tier-Section 23'-2G0, aud A N ~ : I I ~  Ln~lg i tud i~~a l .  ... Dehrs L)in, 1883. 

I X - T e l e g r a p h i c  Longi tudes-dur inz  the yenrs 1875-77 nnd 1880-81. 
Dehra Duo, 1883. 

Appendix to  Pa r t  I. 1,  nrterminnt,iou oE the  Geotletic Elemecto of Longitnde Stations. 
2. Descriptions of P o ~ n t s  used for Longitude Stations. 
3. Comparison of Geodetic with Electro-Telegraphic Arcsof Longitude. 
4. Circuit Errors oE Observ~tl Arcs of Longibode. 
6. Hesults of Idiometer Ohservntions made daring Season 1880-81. 

Appendix to  Pnrt 11.1. Sit,nations of the  Longitude Stations a t  Bombny, Aden and Snez. 
2. Sllrvey Operations a t  Adell. 
3. Resnlts of the  'l'rinngolntion 
4. Right .46censions of Clock Stn1.s. 

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. 
Dehra Dun, 1887. 

Appendix to  Part 1. 1. Deterlnination of the Geodetic Elements of the  Longitude stations. 
2. Descriptions oE Rtations of t he  Connecting Trinnaulation and of 

thoso ~t \vhicll t he  Longitude Observations were taken. 
3. On tho Errors in AL caused by Armature-time and the  Retardation 

of the  Electric Cnrrent. 
4. On the  Rejection oE some donbtfnl Arcs of Season 1881.82, 
6. On probable Cansen of t he  E r r ~ r s  of Arc-measurements, and on 

the Nature of the  Defects in theTransi t  Instruments which 
might produce them. 
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(3.T.S. V O L U M E S - ( C o n t i n r r d ) .  
Vol. 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 r l n g  the period 1805-1885. Dehra Diin. 1890. 

SII-Southern Trigon-General  1)escription nnd Simultaneous lieduction. Also 
detnils of the following two series :-Great Arc-Section a0-18', and Bombay 
Lonritodinal. ... ... ... ... Dehra D b ,  1890. 

SIII-Southern Trigon--Details of the following five series :-South Konkau Coast, 
Nangnlore 3Ieridioua1, RIndras Meridiounl and Coast, South-Enst Coast, and 
Madres Longitudinal. ... ... ... Dehra Dun, 1890. 

X I V - S o u t h - W e s t  Quadr i la te ra l -Deta i l s  of Principal Tringulation and Simul- 
taueous Reduction of its compone~lt series. ... Dehrr Dun, 1890. 

X F - T e l e g r a p h i c  L o n g i t u d e s - f r o m  1885 to 1892 nnd the Revi~ed Results of 
Volumes I X  and S : a l ~ o  the Simultnneous Heduction nnd Final Results of the 
whole Operntions. ... ... ... Dehrn Diin, 1893. 
Appendix Yo. 1. Detrrn~inntion of the  Geodetic Elements of the Longitude Stations. 
Appentllx Ng?. 2. On Rrturdation (11 nulner~cnl ll~istalie wns made in this lrppendix in the 

conversion [IF a for~nulu from kilometrer t o  miles: the conclusionsdrawn 
cullnot therefore be upheld). 

X V I - T i d a l  o b s e r v a t i o n s - t i o m  1873 to 1892, and the Methods of Reduction. 
Dehrr Diin, 1901. 

X V 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 1801-95-06. The Indo-European 
Arcs from Karachi to  Greenwich. ... Dehra Dun, 1001 

Appe~ltiir  S o .  1. Desvriptions of Point:, used for Longitude Stutions. 
. ivpe~ldix So .  2. The Longir.ude of Madras. 

S V I I I - A s t r o n o m i c a l  Latitudes from 1885 to 1905 and the Deduced Values of 
Plumb-line L)eflectio~~s. ... ... ... Dehra Dun, 1006. 
Appendis NO. 1. On Deflections of the Plomb.line in India 
Append11 No. 2. D e t e r n ~ i n a t i o ~ ~  nf the  Geodetic Elements of the  Latitnde Stutione of 

Unjumnrn, Bahuk, Lambetach and Kidarliunh. 
Appeniiix No. 3. On the (N-S) Differrnce exhibited by Zenith Sector No. 1. 
Appendix No. 4. On the Value of r.he 31icron1eber of the  Zeni l l~  Telescope. 
Appendix No. 6. On the Azimuth Observutions of the Grent Trigononietrical Survey of India. 
Appendix No. 6. A (htnlogue of the  P~~bl icat ione of    he Great Trigonon~elricol Survey of India. 
Appendix No. 7. On the  combination weights employed. 

X I X - L e v e l l i n g  of Precision in  India from 1858 to 1909. Dehrn Diin, 1910. 
Appendix No. 1. Experiment t o  test t bc  cbnuges, doe to Moisture and  Temperature, i n  the  

Length of a lev ell in^ Sbnff. 
Appendix So .  2. On the  erection of Ytan(lard Bench-Uarks in  India  dnring t h e  years 

1904-1910. 
Appendix No. 3. 3lemorandnm on the  fitep8 tnken in 1906-1810 to  enable movements of t h e  

Enrth's crust to he detected. 
Appendix 511. 4. D p a m i c  and Orthometric corrections to t he  Himilayan levelling lines 

and circnit : and a considerntion of t he  order of magnitude of possible 
refraction errors. 

Appendix So.  5.  The pwsnge of rivers hy t he  Lerelling OperaLions. 
Appendix Xo. (;. 'l'he lirrnrs of the  Tri,oonomctrical values of Heigllts of stations of the  

principal triangnlntion. 
Appendix 30. 5 .  The effrct on the  spheroidnl correction of employing Theoretical instead 

of O h v r r e d  values of (3ravity nncl a alidcossiou of different formula 
piviog variation of C31,avity nrith Latitnde and Height. 

.i!,peodis So. 9. On the  discrepnncy between the  Trigonometricnl and spirit-levcl valnes of 
the  tliflerence of heizht between Uehra Uim and blnssooree. 

X I X A - B e n c h - M a r k s  ou the Southern Lines of Levelling. Dehrn Uuu, :910. 
P r i c p  Rs. 5 ~ J J .  6'-8m1. 

S l S B - B e n c h - M a r k s  on the Northern Lines of Levelliug. Dehra Dun, 1910. 
Price H.q. 5 01- 6.7-8". 

S Y N O P T I C A L  VOLUMES-giv i t lg  charta. descriptions of stations, and full synopses of 
coord~nates and he~ghts  of all stations and point8 fixed by Principal aud Secondary Trian- 
gulation.+ 

Price Bs. 2 or 21&{ per ro lav~e  urrleee olhercuise stated. 
I tol icj igures ore  i t ,  chronological order n71d refer to the Index Chart of the G.  T, Huruey. 

North-West Quadrilateral 
Vol. I-The Great l n d u ~  Yeries (.32). 1)ehra Dim, 1871. 

11-The Grent Arc-Section 24'-30' ( 6 ) .  Dehrn Dun, 1871. 
111-The Krrncbi Longitudiunl Yeries (2.5). Dehra Dun, 1974. 
IV-The GurhHgarh Meridionel Yeries (23). 1)ehra Diin. 1875. 
V-The Hnhun Meridionnl Yeries (33). Dehra Dun, 1875. 

VI-The Jogi-Tile Bleridional Yeries (.77), nnd the Sutlej Meridional Series (4.5). 
1)ehrn Dun, 1Y75. 

VII-The X. W. Himilaye Series (22) and the Triangulation of Keshmir (36). Dehre 
Dun, 1879. 

FIIA-The Jodhpore Meridionrl Yeries (62) and the Eastern Yind Meridionel Series 
164). Uehrs Dun. 1687. . , 

Special chnrtn can be supplied of those series for which no Ypnoptical Volomes are available, mi#. :- nu 
Burma Chittogong and Balocbistio triangolation, the  Aasem Longitudinal, t he  Bembslpnr hleridional. and the  - - 
Oilgit Ueriea, with a few recent eecondaq neriea in India. 
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sYNOPTICAL VOLUMES-(Corrti~rucd) 

south-East Quadrilateral 
Val. VIII-The Great Arc-Section 18O-99O ( 8 ) .  Dehrs Dun, 18i9. 

1X-Tl~e Jabalpur nleridional Series (53) .  Yehra Diiu, 1879. 

X-Tl~e Bider L o ~ ~ ~ i t u d i n a l  Series (43). Dellra Diin, 1880. 

XI-Tl~e Biliapur i\lrridioual Seriea (58). Debra Uun, 1880. 

XII-Thc C'a.lc,ttta Lougitudinal Series ( .5) .  Dehra Dun, 1880. 

XIII-The East Coast Series (24) .  Uehrn Dun, 1880. 

XIIIA-The Sorlth PL~ss115th ( 1 )  and the South BIaluncha Meridional Periort (17) 
Del~ra Dtiu, 1885. 

North-East Quadrilateral 
Pol. X1V-The Budllon Meridianal Series ( 2 ) .  Dehra Dun, 1883. 

XV-The Hnugir nle~~idional S e r i e ~  (4) .  Dehra Dull, 1883. 

X\TI-'l'lie Ainua Jleridionnl Series (3) nnd the Knrira nleridional Series (12). Dehra 
Dun, 1888. 

XVIZ-Tl~e Gtlrr\Hni I\leridio~lal Series (19) and the Gora Rferidional Series (15). 
llel~rn I ) ~ I I .  18b3 

XYlII-The Iluril%ong Jleridional Series (21)  nnd the (:hendrr&r RIeridional Seriea (14). 
De111.a D t u ,  1883. 

XIX-The B o r ~ l l  l'iu.n<lliith (27)  nud the North Maluucha Meridionnl Series (13). 
Deh1.a Uiiu. 1S83. 

XX--The Calcr~tta hIel.idional (lG) and tlie Brnhmapiitrn nleridional Series (56). 
1)ellr;t Dun, 1883. 

XXI-Tho ]Let Calcutta Longitudinal (48) and the Eastern Frontier Series- 
Section 23'-26" (44).  L)el~ra Uii11, 188:3. 

XX11-'Yl1e ,+srau~ Palley Triangulation, E. of Rleridinn 92" (55). 1)ehra Dun, 1801. 
( I  )11t of print.) 

XXSY-Tl~c North-l.::~st 1,ongitndinal Series (20) wit11 the volume of charts. Dehra Dun, 
lBU!). Price Rs. 5 or Gs-@I. 

Southern T r i g o n  
Vol. SX111-'Yl1e Soutl~ 1io11l;nn Coast Series (11) .  Delira Lhin. 1891. 

XXlY-'l'l~e Jlnl~g:~lol~e Jleridiollal Series (4.9). Uehra Dim, 1991. 
XSV-Tl~e Snl~t l~-East  Coast Serios (63) .  Dehr.:~ DGu, 1891. 

XXVI-Tlie 13oml1ay Lollgitudillal Seriea (7).  1)ehra Dun, 1892. 
XSY11-l'l1e A[ncll,au Lougitr~dil~al Series (54). Dehra Dun, 1892. 

XYY I I I -Tl~e J1:ull.n.s nlrridionnl aud Const Series (46) .  Uehra Dun, 1992. 
XXlX-'Ybe G~,ent  Arc &Iericlionnl Series-Section So to 18' (9). Dehra Dun, 1890. 

South-West Quadrilateral 
Vol. SSX.-The Abri 3leridlonnl Series (26) nud the Qujar i t  Longitudinal Series (29). 

1)rlil.n Dim, 1SB2. 
S S X I  -1he l<l~:inl)irura AIerlclioual Ser~es (IS) .  1)ehra Diiu, 1893. 

S X S I I - ' P ~ I ~  Singi i\lericlioi~nl Seriee (10)  Debra Duo, 1893. 
XSSI11-The Cr~lc l~  Coast Seriea (.3j). Dehm Dcu, 1893. 

Addendum to the C'utcb ('ol~st Series, (Indus delta) (separate pamphlet). 
Dehra Dull, l9U2. 

XXXIV-Tile l i i th i%\~  %r Meridiounl Series (28) .  Dehra Dim, 1894. 
T R I A N G U . L A T I O N  PAMPHLETS wit11 charts, i\re uow being issucd for every 

squ:~rc degree, givit~g the ~.esults of all millor trirl~gulnt,iol~, as well as that shorn11 in Synop- 
tical Voluu~o~.  l'ricc Re. 1 or l,*-.i$ per pantphlef. Vide page 115. 

L E V E L L I N G  P A M P H L E T S - g i v i n g  heigllts nud de~criptions of nll Bench-marks, 
fixed by levellillg or l'recisiou i l l  lndia and Uurmn. Each pamphlet embraces an area of 
4" x 4" nut1 the numbering is tlie enme as that of t.he corresl~ol~diug sheets of the 1/M lnap 
of lt~din. 1Sncll is illnstrnted by n mnp of the area. Price Rs. 2 or 2$-8'* peg. pamphlet 
exccpt ~chcre othcr~crisc sfnted. 

I'nmpltlrt 
India 

,, Addendum 

I'nblisbcd Pn~~lphlot Nos. Latitude. Longitude Published. 

1)chrn D i n ,  1916. India 44 28'-32' 72'-76' DehreDin, 1912. 
1911. ,, 46 24°-2Y0 72°-760 ,, 1911. 
1912. ,, 46 20"-24" 72'-76" 9 ,  1912. 
1913. 47 16"-20" 72"-76' ,, 1912. 
1916. ,, ,,' Addendum ,, 1915. 
1911, ,, 48 12"-16' 72"-56' 11 1912s 
1913. ,, 4'3' 8'-19' 72'-76' $ 0  1911. 
1913. ,, 62 32'-86' 76'-80' 8 ,  1912. 
1916. ,, 68 20'-32' 76'-80" ,, 1912. 

* Price Re. 1 or 1 . ~ 4 ~ .  - 
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LEVELLING PAMPHLETS-(Cont inued)  
P~mpll le t  Nos. Latit,ude. Longitude. Published. hnlplllet Xoe. Lntit,ntle. Longitude. Poblished, 

India 64 24"- 28" 76"-80" Dehrn D i n ,  1914.* Irldls 78 21"-28" 88°-920 Dehrs ~ u ~ ,  191a. 
,, 65, 20'-24' i6"-90' 1912. ., ..t Addendum , 1916. .. 661s"-SOo 76"-SO" 1912. ,, 79 20'-24' 88'-92' ,, 1912. 
,, 67 12'-16" 70'-80" 1912. ,, . Addendum ,, 1916. 
,, 5 5  8"- 12" icy-80" 1914. ,, 8% 24'-28" 95'-9G' .. 1912. 
, 63 21'-28" SO0-84" 1911. Bnrmn 8 4  20'-24' 92"-98" ,, 1911. 
,, 64 20"-24' 80'-85" IDI?. ., ,. Addeodiim ,, 1914. 
,, G I s - 2 0 "  80"-84" 1913. ,. 85 16"-20" 92"-96' ,, 1913. 
,, 66 12=-160 e o 0 - ~ c  1012. ,, na oro-sa" 960-loo7 ,, 1 9 ~ 1 .  
,, 72 24"-28" ~ 4 - - 8 8 ~  1912. ,, !)% 20'-2d' SG"- 100' ,, 1917.t 
,, 'i3 20'- 24O 8C-8Y" 1913. .. (94 16'-20' 9G3- lOO0 
, 74  16'-20° 840-88' 191s. ,. 1 9 5  1 2 ~ - 1 a '  96°-ioo* ,, 1916.1 

* 2nd Edit,ion (enlarged). t Price Re. 1 or I'-4d. f Heights revised. 

TIDE TABLES- 
Since 1881 Tidal predictions based on the observations of the Survey of India have 

been pnblisliecl annually by the India Office, London. The tables give the time and heigIlt of 
high and low water for every day in the year a t  each port, and are pttblished early itl the 
previous year. Current tables are available for the following 40 ports :- 

Western Ports- 
Suez (Egypt)-Perim-Aden-~1asI~at-Bushire-Kaacl1i-Oka Point and Bet Harbour 

(Gulf of Cut&)-Porbandar-Port Albert Tictot. (Kithiim5r)-Bhaunapr-BombRy (8pollo 
Bnndar)-Bombay (Prince's Dock)-Rlorrnu:.no (Gon)-Kitrwiir-Beypore (near Ca1icut)- 
Cochin-Miuicoy (Indiau Ocean)-Tuticori~~-Primban Pass (Island of R5mesmnrnul). 

Eastern Ports- 
Gtnlle (Ceylon)-Trir~co~nalee (Ceylon)-Colombo (Ceylon)-Negapntam-Madras- 

Cocanjda-Vizagnpatnm-Fi11se-Polnt-Dub (Snugor Island)-Diamond I - l n r b o ~ r - - K i d d e r ~ , , ~ ~  
(Calcutta)-Chittagol~g-irlryab-Diamond Island (Burmn)-Bnsaein-Elepl~nnt Point (Burma) 
-Rangoon-Amherst-Mol~lmein-Mergui-Port Blair. 

TAe Tide  Tables  are  is.9ued ill t7te .following forms :- 
( i )  Combined Volume-iucludiug all the above ports-Pke Bs. 4 OT 5s-4J. 

( i i )  Part I and Part 11-including Western and Eaatern ports reapectively- 
Xach part Rs. 2 or 2s-S'f. 

( i i i )  P a m p h l e t s - g i s i u g  separately the taLles for il~d~vltlunl ports or for srnnll 
local groups of ports-Pvice varying Jron~ As. 8 OT @' to  Rs. 1-8 OT 2s $10, 

pnmphlet .  

C-CATALOGUES AND INSTRUCTIONS. 
(06tninuble  .frona the Stcpe~intelzdent, Map Publicatiov,  13, lYood Strret,  Cnlc~r f fn )  

D E P A R T M E N T A L  ORDERS. 
From 1878 to 1885 the Surveyor General's orc1er.i: were all issued as '' Ci7.cular 

Order s .  " Since then they hare been classified as follows :- 
I 1-Goverment o f  India Orders (called " C'irclclar Orders " 

i u p  to 1808.) 
From to  as 2-Departmental O r d e r s  ( 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 various orders issued since 1878 were reclassified as follows :- 

n'rrniber to  da le .  

1 . - G o v e r n m e n t  of India O r d e r s . -  690 
2.-Circular Orders ( A d m i n i s t r a t i v e ) . -  3 78 
3.-Circular Orders ( P r o f e s s i o n a l ) . -  194 
4 . - D e p a r t m e n t a l  O r d e r s .  (appointments, prolnotiona, tranarern, etc ) 

These are oambered serial!! and had reachetl the above ~ltimbers by September 1917. 
Goveynrnent of brlia Ordera und Circular 07-ders (Arlministratiue) are bound rip in volumes 
from time to time, as shown below, while Circ l~lnr  C)rdprs ( P ~ o f e r s l o n n l )  are gradually itlcor- 
porated in  the Survey Hand-book.. Besides the above, temporary orders have been issued 
since 1910 in the form of "Circular Memos." These either lapse or become iucorporated 
in  some moll: permanent form, and are therefore o~l ly  numbered serially for each year. Bound 

yolnmes of orders are available as fol10ms:- 
1. +Government of lndin Orders (Departmental) 1878-1903.-Calcutta, 1904. 

Ditto ditto 1904-1908.-Calcuttn, 1900. (Out of print). 
Ditto ditto 1909-1913.-Calcutta, 1916. --- 

For  Depermental uee only. 
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DEPARTMENTAL ORDERS-(Contitlued) 
2. +Circular Orders (Administretire) 1878-1903. -C'alcutta, 1901. 

Ditto ditto 1904-1908.-Calcuttn, 1909. 
Ditto ditto 1909-1913.-Calcutta, 1915. 

3. *Re,oulntions on the subject of Language Examinatious for Officers of the Survey of 
India. Calcutta, 1914. 

4. * blap Publication Orders 1908-1911 (Slrperitttendent, Map Publication's Orderr )- 
Calcutta, 1911. 

5 .  Specimens of papers set at Esaminationcr for the Provinci:~l Service.-Dehra Dim, 
1903.-(Out of print). 

CATALOGUES AND LISTS. 

1. Cataloaue of Maps published by the Surrey of India. Second edition. Cnlcottn, 
1915 Price 3 e . l  or 15-4" - 

NOTE.-Lists are issued of Tiem maps published during each quarter, 
and similar l id r  for each month appear ln the n~onthly NOTES OF 
THE SUItTJET O F  I K D I A .  

2 C a t a l o g u e  o f  Maps of the  Bombay Presideucp, Calcutta. 1913. Price Aa. 4 or 45. 

3. List of the publications of the Survey of India (published annunlly)-Dehrr 
Diin. Oatis. 

4. Price List o f  Mathematical Inetrument Omce. Calcutta, 1913. Grntis. - -  - 

5.  Catalogue of Boolrs i r ~  the Head-Quarters Library, Calcutta, 1901. (Out of print). 

G .  Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey 
Office. Debra Dun, 1008. Price Re. 1 or 1 ~ 4 ' ~ .  

7.  Catalogue of Books in t l ~ e  Library of the Tri,nonometrical Survey Office. Dehrn Dun,. 

,1911. (Out of pl-int.j 
8. Green Lists-PART I-List of oficers in the Survey (half  ~ e c r r l ~  to dates 1st Ja) i~ra,y  

rind 1st Ju7v)-C;~lcutt~, Price As.  6 or 6". 
PAKT 11-History of Services of  officer^ of the Snrvep of 111dia 

(nrr~tunlly to  dnte 1st JILI~)-Calcotta. Price As. 8 or 8'. 
9. Blue Lists-Bli~listerial nncl Subordinate E~tablishmellts of the Survey of India. 

PART I-Head quarters ant1 L)ehra Dim offices (published a ~ ~ u u a l l y  to dnte 1st  
April)-Calcuttn. Price Re:  1 or 1"-4/ .  

PART 11-Circles and parties (published annually to date 1st Jnnuary).-Calcr~ttn. 
Pvice Rs. 1-8 or 25. 

(R'os. S and 9 nre stoclted ill the Surveyor General's Office. Calcutta). 

TABLES AND STAR C H A R T S .  
1. Auxiliary Tables - to  fncilitate the calculations of tbe survey of In111a. Four t l~  

Edition, revise~l. Debra Dull, 190G. Price Rs.  4 OT .5--d1' in cloth n~t (2 cnlf, o r  Rs. 2 or 2'-St' ill paper 
and bonrtls. 

2 .  Auxiliary Tables -of  the Sllrrey of India. Fifth Edition, rerised and extended by 
J. do GrnaiT lIunter, n1.A. I n  parts- 

PART I-Graticules of Maps. Del~rn Dun, 1916. Price Re. 1 01. 1'-4,'. 
PAJ?'I IT-E\Inthemntical Tables (at press) 

:I. Tables for Graticules of 3Ial)s. Extract8 for the use of Explorers. Del~rn Dun, 
1910. Price As. 4 or 4". 

4. * Bfetric Weights and mennures and other Tables. Photo-Lit110 Office. Cnlcotta, 
1889. (Out of priut.) 

5. Lognritli~nic Sines and Cosiues to 6 plnces of decimals. Del~ra Dun, 1886. Price  As. 4 o1.4J. 
(i. Logaritl~mic Siues, Cosiues, 'l'augente and Cotiluge~lts to 5 places of decimnls. Dehm Dun, 

1015. Price Re. 1 or lC-4".  
7.  Co~nmo~l Lognrith~ns to 5 places of decimals. Price As. 4 or 4". 
8. Table for determining Heights in Traversing. Dehra Dull, 1898. Pvice ds. 8 or 8". 
0. Table8 of distances in Chains nud Liuks corresponding to a subtense of 20 feet. Dehra 

Diiu, 1889. Price As. 4 or 4,'. 
10. + Ditto ditto 10 feet. Calcutta, 1915. 
11. * Ditto ditto 8 feet. Ditto. 
12. Ytnr Charts for latitude 20' N. By Colonel J .  R.  Hobday, I .S.O. Calcutta, 1900. 

Price Rs.  1-8 0 1 .  2s. 
13. Star Chnrts for latitr~de 30' N. By Lt.-Col. Burrard, R.E., P.R.S. Dehra Dun, 1906, 

Price  Re. 1-8 or. 23. 
14. *Catalogue of 219 Stnrs for epoch Jan.  1, 1892, from observations by the Survey. 

Dehrn DGu, 1893. 
15 * Rainfall from 18GS to 1903, measured at  the Q. T. Survey O5ce.  Dehra Diin. (Out of print.) - 

* For Departmental use only. 
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OLD MANUALS. 

1 .  A Rlntlual of Surveying for India. detailing the mode of operations on the Revenue 
Hurreya iu Bengal and the North-Western Provinces. Compiled by Cuptaand R, Smytlc and H. z, 
Thuill ier.  Calcutta 1 Y . j l .  (Out  of priut.) 

2. Ditto ditto ditto. Second Edition. Loudon, 1855, 
Price  R s .  4 or5$-&'. 

3. A Manun1 of Surveying for India, detailing the n~ode of operations on the Trigonornet- 
r i c ~ l ,  Topographicnl nnd Hereuue Surveys of India. Conipiled by Colonel H. L. l'huillier, C S . I . ,  
3 R . S  , and Lieutenant-Colonel R. S1nyth Third Edition, revised and enlarged. Calcuttn, 1875. 
(Out  of print.) 

4. Hand-book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8 or 3 s - 4 d .  

SURVEY OF INGIA HAND-BOOKS. 

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914. Price 
Rs. 8 or 4 5  

2. Hand.book, Trigonometrical Branch, Second Edition. Calcutta. 
(Out of print.) 

3. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. (Out of 
print.) 

4. Hand-book of Topography.-Fourth Edition. Calcutta 1911. Chapters of, in 
pamphlet forms- 

Chapter I-Introductory.-reprinted mith additions, 1917. Price As. 4 or  4". 
11-Coustitution and Organization of a Survey Party.-reprinted, 1913. 

Price  A s .  4 or f". 
,, 111-Triangulation and its Computation.-reprinted, 1914. Price As.  8 
, IV-Traversing and ita Computation.-reprinted, 1917. P ~ i c e  As. 8 o r  84 

P-Plane-t~bliug,-rept'intecl 1915. P ~ i c e  As.  8 0 ~ 8 ~ .  
,, TI-Fair 1Iappit1g.-reprii~ted 1917. Price d s .  8 o~ 6". 
, 1'11-Trans-frontier 1ieconnaissance.-reprinted 1914. Price A s .  4 09. 4'1. 

, VII I-Surveys in time of war (not ready). 
,. IS-Forest Survey8 and B1:tps.-reprinted 1914. Price As. 4 or 411. 

S-lteproduction of the Sheets of bile one-inch Mnp.-reprinted 1913. 
Price  d s .  4 or 4". 

, XI-Geogmpl~ical maps.-under preparation. 
.5. *Photo-Litho Offlce, Notes on Organization, Methods and Processes. By N a j o ~ ,  

TP. C.  Hellley R. 8. Xevised and amplified b , ~  Cnpt. S.  7 7  S .  Hamil to~t .  R. E. Calcutta, 1914, 
6 .  The Reproduction (for the guidance of other Depa.rtments), of &laps, 

Plans, Photographs, Diagrams, and Line Illustrations. Calcutta, 1914. Price Rs .  3 OT 4 s .  

NOTES AND INSTRTJCTIONS. 
Drawing and Paper. 

1. *Sotes on the Drawing of New St:\ndard RIaps. B y  i l l o j o ~  W.  .ii. Coldstreant, R ,  E. 
Calcutta, 1008. 

2 .  *Eotes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By 
Nojoi. nT. X, Cblrlstreotta, R. E. Calcutta, 191 1. 

Printing and Field Litho processes. 
3. *Report on Hubber Off8et Printiug for AIaps. By ~ U ~ j u r  TV, V,. Coldstreasz, R. E. 

Calcutta, 1911. 
4. "Notes on the "Vandyke" or Direct Zinc Printing Process, mith details of Apparatus 

2nd Chemicals required for nsmall sectiou. Compiled in the Photo and Lit110 Office, Survey of 
India. Cillcutta, 1913. 

:j, *Report on the Workiug of the Light Field Litho Press (experi~nental) in Noveu~ber 
and December 1910 mith append ire^. By Lietcfenmnt A.  A. Chase, R. E., Calcutta, 1911. 

(1) Notes on solne of the 3Iethods of Heprorluction suitable for the Field. 
(2 )  Suggeuted Eqoipmeut 'Fables for the Light Field Litho Press (experimen- 

tal). 

6. *Report on a trial of the equipment of the 1 ~ t  (Prince of Wales' Own) Sappers and 
&liners for reprotlucin:: luape in the field. By Lieutenoltt A. A.  Chase, R. I?. Calcutta, 1912. 

Base Lines and Magnetic. 
7 .  'Soten on ucle of the JIderin Bnse-line Apparatus. Dehra Dun. 190-A. 

8.  *Miscellnneoum Papers relating to the Measurement of Geodetic Bases by Jaderin Invsr 
Appnratu9. Dellra Dun, 1912. 

* For Depsrtmental use only. 
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NOTES AND INSTRUCT10 NS.-(Corztin?red). 

9. #Iustructiotls for talring Maguetic Observatiooe. I3.y J. Eccleg, AU. A. Llehra Dln, 1890. 

lo. Rectangular C o o r d i n a t e s . - O n  a Yi~nplificrtiou of the  Computatious relating to-  
By J .  Eccles, M. A .  Dehrn Dun,  1911. Price R e  1 o~ 1 ~ - 4 ~ .  

11. *For E x p l o r e r s . - N o t e s  on the  uae of Thermomettrrn, B ~ ~ r o u i e t e r ~  and Hypsomdtern 
with Tubles for the  Co~nputa t ion  of Heights. B y  J. de Q r a a f H t ~ t z t e r ,  M. A. Dehra  Dun,  1911. 

D-MISCELLANEOUS PAPERS. 

( O b t a i n a b l e  f r o m  the Szcperint~ndenl ,  Map PuLlicnt ion,  13, ll'ood S t r e e t ,  Calcutta). 

UNCLASSIFIED PAPERS. 

G e o g r a p h y .  
1. A Sltetcll of the  Geography and Geology of the  Himalaya Rfountrins and Tibet ( in four 

pHr~fi) .  B y  Colonel S .  Q.  l lurrard ,  R. E., F, R S . ,  Sripdt . ,  Trigonotnetricnl Sut.ceys, artd N9.. H .  H .  
Hnyderl, B. A. ,  F. Q .  S . ,  B~cl~dt  , Geologicnl Surce!t of  Ind ia .  Calcuttn, 1907-08. 

Pnrt  I.-'l'he High Pealis of Asia. 

,, J 1.-'l'be l'r~ucipal R.lou~itnin Hangel; of Asia. 1 Price  R8. 2 or 2'.86 per  
,, 11 T.-The Hirers of the Hi~nZlaya and Tibct. pn1.t. 
,, ITT.-The Geologp of t he  Himalaya. 

2. *Heport on the  Identifici~tion nnd Nonienclnture of the  HirnB1:ijnn Pealis ns seen from 
Ki tmandu,  Nepal. By Copt .  H. W o o d ,  R. E. Calcutta, 1904. 

3. l toutes in the  Western Himalaya, Rashtnir, etc.  Bg Liertt.-Colonel T. Q. J f o , ~ t ~ ~ ~ t r ~ r i e ,  
R. E . ,  F. R. S . ,  F. R. G . S .  'l'l1il.d E d i t i o ~ ~ .  Revised and corrected. Dehril DGu, 1909. (Out  
of print.) 

Special R e p o r t s .  
4. Report  on the Recent l)eter~ii iu;~tion of t he  Longitude of AIndms. By C(ipt. S .  Cf. 

B ~ ~ v r a ~ d ,  R. E .  Calcutta, 1597. (Ou t  of print). 

j. *Heport on tlie Ohservntion of the  Total Solnr Eclipse of (it11 h l ~ r i l  1875 a t  Caniorta, 
Nicobnr Ielnnds. By Colonel J ,  Woter/iortse. Calcatt :~,  18iS. ( O u t  of print) .  

6. *The Total Sol:~r Eclipse, January 22, 1698. Dehrn Lhio, 1S9S. 
(1) l ieport  on tlie observatio~ls a t  l)umrnon. 

(2)  Heport ou the obserratious a,t P u l g a o ~ ~ .  

(3) Ik1111rt ou tlie observatiou* a t  Snhdol. 
7. 'Report 011 Local Attrnctlon in India, 1S93-94. B!/ (lirr~loiri S .  G. But-q.nl.d, R . E .  

Calcuttn, 1805. (Out  of print.) 

8. *Report on t , l~e  Trigonometrical Results of tile Enrtlrqunlce i l l  Asnn~n. B!, C c ~ p t f l i r L  8. u. 
B u r r o d .  Cnlcottn, 1898. (Out  of print.) 

9, *Notes ou the Topographical Survey of the ,",I* Sheets of Al;~~,ia.  I)J' tile Topogrnphical 

Section of the "Service Ceograpl~iqne d e  I'ArniPe". By Ctrpftritl TIr.N. Coltlstren,lr,  
R.IC. Cnlcuttn, I9c1ci. 

10. *The S in~ la  Estates Uoundnrp Survey 011  t l ~ r  rcale of 50  feet to  1 illCI1. Cc,ptRin 
E.A.  T( t~rdy ,  R.E. Calcutta, 1906. 

Geodesy. 
11. N o l e ~  on the Theory of Errors of Observation. B!l J. b',.cles, d1.A. Dellm I)Gu, 1903. 

Price As, 8 ov 8". 
12. "Kote nu n Cllango of the  Ares  of the  l'errestrinl Spheroid in  relntlon to  the  Trian- 

gulntion of the C.'l'. Survey of Iudlll. B!I J .  rle Gr,a(tfl  H n ~ t t r ~ ,  N.d. Uellra DGu. 
(Ou t  of print.) Son ,  iucorpornted iu Prof'essiounl Paper K o .  16. 

13. llel>ort or1 the  'rrc.lt~neut and nse of Invnr ill meltnuring Geodetic Bases. By C e p f .  
H .  H. Turrrer, R. E. Lor~don, 1907. Price As. 8 or 8.1, 

Projections. 
14. o u  thc projrctio~i 11sf.d fo r  the Genrrnl i\iaps of India.  Dehrn Dun,  1903. (Ou t  of 

print,). 
15. *On t l ~ e  defornistiori reaultiug from the  niethod of ronstructiug the  Iuternntional 

AtIan of the  World on the  wale of OIIC to  oue milliou By Ch Lallenra71d. m.anslnted 
hay J .  Ecclrs, N . A . ,  together with tables for the  projec t~on of 1/BI Maps on tile 

Internntionnl ~ y s t e m .  l)ehrn DGu, 1912,. (Out  of priut). 

* For Depnrtmenlal uao ouly. 
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U N C L A S S I F I E D  P A P E R S - ( C o n t i n u e d ) .  

Mapping. 
16. +A Note on the d i f fe re~~t  methods by which hills can be represented upon maps, 

By Colonel S . Q .  Burrard, C S  I. ,  R . E . ,  P . R S . ,  Surveyor General of India. Himla, 1912. 
' 17. +A Note oli the representation of hills. B y  1Uajor C. L. Robertsou, C.iKG., R.E. 

Dehrn Dun, 1912. 
18. +A Note on the representation of hills on the Maps of Indin. B y  dlnjor F. W.  Piwis, 

I .A .  Dehra DGn, 1919. 
19. +A conaiderntion of the Contour intervals nnd Colour Scales best suited to Indian 

1/M maps. B y  Captnin X, 0'0. !L'an(ly, R.E. Calcutta, 1913. 

P R O F E S S I O N A L  P A P E R S - P r i c e  Rupee 1 or I J - ~ "  per colume, except wlrere otherwise 
stated. 

No. 1 -Pro jec t ion-On the Pro.jection for n Map of India and adjacent Countries on 
the scnle of 1 : 1,000,000. B y  Colonel St. G .  C. Gore, R.E. Second Edition, 
Dehrn Dun, 1903. 

No. 2 * B a s e  Lines-Methorl of nleasoring Geodetic Bases by means of Metallic 
Wires. By Y. Jiiderin. (Transluted fionz iUC~noi~.es Prasentis par Divers 
S s v ~ ~ n t s  (i l'Acat/t!~nie des Scie~rces de Z'I~~rtittrt de fimnce). Dehrn Dun, 1899. 
(Out of print.! 

No. 3 -Base  Lines-JIethod of measuring Geodetic Bases by means oE Colby's 
Compensated Bars. Compiled by Lieutenant H .  McC. Cozoie, h?. E, 3ehra 
I)iln, 1900. (Out of priut.) 

No. 4 - S p i r i t - l e ~ e l s - X o t e s  on the Calibration of Levels. B!/ Liec~terrartt 3. A. 
Zanily, R. E. Dehra D ~ ~ I I ,  1900. (Out ol  print.) 

No. 5-Geodesy-The Attraction of the Hitnalaya illountains lipon the Plumb-Line 
in India. Considerations o f .  recent data. By Zajor  S. O. Burvard, R. E. 
Second Edition. Deltra Lhin, 1901. Price Bs. 2 or Zs-6". 

No. 6 - B a s e  Lines-Account ot' a Determination of the Co-efficients of Nxpxnsion 
of the Wires of the .Jiiderin 13ase-Line Ap!)nratun. By' Cnptain Q. P .  Lenox- 
Col~ynghanl, R. E. Dehrn Dun, 1002. (Out  of print.) 

No. 7 * M i s c e l l a n e o u s .  Calcuttn, 190.7. 
(1) On the vnlues of Longitude employed in mnps of the Survey of Indin. 
( 2 )  Levelling across the G n ~ ~ g r s  nt Uitnukdia. 
(3) Experiment to test the incrense in t.he length of a Levelling Stnff due to 

moisture and tcmpernture. 
(1) 1)escription of a Sun-dial designed for use with title gauges. 
( 5 )  Sickel-steel nlloys ant1 their nppliratiot~ to Geodeay. (Trrrnslated.fi,ora 

the A~errcR.) 
( 6 )  'l'hrory of electric projectors. ( T r a ~ ~ . ~ l a t e d  Ji ,or,~ the F ~ ~ a n c l ~ . )  

Xo. S-Magnetic-Experiments made to rletermine the temperature co-efficienta of 
Watson's i\la.g~letog~.aphs. B!y C a p i a i ~ ~  H .  A .  Deul /v l~~r  F).n.ser, R. iT. Calcutta 
190.5. 

No. 9 -Geodesy-An ..\ccouut of the Scientific ~ o r l i  of the Survey of India nnd a 
Comlmrison of its progrew with that of l'oreign Surveyr. Pr~210,red for the 
use o f '  the Sicrcey Comnlittrs, 1905. By Lieutennnt-Colr,nel S. Q .  B~irrard ,  R. E., 
El R. 9. Cnlc~~t ta ,  1905. 

No. 1 0 - P e n d u l u m s - T h e  P e n d i ~ l r ~ n ~  Operntions in Tntlia, 1903-1907. B y  lllnjer 
G .  P .  L~IIOX-Conyngham,  R .  E. Dehrn Bun, 1908. Price Rs .  2-8 or 3 ~ - 4 ~ .  

No. 11-&fraction-Obrervntions of t\tmospheric ltefraction, 1905-09. B y  H. B. 
Shnru, Scrroqy oj Itdin. Dehra Diln, 1911. (Out  of print.) 

NO. I?--Geodesy-011 the Origin of the Ilimiilayn R1oiuit:iins. B y  Colonel R. Q. 
Burr,nrd, C S. I. ,  R. L'., F. R, 8. Calcuttn, 1912. 

NO. 13-I80~tasy-Inve~ti~ntion oE the Tl~eory of l ~ o s t n ~ y  in India. B y  .Mnjor H .  15. 
Crosfhtoait, R.B. Dehra Dun, 1912. (Out  of prillt.) 

NO. I k R e f r a c t i o n - F o r u l u l  for A t m o ~ h ~ h e r i c  ltefrnctiot~ nud their applicntion to 
Terrestrial Refraction and Geodesy. B y  J, de QranfHunter ,  dl. A. Dehrn 
Dun, 1913. Price Rs.  2 or 2~.@1. 

NO. 1 5 - P e n d u l u m 8 - T h e  Pendulum Operationn in lndia and Burma, 1908-1.7, 
B y  Cclptnin H.  J .  Cowhmnu, R .  E .  Ilehrn Dun, 191.5. Price Rs .  2-8  or 36-4". 

No. 16-Oeodeay-The Earth's Axes and Triangulation. B y  J. de Qrnqf Hmter ,  Z . A .  
Dehra Duo, 1918. Price Ra. 4 or 53-4d. 

For Depertrnentnl uae only. 
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DEPARTMENTAL PAPERS S E R I E S .  (B'or tirpart~lcntd uee ( lnb ) 
No. 1-Type-A coilsideration of tile mod suitabic  form^ of type for uue on maps. 

By Captarti U. O'C. Tandy, li!. E. Dehra L)u11, 1013. 

No. 2-Symbols-A review of tile Boundary Sywbols u ~ e d  on thr  li~aps of varioua 
count~,ies. B!/ Capta i~~  iU, O'C. Tandy, R. E. Dehra Dull, 1013. 

No. 3-Maps-Estmct from ''The New Mnp of Italy, Scale 1 : 100,UOO." By L u ~ g i  

Gtan96itrqrani. Translatsd from the Ifnlia~m by iUajor W. M. Culdstrenlr~, R.E. 
Dehrir Dun, 1013. 

No 4-Town S u r v e y s - A  repor1 on the practice of T o ~ n  Surveys iu the United 
ICingdo111 and its application to Illdin. By Blajor C. L. Robertsor~, C.M.G, R.E. 
Dehra Dun, 1913. 

No. 5- Stereo-p lo t te r -Tl ic  Thosapson Stere~.~ltrtter arid its use, wtlh notes on the 
jieltl u.orli. By Lieutenant K. Bdlnso,~, B. E .  Dehra L)Gu 1913. 

No. 6-Level l ing-Level l i~i~ of Hlgl~ Precision. By Ch. Lnllemnnd. Translated 
f1.091t the Frcnch by J. de QraaJHunler, A1.d. Dellra Utiu, 1014. 

No. 7 - S t a n d a r d  Bars-Bar  Comparisous of 1007 and 1008. By dlfrjor H .  HcC. 
Coruie, R.3. 1)ehra l ) C i ~ i ,  1015. 

No. 8-Helio-zincography-lleport on Nubber Off-set Flat bed Machine Printing. 
B.y Capla i~~  8 79. Sackuille H t r ~ ~ ~ i l t u ~ i ,  R. h'. Calcutta, 1915. 

P R O F E S S I O N A L  FORMS. 
A large nuulber of forms for the record and rednctiou of Survcy Operatious are stocked 

at Dehra. A list of these can be obtained fronl the Superinteudent of the Trigollornetrical 
Survey, Debra Dun, U. P. 

P U B L I C A T I O N S  O F  THE ROYAL SOCIETY. 
(Obtici~iable fro11~ illessrs. Dula~r 4 Co., 37, Soho Square, Loudon, FV., or. Messrs. 

Hurrison 4 SOILS, St, Afartirr's Larte, Lowdon, 01. the Iioyal Society at % i ~ r . l i n ~ ~ t o ~ ~  Ifou~e, 
L o ~ t d o ~ ~ . )  

1. Pl~ilosophical Transactions, Serirs A ,  Volu~ne 186, 1895. India's Coutribution to 
Geodesy, by General J. 11 IValker, R.E., C.B., P.R.S., LL.D. 

2. Ph~losophicnl 'I'rnusaciions. Series A ,  Volume 205, pages 289-318, 1005. On the Inten- 
sity and Directioli of the Forco of Grnvity in Indill, by Lieutetlajrt-Colorrcl 
S.G. Burvccrd, R . E ,  3R.S .  

3. Proceedings, Series A ,  Volume 90, pagcs 32-10, 1014. On the effecl of the Gaugetic 
Alluvium on tho Plumb-Line in Northern India, by R. D. Oldlia~~z, F,R.S. 

4. Proceedings, Sories A ,  Volu~ne 01, pages 220.238, 1915. On the origin of the Indo- 
Gangotic trougll, commonly called the Lliualaynn Farcdeep, by Calonrl Si r  8. ff. 
b'urmrd, K.U.S.I., R.E., lCR.8. 
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AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS. 

LONDON. 

A. CONLITABLE & CO., 10, 0ra11~e Street, Leicea- 
ter Squnre, W.C. 

P. 9. Kina Q and 4, smith street, 
Weatminster, S.W. 

KEQAN PAUL, T ~ E N C U ,  TUUBNEE & CO., 
68, Carter Lane, E.C. 

B. QUARITC~,  11, Grnfton Street, New Bond 
Street, W. 

HENBY 9.  KING A Co., 65, Cornhill, E.C. 
QB~NDLAY & Co., 54, Parliament Streeti8.W. 
T. FlsnEn UNWIN, LTD., 1, Adelphi Terrace, 

W.C. 
TV. T H A C K E ~  dG CO., 2, Creed Lane, Ludgnte 

Hill, E.C. 
L n z ~ c  & Co., 46, Great Russell Street, W.C. 
EDRABD STANFOIID, LTD. (fov maps m ~ I y ) ,  

12-14, Long Acre, W.C. 

EDINBURGH. 

O ~ l r x n  AnD BOYD, Tmeeddale Court. 

DUBLIN. 

E. POXSONBY, LTD., 116, Grafton Street. 

OXFORD. 

B. 11. BLACKWELL, 50 nlld 51, Brond Street. 

CAMBRIDGE. 
DEIanToN, BELL & CO., LTD., Trinity Street. 

ON THE CONTINENT. 
EmEBT L ~ ~ ~ ~ ~ ,  Rue ~ ~ ~ ~ ~ ~ ~ t ~ ,  paria, F ~ ~ ~ ~ ~ ,  
M a n ~ m u s  NIJ~OPF, The Hague, Holland. 

INDIA. 
THACKEB, SPINK & CO, NO. 3, Esplanade, East, 

Calcutta, and Simla. 
NEWMAN & CO., No. 4, Dalhousie Square, 

Cnlcutta. 
LAL c n . 4 ~ ~  & SONS, NO. 76, Lower Circular 

Road, Calcutta. 
M ~ A G E I I ,  THE INDIAN SCHOOL SUPPLY DEPOT, 

No. 300, BOW Bazar Street, Calcutta, and 
Dacca. 

RAI SAHIB M. GULAB SINGE & SONS, Lahore. 
THACKEII & Co., LTD., Bombay. 
D. B. TARAPO~EVALA, SONS & CO., Bombay. 
H I ~ ~ I N B O T H A M ~  LTD., Madras. 
PIIOPBIETOII, MAFABILITE PBINTINO WOBKB, 

Mussoorie. 
CURATOR, GOVERNMENT BOOK DEPBT, Bunarb, 

Rangoon. 
Coc~nuah-e AGENCY, Srinagar. 
B U E M ~  & Co., Muzaffarpur. 
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