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PART I.-TOPOGRAPHICAL SURVEY. 
NORTHERN CIRCLE. 

( Vide Index Maps 1 and 4. ) 

Summary.-The topograpllical work of the Circle was greatly retarded owing to 
depletion of strength due to the war, and to the following causes :- 

( a )  No. 4 Party was kept in abeyance as a topographical unit on the formation of 
the Sind-Sigar Rectangulation Party as reported last year. 

( 6 )  The three topographical ~ a r t i e s  remaining had to carry out urgent survey on 
the three-inch scale of seven Artillery Practice Camps, which were in some 
cases very distant from current work. 

( c )  Nos. 2 and 3 Parties had to carry out a good deal of special Himalayan Forest 
Survey. 

The detail survey consisted of :- 
1286 square miles of half-inch original survey. 

7 ,, ,, ,, one-inch original survey. 
1,207 ,, ,, ,, one-inch su~~plementary survey. 

452 ,, ,, ,, one-inch revision survey. 
459 ,, ,, ,, two-inch original survey. 
524 ,, ,, ,, three-inch original survey. 
122 ,, ,, ,, four-inch original survey. 
1 ,, ,, ,, four-inch supplementary survey. 

Besides this the S ind-S~gar  Party completed the triangulation of the Sind-Sigar 
area preliminary to t,he de~narcatiou of rectangles, and the Riverain Detachment continned 
its usual work for the Punjah Government. 

During the recess season, 14 civilian pupils and 9 soldier surveyors joined the depart- 
ment and were given preliminary trainiug by No. 1 Party. 

The Circle was under the administrative control of Lied-Colonel C. L. Robertson, 
C.M.G., R.E., up to 15th RIarch 1918, of Colol~el C.H.D. Rycler, C.I.E., D.S.O., R.E., from 
16th to 30th March (916, of Colonel G.P. Leuor-Conyngham, R.E., F.R.S., from 31st AIarch 
to 9th April 1918 and of Lieut.-Colonel H.L.  Crosthwait, R.E., after that date. 

No. 1 PARTY ( P U N J A B  A N D  NORTH-WEST F R O N T I E l t  PROVINCE).  

BY CAPTAIN W.E. PEILRY, M.C., R.E. 
1. The field Iiead-quarters of the party opened a t  I Iosh ia rp~~r  on the 5th November 

1917, and reopened on 15th May 1918 a t  its 
PERSONNEL. 

recess quarters in hInssoorie. 
Imperial Oficrr. 

Major E.A. Tnndy, R.E., in cllnrge from 16th 
May 1918. 

Prouincial Oficera. 

Mr. B.R. Hughes, in cllarge from 1st Octobor 1917 
to  9th April 1918. 

,, O.J.S .  Rne. 

.,, 1I.P.D. Norron Lo 4th July 1918 and in charge 
from 10th April to 16111 M a j  1918. 

,, P.A T. Kenny. 
,, R.C. Hannon. 
,, O.A. Norman. 

Upper Subordii~alr Service. 

Mr. Sher Jang, K.B. (on leave). 
,, Jngdeesh I'raand Vastnv. 
,, Abaz Gul Khan (Probationer). 

Lowur Subordinalu Scruice. 

36 Surveyors, elc.  

The country surveyed druing the wi~l t~er  
consisted of low intricate siwiliks as well as higher 
wooded hills, and low cultivated valleys and plains 
intersected by numerous watercourses. 

The health of t,he party was good. 

2. Plnne-fabling.-The 156 1 square miles 
of country surveyed on the scale of one inch to (I 
mile, con~prised 7 square miles of original survey 
in CIiamLa State, 357 sclrlnre miles of revision 
survey in I-Iosliiftrpur and J~lllundur districts, and 
1,207 square miles of ~r~l l ldrmentary survey in 
HoshiBrpur and KAngra districts and the Simla 
Hill States, and lay in the following sheets :- 

4.3 and 63 A 
1, 2, .i, 4, 6, 7. 

The part of sheet 43 -& was isoletetl from 
tho ~nnin progl.arlllnc, and comprised an arc% of 
7 E ~ ~ U W C  n~ilcs of original srlrvr- in  Cl~amLa State, 



RECORDS OF THE SlJRVEY OF INDIA, 1917-18. [Vol. XITI, 

29 square miles of survey in Kiingra dietrict. The survey was particular]y 

required in order to complete this sheet to margin and enable it  to be drawn as a full sheet, the 
rest of i t  having been stlrveyed in 1916-1 7. 'I'liis survey necessitated special arrangements being 
made, and as tile area was very small, the cost-rates are cousiderably higher than usual ; this 

A work lles been shown separately in the tables etc., accon~panying this report. Sheets 53 ex, 
were s~ lown  as surveyed in modern style in preivions Indexes, but actually they had only been 
drawn i n  new style from previous surveys, and have now been revised. 

Ill .addition to survey work on the sdale of one inch to a mile, an area of 306.5 square 
miles m s  surveyed on the scale of three inches to one mile for Artillery Practice Camps. 
Four of these Artillery ~ r i c t i c e  Camps were surveyed. (1) An area of 1 0 2 . 7  square miles'at 
~ k ~ ~ . a  i n  the Yeshitwar dist,rict of the North-West Frontier Provit~ce; (2) an area of 61.4 
square in the Eioshiirpur district of the Punjab ; (3) and (4) an area of 1-1.2. -k square 
miles in the Quetta-Pisliin district of Baluchistin for the contiguous Artillery Practice Camps 
of Yiru and Bost i i~.  

In  the Al;ora area the country consisted of open cultivated plains and low hills of an 
intricate nature intersected by numerous streams. The Hoshii~rpur country has been describ- 
ed in para one. 'I'he Yiru-Bostin area comprised intricate broken bills and plains intersected 
by numerous dry watercourses, and very sparsely cultivated; the ground varied from 4,900 to 
over 11,000 feet in height,. The water in this area was bad, and there mas ' much fever and 
dysentery, and one death, amongst the section under Mr.  P. A. T. Kenny who did the survey, 
which moreover mas carried out in very hot meather between June and September. 

The clistribut,ion of the party for carrying out the above programme was as follows. 
A section of 12 surveyors under Mr. H. P. D. Morton was eml)loyecl from October to Novem- 
ber on the Akora three-inch Artillel. Practice Camp work. This section then proceeded to  
liosltiirpur. In  the meantime, a section of 12 surveyors under Mr.  R. C. Hanson had started 

on sheets 53 Th. Mr. B. R. Hughes, (then officer in charge), started the three-i<nch Ho- 
shirirpur Artillery Practice Camp work with Mr. G. d. Nor~nati and :3 surveyors. On the 
arrival of Mr. Morton's sect.ion, 18  surveyors were divided into :- 

No. 1 Camp.-Mr. Morton sheets 53 A . 
1, a.8 

No. 2 Camp.-Nr. Hanson sheets 5 3  2- . 
3, 4. 7 

JYhen Afr. Hughes was transferred, Mr. Morton took over the Hoshiiirpur Artillery 
Practice Camp work. Mr. Vastav surveyed the outlying portion of sheet 4 3  Gm 

Mr. Kenny in Jnne 1918 with a section consisting of Mr. Norman, Mr.  Afraz Gul 
Klian, and 13  surveyors (including 7 pupil soldier-surveyors), undertook the Quetta-Pishin 
work already rnentioued. 

The cost-rates of the clifferent classes of survey mere :- 

One-inch original.. ........................... .Rs. 88 .7  
Do. supplementary (Kingra)  ......... ,, 1 4 . 5  
Do. s~ipplcrnentary (ordinary) ...... ,, 20.9 . . 
Do. revision ............................. ,I 9 ' 5  

Three-inch Akora Art,illery Practice Camp ,, 87 - 0  
DO. I-Ioshiirpur do . . . . . . . , ,  9 3 . 8  
Do. Yiru and Hostan do. ...... ,, 123.8 

The higlrcr rate of the last ~lamerl i~ due to the fact that sevcn soldier surveyor pupilg, 
w l ~ o  joined the party in July 1918 for their first period of extra training, \\,ere put on to this 
work, aud beiug begiuners their out-turn was small ; also considerable sums had to be paid for 
local escorts. The high cost-rate of the one-inch origizal survey has already been explained. 

3. niangnlation.-No triangulation in advance has hecn done during the year 
under report for the ordinary programme of the party. 

4. T~.mt~ersing.- No traversing iu advance was done during the year under report for 
the o r d i u a r ~  programme of the party, but a supplementary traverse of 2 3 . 6  miles was run by 
Mr.  Morton for the Artillery Practice Camp survey a t  Hoshiirpur, to furnish intersected 
~ ~ o i n t s  and heights to trijunction pillars. The cost-rate was Re. 1 9 . 8  per linear mile. 

5. Recess Dutie8.- During the field season Messrs. Rae (on leave from November 
to January) and Kenny were employed a t  recess headquarters with a section of 16 draftemen 
and eurveyors on fair-mapping. 
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Distribution a t  first :- 
Mr. Kenny and 16 men, 
Four-inch Peahiwar military survey. 
Three-inch Akors Artillery Practice Camp. 
One-and-half-inch mapping, sheets 43 h2. 

Then from March :- 
( a ) Mr. Rae and 7 men, 

P One-and-half-inch fair-mapping, sheets 43 ,,,, ,,,,, ,,,,,o,,l,12,1s,lr~ 

( b ) Mr. Kenny and 9 men, 
Four-inch Peshlwar military survey. 
Three-inch Akora Artillery Practice Camp. 
Three-inch Hoshiirpur Artillery Practice Camp. 

During recess the duties were allotted as follo\vs:- 
( a ) Mr. Rae with a section of 13 men, 

One-and-half-inch mapping, sheets 43 .=h5. 
Three-inch Hoshiirpur Artillery Practice Camp. 

( 6 )  Mr. Hanson with a section of 13 men, 
One-aucl-half-inch rnappi~ig, sheets 43 &4. 

Mr. Morton was in charge of a Traiuing section of 14 civilian pupil surveyors and 2 
pupil soldier-surveyors who joined in June and July. 

Mr.  Vastav toolr over the training of the above pupil surveyors in July 1918, and also 
.of 7 other pupil soldier-surveyors on their return from Quetta in the middle of September 
1918. 

The total o~iLturn of fair-mapping during the year mas :- 
( a  ) One-inch mapping ... . . . 2359 8 square miles. 
( 6 ) Three-inch mapping,- 

( i ) Akora Artillery Practice Camp . .. 102.7 square miles. 
( ii ) Hoshiirpur Artillery Practice Camp . . . 61 . 4  square miles. 

( c ) Four-inch mapping,-- 
Peshimar rn~litar]. survey left over from 1016-17 171 .5  square miles. 

Cost-rates were as follows :- 
One-inch n ~ a l q ~ i u g  . . .  . . . ... Rs. 10.8. 
Three-inch mappiua Akora Artillery Practice Camp . . . Rs. 23 3. 
Three-inch mapping Iloshitirpur Artillery Practice Camp . . . Rs. 33.1. 
Pour-inch mapping Peshiiwar military survey ... Rs. 1 7 . 9 .  

The following sheets were submitted for publication during the year: - 
P One-inch sheet 43 

Three-inch . . . Akora and Hoshi:irpur Artillery Practice Camps. 
Four-inch . .. Peshimar military survey. 

The following still remain to be submitted :- 
One-inch sheets 43 &6 ( i n  hand ), 

43 5 , 6 ,  7,0, lO~ll,,S, ,,,I6 ( in hand ) 9 

53 &7- 
The Ytiru and Bostin surveys were only completed a t  the end of September 1916, and 

plane-tables have not been received from the field. 

6. It~8peclions.- The Surveyor General inspected the party in recess in September 
1918. 
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NO. a PARTY (RAJPUTANA, U N I T E D  PROVINCES A N D  D E L H I  PROVINCE), 

B y  LT.-COLONEL E. A. TANDY, R. E. (Information supplied by Mr. H. P. D. Morton). 

PE~SONNEL. Thej'eld pr,yrn,~~vne was as follows :- 

Provincial Oficers. ' ( a )  Continuation of the topographical pro- 

Mr. T. W. Bebonsu in ehsrpe bo 4th July 1918. 
,, H. P. D. Morton in charge from 6th July 1918. 

gramme on the half-inch scale in the 
Rijputsna States of Jaipur and Alwar. 

,, R. E. Ssubolle. i h )  Survey on the three-inch scale of two 

Mr. 

J. H. Johnson. 
J. A .  Calvert. 
1)uni Clisnd Puri. 

Upper Subordinate Service. 

Qhulnm Bssnn. 
Dnulst Ram Vohra. 

Lower Subordinate Service 

21 Surveyors etc . in the field. 
11 Draftsmen employed on fair-m~tpping during tlie 

field senson. 

Artillery Practice Camps, one a t  Roor. 
kee, and one a t  Tughlakftbid about 14 
miles south of Delhi. 

Supplementary Survey on the &inch 
scale of the leased Forests of Tehri- 
Garhwiil. 

(d) Triangulation and boundary traverses in 
the Jar~nsir-Biiwar Forests of the Chak- 
r i t g  Forest Division. 

21 Surveyors etc., on sn overage, in Recess, (e) Traverse of 20 linear miles of the Chak- 
excluding sbsent,ees r 5 t i  (Jantonment boundary. 

Distribution.-Mr. Calvert was in charge of items ( a )  and ( h )  above, having a camp 
averaging 5 surveyors on the half-inch topography, ancl another of similar size for the two 
Artillery Practice Camps; besides which lie himself had to carry out the supplementary 
triangulation and traverse required for Roorkee. 

Mr. Johnson mas in charge of the three remaining items, having 2 surveyors on the 
forest survey iu Tehri-Garhmil, and an average of 5 traversers on the Jaonsir-Biwar forest 
bouudaries ; while Mr. Ghulam Hasan carried out the Jaunsir-Bftwar triar~gulation and the 
Chakri t l  bounclary traverse under his directiorl. 

Besides the above a drawing section was maintained throughout the year a t  Mussoorie, 
in charge of Messrs. Sanbolle and Duni C h a d  Puri, to deal with the arrears of mapping, 
which ioclnded 5 slieets taken over from No. 4 Party. 

F ~ e l d  Season.-Field headquarters opened a t  Delhi on the 30th October 181 7,  and 
closed a t  the end of April 1918 ; but tlie forest surveys in the Iiills were carried on till the 
end of June. T l ~ e  Ilealtli of t l ~ e  part>- mas :ntisfactory. 

l l n l f - i ~ z c h  Topograph?y.-TI~e detail survey mas based on the triangulation and tra- 
verses executed duriug tlie previous season, and consisted in the completion of slieets 

54 & !  and the whole of sheets 54 *II. The country was intricate, consisting of narrow 
cultivated plains separatad by small rocky ranges rising abruptly about 1,000 feet above 
the plains and mostly covered with cleuse brush-wood aucl stunted trees. Though qoocl 
fixings were oltaiuable, they mere clitiicult of access, ant1 the out-turn was not large, anlonnt- 
ing to 1,2St; square miles, a t  a cost-rate of Hs. 9 . 8  per square mile. 

ITlie Arlrllery Praclice Camps consisterl mostly of flat or undulating cultivation, that 
a t  Roorkee being intersected by streams from the Siwiliks, and that a t  Tughlakibid by low 
outcrops of bare rock. Thc areas were 133 and 54 square miles respectively. 

The Iloorkee survey was based on old district traverses of 1877-78, sripplemented by 
40 square miles of triangulation and 54 linear miles of traverse, the cost-rates of which were 
RE. 53.5 per square mile aud Rs. 13 .7  per linear mile respectively. 

The triangulation and traverse heights were based on a Cf. T. Bench-Marl;; the triang- 
ulation was based on a measured base-line and closed by traverse on to old triangulation. 

The Taghlakiibid survey was based on triangulation executed by No. 3 Party in 
1910-11. 

The average cost-rate for these two surveys on the 3-inch scale was Its. 50.5 per 
square mile, excluding t l ~ e  cost of the supplenientary triangulation ant1 traverse work a t  Roor- 
kee mentionetl above. 

Leased Forests of TeR,.,i-Glrrhwci1.-Tl~e follow in^ old focr-inch sheets of these forests 
were brought up-to-date in respect of roads, chaks, etc., and in some cases re-contoured, for 
the Forest Department :- 
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Sheets 222 md E. 223 e. 226 . #.". snd 8.. 227 A!!. 
4 )  1 ,  3, 4 I 1,2,3,4 1 ,  1,8,8 '  

The country consisted of forest-covered Himalayan foot-hills reaching to altitudem of 
from 5,000 to 10,000 feet. The area was 144 square miles and the cost-rate Rs. 28 .3  per 
square mile. 

I'riangulalion and Ikavrrse of Jaunsir-Bciwar Forestr.-The existing triangulation 
covering the old Jaunsirr-Uiwar two-inch sheets 1 and 2 was supple~nented to give further 
points for the prol)osetl -L-itlcl~ surrey, and closing points for the 'b~unt la r~  traverses. Thie 
supplen~entary triangulation covered 156 square miles, and the cost-rate, including that  of 
computation, was Rs. 49.8  per square rnile. 

The traversing was carried along 175 miles of the boundaries of the Deogarh, Bgwer, 
and Deoban ltauges of the Chakr i t i  Yorest Division, and mas in every way unfortunate. I n  
the first place the work was much hamljerccl by difiiculties of transport and supplies, and by 
the attempt to carry i t  through in the saine seasou as the triangulation on which i t  had to be 
closed, and without having the Loundar)- lines first cleared by tile k'orest Yepartnleut. 

Apart from these natural dilticulties, traversing in such steep an.1 thickly-wooded hille 
requires expert traversers ant1 cl~aiumen ; and owing to the tlepleted state of the Department 
neither of these were obtainable. The chainmen wcre ulitrained coolies, ant1 the traversers 
inferior workmen with no 1)revious hill experience. 

As a result n~uch  revision was necessary, sometimes more thau once, and traversers 
went sick out of fear of the hills, and others procured in their place were little better. So 
that with an average of ci traversers only 175 linear miles of traverse was done, a t  an average 
cost, including computation, of Hs. 98.1 per linear mile. 

As we have no prospect of gett.ing better traversers in the near future, and as bear- 
ings a ~ l d  distances of boun~aries are not very useful in this sort of country, we have advised 
the Forest Department to dispense with further traverse work on these boundaries. The 
remainder \rill therefore be deterlniued by plaue-table, in conjunction with the &-inch survey 
now to be coli~l~leuced by No. :!I Party, to wlloul this work is being transferl.ed. 

l'he ChakrcitZ Cantonment Boundary traverse was carried out a t  the request of the 
Cantonment $Lagistrate, Cl1akrit5, \tit11 a view to aulending the bonoilary Xotification and 
laying down il~termediate 1)illars. The 20 linear miles included 296 theodolite statious, snd 
the cost-rate was Rs. 4,3. (i per linear mile. 

Recess Duties.-(a) The arrears of fair-mapping, which were dealt with by the drawing 
section left in Mussoorie during the field season, and in conjuuction with cllrrent work during 
the recess, were as follows :- 

Pour four-inch sheets of Delhi a11d vicinity. 
Five one-inch sheets in 53 D and 64 A. 
Two half-inch sheets in 54 A. 1 

Five one-inch sheets in ti3 M and N (from No. 4 Party). 
The following sheets were completed and submitted for publication during the year: 

(i) Four four-inch sheets of Delhi and vicinity. 
(ii) Five three-inch sheets of Roorkee and T u g h l a k ~ b i d .  
(iii) Six one-inch sheets, 54, : and 63 M N  4 ' 1. 2. 5. 6' 

(iv) Folir half-inch sheets. 
(v) Pour one-inch sheets were also completed and nearly ready for submission by the 

end of September, thus bringing the fair-mapping of the party nearly up-to-date. 
(b) Other recess duties included the computation of the supplementary triangulation 

and bonndary traverses of the Jaunsir-Bfiwar forests. 
1mpecfiows.-The party was inspected once by the Surveyor General, and on several 

occesions by the superintendent, Northern Circle. 
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No. 3 PARTY ( U N I T E D  PROVINCES).  

~h~ prty ill stren,oth arrived in Bareillp, which was again the field head. 
quartel%, on !st November 1917 and returned to 

PBMONNLL. Mussoorie towards the end of May 1918. One 

Mr. E. H. B. Henbp in  charge. 
,, E. J. Biggia to 5th Map. 
,, A. M. Tmlati. 
,, (3. B. R. Cooper. 
,, Moqimnddia. 

Upper Subordinate Seroics. 

Mr. Mnhsmmul Hn~nill .  
,, A. A. S. Mntluh Ahmad 

small section was left in Mussoorie during the winkr 
to cnrry on the arrectrs of mapping. 

The nlajor portion of the party's programme 
lay in the hill-tracts r.f Kuma~in,  bnt parts of the 
Riirziipur district and Nepgl State also came nnder 
ol)erations. 

The nature of tlie country was generally hilly 
and densely woodecl. 

'Z'opogrc~ph~.--The programme of work com- 

Lorer  Subordimole Srruics. prised :- 
( i ) Revision survey on the I -inch scale in 

44  Snrveyore. Br.  
0 

sheet 53 m' 
0 

(i i )  Survey on scale &inches = I rliile in sheets 5 3  11 ( p r t ) ,  12 (part), 15 (pnrt), 16 (part) 
0 

(iii) Survey on the scale 2-inches = 1  mile in sheets 53 i . 3 7 3 ,  5.6 (part), 9.10 ( p n ~ .  
u I, 

jiv) S u r v e ~  on the scale 3-inches = 1 mile In sheets 63 ~?(,,,t,, 63 ~(pnrt) of the 
Kntwa .Irtillcry Pl;tc.tlce Camp. 

It was ti r-t l1ecitlt.J that  a contour interval of 50 feet wonld satisfy military require- 
nients 111 tht. area that  mas to be surveyed on t l ~ c  vn l r  of 3-incl~es to a ~nile, but on conipletion 
of the work freqh orders mere issued and n verticsl interval of 25 feet was decided upou. 
This chanqr ~ n v o l v ~ l  the loss of a month. Then the I~ealth of the party \\,as not very good, 

0 
and owing to sickness amon!: the surveyors, no work in sheets 5 3  co~ild be taken up. 

The work was tlistribr~ted among four camps tinder Messrs. E. J. ]3iggie, A. If. Talati, 
Moqirn~rdtlin antl surveyor J i t  Singh. 

In  t,he m0nt.h of Slay 1913, Mr. E. J. Biggie was t,ransferrecl to the Eastern Circle, 
and M r .  hlotlin~~l[l~lin took charge of his camp in addition to his own. 

The p r t ? ' ~  orit-tnrn on all scales mas 7 i 7  square miles. 
(a) Revision srlrvc!- or1 I-inch scale 103 ,, ,, 
(b) 81ir\-e!- nu 2-inph scall. . . . 439 ,, ,, 
(c) S u r v r ~  on :$-inch scale . . .  31 ,, ,, 
(1-1) P n r ~ e J -  on &inch scale . 2  ,, ,, 

The cost-ratc of (a) was Rs. 2 2 . 1  per square milt.. 
, ,  ,) , ( 1  , R .  4 , ,, ,, 
,, I ,  ,, (c) ,, K.J. .is.(; ,, ,, ,, 
*.  ', , I )  , R .  5 3 , ,, ,, 

Trinngu1olion.-TIlr total area triang~11;ttetl during the Fear nnder report aruonnted to 
1,122 squnrr miles. Of this, :JO s8lual.e miles were executed for the :3-inch survey in district 

AIir~i)~rlr ,  111 ~l~t.t ' t ' :  6:3 li,grt) ant1 6 3  the reniainil~r, 1,002 square miles in sheets 

5 , , , , , 2 - 2.  . I ,  + (pnrt ) ,  - *, .--(:------ Ipnr+,). 7 ( lnrt) ,  (I Iptrtt \ w S  of a snpplenlt.ntarJ' natllre for 
2-iacll a1111 I-i11c11 crlrre!.s i n  future years. 

T l i ~  \\-hole arpa of I ,  13.2 stluare miles was trianynlatt.rl hy computer Bal Krishna. 
'The co-t-rate of triananlation for 8-inch survey man Hs. 5 . 2  per sclnare mile. 
'l'l~c ronlputation of tria~l:ulation for %inch and 1-inch work has not heen completed. 

Trarerro~g-1Jutler this heat1 31.5 linear mile4 were executed in all, 25 linear miles 
being for I-inch spcial  forest Purvey, and 290 linear miles for future s~uvcys  on scale 1-incll 
= 1 mile. 

The met-rates of traversing 
for 1-inch survey was R6. 1 8 . 7  per linear mile. 
,, L-inch , ,, Re. 59- 1 ,, ,, ,, 

Rccerr D r ~ i e r . - ( 0 )  The fair-mapping waa divided into two sections under Messre, 
a. E. R. Coopr antl Xoqimuddin. 
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Mr. Cooper, assisted by Mr. Muhammad Huaain, Sub-Assishnt Superintendent, 
supervised the mapl~ing of last and previous year's arrears, which included four half-inch 
sheets, 8 two-inch sheet6, 53 N & S, 53 N & S, 5 3  5 N & S,  a22 b3 N & S, and five 

K one-inch sheets $3 ,,. 5 3  ,&',,,. Afr. Moqimuddin supervised the fair-mapping of sheete 

53 8 N & S, 53 a, N & S, and the 3-inch map of the "Kutwa" Artillery Practice Camp. 

Of the two-i11c11 blleets, 5 5  : N & S have now to be completed to-margin, -53 N has to be 

redrawn ta admit of reduction to half scale, and 53 S, which was originally drawn as a n  
outrigger to 53 !! 14 N ,  has to be prepared as aseparate sheet and completed to margin. 5 3  i N  
n7as formerly mapped for reprodoction only. The object with which the aforementioned 
sheets are being completed to ~nargin is to meet the re~~uirements of the Forest Department. 

The fair-mapping of sheet 53 R on the 14-inch scale was abandonetl. When sheets 

53: N & S have been completed, a one-inch editiou can be prepared from reductions of these 

two sheets. 
None of the sheets s~~rveyed  during the year under report have as yet been completed 

for publication. The following sheets however will be submitted for publication during the 
next two months:- 

5 3  3&, and the "Kritwa" Artillery Practice Camp map. 
. . .  

For want of men no progress could again be made on sheets 53 L and 5. 
N. W N. E 

(6) The computations of the following areas were completed:- 
(i) 1,043 square miles of triangulation for 2-inch survey, intersected points (arrears). 
(ii) 290 linear miles of traversing for 1-inch survey. 
( i  25 ,, ,, ,, ,, ,, 4-inch survey. 

NO triangulation charts have been drawn, and the computation of 1,092 square miles 
triangulated during the year under report has still to be undertaken. 

Afisce1lnneous.-Two draftsmen received training in hill surve?.ing. 

Inspections.-The party was inspected fortnightly by the Superintendent Northern 
Circle and once by the Surveyor General. 

The programme of the party consisted in t,he execution of uetwork triangulation as a 
preliminarj- to the rectangular survey for the pur- 

PEBRONNEL. poses of canal alignment, colonization, and the 
ImperioL Oflcn. preparation of a record of rights, in the area sibuat- 

Lieut,.Colone, H. Cros,hweit, R. E,, i l l  ed betmeen the Indus anti Jhelum, and Chenib 
chnrge to ~ 1 s t  April 1918. rivers, commonly knonrn as the Sind-Sigar Doib, 

lying wit.hin t,lle limits of hIiRnwili, Shihpur, 
Proaincial Oflcsrr. 

Jhang and hIuzaffargar11 districts in t,lle Punjab. 
Mr. Dbnni Ram Verrns, nttnched from 218t. 

October 1917 mud in charge from 22nd The triaugulation was undertaken a t  the re- 
April 1918. quest of the Punjab Goverr~ment in connectiotl 

,, J. C. C. Lears. with the Sind-%gar Doib canal and cslol~izl~tion 
,, F. J. Qrice. project, for hy ing  out on t.11~ ground te~vporary 

Upprr Subordinnte Seruire. marks to be eventnallj- used in the locatio~l of the 

Mr. Cll~rni 1.111 K H P I I ~ .  t,rnc r0rnel.s of -1,,000-acle rectangles, of dime~~sions 
,, hfuhnni~nnd Hnnnin J i l ~ n n .  15,840 feet north and south hp 1,1000 feet east 
,, S H ~ I ~ H ~  6Iinn. and west, to be finally subdemarcated iuto 100-acre 

Lower Ssbordi~~nfr  Serr~ice, rectangles of dimensions 1,'JSO feet north a ~ l d  south 
by 2,200 feet east and west. 

26 S~irvryorr, e l r .  

The general nature of the country is that of a vast rolling drset-t of sand dotted over 
mith sand hillocks. A Iarqe portion is t,reeless but parts are n-ooded, trees Kcnerally con[ining 
themsrlves to the strips of land between the hillochs. 

The recess office of the pnrty closed a t  AInssoorie on the 12tI1 October 1917, and the 
field heatl-quarters opener1 a t  Aliinn-;ili on the 29th 0etol)cr 1917. The ollicr a t  3Ii.illw.ili 
was closed on the 8th April 1918, and tho rccess office was oprncd in l\Iussoorie on the 18tll 
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April 1918. The section under Mr. F. J. Grice continued field operations till 20th April, 
and returned to Mussoorie a t  the end of the month. 

The hrnlth of the party during the field season mas satisfactory. 
fiinnqvktion.-The area for triangulation embraced the following sheets :- 

I M 
38 r. 7, a a 11 (pnrta), L, I6 (port). and I6 ; 39 16&-; 39 ~ S - f i J h ;  39 1 . 2 B 3  (parts,. 4, 6 to  16 and l l  (part) ; 

h 39 - -  . ~ - -- D 
I, 2. Y 5 4 (pwta) 5, ti 8 7, 8. 10 B 11 (ysrta) ; 43 3.4.7  5 a ( p r t s j  and 44 i tol&its). 

The party was divided into three triangulatio~i camps under Mecsrs. Dhani Ram Venna, 
J. C. C. Lears and P. J. Grice. 

No. 1 (:amp.-Under Mr. Dhani Ran1 Verma, assisted by Mr. Chuni Lal Kapiir, with 

8 surveyors, triaognlated an area of 2,552 square miles in sheets Xos. 36 rnp&; 
31 B D 

39 13to11,& le 39 a m ;  43 3,4,7-i-); and 44 I&)' 

N o .  2 Camp.-Under Mr. J. C. C. Lears, assieted by Mr. Muhammad Husain Khan, 

with 8 surveyors, triangulated an area of 1,650 square miles in sheets Nos. 38 ;i, 
P 

4 B b  l l (parts) ,&12;  

39 1 e a (pbytsj. 5 d: 0 . 
No. 3 Camp.-lJnder Mr. F. J. Grice, assisted by Mr. Nabidad Khan, wit,h 7 

I 
surveyors, triangulated an area of Y,22R square miles in sheets Nos. 39-1; 

H N 
39 3 B 4 (ports), 6 to LI. nnd 10 to 12; & s9 1 to 4 (ports), 5, 8, 7 ,  8. 10 B 11 (parts)' 

I n  the earlier part of the field season, Mr. Muhammad Husain Khan was employed in 
distributing stakes to  centres throughout tlie area, and rejoined No. 2 Camp in the midclle of 
December 1917 on the termination of this duty. Surveyor Hazara Sing11 was lent to  No. 15 
Party (Triangulation) to assist in building stations and rejoined No. 1 Camp a t  the beginning 
of January 1918. Surveyor Abuzar Khan was employed in recruiting khalesis for the party 
ancl rejoined No. 3 Camp a t  the end of November 1917. 

The coi~ntry triangulated is locally know11.a~ " Thal " (sandy desert). The entire tract 
is sandy, stutltled with hillocks (" tibbas ") assuming generally a north-east and sontli-west 
direction, and alternating with narrow strips of land called " Luks " or " pattis ". The east- 
ern portion of the " Thal " which is designated as " high Thal " or " grazing Thal" is dis- 
tinguishable from the western portion called the "agricultural Thal", by tlie unculturable 
and more or less bare sand hills which are higher and more numerous. The country is sparsely 
inhabitecl, the population is mostly raral and pastoral. The northern part of the " Thal " is 
esknsively cl~ltivated and the southern part has scattered cultivation on wells in the " pattis". 

On the formation of the party, snrveyors mere given a preliminary training in reconnais- 
sance and observation in recess, but i t  mas found necessary to supplement this inst,raction by 
a practical training in the field when the party reached its field headquarters. This supple- 
mentary training was given over tlie open ground east of Kundiin railway station for about 
20 days. I n  some cases backward men were placed with others for extra furt,her training 
when actual tield work was in progress. 

The object of the triangulation carried out during the season was to fix stations and 
intersected poi~its as near as possible to the zctoal corners of 4,000-acre rectangles. To locate 
such stations and points on the ground the one-inch maps which were available for almost the 
wl~ole ground were utilisetl as field charts. The valnes of the graticnle corners of the sheets 
were cornplited as rectangl~lar coordinates from the oricin which had been chosen for the 
snrvey i . e .  the intersection of tlie meritlian of 71' :30' with the parallel of 81' 30' (this point 
falls near the centre of the figure of tlie area comprised in the scl~eme), anrl were plotted on 
the one-inch maps and the rectangles ruled up in red. The stations of every f o ~ v t l ~  series 
of rectangles running east and west mere made stations of observation, t,he stations of the 
intermediate series beiog intersected from three stations of observation. The east and n7est 
series were joinctl a t  intervals of about :!0 miles by a north an11 sont l~ cllain, t,he wl~ole beidg 
tied to a c o r r t i ~ ~ n o ~ ~ s  series skirt.ing t l ~ e  outer lirnits of the area. 1\11 tlic series arranged 
consistetl of ~l~~a~lr i la tcr : t l  figures. With tlie rertnngles markell on his one-inch maps the 
surveyor carried out his reconnaissance, whici~ consisted in locating 011 t l ~ e  g r o ~ ~ ~ l d  b y  interpo- 
lation, wit11 the aid of snc l~  detail as was svailablr, a position for his station or intersected point 

as  near as possible to the actnal corner of the rectangle plotted on his one-inch sheet. Iiaving 
reconnoitred and fixed a t  least 8 stations rn this may, he proceeded to observe the network 
thus formed, ~rsing the signals and stakes described below. The inexperie~lre of tlle staff in 
work of thin kind, and the hazy atmos1)here in November necessitated the reduction of the size 
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af the series to 2000-acre rectangles. As the men became familiar c i t h  the work, and aa the 
atmosphere and the nature of the country permittetl, large series were resumed. But  the 

ground iu the north-western portion of the tract was not favourable for large series a t  all on 
account of the jungle on the hills. 

Stations and intersected points were marked by creosoted stakes, 30 inches loug aud 
3 inches square iu scctiou and pointed a t  one end, which were driven into the ground, 9 inches 
being exposed. With a view to the recovery of tlie stakes in the case of their being obscured 
by drift of saud, and as a precaution against damage to or removal of stakes, clods of earth 
were piled around them and tri1,ocls ~nacle of stout branches of trees were erected over them 
.aud firmly fixed into the ground. 1111 stakes were placed in the custody of the lambardars 
of villages, receipts being taken for the number made over to t'hem. 

The signals used mere 20 and YU feet high, made a p  of "chir" wood poles 10 feet long 
with single or double socket joints according to the height of signal, surrnorlnted by a strong 
white cloth top and plu~nbecl by mcans of 4 guy ropes fixed to the lonver ring of the hoop. 
From experience i t  \\.as found that  the ropes soon became loose ancl the pole knocked out of 
the vertical. This was due to the fact that  the pegs of the guy ropes could not hold in t,he 
sand to ensure stabilit,y. The YO feet or double jointed signal was useful to overcome 
obstacles on the ray such as trees or hamlets. Thc dorible joint hat1 a tendency to weaken the 
pole, which could not always sustain the straiu irnposed on i t ;  when erecting the signal broke 
easily. The great disadvantage of this signal was that  it never kept vertical, i t  oscillated iu 
the air, and consequently steady intersection of the signal could not be made in the telesco1)e. 

Reconnaissance was carried out without much line-clearing except in the very deusely 
wooded portions of the country such as that  around Khushib. It was invariably possible to 
locate stations on the tops of sand duues as the hill tops mere generally bare. Work progress- 
ed under exceptional weather conditions, more rain fell during the winter than has hitherto 
been recorded for that period of the year, but  notwithstanding this in the afternoon the 
atmosphere was hazy enough to 1)revent opaque signals being osed a t  a greater distance than 
31. miles. On account of the hot vapours arising from tlie desert, the bignals became so 
magnified that reliable intersection could not be obtained. All these atmospheric conditions 
necessitated the observations for base connections with secondary series haviug r a j s  about 7 
miles long to be takcn early in the morning or late in the evening. 

I 1  l h e  triangnlation mas connected with secondary series executed by No. 15 Party 

(Triangulation) a t  frequent, intervals, t,o obtain values for sides and bearings and for checking 
and distributing errors, altogether 8 7  bases were connected and 87 stations for coordiuata 
values. The connections were made by officers with 6-inch transit theodolites (3-vernier) 
reading to 10 seconds. 

The surveyors usecl 5-inch and 6-inch vernier theodolites, reacling to 80 seco~lds and 20 
seconcls respectively, for observing horizontal angles ; 110 vert'ical angles were observed as the 
party was not concerned with t,he determination of altitudes. 

J The thickly wooded area of about 378 square miles in sheets 39 l&t), 39 13 L 1, 
M 39 7 and 39 A, in which triangulation was impracticable was left over for ?raversing next 

field season. With this exception the programme laid down for the field seas011 was 
completed. The total out-turn of triangulation was 7,430 square miles, the average montllly 
out-tarn per man was 80 a 2  square niilcs. The total number of points trigouometrica]] 
fixed was 1888. 

Tho average cost-rate of triangnlation including computation was 11s. 151- per scluare 
mile, or 4 . 5  pies per acre. 

Recess Dz~ties.-The computation of the triangulation completed was distributed as  
follows :- 

No. 1 Section.-Under Mr. J. C. C. Lears, sheets 38 ,,;, 8,k llp(,,,,rts) A ,..; and 
nt 

39 1 a z ( l l l l l l rn ) .  6 rk !I. 

Bf No. 3 Sertion.-Undcr nlr. P. J. Grice, sheets 39 ; 39 3 k 4  (prts), ti tu t( A l U  to la; 

and 39 1% 4 ( lmr t~ ) ,  5, o . ~ ; i ~ ~ , ~ ~ l ( p n r t s ) .  

P M No. 3 Section.-lJndcr Mr. Cliuni La1 Kapnr, sheets 88 15 (,$) & l a ;  39 
t, ,, ,, ,, 

N L, 
89 p i )  ; 43 3,41-) ; and 44 &). 
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A]] the computations of the triangulation done dcriiig the field season mere completed 
by three seCt,iolls. The chief point in computation wort11 mentioning is that  the rectangular 
cosrdin~ks of the stations and intersected points were worked out by Gale's traverse system, 
"sing the ]t~llgtlls of sides and the angles from the computation of triangles; 1 5  intersected 

have not proved, they will be retriangulated nest  field sellson. 

Tile average errors of connectioli work and uet-work are shomn in the annexed table:- 

- 
have beel, I,rel)aredd, the fair charts will be prepared next year;  the preparations for the field 
seson  ]lave taken up a good deal of time during the recess owing to the very large number of 
4,000-acre plots having to be prepared. 

Triangulated points were plotted OII -1,,000-acre rectangle prints on the scale G inches to 
1 mile. They were examined and inked and other necessary data mere entered on them for 
the grli(lnnre of the surveyors and the patwiiris ill demarcation. One set of 1,257 plots was 
completed. The d~~pl ica te  set is ex1)ected to be ready brfore t , l~e party t;tkes tlie field. 

~Visce/ltrtreorts.-(rr) Almostall the transport of the Sind-S.igar D O R ~  is done by camels, 
which cnn be obtained iu the villages but llot wit!iout diffic~~lty. With the exception of the 
Jllang-Hl~akkar road which runs across the desert, the conlltry l ~ a s  no other road. llllere are 
nunieroos calnel paths but these are obliterated in s storm and are unrecognisable after a shower 
of win. There are wclls a t  the villages aud scattered about the tlese~t, bnt their water is 
gelrerally brackish and bitter. Supplies are dihcul t  to obtain, there are some large villages in 
the interior, but, they are far between and are only ceutres of indigenous trade. Prcrious 
arrsngemcnts through the district a~~thori t ies  are necessary. There are Government Rakhs in 
the I '  T l ~ a l  ", but they are patches of waste la~lll leased for graziug ancl are almost treeless. 

( b )  Mr. l\lrthan~n~ad IIusain lillall and surveyor Muhammad Yakub Khan who had 
been sclcctecl for the Eastern Persia Sr~rvr!. l'arty \\-ere trained by Mr. Chuni La1 Kapur iu 
astronolnical obscrvatior~b for lat,itude, n z i l ~ ~ r ~ t h ,  and time, and in  t l ~ r i r  cornl)utation for about 
a f o r t l ~ i ~ l l t  iu Septentbrr. 

Itr~pectio~rs.-The Sul)erintenilent, Northern Circlr, ir~spected the party frcqnently in 
recess. The Surveyor General insl~ected tlie party in September 191s. 

R I \ ~ E l t . i I N  DISTACH AIRNT. 

HI: ;\I*\-A Das  pun^, R.11 S.11r1n. 

T l ~ r  Iirl,l ol>erations were started 011 the 1st October- 1!)17, and were closed rnrly in 
July 18 1s. The I ~ c a ~ l - ( ~ ~ ~ a r t c r ~  of tlie detnchment 

~ 'ER~oSSEI . .  rtwainetl a t  Can~pbr-lll)ore till tlie 12th ;ll)l.il 1!)18, 
l ' i .ovi ,~cio/  c j ~ ? ~ e r .  after wliirl~ it \\.as shiftrcl to .Jhelum where tho 

>Ir .  > I I I > ~ ,  1): )s  1'11ri. R .  s . ,  I I I  ~ ~ l ~ o r ~ , ~ .  ofice openc~l O I I  the "2nd Aliril 1!)18. 

Ij . , , . .r  S*Cor,l,?tatr Perrice. 
2 .  The tletnclr~iirr~t \\.as divicled into four. cslnps 

and four rrctions. TIII. r o r ~ n ~ r  consislrd of 12 to 1S 
M r .  l'nrms 1: 1111. traversers each, anti ( I I ~  lattrr rarietl iu s t rct t~t l i  
,, I:\nl \;,tr.t!:ln l f a s t ~ r  f r o l ~ ~  Ill.? 4111 6rptr111- 

Itrr In1.l accordillg to r e ( j u i r c r ~ ~ ~ ~ l ~ t ~ .  
., 1,ekrhm~ 1 ) ~ t t  .1ozl11. The assistants S I I ~ I ~ ~ V I R I ~ ~  the \rork as follows:- 
,, TIIIJR D11or C'J~ol>rn. 

3Ir.  Paras  ran^. h-o. 1 C U I I I ~ )  (Indns) for the 
1 S d i b  Tnhr i l ddr  ( S r t t i e ~ ~ ~ e n t  elof f )  first 3; months. The Indus 

L o t r e r  aSnhordinatr Service. bonnilsrp conipilatior~ for the 

Connect ion work ... I G.7  

;G Bt~r r ryn r* ,  lrnr~ners, ctc. remaining part of the year. 
1 ~ c n m n g o  (JcttIernent e~tabl~sl~ment) trot11 BLr. Lakslimi The plotting and thc boundary 

t h e  29th May 191% Dutt Joshi. compilatiot~ of the Ravi, and 
the final rxaminatiorl of the E iugra  computation records. 

I 

3lannscrilit triangulation charts for Degree sheets YXP, 391, 3931, 39N, 4YD and 44A 

0 .12  

0. "2 

0 . 6 3  

... a lolls Net-work st t '  

,, point,s ... 

17 .1  

... 

... 
0 . 1 1  

... 

... 
0 .12  

... 
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Mr. Vidya Dhor Chopra. AVO. 2 Camp (Indus). The plotting of the Indue. The 
training of new hands, and miscellaneous dutiee. 

Munahi Ganda Siugh, No. 3 Camp (Indus), during the tield. Correspondence, 
Nizb Tahsildir. and accounte during recess. 

Habr~ Ishwar Singh, No. 4 Camp (Rivi  t Sutlej), and the examination of instru- 
Sr~rvevor. ments. 

Coinputer 15adlr1 l t a n ~ ,  Computing Section. 

3. The detachment coutinued the work of traversing and laying d o ~ v ~ i  iase lines. 440 
linear, and 706 square miles of main circuits; and 3, YO4 linear, and 768 square miles of minor 
traverses were run; and 780 theodolite stations of the former and 16, 282 of the latter, were 
fixed in the area under water action of 2.51 villages of the rivers Indus, Ravi, and Sutlej in 
districts Dera Ghizi Khan, Muzaffargarh, Moltan, and Uahiwalpur State. 519 corners of 
173 sqtxares were demarcated in 1, 18 I tyuare miles with permanent mark-stones on both banks 
of tlie Indus and the Rnvi, to serve as bases for the future survey and demarcation of bound- 
aries and fields in the tcds of the rivers. Some of the base lines on the Indos could not be 
filed aud \\,ere postponed to nest season o ~ l  acco1111t of the sites havilig been covered with 
water clue to floods. 

2, 93.5 plotted, and 810 boundary 11~ascivls (Settlement mapping sheet,s) on the scale of 
&, aud 40 four-inch sheets were traced, and s~lpplietl to the Settlement Officers. Besides 
these, 377 m~sccllaueons traces were prepared, and all the traverse stations marked during the 
year were plotted on 68  four-inch sheets. The compr~tation volumes yet remain to be complet- 
ed doe to the per~od of the recess being very short. 

Some of the Kingra  computation volumes have been completed, and work in some still 
remains to  be done. Two candidates of the Gmalior State were trained in traversing and 
computatio~ls from the 23rd March to the 30th September 1918. 

4. The follon~inq tables ,$ve full dctails of the rivernin \vork coinplc~tccl during the 
year :- 

(1) FIELD wonK. 

(2) OFPICE WORK DONE 11011 'I'IIE CADAS'l'llAl. SI ' I lVI<1S OF l l l V E l l A l N  ESTATES. 

MA~n.r l lc l .u~  I. 
1x011 'I'IIAVBIISE 

polr DLTAIL SIIRYPT.  
I I A Y E  I , INBS.  

- - 

Indrtr R I I V ~ .  
Distrirts D P I ~  Ohi r i  I 
Khriu M , , ~ , , I I ~ ~ .  , 
garb. Smlo ?,L,. J 

- 

120 

1 

:iz!gmof Name of river. 

- 

252 

Rdv i  Rinrr. 
District Moltfin (Ka- 
hirwnln T n l ~ r i l ) .  
Sr~rle 5,;,u, 

N ~ n l e  of district. 

S,,tl,,j Risrl.. 
Distr ic t  Mult.Cn. 

Bnhlwnlpur Stntc. 

Toll1 . 

N u ~ n h o r  of 
plolt.ed 

mnarivie ahow. 
~ I I F  t .n~re~.srrl  

pol111 s. 

1 
~ 

I 

1 67-1' 4.7 

,, 503 142 11 

. . . 58 

11;dus . . . 1 I Dcra (fhizi Khin  

. . , 

:IlR 

- 

Besitles these, 377 miscellaneous traces were prepared. 

Rivi  . . . 

16G 

.., 

... 

570 

122 

65 

,- 
216 

Number of 
compiled 

,,lnsEuia ellow- 
ing rivernin 
bollndnriea. 

?tIl~lt,i,n . . . 

Tobnl . . . 

-- 

GO6 210 

4 4 0  

454 

-- 
0 

600 

71" 7 3 , 1 6 2 2  151 510 l7:3 I,l8l 

K111nbrr of 
sheetr traced 
for the 11se of 

Sel.tlen~ent 
Officer8 on 

scale 4 ~ n c l ~ e s  

3,:i04 

N ~ ~ ~ ~ ~ o l  

~ ~ P ~ ~ ~ , ~ , " ,  
ws' , Lo . mi;e, 

! , . - - - 

2,li:I? 

plotted. 

-- - - 

I 
13,650 

G I  

18i 

21 

- 

405 

E 8 

. . . 

166 1.173 
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6. Much trouble mas experienced early in the season due to fever prevailing along 

the Indus, for want of khalasis, as sufficitlnt men could not be had locally, and definite 
recartling recruitment from other districts, and the enhanced rates of their pay were 

not received till the 8th October 1918. Besides these, there were various other difficulties 
whicl~ ha~n~ere t l  the progreqs of work, such as the constant changes in the Settlement 
Officers' d e m a ~ ~ d s ;  crossing and recrossing the Indus a t  various places for throwin: points 
011 islands and isolated spots in the bed of the river; the clearing of extraordinary heavy 
jungle along thc Indus ; and the scarcity of transport, supplies, and labour, on account of the 
nlilitary expedition a ~ a i n s t  the Alarris in the 1)era Ghzzi Khan district. 

6. The riverain area under water action was usually broken, full of swamps, shrubs, 
high grass, and sand ; and was in parts densely woodecl. Large isolatecl plots in the bed of the 
Indus, and I~ortions of villages :)bore the high banks mere open, flat, and we!] cultivated. 

7. Those members of the detachment who mere employed along the Indus during 
October, November, and December 1917 sufferecl badly from fever due to heavy floods in 
September l!)l7. The health of the other members was fairly satisfactory. One surveyor, 
one draftsman. and one khalasi died. 

8. The Intlus main circuits mere connected wit,h Kambar S h i h  T. S. X C ;  and 
those of the Sr~t lej  with Josar T. S. X X V I I I ,  Tfimimfili Platform Station XX, Shekhwahin 
T. S. XXII ,  GhallC T. S. XXIV, Jilvan T. S. XXVI,  and Manclresa T. S. XXX.  

9. The average errors were as follows :- 

(n) Base-liues 0 .  S-E foot per corner when compared with the theoretical values. 

10. The total expenditure of the detachment from the 1st October 1917 to the 30t8h 
September 1918 was Re. 1,OH,13.'/-. 

( b )  Main circuits 

Inclus ... ... ... 

Sotlej ... . . .  ... 

(c) ;\[inor t,raversc 

Iudr~s  . . .  . . .  ... 

Angulnr 
error per 
stntion i n  
seconds. 
- -- 

2 .57  

3 .27  

9 . 2 7  

Lir~enr error i n  l i n k s  
per leu  chalns. 

0 . 1 4  

0 . 3 3  

0 . 5 7  

Rfiri ... ... . . .  ! 7 . 8 7  
I 

0 . 5 5  
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SOUTHERN CIRCLE. 
( Vide Index Map 2). 

Summary.- This Circle was under the superintendence of Colonel T. F. B. Renny- 
Tailyour, C. S. I., R. E. throughout the year and comprised Nos. 5 ,6 ,7 ,8  and r10 Parties, 
No. 4 Drawing Office, the Training Section and the Salonika Survey Detachment. . 

During the year Nos. 5 ,6 ,7  and 8 Parties colnpleted 12,589 square miles of detail 
survey, 11,878 square miles of triangulation and 836 linear miles of theodolite traversing. 

The detail survey consisted of :- 
6,675 square miles of 4-inch original survey. 
3,9-L2 ,, ,, ,, 1-inch original survey. 

682 ,, ,, ,, I -inch revision survey. 
' 478 ,, ,, ,, 1-inch supplementary survey. 
138 ,, ,, ,, 1 &-inch original survey. 
271 ,, ,, ,, 1 &-inch resurvey. 
163 ,, ,, ,, 2-i11c11 original survey. 

58 ,, ,, ,, 3-inch original survey. 
197 ,, ,, ,, %inch resurvey. 
$5 , ,, ,, 4C-ilich original survey. 

No. 20 Party surveyed an area of 26,841 acres in cantonments and military stations. 
Owing to the great shortage of supervising officers on account of the war, topogra- 

phical survey operations were considerably curtailed. Nos. 6 and 7 Parties took the field with 
a full strength of surveyors but the majority, including the head-quarters, of Nos. 5 ancl 8 
Parties, remained a t  Rangalore throughout the year, and were principally employed on the 
fair-mapping of +-inch sheets compiled from published sheets of the I-inch map. 

The Training Section carried out detail survey on the 14-inch scale in sheets 57 L. 10. 14 

1 7  pupil surveyors received instruction in detail s~~rveying .  

The f o l l o w i ~ i ~  mork was undertaken in the Photo.-Ziuco. Scction of No. 4 Drawing 
Office :- 

... Rellrodnct~ions ... 120 
... Enlargei~lents . . .  107 
. . .  Rednctions ... 167 

Sheets vandyke,l ... ... 135 
... Copies printetl ... 4., 2.139 

NO. 5 PARTY ( RERAR, BOMBAY A N D  CISNTRAL PILOVINCES). 
BY P. R. A a n ~ n s o x .  

This part,y took the field in reduced s tre~ixth and com1)letetl the detail survey on the . . 

1-inch scale of aheets 55 and on the 
I'RRSOX N XI,. 11,12,1~,l~ 

3-inch scale of the Royal Art,iller!- l'ract,ice Camps 
P r o t ~ i n c i n l  Of i r r r s  of Anutlh in sheets '1.7 2- and of Rarela in sheet 

10, I4 
Mr.  1'. R. A~idersol l ,  in c l ~ ~ ~ l . p e . ,  (;-I. A .  The party also con~pleted t,hr triangrrlation ,, Hllji Abdol l(1bh1111, K.  B. 

of sllcets 55 F- and GJ, AL. 
Upper Subordi~rotc Sr~.vic .c .  2,;:,6.7.10, 15 1;1,6,e 

Mr. 1 ) t~n iodnr  l i l ~ a d ~ l k ~ ~ r .  The general nature of the country surveyed 

Lotr,rr S a h o r r l ~ n n l r  S e r c i c ~ .  on t,he 1-inch s r d e  is \\.ell c~iltivated fert,ile fields 
ancl intricate jungle-clad hills. 

27 S l ~ r v c p o r ~ .  ptr .  

The firld season opened on the I s t  Novem- 
ber l!)li a11t1 closed on t l ~ e  20tl1 April 1!)1 S.  The field head-quarters of the party remained 
a t  B;tujialore t~li~~onjil~out t , l~e year. 

Consi,lcrinK the mxlarions tracts in wliicl~ the party worked and the Irigh price of food 
throngliont the season, t l ~ e  Ilealbh of t l ~ c  party was good. Tllcre \\ere no deaths. 

I ' l t r~rc- tnl , l i~~!l . -  T l ~ e  rla.t.ure of llie country snrveyetl is varied. T l ~ e  I-incll detail survey 
covered tl~ose portions of the rich ant1 fertile v a l l ~ ~ j ~ s  of the PCirna and Tlipti rivers, and the 
intricate ant1 jnn~le-clacl C ; : i ~ v i l ~ ~ r I ~  range separating t l~em,  \vl~ic.l~ fall in sheets 5 5 C  

11, 12, 15, 10; 
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the original survey being confined to the plains and the revision silrvey to the h i h .  The 

s-inch detail survey comprised the Royal Artillery Practice Cannps of Aundh and Barel&. 
The camp of Anndll lies abont li miles uortll-west of Poolla and covers the undulating plains, 
steep-sid& flat-topped hills and confined valleys of the basins of the Pauna and Muta rivers 
in sheets 47GG, llhe caml, of Barel+ falling in sheet 61$, covers a t,ract of embanked 

fields, wooded &nd ondnlnting plains and rocky jnngle-clad hills round about Bareli which 
is a large village 10 miles south-east of Jubblllpore on tlne AIandlii road. 

The field work was divided between two camps:- 

,%. 1 Camp.- Under Afr. Anderson, consisted of 3 surveyors and completed the 
det,ail survey on the 3-inch scale of the camps of Aundh ancl Barel%. 

1Vo. 2 Can~p.- Under Mr. Haji llbdul Raliim, K.B. assisted by a senior surveyor, 
consisted of 9 s:vveyors and completecl t , l~e detail survey on tlie 1-inch scale of sheets 
5 5 - C .  11, I? .  16,lti 

There mas also a sllrveyoln nnder Mr. Anderson detailetl to  siirvey, on to t.he ori?inal 
plane-table sections, new railway lilies in sheet,s 55 EI and 55 L. 

I 1  llne 1-inch original s r ~ r ~ e y  presented no great difficulties. The portion Palling in 5 s  12.16 

was snr\,eyed by beginners under a senior sruvej.or and proved a good training ground. The 
I-inch revision survey was carried out on vancl~ltetl rednctions of previous '1,-inch surveys, 
which proved to be very reliable. The 3-inch tletail snrvey ( original slirvey of Aundli and 
resurvey of &%re15 ) was uncleltake~~ purely for r11ilita1.y purposes. As there were a sufficient 
number of previously triangulatecl point,s to ensure an accurate and reliable graphic triangula- 
tion, this method was atloptetl, ancl a great numLcr of p o i ~ ~ t s  tverc fixed by the 1)lane-table and 
their heights deternlioed by tlne tlneoclolite. Great attentioll was ,,aid to  the iepresentatiou 
of tree growth and, as far as blic scale would allon., this mas drpictecl true to nature, care bcing 
taken to show the shal~es of solit,ar,y and conspicuous trees. \Vlicl.e necessary certain cout,ortrs 
were surveyed by means of t l ~ e  clinometer uscd as a lejel. Tlne sllpl~lcmenting of 11ew railway 
lines proved very easj- as the original plane-tabling, clone by Provincial Officers tinder training, 
was exceptio~nally accurate. 

A total area of 1,214 square miles was completetl. The total out-turn of I-inch 
original survey, of 1-inch revision survey antl of 3-inch snrvey was 5 7 0 ,  .5?7 and 117 square 
miles respectively, the average montllly out-turn per man was 29. I ,  46 1 and 9 ..7 scpare 
miles respectively, and t l ~ e  cost-rate per square mile was Rs. 2 0 .  9, RR. 12 . 6  and Rs. 5 9 . 0  
respectively. I12 miles of railway lilne n-ere supplemented a t  a total cost of Hs. 326. 

Trianyz~1rttioti.-'Clie country triangulated. lies entirely on what iq known as the plateau 
of the Si tpt i r5~.  I t  consists of the nnnnqo-\trnddetl l~lains arolir~tl i\fandlA and the ragged 
juugle-covered jumble of liills wl~icln ct~r.lo\c tlie tortnous rock-boantl colirse of the Narbaclg 
river in sheets 6 4  B-. of tlne Lalinadon plateau, wl~icli is a well-wootled and rolling country 

I .  2.5.  I> ' 
of alternate ridges and hollows, iu sheets 5 5  -3. ., ant1 of tlne highlands of northern Chhinrlwira, 

111. 1 l 

which consist of series of jnnqle-frinqctl platrauh separated by valle!.s and ravines ill sheets 
55 L . Communications, tl~roaqhout thih tract of coru~try, arc hat1 antl the popnlation spanse. 

1, 3.6, 7 

'I'lne triangulation was tl~vided 1,etween Mr. Damotlnr KI~adilkar ancl surveyor Nur 
Muhamniatl. Alr. Darnodar Tillatl~lkar completetl an area of 1,:37:3 sqllare milev in sheets 
55 -' slid li I< - B -  . and the surveyor coml)lctetl an area of 1,374 stlnare miles in sheets 

14 l , 2 ,  ,,I, 

65  --L . The coruntry hacl been prevlonsly trial~gl~lated, ant1 whenever fonnrl the old 
1. 3. U. i .  l u  . .  . 

stations were utilized. The total out-turn was 2,747 stluarc miles and tlie cost-rate per stlaare 
mile was Its. 5 .3 .  

Recess D16lies.-(u) The fair-mapping n.as divided among 3 sections :- 

No. 1 Section.-Under Mr. Anderson was e~nployed t l ~ r o n ~ l i o u t  the year on the &-inch 
sheets (compiled from 1-inch published sheets) 47 y+, 65 - -  n 

N. E.. 3, P.' N.W.S.W..N.E..8.E.' 55 L-- 
5 5 N, W,, Y, W., H N. E,,Y.E,,  6 5  N.W..STm K and 65  --L and assisted No. 6 Party in 

N. w..s. \v . ,N.E. '  
the fair-mapping of %inch state forest maps of the Hyderhbid State. 

No. 2 Sec/i~~n.-Under Mr. Haji Abdul llahim, K ,  B. worked dtlring the recess seasou 
only on I -inch sheets 55 " 

11,  12. 16.16' 

No. 3 Section.-Under Mr. ~lnderson morked during thc recess season only on the 3-inch 
maps of the camps of Anndh, Earelk, Kiipra (for No. 6 Party) and Riijankunti (for No. 8 Party). 



Vol. XIII.] TOPOGRAPHICAL SURVEY. 17 

D 
66 N.W.,0.W.,N.&.,S.E. 

and 66 have been completed encl submitted for 

publication, sheets 55 L a n d  N. E. 55 N. W., S.\,,N, E. have nearly been completed, and eheeta 
H - are in hand. The fair-mapping of 1-inch 

47 S&,' 55 N. W.,B.\Y.,N.E.,B.R. 55 N. W . . 8 .  W. .S .E .  

sheets 65 -2- is well dvanced and should be completed by the end of the receee season. 
11, 12, 15. 18 

Of the 3-inch maps, Aundh and Barelii have been ~iubrnitted for publication, Kapra is nearly 
completed ancl H:ijankunti is in hand. 

A total area of 8,579 square miles was fair-mapped. The out-turn for the 4-inch, I-inch 
and 3-inch wales was 7,323, 1,109 and 157 square miles respectively, and the cost-rate per 
square rnile was Rs. 1 .9 ,  Rs. 0 9 and Rs. 3 . 4  respectively. 

( h )  A computing section 11ndt.r Mr. Antlerson was employed thro11g11011t the year. 
During the felt1 season it  com1)nted sheet 56 H and part of sheet 66 L for No. 6 Party and 
completed the arrears in sheets 35 C and 55 1'. D11riag the recess seaRon it  romputed sheets 
5 5  - -- and 6 1 . n- aucl tlu~.ing September it  helpecl in the compata tions of No. 6 Party's 

2. 3. 0. 10. 11 1, 2 ,  5.6'  

triangulation. 

Owing to t l ~ e  tleartl~ of otIicers, c111c. to tllc nar ,  the l)rel~aration of the material for 
triangulation paml)hlcts I~as  progressed very sloml!-. Sheets 56 0, 46 P, 54 L, 55  ('r and 5.3 1 
are still In hand. 

Miacel1uneous.-ConsitIeri~~g the rugged a l ~ d  mountaino~is nature of the country covered 
by the 1-inch plane-tabling this year, the comm~~nications throughout were very good. A 
well-l)lnnnecl system of cart-tracks, which took every advantage of the config~~ratiou of the 
land, has been laid out and ~naintainetl by the Forest Department, and well-laden carts can 
travel anywl~ere. The cluestion of clearing triangulat.ion stations becon~es muter and more 
expeusive year Ly year in the Central Provinees. 11s t , l~e conservation of forc~sts becomes more 
thorough, the Porest Department is insist.ing on a ~cient~itic felling of t,rees. This means that  
either t,he triangnlator h'as to lose time in personally sr~l~erintending all l ~ i l l  clearill#, or he has 
to entrust t l ~ e  clearing to his tindals ant1 col~sec~l~ently 11as to cut back badl? fellrtl t,rees on his 
return visits to stations. Earh ~net~l~ocl is expensive, and arrangements are bPinq made i n  the 
ensuing lield mason to pet t,lle Forest Depart,~nent to lrud gllarcls to superintend Itill-clenri~~g in 
all forest lantls; it is hoped by thcse nlea.ns t,o keel) down exyellre. 

No. 6 PARTY ( IIYDER,%B.iD .\N1) AIADRAS). 

By J. O'B. D o x . i n ~ ~ e ~ .  

This party conlpleted the detail survey on the &-inch scale of sheets S6B&a~ld 

56" on thc 14-inch scale of scattered areas 
~ + R ~ O N N R I . .  1 to 18 ' 

Prori~lcial Oflcers. 

Mr. J. 0 '1< .  I)oliapllry, In  charge. 
,, E. A. Alejer. 
,, Mt~n~hi Lnl, B.A.  
,, F. W. 811iitI1. 
,, M. S U ~ ~ n o s a  Alyer. 

Upper Subordinals Seruice 

Mr. Eknnth Rnttn. 
,, Rani Nnrnyan Bn~lir, to 22ud April 1918. 
,, I<. Mandnnna. 
,, Maend Ichnn. 

Loruer Subordinate Service. 

84 Su~~\fego~e, otc. 

of state forests in sl~eets 56 A,  50 . _ 
10,14 2,7,11,12,K' 

G 56 6;7;io,11,1d,15.16 and 562- a ~ l d  on the 13-inch scale of 
. ,4 

the Royal Artillery l'rncticc Camp of Klipra in 
sheets 501Gi. The state foresta sur\reyed iu 

sheets 3 L A  ant1 56 "ant1 the nrea of tile 
10.15 L.7,11,12,16 

K ipra  carnp I~ad  been l)rc\~iol~t.I!- surveyed on the 
4-incl~ scale. 

The party also undertook the triangula- 
tion for d e t a ~ l  survey on the 4-inch and 14-iuch 
bcaleh in sheets 5 6 2 ,  0 

0 to 18 5'i :3,J,7,13,11,1~,1S,l0 and 

56 - 2  I to ~ . S , I O , I Y , I ~  ' for the 1-inch scale in sheets 

5 6 2  and 56 + and for the 3-inch scale in sheets 1S,LB 
66&. 95 linear miles of traversing was completed in sheets 5 0 L .  

0.7.10.11 

The general natnre of the country is hilly, interspersed with un~lnlating cultivated 
arcas. 

The field season opened on the 15th Novenlbel. 1917 and closed on the 15th May 1918. 
The field I~ead-quarters was at Secunderribkd. 
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Tile IlecLltb of the party nr&s on the wliole good, the head-quarters camp suffered some- 
what fmm melsria whicl~ was prevalent in an epidemic form a t  Secuncleribid. There were 
four (laths among the menials, two being from cllolera while the men mere on their way to 
joill the p r t y ,  one f r o ~ n  old age and one from the effects of an accident. 

plone-tn6lin,g.-The nature of most of the country surveyed is hilly and ~ n d u l a t i n ~ ,  
the undlllating areas being ci~lt,ivated ; the south-western portion is almost flat and is higllly 
cultivated. The state forest areas c o ~ ~ s i s t  of wooded hills. 

The nrorlr mas tl~vided among four camps as follows :- 
1Vo 1 Chmp.- ITntler Mr. Meyer, ~v i th  Messrs. Smith and Ram Narayan Hastir and 

12 Surveyors con~pleted the original survey on the ?-inch scale of sheets 56 2 and 5 t j L .  
R t o  lti 2,3,4,8 

No. 2 Camp.- Uncler Mr. (3anesa Aiyar, with Messrs. Manclanna and Masud Khan 
and 10 sllrreyors completed the origi~ral survey on the 4-incl~ scale of sheets 5G --G- 

1,5,6,7,9 to  16' 

clnding state ferest areas sr~rreyed by No. 3 Camp. 
;Yo. 3 Cu~t,p.- IJnder Mr. 3Tnnsl1i Lal, with G surveyors was employed on the original 

sllrvey resurvey on the 1 {-inch scale of scattered areas of state forests ill sheets 56 L , 
10,14 

56,& 56 <-- and 5 6  i. 
.,7 11,12,15' ~,7,10,11,1~,l5,16 3.4 

1Vo. 4 Cu?np.- TTndtv JIr.  Donaghey, with 2 surveyors carried out the resurvey on the 
3-inCll scale of the Kipra camp in sheets 56 L. 

10,Ll 

.\ total area, a n ~ o ~ ~ n t , i n g  to 7,114 square miles, was con~pletetl. The out-turn of the 
6-incl~ original survey, 14-inch original snrvey, 14-inch resurvey and 3-inch resurvey was 
6,ti i j ,  1:IH. 271 and 30 st1ual.e miles respectively, the average n~ontllly out-tnrn per man was 
5:3.P, S .  9, 10 ' !) and 5 . ti stlllare miles respectively and the cost-rate per square mile was 
Hs. 1;. 7, lis. 31 . 7 ,  Rs. -12. 2 and Rs. ti6 . 9 rclspectively. The whole of the area surveyecl on 
the 4-iuch and 1 f-inch scales, amounting to 7,084 square miles, is in IIyderBbfid. 

Triitn!l~iliition.-Tl~e nature of the country was hilly, iuterspersed with open unclulatiug 
areas, t,he po~-tion along the Kistna rlver in sheets 5G L L  being difficult as i t  is heavily 

12. 16 

wootled and sparsc~ly inhabited. The area triangulated in sheets 56 -!L - for the S-inch scale 
10, 11 

mas open wit11 rock>- I~ills. 

311.. 1Sknath Rattn completetl an area of 1,779 sqnare miles (including 70 square miles 
for tlic S-inch scale) in sheets 5li K 10, 11 5G 9, 10, I1,?3. 14, IS 

, surveyor Jagan Nat,h com- 

pletecl an area n f  :?,ili(J sqnare miles in sheets 56 L , 56 O and 5(i P and srlr- 
12. Ili 3, 4, 7, 0 I t o  l i  

veyor Dhnrmnji Nnrsr~ co~npletetl an area of 1,860 squarc miles in shecta 56 O and 
11, I ? ,  IS, IS 

Sli P . 
$1. Ill, I:$,  14 

'l'lle total out-turn \vns 6, :3:1S square miles for detail survey on t l ~ c  ;-inch, 1-inch and 
If-inch s a l e s  ant1 70 sc1ua1.e nliles for the 3-inch scale and the cost-rate pcr square nrile mas 
Hs. 2. S :in11 H*. 12 .  l resl~cctively. Areas of 4,,h!) l sqnarc miles for the +-inch scale aud 
1,298 srlunl.ls miles for the 1;-inch scale were in Hj.dt!rabad. 

7irirer.qing.-The ~ in t r~re  of thr  coluntry mas hill!- ant1 heavily \roodetl. 

Tlre work was carrietl o ~ l t  I)y 31r. K a ~ n  Nara,yan Hastir and a computer. The total oat- 
turn was 126 square miles, or 9.i linear miles, and the cost-rate per square and linear mile was 
Hs. 25 .!) antl Rq. 3 E .  3 respect,ivel!-. S-1, ancl 42 square miles mere traversed for the +-inch and 
I +-inch cletail survey rrspecti\-ely. T l ~ e  ml~ole area ir in EIytlelibirl. 

IZecess L)lt l ie.~.- ( (1)  T l ~ e  fair-mapling mas divideil as follows :- 

LVO. 1 .qerlion.-Untler ;\.[I.. Me>-cr, i - i ~ ~ c h  sheets 50 antl .j(j L L a n c l  also 
N. E., S. E. 9. W. 

cornpletin~5G .. - remaining from 1916-17. 
X . \ V . , X . E , , S , \ V . , S , E ,  

21'0. 2 ~Y~c/ion.-Undrr 311.. Cianesa ~ l i y a r ,  +-inch sl~eets 6(j _ G 
X ~ % ? , S .  K;s; E. 

.\n. .5' Berftn~~.- t~~it ler  J l r .  J lnnsl~i  Ilal, the fair-mapping on the %inch scale of 14 
sl~rets of state forest9 aucl also completing 19 such sheets remaining from 1016-17. 

The fair-mapping of the 3-inch map of Kepra camp mas carried out by No. 5 Party. 

Sheets 56 --B- N. w.. J. w. have been submitted for publication, sheets 56 N, E,us, E. have 

been rompletecl ant1 the 19 tn-o-inell s l~erts  remaining from l!)lG-17 havc been I,ractirally 
complektl. The other qheet* are in hand and will probably be completed by No. 5 l'arty 
during the coming tield season. 
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A total area of 7,214 square miles was fair-mapped. The out-turn for the +inch and 
2-inch scales was 6,806 and 409 square miles respectively and the cost-rate per square mile was 
Rs. 2 - 0  and Rs. 8 . 8  respectively. The whole of the area fair-mapped is in Hyderiibiicl. 

Owing to the transfer of most of the party's best draftsmen on field service, it  has been 
f o ~ l ~ l d  ve,y diffic~llt to keep the fair-mapping out-turn up to date. 

( I ) )  Thc computations of the triangolation have not been completed. 

No triangulation paniphlets have been nndertake~~ by the party. 

No. 7 PARTY (3f;IDRAS). 

B 
This partry conipletetl the detail survey of sheets 57 I to 13, 14 and 66 r;- on the  

I-i11cl1 scale, of certain reserved forests falling in 
PERBONNEL. 

Prorirrcial Ogicers. 

Mr. W. bI. OOI.IIIH~,  ill rliurpe. 

,, F. E. Q ~ I I I I ~ .  

,, B. 1'. Wynt,t.. 
,, N.  S. 1luril1n1.11 Iyer. 

Upper Subordilmte Seruicr. 

3x1.. Abdul Hlthk,  K. Y. 
., P. S. Veoguavami. 

='-- sheets 57 ,, ., ,, ,,, 7,H,  !,, lo,  11, I , ,  15 011 the %inch 
scalta ant1 of the balance of the special survey, 
remaining from last season, of reserved forests 
IJtl:iYaqiri 17elikonda Block A wit11 Extensions and 

N 
Gr~nilI:~konda, falliug in slleets 57 ~5 on the 
4-~nch scale. 

The party also completed the triangulation of 

sheets 56 (up to the Kistna river), 57 4 
J 

anel 57 I;Z, 5 , s ,  9.10, IS, lo ' 

The co1111tr-y surveyed embraces a portion, 
,, P U I I I I  B a l ~ m ~ i  ~(op. mostly rescrved forests, of the Eastern Ghats and 
$ 3  J i t e n h  Molllul bfllkerjl,  to 3 'a t  J O ~ T  1918. an nn(lrl]atinS exl,anse of cultivated and nrooded 

Lowel  S~ ibord innfc  Service. lantl, st,udded wit,h lo\v isolatetl I~ills, between the 

30 Burvogors, et,c. 
foot of these (;hits and the sea-coast. 

The fieltl season ol)encd a t  Kfivali ficltl head-qanrters ou the 1st November 1917 and 
closed on the !It11 Ptlxj- 191 8, \\.it11 the e x c c ~ ~ t i o l ~  of a frn. surveyors aud the triangulators who 
arrivetl 011 t,he YOth AIay ant1 .)(it11 Juue resl~cctively. 

T l ~ e  liealtl~ of thc 1,nrt~- \\.as 011 the whole good. 1'n.o meuials clied from natural 
causes during the field season. 

Pln~~e-lobling.-Tile c o ~ u ~ t r y  surveyed ma,y \viil~ advant,age be clividecl into two tracts, 
possessing totally tliffcrent features, viz. t h e  Eastern G I I L ~ S  on the west and the undulating 
expanse starting from the foot of the salnc t,o t , l~e sea-corist on the east. I n  the former, the 
Velikonda rauge, precipitous on its eastern s!tlc but wit,li a more gradual slope on the west, 
presents a n a t ~ ~ r a l  and \\.ell-cletinetl line separatiug Cuddapah fro111 Nellore district aud marks 
the bonndxry 11ctnree11 the two, this colit~innous mount ,ai~~ mall r~luning north and south is 
pierced Ly t J ~ r  l'cnncr river a t  Somasila; i~lland, this rnnze breaks int'o a less elevated and 
morc i r reg~~lar  group of I~ills, of fragmentary spurs and riclgcs, separated by a fertile plain 
from the more detincd and denser mass of hills,  know^^ as thc IJ%llionclas or Sesh~chalam, 
further west. From the Vclikonda range ea.stmards, t,hr co~mtry undulates in broad tracts 
of scrub jungle n.nd cultivated expanses st.utlded with isolatetl hills to t,he sea-coast. Nearly 
all the drainage of the country is int,o blie Penner river, Howing from west to cast t,llrough 
t,he C ~ ~ d d a p a h  and Nellore dietricts, in its opl)er rcacl~es it  drains rat,her t,Ilan waters t,he 
conntry througli which it  flows, lower domn it  is clammrtl a t  Sxngam and Nellore ancl its 
accnmnlatcd waters are led off to supply many irrigation cl~anncls. Much is also done for . . 
~rrlgnt,ion in the shape of numerous tanks n,liich h~lsbantl t.11e local rainfall. The north-west 
and north-east lines of the Madras and Southern l f a l ~ r a t t a  railway (broad gauge) traverse 
the extretue west and east respectively of the area surveyecl. The intervening country 
between the railwaya is well served with main ancl other roatls radiating in every direction, 
snpplemented by numerons cart-t,racks. Besides the one maill road connecting Cudclapall 
wit,]) Nellore and crossing t,he Ghi t s  a t  the Dorual pass, sevcral foot-paths cross the main 
range thronghout its entire lengt,h. Double and single bullock carts ply on all roads and 
motor brlscs on a few, b r~ t  the!- are very uncertain owi~lg to break-downs and want of proper 
management. There are no archeological remains of any interest except the hill fort a t  
Uclayagiri. 
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The divided among three W m p  follows:- 

N ~ .  1 Conlp, llnder Mr. Abdul Hakk, K. S. with 7 surveyors, completed an area of 

60 miles of 2-inch original survey of reserved forests, 711 square miles of 1-inch 
N 

survey alld 316 square miles of I-inch supplementary survey in sheets 57 3n8 and 
N 

57 11,s. 
N ~ .  2 cancp, Iluder Mr. Grant assistetl b j  surveyor Shacli Lal Drrbe as instructor, \\.it11 

Mr. Wyatt alld 12 sllrveyors, completed 3.5 square miles of 4-inch special original survey of 
reserved forests, 87 square miles of %inch original survey of reserved forests, 1,384 square 

miles of 1-inch original stlrvey and 162 scluare miles of 1-inch supplementary survey in sheets 

57 1, 2,SN6, 9, 10. 

No. 3 Camp, under Rlr. Shib Lal with 8 junior surveyors and the help of a surveyor 
from No. 1 Camp, completed 16 square miles of 2-inch original survey of reserved forests, 

N 
and 84,5 square miles of I-inch original tiurvey in sheets 57 rj;-i; and 66 

Bold rllgXed hills, with bare crests, gteep eastern slopes, and undulating ground a t  their 
bMe, covered with a dense ~rowvth of trees and much debail, comprised the grountl, surveyed 
on the 4-inch scale, of the special reserved forests remainitlg over from the last season. A11 

streams in the low ground were traversed with the plane-table and chain, otherwise 
features and detail lent themselves to sketching and interpolation. With the exceptiori of the 
western boundary, between the Guudlakonda reserve and the Udayagiri Velikonda reserve, 
found uudernarcated a t  time of survey but cleared later on representation, all boundaries were 
found cleared ancl ~ilarked \\,it11 pillars (nn-numbered). Stations of the theodolite traverse run 
in 1916-17 were found and utilised. 

The number of reserved forests with extensions, snrveyed on the 2-inch scale, are 29 
and lay scattered throughout the work. They embraced high rocky hills, several low isolated 
hills, a long range of low hills knowu as the Yerrakondas and the plains of Nellore, aud were 
composed mostly of scrub jungle. Interpolation and plane-table traversing, where necessary, 
were employed. Forest plans, as far as received from the forest authorities, were utilised in 
checking the run of the forest boundaries and for local names contained therein. 

Direct blue prints on Bristol boards of 1-inch prints supplied by the Madras Revenue 
survey were very sparingly used, owing to the junior nature of the surveyors. The remain- 
ing 1-inch prints were transferred in blue by surveyors as the work progressed. Very little 
help mas obtained from t,he work of the Madras Revenue Survey in the Cnddapah district 
owing to its scanty and detached nature, elsewhere it  was found helpful in parts. Zamindlri 
areas on the above prints were of no great use to the survey. 

The 1-inch supplementary survey consistecl of reserved forests 11reviously surveyecl on 
the 4-inch scale by the Survey of India, in tlie Cnddapah district. They were reduced to the 
l+-inch scale in blue, inked up in regard to detail and hill features, and pasted on l+-inch 
plotted and projected sheets on drawi~ig paper by means of common trigonornetl-ical point,s; 
the wliole beiug reduced t,o the 1-inch scale by direct blue prints on Rristol boards, ancl brought 
up to date during survey in detail and contollring. 

A total area of 3,626 square miles was surveyed. The total out-turn of the 4-inch 
original survey, 2-inch original survey, 1-incli original survey and 1-inch supplement,ary 
survey was 45, 163, 2,940 and 478 sqna1.e niiles respectively, the average nlonthly out-turn 
per man was 4.3,  6 . 7 ,  28.  S and 3 2 . 8  sclllal,e miles respectively and the cost-rate per square 
mile was Rs. 9.5.5, Hs. 41.3, Rs. 1 1 . 5  and Rs. 5 . 5  respectively. 

Triangulation.- 'l'lie count.ry triangulated is a continuation southward of the 1)revious 
season's work and is similar to the ground tol)ograpliicallJ. surveyed in the Cuddapal~ tlistrict. 
It embraces the high alid thickly forest-clad Lankamalla hills, mostly reserved forests, and the 
Nallamalais where they project into the plains of Cuddapali on the east, tlie undulati~iji 
country between the above hills and the detached group of the Mallyala and Gantlikota llills 
on the west, and the plains of Anantapnr. The chief river is the Pennel,, flowing 
into Nellore, which contains a great volume of water ill the raills, Lilt during the hot months 
dwindles down t o  an inconsiderable stream. I t s  tributaries are the Clleyyrrn and Pipaghlli 
from the south, the Kunderu from the north and the waters from the Kurnool-Cnddapah canal. 
The area is well served with a net-work of main and other roads and, in adclition, the not.th- 
west line of the Madras and Southern Mahratta Railway (broad gauge, practically tra- 
verses the centre of it. 



Vol. XIII.] TOPOGRAPHICAL SURVEY. 2 1 

The total area triangulated, based on the Great Arc Jle~itlionel Seriee, ie 2, 723 
square miles, of which Mr. Shaikh Muhammad Salik completed an area of 1, a86 square miles 
in sheetb 56 k, 57 :8 and 57 &,a~rd Mr. Vengusvami completed an area of 1,437 8qUare milea 

in sheets 57 --L. The cost-rate per square mile was Rs. 6.6. 
1.a,5.6,9 

The 4-inch traverse chart of 57 J by the &Iaclras Revenue Survey, after ell forest and 
party data contained therein h d  been plotted and rays inked up, was sent to the Photo.-Zinco. 
Office and direct blue prints obtained which mere made over to the triangulators. These 
greatly simpl~fied their work, besides enabling them to fix trijunctions and traverse stations 
of the local survey to check the accuracy of that  work. The nine trijunctions fixed were 
conlputed and compared with the Madras Revenue Survey spherical values reduced from 
rectangular co-ordinates. The error is 1 . 1 7  seconds in latitude and 0.41 seconds in longitude. 

Recess Duties.- (a )  The fair-mapping of the survey completed wau divided aa 

follows:- 

No. 1 Section, tinder Mr. Cjraut, sheets 57 hO. 
11-0. 2 Section, under Mr. Wyatt ,  sheets 57 L. 

JB%7.r)  

No. 3 Section, under Mr. Shib Lal, sheets 57 &,and 66 :. 
1.2 

It is expected that the above 14 sheets will be fully fair-drawn and some be ready for 
before the end of the recess season, the others mill be held over until the typing, 

which is backward, is completed. The total area of the fair-mapping is 3, 737 square miles 
and its cost-rate is Rs. G .6 per square mile. 

The fair-mapping of the 4-inch special reserved forests, surveyed during 1916-17 and 
this season, will be uudertaken by the Forest Map Office, Dehra Dim, as soon as possible after 
the sl~bmissiou of the current season's fair-nlappiug in which the &inch field sections are 
incorporated. 

( h )  Arrears of computations in 56 P and 57 A1 mere completed in the field season. 
There still remain arrears of computations from last season in 56 L a n d  57 I and, owing to the 
shortage of hands due to the war, i t  is expected that  a portion of the curreut season's work will 
also be in arrears. These arrears will be undertaken during the coming field season by the party 
computers. No progress has been made ~vi th  the triangulation pamphlets owing to the party 
being nnder~nanned. Chart 57 1% \\.a< started but lras been held over. 

No. 6 P.1RTY (31.1DELAS). 

This party took the lield in reduced strength and cl~mplcted the detail survey on the 

1-inch scale of slrerts 68 ant1 on the 3-inch 
scale of the I t o ~ a l  ,irtillery PI-actice Cemv of 

Aour i~c ia l  Oficers. I t l j a ~ ~ k n n t i  in sheets 57 ,A. The party also 
Mr. W. F. E. A d l ~ n l ~ s  in charge to 17t11 J a n e a r ~  carried out t,lrcodolite tl.aversing in sheets 58+ and 

1818. K 

,, C.E.C. French, in cl~nrpe from l7tl1 Jutlc 1918. 58 5 ,  tL S D I ~ ~ I ;  1s. 

,, V. M.  XIor1o11 from 18th Januery and in ohsrgc r l h e  1 are:& srlrvevetl OII  the 1-inel) scale com- 
to 16th June 1918. 

,, Bi. bl311ndeva M ~ t d ~ ~ l i l ~ r ,  M.A. 
prises densel). \\rooded Irills, termi~lating abruptly 
in flat CO~II I~I . \ . ,  while the traversed area consists 

Upper S~ibordinnle Srroioe. of featureless 1)I:~ins. 
Mr. R .  N i ~ ~ ~ ~ y ~ ~ n n s v n t o ~  Chett~ .  T l ~ e  licltl scason opened 011 tlle l!)t11 November 
,, H .  N n r : ~ s ~ ~ ~ l l ~ t ~ r n u r t i  llno. 1917 and closed ou the 18tl1 May 1918. The 

LOIIV I. Sabord,,in/s Srl'uicc. heatl-quarters of t,he part:\., ~v i th  the majority of 

29 S I I I . T ~ J O I . ~ ,  ~ t c .  it6 rnernbel.~, remailled 111 I3angalore t l ~ r o n ~ l ~ o u t  
tllc year. 

The health of the party, generally, was gootl; nlen in tlre lield however suffered a good 
deal from fever in the forest tracts. 311.. Atlam. dlecl in Uan~alore on the 26th January 1918. 
1 surveyor (lied clnrinq the recesq season and :I khalasis d ~ r d  of cholera during the field 
BeRROIl. 

l'lane-tnblin!/.-Tl1e Ilighlancls of the area surveyed on the 1-inch scale comprise a 
region of wild monntainous forms, clotl~ed with impenetrable forest, tlrcir precipitous and 
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cm,ogy declivities merging sodcleulp into broad fertile plains. Sheets 68 -E, 5 , ~  of which the 

detail survey was completed by Mr. hfal~adera Mudaliar wit11 9 slirveyors, comprises mostly 
an area of remote hill tracts, covered with dense forest and devoid of communication, thereby 

the problem of survey no easy bne. The want of labour for jungle clearing necessi- 
tated the b o i l d i t ~ ~  of platforms on tall trees, some 00 to 70 feet above the ground, from which 
a view of the country was obtained and survey made possible. 

The resurvey on the 3-inch scale of 46 square miles of open, undulating country, 
situated some 1-1. miles nort l~ of Bangalore and known as the Royal Artillery Practice Camp 
of Rajanknnti, wm also rompleted by 1 surveyor. 

A total area of 6% sqnare miles \vns surveyed. The total oat-turn of the 1-inch original 
survey, 1-inrli revisiot~ survey ancl 3-inch resurvey mas 432, 155 and 48 square niiles respect- 
ively ; the average n~onthly out-turn per man mas 15.5, 16.1 and 6 . 9  square miles respectively 
and the cost-rate per square mile was Its. 39 8, Rs. 39 .8  and Rs. 32 5 respectively. 

l'rnt~e,.e~ny.-Tlte tising of points by theodolite traverse for detail survey on the 
I-inch scale was ca~,rie[l on over a rol~ritry of fertile plains, well served with conimanications 
and intersected by a section of tlie Sout l~  Inclian Railway. Mr. Narasimliamurti Rao with 
1 surveyor traversed 727 linear miles at  a cost-rate per linear mile of Rs. 9.9.  

Section TI of tlie Tinnevelly-Travancore boundary mas identified and fixed by 1 4  
linear miles of tl~eodolite traverse, follon,ing the alignment as descr~bed iu orders issued by the 
Madras Government. l)itlicr~lties were experienced on this portion of tlie work. Owing t o  
the extreme iuaccessilility of tlie densely wooded range of liills along wl1tc11 the boundary 
runs, laboar was hard to obtain, weather and inadequate assistauce to the surveyor also 
hampered Iwoqress consitlerably. 

Rrcrvs Du1~e.v.-((1) The fair-rnappiug was divided as follows :- 
iYo. 1 Secliou.-TJnder Mr. Narayanasvan~i C'hetti working tliroughoot the year, &inch 

sheets (compiled from 1-inch publisliecl sheets) 48 -X--, 57 0 - - -  57 P - 
N.E., Y.E. N.W.. S.W..S.E. N.W..Y.W..N.E..S.E.' 

58 B, 58 - '=-, 58 L, 66 !'. and 6G .A, 
S.W. N.E.. S.E. S. E. S . W .  N.W.. S .W. 

No. 2 Seclio71.-Under Mr. Rfahadeva bI~~da l ia r ,  and while he was on leave under 
I I 

Mr. Morton, working tlruing tlie recess season only, 1-inch sheets 58 ne' 
The fair-mapping of the 3-incl~ map of Rbjankunti camp is being undertaken by 

No. 5 Part,!. 
C D 

Sheets 5 8  ~,-:,~:j .iS ~3, and 66 -N, Jv,, $, W, have been completecl and submitted for 
C I) 

publication, sheets -1,s mKm, 57 N.Pst-:j 5 s  3 ; ~ ;  and 58 have nearly bee11 completed 

and sheets 57 s:w;;$=, 57 s.w., l ~ . , s . E .  and 66 a:v; are in Iiancl. The fair-mapping 

of sheets 58 $,, is nearly completetl. 

A total area of 5,204. square miles mas fair-mappecl. The out-turn for tlie +-inch and 
1-iuch scales mas 4,744 and 4.G0 square miles respectively and the cost-mte per square mile 
was Rs. a k .  1 and Rs. 4 . 1  respectively. 

( 6 )  The preparation of triangulation ~)amphlets and the compntations of the party 
have been under JCr. 31ahadeva hI\~daliar's s~~pervision. The material for triangulation 
pamphlet 58 C has been snlj~nitted, for 58 :I will be ready shortly and for 58 B and 58 M is 
under preparation. Computations sufficient for next field season have been finished and some 
arrears of previous seasons mill be completecl during the next few months. 
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No. 20 PARTY (CANTONMENT). 

During the year the party completed the survey of cantonments and military stations 
and of lr iz(i~3 in the Northern Circle antl conti~lued 

PERSONNEL. surrey operations in the Soatheru Circle. 
Provincial Oflcers. The field season continued tliror~ghout tlre year. 

M ~ .  A.  ~ ~ i ~ ~ ,  in chRrge to 29th April 1918. Tlie head-quarters of the party was a t  Poona 111rti1 
,, B. R. Hughes, in charge from 30th April the encl of April I !I 1 X and a t  Secnnderibd for the 

1918. 
,, E. 0. Pilcher. from 8th May to 1st August 

remai~rder of tlie year. 
1918. Thc health of the party was indifferent. Several 

,, 0. D.  ,Jackson. of the draftsmen and khalasis suffered from malaria 

Uype~. Sahor~linale S C I . I ~ ~ C P .  a t  l'oona and Secr~nrleriibicl. 

Mr. Dharmu. l ' l c ~ w c - ~ ~ ~ l ) l i ~ ~ g . - ' ~ l i e  survey on the 16-inch scale 
,, ~ i t e n d r , ~  IIrlhan blnl;el.ji, from 1 s t  A n g ~ ~ s t  , of t,he cantonments and military statious of Dalhousie 

1918. (Thatt I-Iill), Chaman, Manora, Erinpura, Agar, 
LDIUPI. S~~bordi~~ate 8 e r l . i ~ ~ .  Jli:insi, -1rrrang;ibid and New Dellri was completed 

25 fiurvoyors. etc. ant1 of Bhmad~lagar ancl Hosfir lternount Dep6t mas 
comrncl~cecl, ancl t l ~ e  survey on tile 64.-incl~ sca!e of 

the 6,iztir.s of &Ia~rora, Erinpura, ,4gar, Jhlnsi, Alira~lgib;icl anrl New 1)ellri was completed and 
of Alrmadllagar and I-Iosir Rernount Del6t was commenced. 

i\lr. E\\.ing inspected the snrvey of Chaman, Manora, Erinpura, Agar, Jhinsi,  
A ~ r a n ~ i l i c l ,  ,111111adnagar aucl Ne\\- Delhi ; 111.. Hughes inspected the survey of Manora, 
A ~ ~ r a n ~ i l , ; i d ,  ;\linlatlnagar and Hosur Rernount L)epBt; Mr. Jackson mas in charge of the 
sur.vc)- 01' ,J l~;il~si ant1 Nti~v 1)rllli ant1 Mr.  1)Ila.rmu \\'as i l l  charge of tlre snrvey of Dalhousie 
(T l~a t~ t  Hill), E~. in~)nra,  L1gar antl IIosfir lttt~nonnt l)t,l)At. The accuracy of the s u r v q  was 
tested 1). RIessr,s. lC\vinq, Hughes, I'ilcher, Jaclrson and 1)harmu b~ 5 ,  1, 3, 33 and 35 linear 
rnilcs of t,c,st 1i1lc.s rc~sl)tv*t~ircly. 

I 3  Lht. to0al :~.r.t>:ts 11lane-t:ablrtl ou t , l~e 16-inch ant1 (i4-inch scales ~\~el .c  26,527 ant1 814 

acres ~ ~ e s ~ ) c c t , i v t ~ l ~  ; t , l~c ;Ireraqr ~nolltlrl!- ol~t,-t,nrn pel. Inan mas 279 .  2 and 2 1  ' 4  acrrs respect- 
ively and t l ~ c  cost-fi~tt. IIVI. :tm.tb \vadHs. 1. 3 a~lcl I<a. 11 .  7 rcbsl>ccti\.el!,. 

Zkinn!l~tlaliot~.-S~rflicit~~~t ~inllrber:: of stat,ions and irrtersected l)oint,s were fixed from 
tlir nearest Grrat Trigo~~ometr.icRl Scries in Dalhollsie (Tllat,t Hill), Manora, Erinpura, Agar 
ant1 AnrangBLRd for the coonact,ion of the t,lreoclolite t .raversin~. Mr. Dlrarmn and one sur- 
veyor werc employed on th r  triang~lat~iou. 

T l ~ e  t,otal :wra t,riangalatctl \\:Is 272 sqnnre ~ni lrs  ant1 tJie cost-rate per square lllile 
Was Rs. 3.7. 

T~.nversi,zy.-The tmversinc of Dalhol~sie (Tllxtt IIill), AIa~~ora,  Eri~rpura, ,lgar, 
A~~rangiil~iicl, S i t i r a ,  Nr\v l)ellri, 13cllary allel tIosfir Itemolunt Dellat was completed and of 
Secuut1rrib;itl nl~tl 1lola1.1un \\as corn~l~cncr~cl 11y J I r .  Dlrarni11 and 2 surveyors. 

A total of 3>(i linear miles \ras traversed a t  a cost-ratt' per linvar mile of Rs. 2 6 . 9 .  

Levellin,q.-Levelling \\?as u~rdertakrn by RSessrs. .Tacks011 and 1)harmu and one sur- 
v ~ y o r  in Eri~rpnra, Agar, hnrang~b,i;l antl New I)clhi, antl fro111 5 to 10 bencll-rn:~rks nrerch 
fixrtl in cac~li :lt a total eout of Its. 1,(; 16. 

liecess /)tr~ics.-la2 fair sht-ct,s of Ri\r:tll)i~rtli, 'I'ol);~, J l ~ c l n n ~ ,  Sialkot,, N e t ~ ~ t ~ r ~ c l ~  and 
Droli \rchrt, sr11,mittrd to 1)chra 1)fin for prtblication, ancl (;(I s l ~ c ~ t s  of ~jrosll, Cllitrril, Glrairat, 
1)alhousic ('rllat,t Hill),  Chaman, Afauora, E r i n p ~ ~ r a ,  A~:II. ,  Nasir.;lbntl, Jhinsi, dura~r~,rib;id, 
Ne\v Dcll~i, D~:v/,inda, Jat,ta, Z;im ant1 Janclola \Ircrt: I>einx: or \\,ere rc,atly t>o be, fair-mapped 
a t  t,lrc c~ ld  of t,hc ycar. The fair-mapl)ing is fairly \veil 111)-to-date. 

'I'he total areas fair-nial~l)ccl on the 18-inch and 6 1'-inch scales were 22,113 aud hlci 
acrcs rrsl)ectively and tllc cwt-rate per acre was Rs. 0 .  Y ancl Rs. 3 . 8  respectively. 

Mircellaneous.-The snrvey of Colaba and Military and Dockyard areas in Bombay 
Ira.; not r~~~tler takcn n.: the 1loml)ay City Snrvry ~vill he sufficient. Tlie survey of T)eol.ili hns 
been ir~defi~litt~ly t)o\tl~o~rrd. Aftrr tlie traversl~l; of Sctiira had beer1 completrtl, informatlo11 
was recvivctl that th r  snrvey was being undertalien by the Land Records Department, Bombay 
a ~ l d  tlr~s will be sufficie~rt. 
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Summary.-The four topographical parties of this Circle completed, during the year, 
the detail survey of :- 

2,501 square miles of country on the +-inch scale. 
5,363 (lo. clo. 1-inch scale. 

34 do. do. 1-inch scale (revision). 
473 do. do. %inch scale. 

3 5 do. do. 4.-inch scale. 

The triangolatiou of 5,934 square niiles of conutry \\,as conil)letecl, ancl 1,GlF linear 
miles of theodolite traversing was ruli during the year. 

Lieutenant-Colonel R. T. Crichton, C. I. E., I. A. proceeded on leave on 30th March 
1'318 and was succeedetl in tlie colitrol of the Circle by Lient.-Colonel C. L. Itobertsoli, 
C. hf. G., H. E. The latter proceeded on 6 weeks privilege leave ou 8th May, and (luring 
his abseuce Lied.-Colonel A. Mears, I. A. actetl for him. 

On return fro111 leavc Lieut.-Colonel Robertson resumed the sul)erintenclentsI~i~) of the 
Circle till the end of tlie pear. 

KO. 9 PARTY (BENGAL).  

The 1xogra1i11i1~ of work of tlie party, as in tlie precediug pear, lay in Beugal. 
The country surveyed is intersected by niimer- 

P s a s o n x s ~ .  ous swamps and rivers. It is flat, widely cultivated 

Prooincinl Officers and well populated. The rivers of importauce are - . . 

Mr. J. Smitlr, in charge to 13th September 19l8. 
the Uliagirathi, tlie Jalangi with tlie Bliairab and 

,, E, J, Bipgie: lroul ?oL1, hlay 1918, and i,, tlie Mgtiibhiinga wit,h the Chnrni, known as the 
charge from 14th September 1918. Natli.?. river. They are deltaic brancl~es of the Gan- 

,, A. B.  Hunter. 
,, B. C. Newlnncl. 
,, Amar K r ~ u l ~ n e  MiLrn. 

Vpper Suhorrlinak Geruice. 

Mr. Anlulys Chsra~l Gho:h. 
,, Oops1 Ll11 b11~ra. 

Lower Saborditrate Se,.uic.. . 
23 S~~rveyors .  etr .  

Shillong for half-inch mappinq. 

ges and form the headwaters of the IIoogl~ly river. 
The country is well provided with railwajs and 
roads. Tanks are llumerous and in, and arooncl, the 
villages they provide drinking water. Wells are to 
be foulrcl only in towns and large villages. 

The field head-quarters of the party opened. 
a t  Krihl~naqar on tlie 10th Novemher 1!117 and 
clobed on the 30th Alwil 1918. The party took tlle 
fieltl in reclucctl strength, a section remaining in 

The general Iiealtl~ of the part! tI~l,orl~Ilont t'he fieltl reason \vas good. Among the 
lower ~nbortlinates there was only one l)rolonyecl case of sickness, due to fever. One khalasi 
died of cholera. 

Platze-tnb1ing.-'rhe co11nt.r~ lay i l l  t,he Ilxt, olxn plains of neugal. The work was of 
au easy n a t a e  as most of it  was done by interpolation, except in the intcrior of villages, where 
tral-ersinq had to be resorted to. 

For tlie greater part of the season the topographical surve).org working on the one-inch 
scale were divicletl into two camps. 

No. 1 Cony), consisting of 10 surveyors, I I I I ~ ~ ~  Mr. B. C. Nrmland, ancl later, ~uitler 
Mr. '1. B. Iiunter, surveyed on the one-inch scale 1,3ti3 square miles in sheets 79 and 

7, 10, 11, 13. 14 

revised 34 square niiles of previous survey on the same scale in sheet 79 A .  

NO. 2 Catnp, of 3 surveyors under Mr. 8. K. Mitra, surveyed 821 square miles on the 
1-inch scale in sheets 79  A_. 

8,4.8 

Mr. Newland returned to Shillong after making over charge of No. 1 Camp to Mr. 
Hunter about the end of December, and took up the supervision there of thc half-inch 
mapping. 

The cost-rate for original detail survey works out to He. 8 .0  per square mile and that 
for revision survey to Rs. 3 . 4  per square mile. 
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'I'rinmgu1ntion.- No triangulation \\,as carried out by the p r t y  during the season 
under report. 

Transrsing.- The cot~ntr,v traversed was much of the same nature as t,llat snrveyed, 
except that in the sout,h-east portion there are exterlsive areas of marshy lands where t o a b  
mere the means of transport. 

The traverse canrl, consisted of two UI)per Subordinates and two traversers under Mr. 
. -. . for detail one-inch survey Rtitra ant1 exec~ited atlvar~ce t ravers in~  in sI1ef.t~ 79 ,275, #, y, IS,1J 

in ~ubsec~r~errt seasons a t  a cost of Its. 11, 344.. The cost-rate of this per linear mile worked 
out to Re. 14.7. T l ~ e  traversing was l~ i~re ly  POI. tol~ographical purposes, main and sub-circuits 
being ra11 along roatls and railways, alrd n fen, s~rb-circuits across country, where it  was ollen. 
Prorn the travc~.se stat,io~is conspicnous objecats, s ~ ~ e h  as temples, mosques, isolated trees, large 
br~iltlings and bridges were tiied as i~~tcrsectccl 130i~~t,s. Co~~rlections mere made with 15 G. T. 
stat,ions, and 1, 785 ir~tc~.sectetl points fixed I)?- ohsc~~~vatio~rs from trave~esc stations. There were 
3.1. statiln~s pernlanently market1 by circles xnd clots ru t  oo the masonry of bridges, culverts 
a.nd nrilc-stones, tlir rcrn;xini~lg trave~.sr stat,ion?; \vtsl.(b ~rl:lrkcd 1))- \voodc~i pegs. 

Ifrceus Duties.- ( a )  The fair-mapping of the tielcl season's out-turn, comprising 8 
one-incl~ sheets, was carried out by 2 sections. 

ATo. I Srctiott, r ~ ) ~ ~ s i r t c t l  of onr ITl~l~cr S ~ ~ l ~ o r d i n a t e  and 6 draftsmen. I t  was under 
Mr. Hunter 111) to 2Otlr Ale.! l!) 18, ant1 was t l i c ~ ~  taken over by Air. Siggie. It fair-mapped 
sheets i ! )  ,, . f ~ ~ r  l,nI)lieatio~~ on t,he o~~r- inch  scale. ... I, i, h'. I I 

.\'I,. 2 ,+c.tro~,, co~~si.stetl of (i t lraflsnle~~ under Alr. Newland, a~rcl carried out the fair- 
mapl,iny, for ~ , ~ ~ l , l i c : ~ t i o ~ ~  on tlrc o~rc- i~~t .h scaltl, of sheets 7!) i n  addition to sheets 

9 :  . !)-I( . [I-- !)4, L a ~ ~ c l  05 L for pnblication on the half-inch scale. Sheet w , ~ . .  : S E  & . I < .  S.  w. 
83 .' Ins jr~st, bee11 l)ut i l l  liantl. This section \\as taken over by Mr. Mitra on 4th 

N.W. 

Srl>tc~nl,cl. I !) I H \\lien Mr. Nen,la~rtl was t,ransferre(l to ;\Iesopotamia. 
t l l ie \ f : ~ . i r - ~ n a p l ~ i ~ ~ g  of all the 1 - i ~ i r l ~  slrerts \\.as cnrriecl o ~ ~ t  by t,hc direct-mal)ping 

process on b l ~ ~ c  l~l~ilrt. c ~ r l a r ~ c ~ u c r ~ t s  I'ro~n t l ~ e  l~ la~~c- tab le  scvtionr, t,hat o l  the +-i~lc,l~ sheets on 
b l ~ ~ e  print e n l : ~ , r ~ e ~ n e ~ i t s  fro111 thr  r o ~ ~ ~ p o n c n t  I - iucl~ pnl)lislrc~d s l ~ e ~ t s .  

I I 1 hc o ~ ~ t - t , n r n  ol I -ilrc.lr f a i ~ . - ~ ~ r : a l ~ l ~ i l ~ g  is I ,  7 7 7  s,lIIare I I I ~ ~ C S  and t,lrat of +-incl~ is 1, 870 
scl~~arc 111ilt1s. 

r l h e  1 cost-rat,: for 1-incl~ m : l I ) l ~ i ~ ~ g  is 11s. i . 1. ~)I ' I .  s(111aw ~nile and t,l~at for 4-incl~ mapping 
is lie. 1 . 9 pcr sclc1al.c r ~ ) i l ~ ~ .  

r Ll~c I i ' n i ~ , - ~ ~ i a ~ ) ~ ~ i ~ r g  o r  t l ~ c  I-i11c11 s l~c~~,ts  \\.ill I N ,  con~~lc te t l  Lrfore the psrtp takes the field 
exrcpt as reg~,rtI?; tlIle (%r~t,r!- of dist,rict, a ~ ~ t l  ~1111-tlivisio~~ boruidaries, traces of whiclr have been 
sent to hhe Cullertors for vc~,ification. C)I' t,lre ~ - i n c h  111:xl)ping, al~eets 95 .E 

s. IV. 94 s+- and 
9b -$ :xI.e co~nl~lctc, csrcpt. for t , l~e final cs\- : r~~~in:~t icl~~.  

h .  I:. 

( b )  O l l ~ r ~ ,  r~-(~rss  clntier c~,~n~~risccl  the c o ~ r ~ l n ~ t a t i o ~ ~  O F  t l ~ c  season's traversing, of which 
that rccluil.ctl I'or (i s l ~ t ~ , t s  will bo ~.cb;~tly :lt the rlosc of thc rccess; alrd t,he  reparation of 
t,rial~g~tl:rtio~i charts ant1 ~~l : ln~ ise r i l~ t  lists of t lxt:~ of all t t iang~~lat ion done by t,he party since 
its t~.a.nsft.~ to tl~t, JC:~sic,rn Cli~.c.lc. 111.. 11n11ter. :~ssistctl 1)y :tn Irpl)vr St~l~ortlinate and a small 
staff of ro ln l~~~t ,e~ . s ,  l~atl c,l~;~.rgr of t.l~rsc t l ~ ~ t i r s .  

('harts of tlcy.ce slrrrts 7.3 1 )  :~.ntl 7:) L" 11:tvc bee11 s~~b~ni t t , c t l  to t,hc Superintendent of 
t,lrc Trigo~ro~nctried S111.vt1y. T11tx ~~r(>l)n.~. :~t io~r  of t l e g ~ ~ t ~ t ~  r l~nrts  ti-1, N aud GJ 0 \\.:IS in hand 
t1uri11,o t,he yen.).: 111rt tl~c!. I \ . I , I . ~  no1 eo~nl,l(st I Y ~ .  

Mi~cc.//awrorts.- 7'11~ ~.ivc-r I l t r o p l ~ l ~  n r ~ ~ l  its tr,il,~tt:~rit>s tl~c- 1!hRgi1.:1tl1i :xntl Xalnnxi 
\vert, sr~~.vcl!.cvl i l l  st.:lsons 1 S.i:(-j(i I,!. tl~c* IIc,ng:rl licvenue S I I I . \ - I . ~ ,  ~ 1 r t 1  i l l  S I \ ~ ~ O I I  1 !I 17-1s by 
this p:c,~.ty. 'I'l~e nc\v slll,vr>. 11ns tlisclostvl t lrc, l'ncat t , l~nt tl~c. IIl~:igil.:~Il~i, ~vliirll Io\\,er ( 1 o ~ l l  
nFtcbr it.s c o ~ ~ l l ~ ~ r n r c  wit11 t l ~ c  Jala.nqi is c : ~ l l ( ~ l  t l ~ r  IIoogltl!-, has co~~~l~lt~tc~l!.  clrnngrtl it.s conl.se. 
r \ I h c  ntw rivcr 11:is fo~,rtstl n. pnssny? for itsrlf right. ncross its formtv conrsc, no\\. t,o tl118 c:r<t of 
it, no\\1 to t l ~ c  \\-(,st, nntl Eorlncrly \~-Ilrre a I :~r~ t :  lool) i l l  t,lle river was to\\.ards the cast i t  is 
now to\\.artIs t l ~ e  \vest. ilftcr n lapse of over (i0 !-cars s11c11 changes are bo~lnd to take place in 
the collmc. o r  ~ I ~ P I . ~ -  sl,t.rn.rn. ~ v l ~ e t l ~ c r  large or slt~n.ll, flowing through the plains of Renjinl, 
which to :I crca.t rst  cblrt a1.c- :1llnvin1 in  rhnract,e~., ns it is \\.ell knomn t,hat in conntry of tllis 
tleseril)tio~~ streanls n1.r const:1.11t,ly nlt.cring their conrses, eat,ing nnra,y on one ba~lk  2nd (Icpo- 
sitill# OII t,hv ot,l~er, I I I I ~ ~ ~ I  t l ~ v  C I I ~ I I I I C I  i l l  \vhicI~ 111~). forrr~erly Ilowed bcco~nes silted up, and 
the water is com~~clletl to scelt another course. 
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No. 10 PARTY (UPPER B U R M A ) .  

me pviolrn reason's operatione were continued uoi-thwards and embraced sheeb 
e e c  E 0,IO. 14 

and sheets 92 N,W.,  N.E., . The triang. 

ulation was extended in sheets RS-.D-L-. 
N.W., N.E. 

- 

E 
Mr. Y. C. PWR, in charge to 30th J11nr nnd The country surveyed in sheets 92xw.;fi:ETKK 

q.in irom 8th kptsmber 1918 to end oc consisted of the high mo~~ntainoua tract a t  the 
YU. headwaters of the Ir~nwaddy river, and varied in 

,, W. 0. Jubo.  in charpo from OlsC Juno to altitr~cle from 600 feet in the low ground to 16,000 
6th 8epIernb.r 1918. 

.. H. H. c&. feet above sea-level in the high range forming the .. - 

., A. V. Dithon. water-parting of the Brahniaputra, and Irrawaddy 
,, Dhlmndm  nth Bmerji, L. C. Ji rivers. The whole of this area was densely wooded 

rn* 8ubonlirale 8rrries. and heavy jungle clearing, for from 2 t o  4 days 

Mr. Hayat Mnhnmtnd. K .  9. .. M.llllp Kjnw S J N ~ .  .. Dbinndn  X J h  Raha. 
Ram P n a d .  R. 8. 

~t each site, was necessary a t  selected places before 
plane-table fixings by resection were possible. The 
rate of work was very much impeded by rain and 
heavy mist, which made plane-table fixings by 

 om &Qordiwle Ssm'rs. interpolabion impossible for days together. Nung  
ant1 Shan coolies were eniployecl as porters for the 
carriage of eqnipnient and rations over large areas 

in which no r o d s  and villnges existed. About 5ti miles of mnle road had to he made to " 
onable rations to  be stwketl a t  dewts within reasonable distances of surveyors' camps. All 
rations other than rice had to be transported fro111 blyitkyinn over, in some instances, a 
distanw of 30 marches. The area s~irveyed in sheets 9 2 . 2 -  b, 10, 14 varies in altitude from 

600 to 5,000 feet, and i8 cut up by numerolls low-ly~ng vt~lleys covered with dense forest 
growth. 

The field eeason opened on 1st  November 1917 for Nos. 1 , 2  and J Camps and the 
trianpulatom, and on I s t  December 1 9  17 for No. 4 Camp and the Training Section. The 
field seaaon closed on different dates between 4th and 20th June 1918. 

The health of the party was good durina the field season, but a large. number of men 
silffemi from ulcers due tu leech bites and the stings of a variety of poisonous flies. 

Piqrnr-ltrb1ing.-The programme of survey on the one-inch scale was completecl, but, 
okng  to tnn5ft.r~ from the party a t  the commencement of the field season and to heavy 
rain i n  March, . \ p i 1  nnd Slay, the half-inch area n-as not finished, and portions of sheets 
92 _ r 

S w.. .U.E . P w re~ilain to be surveyed. The work was dlvided into three camps nnder 

SIesm. K. C+. .larho. [I. 11. C r e d  ant1 D. N. Banerji, and, towards the end of the season, 
Sir. .I. V. I ~ i r L w u  \\as in rharpe of a anlall csrnl). Mr. JIaung Kram Nyein was in charge 
of the nstnlction of p1ip11s. 

iv,,. I f ' t rmp,  ontler J l r .  W. G. Jarbo with 7 survej-ors, completed an area of 1,356 
eqliaw ni~lt-s or1 t h ~  l~xlf-inch wale in sheets 92 -.."-..--. Towards the end of the seaaon 

X.W.,  S.W. 

two of theqe siirve?-01s were transferred to n small camp under J i r .  A.  V. Dickson. 

.\o. 2 ( 'amp,  nnder J I r .  H .  H. Creed with -5 slirveyors, completed an area of 18 square 
I 

miles nn t h ~  one-inch in rl~eetr 92 , j J p  ancl 960 square miles on the half-inch in sheet 
F 

93 

.C,. .7 !amp, under Mr. A. \-. Dickeou with 2 survepors transferred from No. I Camp, 
E 

cootinoel. on the half-inch scale, the survey of sheet 92 and cornpletecl an area of 108 
~ O P R  rniler. 

AVO. 4 r f rmp,  under Mr. D. N. Banerji with 9 snrreyow, completed an area of 459 
C q r m ' ~  milen on the one-inch male in sheete 92 s ; ~ '  JIr .  Banerji personally surveyed 9 

q o a m  miler of this total. 

Mr. JIaung K ~ a w  Nrein ww in rhsrge of a Traininq Section composed of 7 pupils, 
4 of ahon1 wcrp a t t w l l ~ l  to S o .  10 from Yo. I I Party far trsining. The work of the pupils 
h u l  to IF nyt~rotlsly h t e d  bfore  being m e p t o l .  Thls mas done by tests carried orit on the 
kpml phe-hbl - ,  and, after the small awae had been t m n a f e r r ~ l  on to a large block, by a 
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further test and correctiop by tho Camp Officer. Mr. Maung Kyew Nyein personally 

snrveyed all area of 67 square milee, and tho pupils 185 equare milee on the one-inch ecale in  

Out-turlls and coet-rates are as follows:- 
b-i~~cll survey, 3,4,'?4 square miles @ Rs. 2-1,. 7 per square mile. 
1-inch ,, , 477 ,, ,, @ 1Lcl. 48.7 ,, ,, ,, 
'llhe cost-rat(. of tlie area surveyed on tlie 1-inch sealn by the Training Sectio~l is not 

iuclr~tletl in the above. 

Tht. cost-rattbs are Iligl~er than tllofic. of the ~~ravious year, owing to the greater distarlcee, 
as co1111r~rctl with last ytaal-, of the eentrc. of' gravity of the locale of operations from the mil- 
heacl a t  M y i t k y i ~ ~ i .  

Trianqulutio,r.-?lII. IIayat , \ luha~nmd,  li. S., tria~jglllatstl an area of 1,684 square 

1niIt.s for tlet.:til survey on t l ~ e  o~~c.-incl~ alltl half-inell scales, in nhrtnts !I2 N. w& , while Mr. 
Rani Prasad, It. S. carried out the triangulation of a further 1,400 scluare miles for purposee 
of detail survey OII  the 4-inch scale. 

An endeavour was matle to exterld tht, )let-work of triaugnlation in sheet !I2 J3, west- 
wards to the high \vatershctl formil~g the boundary l~ettveen l311rnla and Assam, to atlmit of a 
co~lvcnic~~t  collllectio~~ a t  sonle future (late \vith the Assan1 triaugulatiol~. Mr. A. 1'. Dickson 
was tlepoted For this work, but, owing to the refusal of locel coolies to cross the s~iow-line, 
after two attuln1)ts t l ~ c  oxtellsio~l had to bc po6tpoued. 

The cost-rate of triangulation executetl for purposes of detail survey on the 1-inch 
sc;tle worked out to Its. 12.7 per sclrlare mil(,, and that  for those of detail survey on the +-inch 
scale to 11.;. 7 .  1 11cr square mile. 

Recess Du/ir.c.-(a) Tllc fair-mapping of the season's out-turn, coml)risi~~g 3 complete 
one-inch sheets and portions of 3 I~alf-inch sllcets, was carried out by two srct,iol~s urltler the 
sol)ervisio~l oT Jlcssrs. 11. 11. Crcc~l ( 3  shrc~ts) and D. N. Uar~erji (3 shcets). 1Sxcel1t for a 
small area, of wl~icli the survey \\.as ro~~l l~ l~hte ( l  l a t ~  ill the seasoll, the direct-~l~apl~ing s>-stem 
was again atlol,ted t>llis year, ant1 ap1)rec~iaIjly expellit.~(l the progress of t,ho \\~orli. Sheets 

9 ~ ~ : ~  will be sr~hmitted for publ~cat~oll bt4orc the party takes the ficltl. Sheets 

92 ,, w., sEE , S T  are not ron~plett~l>- s~irvc~! rd and any portions of the surveyed areas remain- 
ing unmappecl a t  the end of the rrcess will bc completed in the Maymyo drawing office. - 

In addition, sheets !)2 T+r, -1% ant1 sheets 92 -,NF~3-i:. of the previous season 
have been saljmit~t~ed for pr~llication durinq the year under rel~ort. The fair originals of slieet,~ 

92 H I I ~  92 \yttre also correct,ctl and brought up to tlat,e. Sheet 92 $\r. was surveyed and 
fair-mappeel last. year b ~ ~ t ,  the delay in its submission for pr~blicat,ion is tlue to the district 
bo~lntlary between RIyitkyini ant1 Put,ao, which has been under investigation by the district 
authorities, not heing finally srttled. 

The out-turn of one-inch antl half-inch mappinx is 605 and 1,130 square miles 
reel)ectively, and t,lw cost,-rates Hs. 1 2 . 2  ant1 Hs. 5 . 7  prr square mile respectively. These 
cost-rates are somrn.llat higher than last year. This is due to tllc drawiug l,on.cBr of tlrtb Ivarty 
being mlirli retluced b~ t,he r.ccent, transfers of its more skilletl 11rafts111r11-2 oliicers of the 
T'lqwr Snl,orllinatc Srrvicr ant1 3 of t , l~e J~onrer S~ihordinatr Servirr ]winK sent 011 ser\.iCc 
overseas, antl one first class snrveyor being tmnsferred fl.t)lll 1 1 1 ~  party. One officer of the 
Ul)l)e~. S~~bord ins te  Service retired on pension illwing the \.ear. 

( h )  The comp~lhtions of the season's triang~~lation mcre completed c l r ~ r i r ~ ~  the recess by 
Mr. A. V. Dickson assisted by Mr. I). N. Saha and two computere. 
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No. 11 PARTY (LOWER BURMA). 

The party was employed in Lower Burma, in the districts of Mergui, Tavoy and 
Amherst. The drawing office remained a t  Maymyo. 

PHBBONNBL. The area surveyed on all scales was 1,475 

Provincial ~ f l c c r s .  square miles, distributecl as follows :- 

Mr. J. 0. Greiff in chnrae. 1,158 square miles of plane-tabling on the - 
,, C. E. C. French, lo 3rd June 1918. K 1-inch scale, in sheets 95 15 (,mrt), 16 ( p f i ) ~  
,, 0. J.  H. Hart. 
,, E. M. Kenny, from 1 s t  June 1918. 95 s (PRrtlr)~ and 95 i (llllrt,. 6 &t),-rm2' in the 
,, C. 0. Picnrd. Mergui district. 

Upper Subordinate Serrice. Original survey on the 2-inch scale of 282 
J 

MT. Lacl~man Dnji Jndu, R .  B. .  1.0 18th square miles of reserved forest, in sheets 95 E, in 
Aupurt. 1918. the Tavov district. 

,, Dalb~r  Ral 
,, Pratnl Cllnndrn Sen Qupta, TI. Sc. 

Original special survey on the 4-inch scale of 
35 square miles, in sheets 95 I, in the Amherst 

Lotrer Sabordinale Service L. 6. 7 

district. 
34 Surveyors, elc. 

The field season extended from the 14th November 1917 to varying dates between the 
15th May and 2nd July 1918. The season was prolonged owing to abnormal rain in May. 
From the 7th to 28th of May it rained incessantly, the rainfall being more than do~tble the 
normal fall. 

The surveyors and camp officers left Mergui 011 the 2!st November, and got to 
Kyaukpya, on the Teuasserim river, on the 15th December. Work generally was started in 
the Mergui district about the 15th January 1918. A t  the s tar t  small boats were not avail- 
able, although requisitioned a t  Tatmu a fortnight in  advance of the arrikal of the camp. 
The average number of working days is about 100 per surveyor for the season, this includes 
days spent in cutting and clearing hills. This figure is significant of the delay there was in 
transporting a large camp over country with little habitation and precarious means of com- 
muuications. Work in Tavoy began about the 20th December 1917. 

The health of the party was not good. There was quite an epidemic of malaria, 
dysentery, and diarrhea, from which the surveyors and menials suffered badly. The average 
daily attendance a t  the camp hospital mas twelve. Seven khalasis died as a result of these 
complaints and pneumonia. 

The country surveyed in the Mergui district lay in the upper valley of the Tenasserim 
river and extended to the confines of Burma on the east, and, on the west, to the main water- 
shed dividiug the Tenasserim valley and the sea-board are:L. I n  the Tavoy district a reserved 
forest area was surveyed on the upper waters of the Tavoy river. This basin separates Tavoy 
from Siam on the east, and from the district of Amherst to the north. The mean range of 
elevation, in both these areas, ie from about 200 feet in the valleys to over 5,000 feet on the 
watersheds. The hills are ver? densely wooded, with dark, impcnetrable evergreen forests, 
within which gloom and silence reign. The undergrowth is a tangled mass of creepers, inter- 
mixed with cane and bamboo. I n  the Tavoy area tbere was a fair amount of undulating 
ground, densely wooded, and consequently difficult to survey. Machaus had to be built on 
tree-tops to enable the surveyor to fix his position and obtain some check on the accuracy of 
his plane-table traversing. 

The upper valley of the Tenasserim river is interesting and possesses much beauty. 
Along the banks of the river are to be found evidences of this tract having once, probably a 
hundred years ago, been inhabited. The banks are rich in wild flowers, and the trees fes- 
tooned with orchids of the Dendrobium variety. 

The river in this part of its course is more of the nature of a torrent. The gradient 
is not uniform, and the river has the appearance of descending in a series of steps. Rapids 
are numerous, the majority being difficult to negotiate. The channel is navigable only by 
-noes or dug-outa. When ascending the river, portage is necessary across these rapids. 
Each boat has to be unloaded, the loads carried across by coolies, and the empty boats pulled 
over. The Karen is extremely skilful in steering his littic boat over the rapids when descend- 
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ing, but notwithstanding, there were frequent mishaps, resulting in loesee; and, in one ine- 
tance, very nearly in the death of a menial. The country in Mergui, except for about half a 
dozen srnall Karen villages along the banks of the Tenasserim river is uninhabited and without 
communications of any kind. Every road and path had to be cut and cleared. Along both 
banks of the river, from Sanpe village, in sheet 9 5 4 ,  J 1  to the'no~th limit of the seaaon's work, 

roads hacl to be cut, to make mule transport practicable. 

The Iwovisioni~~g and rationing of the camps employed in bIergui presented great 
difficulties, and was a source of heavy expenditure. The head-quarters of the camp officer 
was 14 stages by boat from Mergui. Iu  the country itself no provisions of any kind, except 
a fen, fowls, were procurable. Rice in suficient quantity for the use of local coolies on duty 
with the various camps was not obtainable. These coolies had to be provisioned by the party. 
As far as Tatmu OII tlle I)anh-s of the Tenasscrim river and eight stages from Mergui, the 
river is practicable for moderate-sized boats. Prom this point up, only dug-outs can be used. 

Kyaukpya, situated on the Tenasserim river, ant1 4 stages higher up than Tatmu, was 
selected as tile head-quarters of one of tlie camps illto \vhich the party mas divided. Fronl i t  
tile rnrlle transport was nsecl for t,he clistr.it~~rtion of s.~l~l)lies to the snrvej-ors working in the 
fielcl. 

Plan,e-tabling.- The party \\,as divided into four field camps as follows:- 

N o .  1 Camp, ontler Mr. Lachman I h j i  .Jada, 1t.B. with Mr. Hart  and seven survey- 
ors completed the survey, on the one-inch scale, of 8-12 square miles in sheets K 

(3515 ( p R r t )  , 16 (p-art) ' 
95-0- 95--_ P , i n  the hIergui district. J(pa"t),4 ( l n r t ) '  l(lt.lrt , 1, (1UWt) 

No. 2 Cump, nuder A h .  1'. C. Sen Gupta wit11 seven snrve>-ors completed the survey, 
on tlie two-inch scale, of 2S2 square miles of tlic Heinze and Kaleinaung reserved forests in 
slieets 9 5 1 ,  ill the Tavoy district. It also ran 65 lil~car nliles of simple a11t1 bounclary travers- 

1.5 

,\To. .3 Corn/), nndrr 311,. 1)all)ir Rai wit11 thrcc surveyors cornl)let~d the hurvej-, on the 
one-inel~ scale, of 316 scillare 111ilcs i l l  blleets 95 L- in the 3Iergui district. 

H([tnrt) , lZ 

ATo. 4 ( i l l t ~11  consisted of fo111 snrvc>,ol.s aucl coinlslctecl the special s~uvt!j., on tllc four- 
inell sralc, of 35 s q ~ ~ a r e  r~iil(~s i l l  tl~t, I < J . i ~ ~ ~ ~ I i ~ ~ ~ ~ ~ ~ ,  l3a\rcllan11g, ?vIezali, Alrg\va a ~ i d  T l l i ~ i ~ a n n y -  
illautig 1.c~scrvcc1 forests ill s l~rct~s ! ) 5 - L  i\~nlic~l~.;t tlistrict, and of 70 square miles of sul)l)]e- 

2,,;, 7' 

1ne11tar~- t r i a l ~ ~ u l a t i o ~ l  ant1 (is linear 111ilc.s of I~oulldary t,raversing. The direction and control 
of the work of this ralllp was ulitlrr tllc. oliiCer in cllarge of the party, nllile tlle actual 
checkiug of the plane-tabling in the felt1 \\-:IS done by surveyor RSuhammad Yustlf Khan, 
in additiou to t l ~ c  trial~gnlatiol~ and travewil~g above lnentioned. The officer ill charge of the 
party had not time to risit t l ~ c  surveyors a second time. 

The cost-rates for the different classcs of survey are as follows :- 

0rigin:~I one-illell 

0rigiu:tl t~vo-iucl~ 

Origi~ial four-inrh 

Its. 7-1. per square mile. 

Rs. 1 2 2 . S  ,, ,, ,, 
Rs. 1 7 3 .  7 ,, ,, ,, 

Thcsc cost-rates apl)ear to be I~igb, but this is due to the loiig clistances that had to be 
covered, across practic:~ll!- ~u~iul~: t l~i te l l  and roadleas couiltr>-, before ~vork  coulcl be starter] ; to 
the I~cavy c!sl)c~~ditu~~c 011 accoul~t of transl~ort for conrey:rllcc of supplies ; and to the stoppage 
of work for 1ic:~rly a montll owing to inccssaut raiu. 'rhe cost of boat hire xloue, for tile 
carriage of snpplics i,o No. 1 Camp, in the 'I.'c~lasserin~ rallt,!., was over Rs. 1,000/- ~ n o ~ ~ t l ~ l ~ .  
A l ~ l w o s ; ~ ~ ~ z t ~ t ~ l y  1100 ~nilcs of roael was C I I ~  a11c1 clcaretl in the Tenasserinl \ - ; ~ l l ~ y  for  mule 
transport,. 1)nrillg the ~ n s t  tlrrec seasons t'hc party Ilas l)(.cn niuvil~g 111) the rallrys, anel 
c o ~ ~ s e c ~ ~ ~ c ~ i l l y  gc.tti11g fil~rthcr away from its base of sup]dic5s. 13'or the or~e-inell \vork, tile 
avcragcx o~~t-t11ru prr man for 24, rvorkilig days is higher t,l~is scasot~ t l ~ n ~ l  in t l ~ c  previous year, 
being 27 square nlilrs a p i n s t  20 sc111are miles. 

T l ~ c  high cost-rate for the four-inch detail survey is due to tbe scattered nature of the 
work. The small arca surveyed nlas spread over scveu reserves. Supplies mere not procurable 
locally, and had to be imported from Moulmein, over e distance of about 120 miles. 

The same remarks apply to the cost-rates for two-inch work. I n  the area of 2-inch 
surrey thcrc was niacli prospecting for wolfram being done and the daily rate for labour was 
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&. 1141- to Rs. 1181-. With the exception of one road leading into Siam, all others to the 
main natersl~ed had to be cut and cleared. 

Thongrilafion.-New triangulation was carried out over an area of 2,780 square miles 
by Mr. Yicard in sheets 9 1  --'L , 94 ,, ,, ,hp , 95 2- 9 5 I 

1.9 ~port) 0, l u ,  1.3, 14 1, 2, 6, 6, 7, 9, 10, I1 ' 
in  the Amherst district. The cost-rate pcr square mile is Its. 7 .  t i .  

The country triang~ilatecl consisted of a series of ranges, extellcling from the Burma- 
Siam boundary to the sea-coast, drained by the waters of the Ye, Ataran, Zami, and I-Iaung- 
tharaw rivers, and having a mean elevstion of between 3,000 and 4,000 feet. Some of the 
peaks in the extreme east rise to over 13,000 feet. 'file country is fairly wcll inhalited 2nd 
supplied with cart roads aucl bridle-paths. The Irrawaddy Flotilla Coml>any has a daily 
steam-lauucli service between Moulnlei~~ and Iiya-in Seikkyi, about sixty miles south, the 
head-quarters of the township of the same name. ,4 large part of the area triangulated is 
reserved forest. The hills are heavily wooded, those inland being steep and precipitous. A 
peculiar, aud interesting, feature in the country are the out-crops of lime-stone rock in the 
plains aud valleys. These take the form of a serles of steeply carved Ilills rising sheer from 
the base to elevatious ranging from a 100 feet to 2,000 feet. H o t  springs are found at  the 
bases of several. 

Recess Dulies.-(a) I n  recess the party was divided into three sections. 

The drawing office was under the supervision of 1Mr. French during the field season, 
and was taken over by Mr. Hart  in June 1918, on Mr.  French's transfer to the Southern 
Circle. During the year under report 15 one-inch sheets were submitted for publication. The 
fair-mapping clone comprised 1,611 square miles 011 the one-inch scale in sheets '33 A, 
93 +, 95 J-, 95 R, 95 - - - L- and 95 P -; 2,501 square miles, on the half- 

8. 1- 15, I b  6, 7, 11, 12, 1 4 ,  1.5, l b  ?, 4, 6. 7 

inch scale, in sheets 93 , 93 E, 9 3  -L ; also 1,375 square miles, on the quar- 
N. E.. S. E. S. W. N \V. 

ter-inch scale, in sheets 93 E. and 93 J. 
Blue prints and traces of particular areas in the Tavoy and Mergui districts were 

prepared and supplied to the district officials in the interests of mining and forest operations. 

Mr. Kenny supervised the fair-mapping of a further 631 sqnare miles on the one-inch 
scale in sheets 95 ,C, 95 P. Also the forest boundary plotsJ on the four-inch scale, of the 

J.4 8.12 
areas surveyed in the amherst  district. 

The wllole of the area surveyed on the one-inch scale will be fair-mapped before the 
party takes the field again. 

The areas of mapping executed and the cost-rates for each scale are as follows :- 

2,142 square miles on the one-inch scale a t  Rs. 9 . 0  per square mile. 
2,501 do. half-inch scale a t  Rs. 2 . 1  J P  

1,375 do. quarter-inch wale a t  Rs. 1 . 2  ,, 
The higher rates for mapping are due to a great deal of sickness this recess amongst 

the SUNeyOrS and draftsmen. During the influenza epidemic, more than half the party was 
laid op for nearly a month. 

( b )  A section, under Mr. Picard, waq employed on completing the comp~~tat ions 
left unfinished from the previous season's work, the computations of the current field season's 
triangulation, and the preparation of degree triangulation charts 95 L, 95 0, 95 P. It has 
not been possible to make much progress with the computations for the cnrrent season's 
triangulation, owing to lack of fully trained computers in the party. I t  is hoped during the 
coming field season to be able to complete the computations. The degree triangulation charts 
are well advanced, and should be disposed of next recess. 

Illisce1laneous.- Last field season, on account of the limitations imposed on the number 
of menials that could be recruited from Hazsribagh, the deficit was made up by the employ- 
ment of ticket-of-leave men, supplied by the Burma Government. The employment of prison 
labour in mines and public works depal-tments had been tried by the Local Government in the 
previous year, with certain amount of success, and its introduction into the Survey of India 
was regarded a8 a promising experiment. The innovation was a failure, from the points of 
view both of economy and efficiency. The prisoners were conditionally released for the period 
they had contracted to  serve. The rate of pay fixed by the Local Government was Rs. 181- per 
mensem. They were collected, from the varioue jails in Burma, a t  Rangoon whence conveyed 
under police eecort to  Mergui and there handed over to  the party on each signing a contract 
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bond. With the exception of a few, theoe men were taken over by the prty  preetially 
destitute. They had to be provided with clothes, bedding, shoes, cooking pots and pane etc. 
and had to be fed by the party till they took the field. The restrictions which had to be 
imposed while they were in service with the party, their rationing, disbursement of pay in 
small amounts, roll-calls, police reports etc., made the undertaking quite an onerous and 
troublesome one. The upkeep of the supply of rations was most troublesome. The demands 
for supplies made by these men were extravagant in the extreme, a ~ i d  the compliance with 
these only to the extent of the necessaries of life, was the cause of much discontent. 

Physically also the men were a total failure. Large numbers a t  a time were iuva!itled 
with malarial fever, from the effects of which they never seemed to recover. They were not 
amenable to disci1)line iml~osed by Indian surveyors, though willing to submit t,o i t  under a 
Enropean. 

The season's operations along the Burma-Siam boundary disclosed errors i n  the position 
of tlie watershed as shown on the existing maps t,o the scale of 8 wiles = 1 inch. As the 
position of the boundary depends on that of this watershed, it  seenis probable that the geogra- 
Ill~ical position of tlie former needs rcvisio~t on thc olcl maps. The matter mas reported to the 
Deputy Commissioner of hlergui. . - 

4 surveyors atld 1 draftsman were transferred from the party for work overseas, in 
Mesopotamia and 1Sast Africa, during the recess season. 

No. 1 2  PARTY (ASSAM). 

This party c o n t i ~ ~ ~ ~ e d  topographical operations in the Assanl valley in the Lakhimpur and 
Sibsggar districts and the Central and Eastern 

~'BRBONNEL. Sections of the North-East Froutier Tract. The 

P~.ou inc ia l  OjTcers. country mot.kec1 over lies ~nostly in the alluvial 

A l r .  H. W. Ijigcie, in charge. plains of tlte Bralimapotra rivet. and inrludes, on 

,. E. O .  U~~rdinge. it,s  souther^, l i~nits,  the northern slopes of the hills 
,, Pruinndurai~jnn Rag, R. S. I~ordering t, l~e N i g h  tribal area, which rise here to  
,, PruEulla C l i u l ~ d m  Nit.rn, B. A .  :i,000 feet above sea-level. A small area of 37 
,, K. S. Qopulucl~ur~, D. A .  

sqnare miles was surveyed in Sikkim and Bhutin 
Upp~r Subordinate Ser~lice. i l l  connection \vith thc ~et~t lement  of a port,ion of 

Al r. Girijn Sonker Bugchi. t,he inter-state boruidary. 

Loturr S~rbordinate Service. The field season extended over a period of 

29 Surveyors, elc. about five and a half ntonths, from Novembe; to 
tlie middle of April, during nrliich time the head- 

quarters of the party remained a t  Dibruga1.11. 

The healt,h of the party was not entirely satisfactory daring the field season, a t  the 
commencement of which the of3icer in charge mas laid up for tnro weeks in Sliillong and the 
arrangenlents a t  l)ibrr~garli for starting field work were delegated, as a temporary measure, to 
Mr. Hardinge. These a~.ranqements were much delayer1 by tlie menial strength of tlie party 
fro111 Hazaribagh having to go into qnarant,ine on their arrivnl, due to an outbreak of cholera 
en-route, wliicli resulted in four deaths out of seven cases. Subsequently malarial fever aud 
scabies were tlie chief forms of sickness among menials. M r .  Hagcl~i was laid up with fever 
for abont ten clays. Among tlte lomel- sribortlinates there \\.err fonr cases of i1lnt.s~ Illore or 
less l,rolo~iged. One of these men hat1 to be seut. 11on1e 011 nledical Itbxvtb s o o ~ ~  aftrr taking the 
field. i\notIier surveyor n.110 s~~fferccl during the field seasotl from ~t~alar ial  fever in a mild 
form, l)c~rarno worse a.ftrr r e a c h i ~ ~ g  his lion~e, ;11lt1 died therc. \ \ - l ~ ~ l t b  011 t l o l ~ : ~ r t n ~ r . ~ ~ t d  ],save. 

I'/,LI,P-/ul,liw!/.-The greatcr jlo~.tion of the con~itr \ -  that canits nntler si~rvt.y is covered 
wit11 tlcnst. forest, cot~sist~ing of trecs ant1 l)aniboos \\.it11 u u t l t ~ ~ ~ q ~ . o w t l ~  of bc1.111), c8x~lc> :11tt1 thorny 
crt>ept:~.s. Tlow ltills rising t,o an  altitnde of nborit 650 feet above sea-level \rere met with in 
the Ul)l>er 1)illing forest reserve and in tlie oil-prodacing area round Digboi, in sheet 836'. 

I I 
In  the Jai l~or  forest reserve, in sheet 83 t ,  the hills attain an altitude of about 1,600 feet above 

sea-level. Elsemhrrr the coontry plane-tabled was generally flat. The forests of the Assam 
vallcy c o ~ r t a i ~ ~  nrllllrrous swamps generally known as 611 or duloni, whicl~, in places, occur in 
almost contir~uous stretches and are never, a t  any time of the year, entirely free from damp. 
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They favollr a luxuriant of knotted masses of evergreell vegetation, in which the 
thorny rr!lr was the surveyor's worst enemy. Elephant grass occurs here and there. Leeches 
were also a great source of trouble, and the usual precaution of providing leech-bite socks was 
d o p k d ,  and found to be a sufficient protection. Resides the Brahmapotl-a, river, which flows 
in a sou th-w~s te r l~  direction, the Dibirng, Dihirng, Luhit, Lirli, Burhi Dihing, Dibru and 
T)ising are the only other strean~s of importance. The open parts of the area that  came under 
survey col~tain numerolls tea gardens and rlce cultivation. There are a few good winter roads 
mainhioed by C+overnment agency-private enterprise on the part of garden managers has led 
to the constructlou ot good motoiable roads in tea areas, but  permissioil for carts to  use these 
roads is not generally given. A few foot-paths are the ollly means of communication in the 
forest-clad portions of the area dealt with. 

The detail work in the field was divided into two camps. 
That under Mr. Hardinge, with seven surveyors and two pupils, surveyed 608 square miles 

M 
on the one-inch scale i n d  62 square miles on the two-inch scale in sheets 83  9, la, 14,15,18 (porta) 

M 
and 83 lu.lls 

That under Mr. Pramadaranjan Ray, R. S., with Mr. Gopalachari, one Sub-Assistant 
Superintendent, ten surveyors and three pupils surveyed 539 square miles on the one-inch - M 31 
soale and 129 square miles on the two-inch scale in sheets 8 3  5, and 8 3  ns 

For the most part the method of surveying was based on traversing with the chain 
and compass, the plane-table being set up  at alternate stations. To help visibility through 
foliage iu jungle, the clearing of which would have entailed an inordinate expenditure of time 
and laboar, small mirrors were used as signals by both back and forward flag men. Rays to 
objects lying on either side of the chain and compass traverse were taken to sound with 
sufficient precision up to short distances. The method of checking work in jungle-clad 
country was the same as that  adopted in surveying it. The party's elephants were found to 
be invaluable as a means of transport in forest areas, and enabled the work of surveyors in 
those areas to  be efficiently checked. 

I n  addition to the areas of 1-inch plane-tabling mentioned above, the survey on that 
s d e  of 3 square miles of country along the proposed alignment of the Sibsigar-Nigi  Hills 

J 
district boundary, in sheet 83  , was carried out in connection with the settlement of that 
boundary. These portions of this boundary had remained unsurveyed when the survey of the 
remainder had been carried out in the previous season. The cost-rates per square mile for 
one-inch and two-inch surveys are respectively Rs. 33 .9  and Rs. 104.4. 

The area of 87 square miles surveyed on the one-inch scale in Sikkim and Bhutgn lies 
in the Himilayas, and ranges in altitude from 6,000 to 12,000 feet above sea-level. It is 
densely clad in forest growth, and mas surveyed by surveyor Amrit Ram. The cost-rate for 
this sun-ey was Rs. 1 8 . 0  per square mile. 

The portion of the clistrict boundary between Sibsigar and Darrang, where i t  crosses 
F the Bmhmapiitra river along a straight alignment, in sheets 8 3  m7 has been shown on the 

map to accord with the alignment of the topographical survey of 1914-15, the point marking 
the northern end of the alignment of this boundary having been washed away with the river 
bank on which i t  stood. This point mas refixed on the north bank on an extension of the 
alignment of 1914-15. Cairns were built over the points marking the position of the align- 
ment on e:rcli bank of the river where, as relayed in 1917-18, it  crosses it. Each point has 
two reference pillars or cairns erected near it, but on safe ground, and either point, and its 
two reference marks lie in a straight line. The distances in chains from each point to the 
nesrer of its two reference marks, and thence to the second mark, were recorded on the original 
field section, and, with the help of this information the direction of the alignment can be relaid 
in the future, if necessary. The work was done on the one-inch scale by Mr. Mitra and cost 
RF. 514. 

T r i a n , q ~ ~ l o l ~ ~ ~ n . - - A  little supplementary trianqulation, which mas to have been done in 
M 

eheet S3  T to help the s n r l e  of the hills ~n the .Jaipur rpserve, had to b~ abandoned. 
Owing to the extreme rlensitr of the innole coverinS flat-topped knolls, i t  mas follnrl impossible 
to obtain i n t e n - i s ~ b i l ~ t ~  between selerted points of oh~ervation and stations of previous 
trianzulation. Even the attempt to provide intersected points from Cf. T. stations had to be 
giren ~ l p ,  as n o b l y  could he found who could climb the very tall, massire trccs which were 
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selected for flags or signals. Some of these rose to  a height 6f 180 feet. It was decided to 

beme the work on existing traverse stations, and, with care in the method of treversing with 
the chain and compass, these were found sufficient for purpoeee of eurvey. 

Traversiny.-The greater portion of the area travereed ie low-lying and densely wooded. 
Village-sites are wide apart over the area, but are more numerous along the main r o d  and 
rivers. In  thc more oilen parts there are tea gardens and rice cultivation. The work was 

under Mr. Mitra with seven traversers, and lay chiefly in sheets 83 2 , 3 , 4 , ~ ,  i,'8.10, 11, 11 . Of 

the total of 629 linear miles traversed, 51 I:oear miles consisted of traversing of artificial 
bountlaries of rescrved forests, 211 of the stations of observation were permanently marked, 
and 261 were marked \\,it11 zinc cylinders. 

l'he cost-lS;ite per linear mile for 578 miles of traversillg for topographical survey and 
51  linear miles of traversing of artificial forest boundaries is Rs. 3 7 . 9  and Rs. 21 7 res- 
pect ively. 

The cost-rate per stluare mile for the area of I ,519 square miles traversed is Its. 15.1. 
Recess Dwti~s . - (a)  The fair-n~al)ping \\as divided into tnro sections. 

No. 1 Sectiorz, under Mr. I-Iardinge with eight surveyors, did the fair-mapping of 
>I 3: M 

sheets 83 - o , ~ , ~ , - l w ~ , t , ,  7 SS 5 ; ~  and a small area in sheet 83 which was fair-mapped 
nr 

as an ontrigger to sheet 83 x. 
No. 2 Section, under Mr. Pramadaratijan b y ,  R. S. with one Sub-Assistant Snpcrin- 

M Jl 
tentlent and scvcli survcj~ors, dicl tlre lair-mapping of sheets 63 ~,tl(pnrts) and 83 .G,. 

Mr. Gopalacliari worked with each section for equal periods. 
Most of the i:t ir-n~a~)~,ing was dolie on blue prints for direct-mapping. The process 

of transferring from traces eitl~cr enlarged or rednced was adopted for 129 square miles of 
one-inclr work and for tlic ~ v l ~ o l e  of thc t\vo-inch work surveyed (luring the year under report. 
; in  nrc,n of T,:3 stlnnrc miles in the lTl)per 1)ihing resrrvc, \vest Block, surveyed in seasons 
191 3-l!) Lj on tlic four-inch scale, was first ro-drawn on blrlc pr i l~ts  to scale of the four-inch 
I~ublisl~t~tl sllct~ts. l l t~cl~ict io~~s fro111 t,llesc tlrnwings \vero t11e11 prepared for use by th r  transfer 
proweus. 1:or t l ~ e  rt,rnaining portion, 45 square miles, of this reserve, which was sur\-eyctl on 
tlre two-inch scale in 19 12-1 -I., redrlrtions from tllc two-inch published sheets \rere prel)ared 
for use h!, t l ~ c  trarr~frr I)rorchss. 

The total area fair-mal)l)rtl for 1)11l)lir:ttio11 on the one-inch scalc is 1,387 square miles, 
and was carried out a t  a cost of Ha. 1 6 . 8  prr scltla,rt: 111ile. 

(6 )  M r .  1'. C. Nitra, with four trnvt~rscrs and coml)nters, conipleted the compt~tat ion~ 
of txaverses rnn in field season 1917-18 for tletltil survey in the following year, and the pre- 
~arat,ion of four-inch plots of traverses of artificial boundaries of reserved forests for the 
Forcst Department. 

JIisceZInneous.-Owi~ig to war conclitions there was difficulty in procuring tIie full  
coml)lement of Hazaribigh khalasis. To make up the deficiency the Superintendent, Eastern 
Circle irnl~ortrtl 22 men froin (iondi~ and the officer in charge No. 9 Party arranged for 3 0  
Kols from Singl~bhC~n.  T l ~ e  men from (+ontli arrived ctarly in December. ?hey were of a 
1,oor t,ype, physically, ant1 i~nsnit,ed for work in the junglrs of Assam. They clamoured fie- 
cluelltly for t.lieir release, and after they had refunded t.licir advances and paitl the l ~ a l f - ~ ~ ~ t  
of warm-clothing issued to them they were allowed to go hack to their homes wit11 the lcllst 
delay. 

O\ving to elel)l~ant-catcliit~g olrera.tions in the Dil~rrl rcwrve, the worl; of ( \ Y O  srlr\-t*\ ow 
emljloyetl there was teml)orarily stol)l)ed. They \verc rn~l)loyetl clrc~\vl~c~rc? (Inti1 the clrtl of. 
l f a r c l ~ ,  ant1 ret,urnctl ~\- i l . l l  tltrcc other surveyors lo cornllletc tllc wen i ~ r  the rc-st,r\-e i t1  .\l)ril. 

'l'lle nnsett~lctl eonJit,ion of t.hr horlndaries dealt wit11 \\-:IS n ~ a i n  n source of t l t ~ I ; ~ ~ - ,  alld 
neccssitnic-tl nulnerous refercuces. The I)el)nty Commissioner, I ~ a l t l ~ i n i l ~ ~ l r  \\-as rr.cl~~c.;tcl,l to 
Ilnve the alignmt~nt of t,hc ncnr ho~lotlary oE the L:~kbitnpnr Fronticbr 'l'~.act, tIen~n~.c:ltctl for 
~)rir~mses of snrvrp, and he very kindly deputetl 3Ia11lvi S. 8.11. Chisti, Sub-Deputy Collector, 
l'insr~kia Circle for this 'd~l tp.  Tho alignment as demarcated has beeu surveyed and sIlown 
on the fair-sheet ant1 the qaestion of it,s acceptance is now before the Deputy Commissioner 
for appro~al .  

O l r i n ~  to s ~ ~ p p l i r ~  not boing obtainable lorally, rice and dal had to be sent periodically 
to three surveyors and thcir squads working in tlre Dibru reserve and in the North-East 
Froutier Ttect in the area adjoining the reserve. 
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TABLE I. 

OUT-TURNS OF PLANE-TABLING 1 9  17- 18. 

Out-tlun, a q w e  
miles. 

Average 
per mnn 

Are- number of 
firlnga per aquare 

111ile. 

Circle. Porty. e d e .  Locality. ~1~ 01 survey. 

+.inch . 

1-inch . 

1-inch . 

1-inch . 

I+-inch . 

14-inch. 

2-inch . 

a-inch . 

In aitu (by 
resection). 

5.9  

6 . 2  

0.7 

6 

7.9  

7 .9  

8.13 

6 . 2  

2 ' 0  

1.6  

0.4  

14 

7.6 

4 .3  

4.8 

5 

10 

5 . 2  

18.9 

1 5 . 8  

22.5 

25.2 

2.7 

... 

6 

49.9 

-. 

Original 
survey . 

Original 
survey , 

Revieion 
survey . 

Supplementary 
Survey . 

Original 
Survey . 

Hesurvey . 
Original 

Burvey . 

Original Sur- 

Plnne-tnhle 
traverse. 

0 .9  

2.7 

8.1 

6.0 

17.4 

1.8 

20.9 

4.7 

4 '6  

0 ' 2  

33.6 

13'1 

17 '2  

39.2  

62.7 

I 

N 

Y 

E 

N 

S 

Y 

S 

E 

E 

E 

E 

N 

N 

S 

Y 

E 

N 

S 

S 

Y 

Tot,,l, 

-- 

No. 2 

N o .  6 

No. 10 '  

KO. 1 

No. 5 ' 

No. 7 

No. 8 

KO. 9 

No. 10 

No. 11 

No. 12 

No. 1 

No. 3 

No. 5 

No. 8 

No. 9 

No. 1 

So. 7 

NO. 6 

( No. 6 

per month 

I 

- - 1 
Hijput ina  ... 

HyderHbld ... 

u p p e r  Burma ... 

C h a m b a s t a t e  ... 

Derir and Central 
Provinces ... 

Madras ... 
Madras 

Bengal .. 

Upper Burmn ... 

Lower Burma ... 

A ~ s a m ,  Sikkim and 
Bhutan ... 

Punjsb ... 

United P r o v i n p  .. 

Berkr ... 
M ~ d r a s  ... 

Bengal ... 

1'un.jllb and Yimla 
Hill Htates ... 

Rlndrne ... 

HyderLbiid ... 

Hyder ibid  ... 

United Provinces ... 
Msdrsr  ... 
Lower Burma . 
Apeam ... 

Punjeb, North-West 
Frnntier Province 
and Baluchintiin ... 

United Provineen md 
Delbi Province ... 

N 

8 

E 

E 

N 

N 

No. 3 

NO. 7 

No. 11 

NO. 12 

No. 1 

NO. 2 

of 21 i w<:;;;.~ 

1,286 1 
I 

6,675 

2,501 

7 

570 

2,940 

432 

2,184 

824 

1,158 

1,187 

347 

105 

527 

165 

34 

1,207 

478 

138 

271 

459 

163 

282 

101 

306.6 

I 1 1  

73.6 

53.8 

76.3 

28.0 

2 9 . 1  

2 8 . 3  

1 5 . 5  

39.1 

2 5 . 6  

27.4 

19.9 

26.8 

30 

4 8 . 1  

16 .1  

60.4 

24.7 

32.8 

8.9 

10.9 

9.2. 

6 .7  

8 . 0  

6 . 9  

7 . 4  

9 .1  
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TABLE I.-Conctudsd. 

OUT-TURNS OF PLANE-TABLING 1917-18.-Concluded. 



S0 RECORDS OF THE SURVEY OF INDIA, 1917-18. [Vol. XIII. 

rl 

'mppqo eeplu rxau!~  
0 0 :  . I n .  In 
o m . . : :  3, 

I n  S V  

0 
' lea l  u! alrm ; . . - -  . . n 

red a o n a  asam? o . . rl ? Q 

m 0 
I. e t- 0) . . In n . . - e m . .  . . z z  3 - Q 

4 



T
A

B
L

E
 I

I.
-C

on
cl

ud
ed

. 
3 



0: V1 (I: Z '4 Z z Z 

z z -A z a~a ? a ? ? ? ?PO 

-I 7, C1 W N --- - - 

? 0, 

? 

V 3 
P 

m 
- b 

u wo 
g:' D 
. # 

PI 
2 
4 

E' : : 
0'. 

? . . . : : : 
-J m 

N . . m 
- ; ? : : ? 
01 w 4 

: ... : : 

w 

5 

$-Inch originml mney. 

1.ioch original surrey. 

1.inch resurvey. 

0 

' Z 
5 n 
V1 

ka 
a 
.r) n 

m w, 

-e 

P 
Z 

N 
N 
IS : : a ' ,.inch revision surrey. 
- . . 

0) 01 1 ~p 

VI: . . ' l.incl~ aupplemenbry 

U' 

c" 
- : : : ... 4 

-- 
A 

: . - . : . 

Ii.inch original sunel. 

l+.inch reunrvey. 

e : b) cn ... 2 
. . W 

: : : 2.inch original me,. 
C 

E: 
tn - tn WNW 

? 0 '0 " ? %inch original mey. -2 o o, cn omm 
- 

0, E 
: m ? i : 8.inch originnlsmey. 

%Y 0 

m 
c" (0 m 
w c": . . i i i Cinchorigidmey. 

c" 01 5 P 

N m 
? : ... : : Cinch eupplementnq 

I w may. 

. . lhch original swey . . . ... and resurvey. 

. . . . . . . . and resurvey. 

10 

--- -- * 0 0. 
-- 01 P ... O, N cn . . . '?J ... 

01 P W Cm rn w -. - W - = - . . - : 4 4 ,- W . . w 4 . . ? 
-3 m 

- 01 .o ... w P m 
w2 : : : 

C 
0) 

N N 
sz sss 8 

C 
01 : 4 ? ?I3 l?cr #- - w a " *ww -72 

-0 -- - - C 

m C 0) 
2 2 - m 

r P -3 4 
Q, m 

I- 

3 2 -= w 4- w 
-a -! - -a N R 

-N - m- E: (0 g ts E' 

2';;: --- 
A 

,- '43 
4q -..lcl 
gp, 8gq 
p) Wr* 

' 0- 

0 r** -PI 

Triangulation per sqwe 
mile. 

0 

I Topo,phid. 

Forest boundarJ. 
' 

.II 

pair-mapping, prw-e 
mile. 

m 

Tbl plane-tablinq outtoma 
on all scale#. square milea. 

m 
qf g R 0 --- 



2 
RZEZ z CK % "I 

%%%Z % 
P??? P 
--CC. 
ION-0 (D N 0 m 

rr > 

- u m a 
a E 5 

P C 

- w 8 

d 
.... .... .... 

ti 
::*: . - . . ..... 4 -. 
-war rn >: 

0 
C(f m : 

0Ut-q 0 TP 

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

w 
:::: 0 : .... P m 

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

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

.... .... i i .... 
- - : 2E: : : 
P m . . 
- 

.... .... : : ... . . 
- - 

? 

f 9 

+.inch origlul survey. 

I-inch oriwiunl auney. 

I.inah resuney. 

1.11lch reviaion survey. 

I-inch mupplernentery 
6WVeJ. 

1t.inch original ~ruoey. 

I+inoh resurvey. 

%Inch ori#l~I Duney. 

&hchorigim~lurVeY. 

.... w 

.... .... : 3-inch resurvey. 
01 

C1 
0, 
9 . m 

.$ r 
e 
P 

-! 
'E 
r 
5 
S 
E: 
? 

- -l . . . . 0: . . 
.... . . . . 4 

.... .... : : .... . . 
- .... h.l 

.... - : .... P. 
W 

... .... .... " 

4.inoh orlginol survey. 

Cinch supplemenbrg 
survey. 
- - 

16-inch original BuReY 
nnd resurvey. 

-- 

Winch original surrey 
rind resurvey. 

- 

w 
m 
E 
; 

::* . . ,: i cp I T~ix.lntion pr sp-re 
-I 

w- - yy; S) ToPographid. 
w w Y w w 

. . . . 4 01 
-- t4 

sg 2~ F.ir.nupping, per aq-re " 
w 0 mile. 

lo 

- * ww 
Ir: 

- rw N 

w u. 0) 

I L- 

s 
gg 

- --- 7% 3 =_x - -. Em 
-1 

g m Wwa 
J=b g g 
?", 
B'o 70 
D-rn 8'" 82% - m 
&" 0 

'2 
, E 

P 
a 





Vol. XIII.] 

PART 11.-GEODETIC AND SCIENTIFIC 

OPERATIONS. 
TRnIGONOMETRICAL SURVEY. 

ASTRONOMICAL LATITUDES A N D  P E N D U L U M  OPERATIONS. 

Nos. 13 A N D  1 4  PARTIES.  

P E ~ E O N N E L .  War  conditions still continuing during the 

Imperial OjTccr. year under report, no latit,ude or Pendulum oper- 

Major H.  NcC. Cowie, H. E. in cheree. 
ations were carried out and the personnel of these 
parties was en11)loycd a t  the Head Quarter Offices 

Lowcr S t , b o r d ~ n n t e  Sevoice. and in cou t in~~ing  the calcalatio~l of the Hayford 
NO. 13 Pnrty 1 Couiputer. rednclion for Ye~~dulum stations in India. 
No. 14 Psrty 1 Computer. 
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NO. 1 5  PARTY (TRIANGULATION). 
BY H. G.  SHAW. 

PEB~ONNEL.  The programme of field work during the paet 

Imperial ~flccr. field season consisted of :- 

Msjor E. A .  Tandy, R. E,, in ,:harFe from lZth 
(1) The continuation of the reconnaissance and 

October 1917 to 15th May 1918. building of the Sind-Sigar Doib triangulation which 
was commenced last year and the completion of 

Provinoiol Oficerx. 
observations a t  all the stations. 

Mr. H. G.  Shaw, in charge tap to 1 l th October 
1917 snd from 16th Mny 1918. 

(2) The survey of the Meyo Salt Mine a t  Khewra, 

,, L. Williams up to 31st Angost 1918. Punjab. 
,, H. B. Mathur, 8. A., up to 8th September The table below gives details regarding the 

1918. 
,, Ahdul Karim, n. d., from 16th October 

1917. 
,, N .  N. Chuckerbutty, L. C. E., from 18th 

Octobsr 1917 to 14th Anguut 1918. 

Upper subordinate Service. 

Mr. Jugal Behuri Lal. ' 
Lower Subordinate Seruice. 

13 Computers, e1.c. 

Particulars of trian,oulation during 1917-18. 

. . .  ... . . .  Number of stations observed at. 107 

. . .  . . .  . . .  Nurnher of stations newly-seleckl and built 5 6 

. . .  . . .  Length of triangulation ronipletf.tl in miles ... 375 

. . .  ... Length of t~.iangnlation rcm:rininq to be (lone . . .  Nil  

. . .  ... Area of triangulation in square mi1t.s . . , 1950 

. . .  . . .  ... Number of trianglrs ol)servccl 114 

. . .  h4aximum triangnlar error . . .  9".14 

... . . .  Average triangular error ... 2'.39 

... Value of m . . .  ... lW.875 

... Value of M . . .  . . .  3'.24 

Theodolites used T. & S.  6-inch micrometer 

Nos. 1097, 1100, 1403 and 140%. 

S i ~ d - r i ~ c ~ ~  Dorib 'I>iar~qu/a~ion.-Po~~r detachments \\,ere e~nployetl on the work mcn- 
tioned in (1) al)ovr, rvhirh mas rarried out as follows :- 

No. I I)rt,ac.l~mcnt nnder Mr. TI. 'ATillinms C R ~ ~ ~ C - I I  ant, observntions f r o n ~  !~ l~hisn . i l a  
'1'. S. antl hIdlli\\rila 'l'. S. of thr  (;rent Intlns Srrics, near S:~n:i\\-$u in hIuzaffa~.g:~rl~ tlist.ric.t, 
up to the viriniky of l<h~~sllAb in Sh.i~lipnr dist,ric.t,. 

No. 2 l)ctacl~rncnt untlcr Air. H,aj Raliatlr~~. hlnt,l1111 c.nrric-tl out ol)scb~.\.:~tions ftwm 
S I l i l ~ l n ~ ~ ,  '1'. S. ant1 JIoI~:~~nrnntl S11:ill 'I?. S .  of tllc. (:r.c.a.t 11rcl11r; Sc1.ic.s. ncs:ir 1ic.inI1 i l l  h111znB:~r- 
gar11 district, r1p to t l ~ c  vicinit,y of AXi;inm%li and also la.itl out aucl I )~~i l t ,  :t small cross series 
m:tking rconuert,ion wit11 t l ~ r  s ~ r i e s  of No. 1 Detnrlln~c~~tl.  

No. 3 I)ct,acl~~nent ontlrr 1\11.. Abtlnl Karin1 lair1 out a,nd built the series from Nhrl)nr 
sont,l~\vard, half \vay t>o Sanimin, and obsc~rvctl the small series connect,ing No. 2 I)et.ncl~ment's 
work \vit,ll ~ l l ~ ~ n a t l  Sindi T. S. and R'Iiini T. S. of thc Great Indns Scries, and assistcll Sos.  1 
and 2 l)c~taclln~c.nts in maliing ~ , I I A  final co~~ncct,ion of their scries with t,lle G. T. Ptat,ions in 
the Ilills nor.t.l~ of t l ~ e  Sintl-S:iznr 1)o~O. 

No. 4 Dc.tacl~n?e~~t ~~ncler Alr. J u g d  13eh;~ri La1 Inid out ant1 built the series frnm 
SanAm5n nort,l~ward, half way to Nhrpur, and observed the small series built by Mr. It. B. 
Mathnr. To\vartls t l ~ e  e~lcl of hIarcli 1918 this detachn~ent mas sent to Khewra and amalga- 
mated with the Khewra Detachment. 
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No. 16 PARTY (TIDAL OPERATIONS).  

Tidal registrations by means of self-registering tide-gauges were continued during the  
year under report a t  the following ports :- 

I'ERRONNLL. Aden, Karichi, Appollo Bandar (Bombay), 
Proaincial 0flc-e-rs. Prince's Dock (Bombay), Madras, Kidderpore, 

Mr. O.C. Ollenbech, in chalgo from 29l.l) October Ran,gOOn' Moulmein and Port The work 

1917. carr~ed out under the direction of this department, 
,, syed ZiIIr Hssneiu, K.s.. in charge till 28th but the immediate control of all the tidal observa- 

October 19 17. tories is entrusted to the local officers of the porte 

Lower  Suhordinate Servire. concerned. 

20 Computere, kc. In  addition to the automatic tidal registra- 
tions a t  the above ports, readings of high and low 

water were taken daring day-light on tide-poles a t  Uhaunagar, Akyab and Chittagong through- 
out the year for the purpose of checlting the corresponding predictions which were based on 
obsel.vations taken some years ago. 

T I D A L  0BSERV:lTIONS AT BASRAH. 

Hourly readings of a tide-?auge at  13asrah were supplied to this department throughout 
the year by the Director Inland Water Transport, Mesopotamia. The readings for the year 
conlmenci~lg 1st January 1917 were reduced by the method of harmonic analysis and the 
constants thus deduced were used in the computation of data for the tide-tables for Basrah 
for 1919. These data were forwarded on 10th April 19 16 to the National Physical Laboratory 
Teddiligton, England, where tidal predictions were made from them with the aid of the 
tide-predicting machine. A set of the predictions was received from the Laboratory on 29th 
August 1918. The tide-tables for Basrah for 1919 are being printed a t  the Trigonometrical 
Survey Office a t  Dehra Dtin and will be despatched to the Director Inland Water Transport 
Mesopotamia iu October 1918. 

The following is a complete list of the ports a t  which tidal observations have been 
carried out from the commencement of the titlal operations in 1874 up to the present time. 
The permanent stations are shown in italics ; the others are minor stations which were closed 
on the completion of the requisite registrations. 
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The inspection of all the tidal observatories was carried out during the year, Mr. 0. C. 
Ollenbacli taking up the inspection of Aden, Karichi, Bombay (Apollo Uanbr ) ,  Bombay 
(Prince's Dock) and Madras, and Mr. Syed Zille Hasnain inspecting the remaining 
observatories. During the inspection of each observatory the tide-gauge and other instru- 
ments were thoroughly overhauled, cleaned and put in working order; the observatory well 
was cleaned and the inlet holes mere examined; the level of the bed-plate of the tide-gauge 
was carefully tcsted by spirit-levelling between it and the bench-mark of reference, in order to 
@certain whether any change had taken place in its position since the last inspection; the zero 
of each tide-gauge and graduated staff was also tested and adjostecl; the observatory cabin 
lvas exanlined and arrangements were made for any repairs, if necessary. 

The following remarks regarding the working of each observatory may be added:- 

Aden.-This observatory continued to give trouble until i t  was inspected in December 
1917. I t  was found that t11e tide-gaugc had been badly neglected and the clerk in charge 
appeared to take little or no interest in his work. The ~nspecting officer brought the matter to 
the notice of the Chief Engineer of the port with the result that a better clerk was found and 
the observatory properly looked after. Since the last inspection the working of the 
observatory has considerably improved. There have been a few minor interruptions in the 
registrations of the tide-gauge Juc to the stoppage of the driving clock. 

Karachi.-The tide-gauge a t  t l~ i s  observatory has worked satisfactorily during the 
past year. The inlet hole in the well was temporarily blocked seven times, but was reopened 
each tirne as soon as the defect was noticed. The size of the inlet hole was increased from 4 
to f inch in diamehr last year and this greatly reduced the number of interruptions in the regis- 
trations of the tide-gauge due to the blocking of the inlet hole, which were very frequent 
last year. 

Bombay (Apollo Bandar).-There was a break of about 24 days in the registrations of 
the tide-gauge a t  this observatory in June 1918. It appears that  the pi11 which holds the 
p n c i l  wheel in its position dropped oat  and in consequence the wheel became loose on its 
axle a~irl failed to work tlie recording pencil. This was put right Ly a n~ecllanic of the l)epu- 
t y  Chief Engineer of the port and the gauge has worked well since. 

Holwbay (Prince's Dock).-Tidal regi~trat,ions a t  t111s observatory were carried out 
satisfactorily up to the nlitltlle of S t , l ~ t c ~ ~ ~ b c r  1'3 17. Owing tto soux friction the diagram 
ljaper, in passing over the central drum on wllich the recording pencil works, was constantly 
torn by the projecting pins liscd a t  the hour ~utcr\-als uc;w l l ~ e  t o l ~  and bottom of the drum 
and this contiuued up to the 30tl1 Noven~ber 1917. When the diagrams were finally esamin- 
ed a t  Dehra Dun before being read off, i t  was fouod that the times indicated by the clock, as 
entered on the diagrams by the observatoq- clerlc twice a clay, disagreed with the t i~nes  
marked on the diagrams by tile projecting pins at, the hour intervals. This defect started on 
14th September 19 17 and disappeared on 30th November 191 7. The total discrepalicy in 
time a t  the end of November was nearly two hoars. The observat.ions between the above 
dates were therefore rejected and the gap was filled by substituting obsel.vat,ions taken a t  
Apollo Bandar after applying the necessary corrections tlue to the difference of zeros a t  the 
two observatories. 

M0dra.u.-There have been no interruptions in tlie work of this observatory since tlla 
laat inspection. 

Kidderpore.-The tide-gange'at, this observatory has worked without a break during 
the past gear. The observat,ory was found in a neat and tidy condition, having beeen built 
in April 1017. 

Rangoon.-This observatory has continuctl to work well during the year under report. 
A t  the time of the inspection in Jiarch 191s i t  was Pound that the floor of the cabin needed 

repairs and tlie canvas stretched below the roof of the ca,bio was old and torn in places. The 
Deputy Conservator of the port was requested to have the cabin tliorougl~ly repaired and to 
have a wooden ceiling fixed to the roof. 

Moulnaein.-The working of this observatory has improved sincc the last inspection. 

No interru1)tions have taken place in the tidal registrations. The inspectin:: officer, however, 
found the cabin in an untidy condition and in need of a thoroogh overhauling. The matter 
was brought to the notice of the Port Officer who was requested to do the needful. The old 
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g&uad ~taf f  mas washed away on 15th December 191 7 and was replaced by a new s h ~  
when the inspecting officer visited the port in Fehrl~ary 1918. 

Port Blair.-The tide-gauge a t  this observatory has, as usual, worked in a very satis- 
factory manner during the past year. 

All the pertaining to the past year's work have been completed and there 

are no arrears. The titlal observations a t  the nine nrorlring stations for the year 1917 have 
been reduced by harmonic analjsls. I n  addition, the observations taken a t  Basrah on a tide- 
gauge erpctrtl by the militarj- authorities and brlpplled to this department by the Director 
Inland Water Transport for the J ear 1917 have been similarly treated. The tidal constants 
deduced from the above redrlctions are shown in the attached tables. 

These tables give the amplitudes (R) and the epochs (0 a t  the various stations; they 
give the values of H and K whieh are connected with R and (, through the various 

involred in the positions of the sun and the moon, in such a Jvay that 
if the tidal observations mere consistent from year to  year H and K mould come out the same 
from each year's reductions. 



Vol. XIII.] TIDAL OPERATIONS. 

19 17 

KARACHI BOMBAY (Apollo Bander) 

A,= 7 ~ 3 6 8  feet A0=10.324 feet 

- 
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276.88 
309.23 

0.045283.57 

37.47 
0.028311.67 

76.67 

257.40 
0.028351.05 

S2.37 

24.72 

o 

10.80 

S l i . l , l  

36.59 

7.09 

33-76 

I-- 

6.39 

220.14 

287.45 

234.49 

0.072 
1.569 3.50 
0.025 217.56 

0.008 130.19 
0.004 342.90 
0.104 204.4.6 

I 

3.!1361154.64 
0.064.l297.:10 

o 

189.62 
1.569 
0.025 

0 ,008 
0.004 
0.052 

3.962 
0.065 
0 .098 

0.012 
0.010 
0.645 

1.392 
0.377 
0.304 

0.064 

0.136 

0.940 
0.251 
0.199 

0.097 
0.077 
0.029 

0.136 
0.011 
0.071 

0.070 --- 
0,104 

0.012 

3.50 
217.56 

130.19 
342.90 

1 1 - 1 1  

331.08 
21.97 

314.96 

60.91 
338.75 
48-64 

45-48 
357.09 
41.49 

81.35 
0 . 1 3 2 4 9 . 6 9  

299.03 

315.99 
349.09 
313.61 

71.85 
28.30 

100.16 

277.50 
251.83 
169.77 

69 .63  

0 

347.86 

0.097322'07 

251.57 
0.010 
0 . 6 8 1  

1.4<131 
0.304 
0.394 

0.089 
0.140 
0.103 

0.934 
0.249 
0.196 

0.097 
0.076 
0.029 

0.135 
0.011 
0.073 

0.072 

0.101 

352.96 
74.65 

206.71 
139.15 
?Yl'S(i 

171.S2 
142.96 
220.99 

206.G1 
291.24 
320.71 

70.70 
211.86 
276.(il 

235.19 
326.00 
154.55 

275.51 

0 

BSO.79 
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1917 

BOXIBAY (Prince's Dock) MADRAS KLDDERPORZ 
P 
6 
h A,=6.374 feet A,= 10.807 feet 

0 

190.67 
97.17 

108.46 

46.98 
313.78 
47.77 

237.50 
231.96 

36.06 

138.18 
273.56 

47.03 

218.22 
229.75 
235.60 

79.70 

15.92 

269.09 
340.68 
182.73 

171.90 
2 5 3  48 
163.85 

43.23 
87.45 

359.25 

191.80 

----,- 

0 

324.28 

355.4.0 

217.19 

244.72 

152.41 

S3 

S 4 

S, 
s, 

31, 
M, 

0 

S 
B 

Short 
Period 2 

1.639 4.19 1 . 6 3 9  4.19 
0.096 
1.523 
0.083 

0.002 
0.007 

3.728 

0.741 

0.149 
0.086 
0.212 

0.401. 
0.447 
0.144 

0.013 
78 .350 .028  

0.252 

0.653 
0,247 
0.319 

0.162 
0.672 
0.076 

0 . 0 7 7  

0.023 

o 

190.67 
97-17 

108.48 

46.98 
313.78 

0.010,214.94 

55.00 
0.028318.20 

31.05 

310.67 
263.55 
22.12 

56-95 
87.61 
45-28 

34.8.61 
346.93 

94.45 

40.08 
40.38 

177.72 

173.09 
70 .9 i  

316.35 

87-75 

0.028 
0.459 

205.890-0231205.89 

31, 0.095 334.25 

K, 1.461 206.69/1.411 45-56 
K, 0,370~138.97!0.3451356.91 
pl 0.389~232.00 0.389 41.63 

Pl 

0 010 

0.005 
0 -001  
0.100 

0.303 
0.127 
0.090 

0.013 
0.007 
0.037 

0.244 

0.021 

0.016 
0.008 
0.015 

0.022 
0.002 
0 ,014 

0.003 

----- 

0.083 

0.0-1.5 

0.020 

0.444 

0.256 

0 o 

( 2 ~ 3 1 , ~  

2 ~ :  
(>I?N), 
(Jf2K,) , ,0.085 

(:3I2K,l3 

0,2721 15.94. 
0.099 15.48 

i 
0*0:l5 318.06 

I 
I 
I 
I 

I 
0.2411 2 8 - i b  

I 
0.279' 42-73 

0.003 

76.06 
271.12 

0 .00 j  164.85 
0 . 0 0 ~ ~ 3 3 9 ~ 4 4 ~ 0 ~ 0 0 1  
0.109 200-67'0.055 

0.905 

2.88:; 

0.0.k8 

190.70 

303.34 
92.55 

349.62 

138.83 
45-45 

170.48 

44.68 
324.16 
211.44 

128.69 
0 ~ 0 6 8 2 0 6 . 8 7  

187.60 

3.994 
0.066 

1 Long 
Period 

I 
31f 0.052 3 4 0 ' 1 ~ ; 0 . 0 4 ~ '  28.61 

' I  
MSf 0.031 43.29 0.091226.64 I I 

0.052281.06 0~0521107.61 

39.70 

165.0.1. 

:35:1.05 

161.57 

0.028 
0.459 

0.005 

4.022 
0.066 

152.54 
296.81 

0 '001 
0.000 
0.007 

1.067 
0.005 

0.010 

0*005  
0.001 
0.095 

0.292 
0.118 
0.090 

0 .012 
0.006 
0.049 

0.246 
0.066 
0.022 

10.4410.010 
23.41'0.008 

164.85 
339.44 

7.32 

328.99 
21.48 

0.1651276.82 
0.0071 27.81 

! 
0-164'234.51 

0.003 

76.06 
271.12 

0.007 

126.87 
225.0U 
110.06 

65.27 
305.10 

0.096 
1.523 

184.60 

114.20 
80.35 

324.14 

337.58 
263.35 
340.13 

313.91 
231.89 
289.72 

238.84 
265.47 
181-50 

l l m ( ; l  
200.36 

16k.79 
249.78 

59.18 
101.98 

0.072 

0.731 

0.1446 
0.084 
0.224 

0.418 
0.478 
0.144 

0.013 
O.OIO 
0.192 

0.649 
0.246 
0.315 

0.162 
0.668 

207.49 

0.022'208.15 
176.88 
74.80 

161.57 

24.44'0.018 

0.002 
0.013 

158~G3,0~00:3:313~7H 
I 

146.67 

2 8 0 7 1 0 - 0 7 1  71.83 

0.001 
O a O O o  
0 .003 

1.075 
0.005 

0 ,078  

0 0 7 7  
0.268 
0.102 

0.083 

0 

193.61 

310.33 

104.55 

308.25 

2GG.72 

126.87 
225.00 
276.95 

242.23 
30.52 

I 

0.002 
0.007 
0.019 

3.703 
0.028 

0.036 

0.239 

0.314. 

0.899 

2.863 

O.DtE8 

0.065 

0.0.1.0 

0.020 

0.1.14 

0.258 

0 

260.41 

356.24, 

2S7.59 

228.59 

107.41 
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Val. XIII,] TIDAL OPERATIONS. 

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

( a )  Values of the tidal constants for 40 ports for the tide-tables for 1921, ready 
for use for the tide-predicting machine. 

( b )  Values of the tidal constants for the tide-tables for Basra11 for the year 191!). 

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

(d)  Comparisons of the above with 1)reclicted values for 1916, the errors being 
tabulated in such form as to be of use in improving the predictions, if 
possible. 

The predicted times and heights for 11igh and low water for the year 1917, as given in 
the tide-tables, have been compared against the actual values obtained from tidal observations 
a t  the nine stations now working and a t  three other stations where tidal registrations by self- 
registering tide-gauges have ceased but where the times and heights of high and low water 
are read on the tide-poles. 

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

No. 1. 

Percentages and amounts of the ervors in, the predicted time8 of high water  

at the varioue tidal stations fo r  the year 1917. 

Number ol 
compnrisona 

betweon 
mctunI and 
predicted 
values. 

-- 

645 

( 9 9  

366 

704 

651 

701 

705 

3fi5 

366 

705 

706 

706 

Errors 

a"dunder. 

Per rent 

20 

40 

6fi 

38 

4 3 

4 0 

26 

33 

100 

49 

36 

33 

S r ~ r l o n s .  

Aden , ,  

Knrichi ... 

Hhnnnagnr ... 

(Apollo Hnndrr) 
Bomhny 

(Prince's 1)ock) 

hlnclraa ... 
Kidderpore . . . 
Cliitt,neonp ... 

Akyab ... 

Rangoon ... 

hloulmrin .. . 

Automatic 
or 

tide.pole 
obenat iona.  

Anto. 

T. P. 

Auto. 

,, 

T.P. 

Anto. 

Port Rlnir 

Ermm over 
5 minuten 
nnd under 

l b  minuks. 

- 
Per cent 

Pfi 

,I3 

3 4  

Erron over 
15 minotan  
and under 
2u minutes. 

Per ceut 

9 

7 

0 

Errors over 
20 minutes 
andunder 

30 minutes. 

--- 

Per cont 

16 

7 

0 

8 

il9 

Error. over 
30 minutes. 

Per cent 

30 

3 

0 

I 

7 

8 

1 2 

10 

0 0  

4 

9 

8 

40 

4 5 

39 

0 

38 

4 R 

4 7 

3 

3 

6 

6 

10 

0 

2 

2 

2 

6 

13 

8 

7 . 

10 

10 ... 
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NO. 2. 

Percentages mad  mounts of the errors in the predicted timer of low l~atep  

at the cariozcs tidal stations for the year 1917. 

No. 3. 

Pe~cetttages and urnozcnts of the erj.ors in the p~edic ted  heights of high water 

at t?~e variozcs tidal stations fog* the yea?. 1917. 

Errors of 
n'i1'Ute8 

"11' ""der. 

Errors Over 
5 minutes 
rind under 
I5 minutes. 

Pnmber of 
c~.mpnrisons 

hbweeti 
acbual nlld 
pre,jjcted 

mloes. 

S T A T I O I I S .  

Errors over 
15 n~illutes 
nud uuder 

20 ~lliuutes. 

Errors over 
20 minutes 
and under 

30 rninotes. 

Alltnmntic 
or 

tille.pole 
obervntions 

P e r  cent 

11 

12 

0 

5 

8 

7 

12 

13 

0 

14 

13 

16 

Errors over 
30 minutes. 

P e r  cent 

18 

13 

0 

7 

8 

i 

13 

12 

0 

16 

16 

10 

St-hions. 

Aden ... 

Knrichi ... 
Bbannngsr .. 

(Apollo Bandar) 
Bombay 

(Prince's Dock) 

Mndrns . . . 
Kidderpore . . . 
Cbittagung ... 

Akyab ... 
Rmngaon ... 
Xonl~nein  ... 
Port  Blair  ... 

P e r  cent 

89 

6 

0 

3 

4 

5 

4 ,  

9 

0 

3 

14 

2 

Errors over 
8 inches 

and unrler 
12 inches 

Per  cent  

1 

7 

6 

2 

8 

2 

18 

18 

6 

12 

20 

0 

652 

704 

365 

705 

651 

705 

705 

365 

365 

705 

699 

Aden ... 

K a r i c l ~ i  ... 

Bheunagar ... 
(Apollo Bander) 

Bolnbay 
(Prince's Dock) 

Madras . . . 

Kidderpore . . . 
CllilLagong ... 

A kjab ... 

Rangoon ... 
Moulmein . . . 

Per cent  1 Per  cent 

Errors over 
l a  inches 

Per oonL 

0 

I 

0 

I 

0 

0 

20 

21 

0 

6 

18 

0 

Auto. 

T.P. 

Auto. 

,, 

T.P. 

Auto. 

20 

32 

67 

40 

36 

41 

30 

24 

99 

3 1 

23 

23 

Auto~nntic 
or 

tirle.pole 
observations. 

P o r t  Blair ... 

I 
22 

39 

33 

45 

44 

40 

4.2 

42 

1 

37 

34 

49 

nLnKe 

n t i ~ p ~ ~ ~  

Number of 
oomperisons 

lmtween 
~ c t u a l  and 
predicted 

vnlues. 

.. 1 703 

Auto. 

T.P. 

Auto. 

,, 

I 

T.P. 

19 

Auto. 

, 

Errors of 

n ~ ~ ~ ~ ~ r  

Errors over 
4 inches 

and nnder 
8 inches 

Per cont 

92 

60 

F 9 

- do - 
63 

79 

40 

36 

74 

63 

34 

89 

I'er cent  

7 

32 

36 

22 

29 

19 

22 

26 

21 

30 

58 

11 

646 

699 

366 

704 

66 l 

704 

706 

365 

365 

706 

705 

706 

6.7 

9.3 

31.4 

13.9 

13'9 

3.6 

11.7 

13.3 

8 . 3  

16.4 

1a.7 

6.6 
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No. 4. 
Percentages and amount8 of the errors in the predicted height8 of low wader 

at the varioua tidal elations for the year 1917. 

No. 6. 
gable of avercaqe errors i n  the predicted tintee and heights o f  high and 

low wnter at the several tidal e ta t io~~s  for the year 1917. 

Error. over 
IB inches. 

P e r  cent  

0 

0 

0 

1 

1 

0 

16 

28 

1 

15 

26 

0 

STATIOR8. 

Aden ... 

Kariohi ... 

B h a u n a p r  ... 

i (Apollo Bsndar) 
Hornbay 

(Prince's Dock) 

Madras . . . 
Kidderpore . . . 
Chittaeoni! ... 

Akyab ... 

Ran poon . . . 
Moulmein . . . 

Port  Blair ... 

! 

Btationm. 

Open Coaal. 

Aden ... . . . 
K n r i ~ . l ~ i  .. . ... 

Hhai~nagar ... . . . 

I (Apollo Baodar) 
Bombeg 

(Prince'r Dock) 

... Ysdram ... 
A k p b  ... . . . 

Port Blsir ... . . . 
General Mean 

Riverain. 

Kidderpore ... ... 
(>hittneong ... ,.. 

Automatio 
or 

tide.pole 
obsermtions. 

Auto. 

T.P. 

Anto. 

,, 

T.P. 

Auto. 

Menn range 
nt sprinw 

in feet. 

6.7 

9 3 

31.4 

13.9 

13.8 

3.5 

11.7 

13.3 

8 . 3  

16.4 

12.7 

6.8 

Nnmber 01 
wrnprlsona 

between 
nctual and 
predioted 

values. 

652 

704 

365 

705 

531 

705 

705 

365 

365 

705 

609 

703 

Hnnuoon ... ... 
hlo~~lrne in  ... ... 

Qenernl Menn 

Autornntic or 
tide.pole 

obsewstiona 

Auto. 

T.F. 

Auto. 

T.P. 

Aulo. 

... 

Auto. 

T.P. 

Auto. 

. . . 

bIen~r r;lnxe 
n t  sprioqs 

in feet. 

6.7 

9.3 

31.4 

13.9 

13.9 

3.5 

8.3 

6.6 

I1.i 

13.3 

Errors over 
8 inches 

snd under 
l a  inches. 

P e r  cent  

0 

2 

6 

4 

6 

I 

17 

13 

7 

16 

17 

0 

Errors of 
4 inches 

and under. 

Per  cent  

9 i  

8 L 

6 1 

7 1 

64 

82 

43 

37 

68 

38 

32 

92 

Errors over 
4 inchem 

nnd under 
8 inches. 

Per  cent  

9 

17 

34 

24 

30 

17 

24 

21 

24 

31 

25 

8 

16.4 

12.7 

... 

01 heiaht 
in incbem 

or tirue 
in u~iuutrs. 

H . W .  

2 

4 

4 

3 

4 

3 

3 

2 
- - - .  

3 

8 

8 

H . W .  

23 

10 

6 

10 

9 

01 

0 

10 
-- 

1 0 

1 3 

13 

Average Errors. 

of height 
irl terms of 

L . W . :  

2 L  

3 

4 

3 

4 ,  

3 

4 

2 

3 

8 

6 

8 --- 
7 

L.W. 

22 

12 

6 

9 

10 

10 

0 

12 

10 

12 

14 

8 

---- 10 

I1 

the 

H.W. 

.0?5 

.036 

.011 

'018 

,024 

,071 

.030 

025  

(130 - - - -  

,067 

,050 I 
i 

I n !  

9 

4 

12 

lfi 

14 

rnnge 

L.W. 

.025 

,027 

.011 

,018 

.024 

.071 

-0401 

.(IS& 

,030 

.057 

.056 

.025 

,052 

04G 

.O:iG 

,066 

.064 
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Sumw~ary for 191 7. 

COMPARISONS OF THE P~LEDICTIONS FOR THE YEAIL 1917 WITH THOSE FOR THE 

PREVIOUS YEAR. 

The predictions of times and heights of high and low water for the rear  1917 a t  the 
nine working stations were compared against the predictions for the pl.evious year and were 
found to be practically of the same degree of accuracy, exrept a t  Aden and Port Blair where 
the predictions of times \\.ere slightly less accurate than those for the year 1916. 

Number of stations 

6 Open oomt 
2 8 ,  

3 Riverain 
1 ,, 

The great,est difference between the actual and ~redicted heights of low water for 1917 
a t  the riveraiu ports mas as follows :- 

Pre~lictione teated 

S.R. Tide-gauge 
Tide-pole 

8 . H .  Tide-gaugo 
Tide-pole 

PERCENTAOE O? PREDICTIONB, AT EleE A N D  LOW WATEB WITHIN 

Kidderpore ... 4 feet 4 inches on 9th October 1917, a c t u a l ~  being higher. 
Rangoon ... 2 feet 3 inches on 6th July 1917, actuals being lower. 
AIoolmeiu . . . :1 feet 6 inches on 5th July 19 17, actuals being lower. 

The tide-tables for the year 1919 have not yet been received from England. 

The tide-tables for Basrah for the year 1919 are being printed a t  the of6ce of the 
Trigonometrical Survey a t  Dehra Diin and will be despatched to the Director Inland Water 
Transport Basrah in October 1917. 

- 
15 ,,,in,,tes of nctunla. 

The amount realized on the sale of tide-tables during the year ending September 191 7 
is Rs. 174T/7/ti. 

High 

i 5  
100 
'78 
72 

Tidal observations during the coming year will be continued a t  the 9 observatories 
mow working. 

R inches of actula 

Loa 

72 
100 
65 
66 

one-tenth of mean range -- 
High 

96 
95 
69 
61 

High -- 
96 

100 
92 
88 

Low 

98 
94 
64 
69 

Low 

97 
99 
86 
84 



No. 17  PARTY (LEVELLING) .  

Provincial O s c e r s .  

Mr. H. G. Shaw, in charge. Retired : in tcm- 

porary employ from 21st February 1918. 

,, D. H. Loxa, np to 16th September 1918. 
,, J. Mc Creken, from 15th Aogost 1918 to 

15th September 1918. 
,, N. N. Chuckerbotty, I,. C .  E.. up to 17111 

October 1917 and again from 15Lli Angost 
1918 to 15th September 1918. 

Upper Subordinate Service 

Mr. Satish Chandra Mokerlec, up to 15th 
September 1918. 

Lower St~bordinots  S ~ r u i c o  

3 Compnters. 
6 Recorders. 
2 Clerk#. 

Two detachments were employed in levelling 
operations during the past field seaeon. The out- 

turn, including branch lines, amounted to 152 miles 
of " fore and back double levelling of  recision " 
and 285 miles of single revisionary levelling of 
precision, in the United Proviuces, B e n p l ,  and 
Bihir and Orissa, in the course of which the heights 
of 1 principal station of triangulation, 15 primary 
and 586 secondary bench-marks \>-ere determined, 
including 11 p i m a r y  and 411 secondary old bench- 
marks which were reconnected during the revisionary 
and check levelling. Full details of the out-turn 
of work are given in table I. appended. 

The health of the detachments was on the 
whole good. Only a few men occasionally suffered 
from malaria. 

Levell~ng opernliom.-The programme of 
work consisted of- 

( u )  Levelling from Can7npore to Jhiinsi don: the main road via Kllpi.  

" (6) Revising li~les of levels 

(i) from Karamnisi  to A ~ ~ ~ n g k b i d .  

(ii) from Baraliar to Burdwan. 
(iii) from Hinchi to Bariikar. 

Two detachments, called Nos. 1 and 2 Detachments, carried out the programme des- 
cribed below ; each detachment consisted of one levelling officer, 2 recorders and 19 menials. 

Mr. S. C. Mukerjee was in charge of No. 1 and Mr. D. H. Luxa of No. 2 Detachment. 

No. 1 Detachment revised the line from Riinchi to Barlkar, and a part of the 
Barikar-Burdmin line between Barikar and Rijbiindh. 

No. 2 Detachment revised the line from Karamnasi to Aurangibid, and a part of the 
Barikar-Burdwin line between Burdwin ancl 'R i jb ind l~ .  

Then both the detachments, working in opposite directions, levelled the Cawnpore- 
Jhinsi line, via Kilpi  along the main road, crossing the Jumna by the G.I.P. Railway bridge 
en route. This is a new line and is usefrll for both geodetic and irrigation purposes. 

One of the objects of running this new line of levels was to test the height of the 
standard bench-mark a t  Jhinsi which was based on that of Colonel Sanders' monument, 
E, when the connection was made in 1905-07. 

64 F 

When the line Agra-Gwalior was revised in 1915-16 tlie height of t,his B.M. was found 
to differ by-1.700 feet from that determined by the old levelling of 1861-64. It was 
assumed then that the difference mas due to the point of reference in 1905-06 and 1915-16 not 
being the same as that used in 1861-62. The line Cawnpore-Jhinsi now definitely proves that  
this assumption mas correct. This line breaks up the large circuit Allahnbtid-Cawnpore-A,ora- 
Gwalior-Sironj-Katni-Allahibd, into two smaller onee, viz.- (1) Cawnpore-Agra-Gwalior- 
Jhinsi-Camnpore, and (2) Cawnpore-Jhiinsi-Gwalior-Sironj-Katni-A11ahibid-Cpr, which 
close with errors of-0.724 and + 0 .731  of a foot respectively, as shown below:- 
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Circ~ict (1). 

The line Cawnpore-Jhinsi waq levelled on the new system of "fore and back double 
levslling". The practice adopted iu previous years was that  the two levellers working from 
opposite directions of a line of levels, took only one set of observations a t  each station and 
exchanged data on meeting cach other. Then, as the work advanced over the line already 
levelled in the reverse direction, if either found that the results of his levelling between a pair of 
bench-marks did not agree, within the  res scribed limits, with those obtained by the other 
leveller, he relevelled that section of the line both in the forward and backward direction. 4 

This procedure is open to the following objections:- 

( a )  Each leveller was inclined to increase his daily rate of progress in order, if possible, 
to finish more than half the line before meeting the other leveller, so that  his liability to irk- 
some repetitions might be reduced. This tended to a sacrifice of accuracy to speed. 

( b ) I t  resulted in a high percentage of relevelrnents and occasionally i t  was found 
that  the results obtained by the first leveller had to be rejected on relevelment by the second 
leveller. I n  levelling of high precision this should very seldom occur. 

TO remedj- the above, the following procedure was adopted on the  awnp pore-Jhinei 
line:- 

Distance 
in rn~les. 

189.9 

52.3 

83.7 

141.3 

467.2 

Unadjusted dgnunlic 
difference of height 

in feet. 

+ 143.3" 

+ 28,972 

+ 269.237 

-441.754 

- 0.729 

LINES 

( i  ) The sjstem of the levellers exchanging data on meeting each other was disconti- 
nued; they were mule to send, from time to time as the work progressed, all the data to the 
head-quarters office of the p r t y ,  and each gave the other only the descriptions of bench-marks 

''A~. 

1864-65 { 1861-62 
1915-16 

1905-06-01 

1917-18 

. -- 

From 
- 

Block-stone B.M. 
a t  Cawnpore. 

Block-stone B.M. 
at Agra. 

Pedestal of Lt.-Col. 
Sanders' monument. 

Standard B.M. 
a t  Jhinsi. 

Circuit (2). 

To 
- -- - 

Block-stone B.M. 
a t  Agrs. 

Pedestal of Lt.-Col. 
Sanders' monument. 

Standard 13.M. 
at Jhausi. 

Block-stone B.M. 
a t  Cawnpore. 

Total . .. 

141.3 

83.7 

202.3 

193.0 

161.5 

129.0 

Block-stone B.M. 
a t  Cawnpore. 

Standard B.N.  
a t  Jhinsi. 

Pedestal of Lt.-Col. 
Sanders' monument. 

Lower mark-stone 
Siron j Bose-line 

N.E. end. 

G.T.S. Katni Ry. , Station. 

Q.T.S- a t  Allahgbid 
B.M. Fort. , 

+441.754 

- 269.237 

+699.796 

I 
I Total . .  

Standard B.N.  
a t  Jhinsi.  

Pedestal of Lt.-Col. 
Sanders' monument. 

Lower mark-stone 
Sironj Base-line 

N.E. end. 

Q.T.S. Katn iRy.  
B2:l, Station. 

Q.T.S. a t  Allahibid 
B.U. Fort. 

Block-stone B.M. 
a t  Cawnpore. 

1917-18 

1905-06-07 

1861-62 

010.8 1 + 0.731 

- 224.596 1898-99 

-956.019 1898-99 

+ 109 ,035 1864-65 
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for identification. The head-quarters office after comparing the results of the two levellers 
issued to them instructions as to relevelments required. 

( i i )  Two sets of obbervations were taken every time the instrument wes set up. 
After the first set of readings the instr~tment was dislevelled and raised or lowered by moving 
the legs of the stand so that  011 relevelment different graduations on the staves were intemect- 
ed. A second sct of readings was then taken in the reverse order to the readings of the first 
set. In the event ot the means of the two sets of readings differing from each other by more 
t-han 0.00k of a foot, a third set was taken, and when the third set did not differ by more 
than 0 .001  of a foot from the mean of the first and second sets, the mean of all the three 
results was retained, otherwise the discordant set was rejected. This nil1 be made clear by 

the followit~g examples :- 
f t .  

0.280 result of 1st set 
0.288 result of 2nd set The mean of all the three was kept. 
0 .282  result of 3rd set 

f t .  
0 . 0 5  1 result of I s t  set 

1 
0.057 result of 2nd set 1st  set rejected and the mean of 2nd and 3rd kept. 
0 .057 result of 3rd set 

f t .  
5 .208 result of 1st set 

1 
5.215 result of 2ntl set 2nd set rejected and the mean of 1st  and 3rd kept. 
5 209 result of 3rd set 1 
The probable systematic error4 of the line are ~ i v e n  below from which i t  will be seen 

that the probable accidental error is slightly in excess while the probable systematic error is 
well within the prescribed limits. 

FI. per mile  I Ft.. per rnile 
&0.00416* f0~00106* I 

Probable 
accidental  

error 

The revisionary levelling was undertaken to clear lip the large discrepancy of - 1 899 
feet between the old and new valr~es of the height of the standard bench-mark at Renares 

HM 264 based on that of the inscribed bench-mark (T) a t  Hon71.al1, Botanical Ga~rlens, which was 

Probnbla 
sg~tr~t laLic  

error 1 T a r  

disclosed by last year's levelling operations ; and to invest.igxte the large closing error of - 0 .989  
of a foot, in the circnit IiRnchi-Rar~kar-Barhi-Ranchi \vl~ich was completed last year (o~ide 
diagram attached). 

The values ohtainerl b!. sincle revisionary levelling of the line.; Karamnibsl-Aorangl- 
bld and 13ar$lter-Dortl\\.R1l show that t,hr previo~~s res~tlt~s got by tlortble levellit~g are perfectly 
reliable, the unadjl~stetl ortho~netric discrepancies of - 0 . 1 3  4 and - 0.  :! 16 of a foot rcspect- 
ively heing tnostJy dne to tlte accnn~~llation of levelling error generntetl during tltc single 
rerisio~lary levelling operations. 

r I I he therefore still remains as before why there is a large tliscrel~ancy of 
- 1  8!)!) feet t)et,\\~ee~t tltt, oltl : L I I ( ~  new values of the tliffrrcnce in hciqltt Lr t \vee~~ the Benares 

standard hcnclt-mark nntl the inscribed bench-mark a t  Homrah, Hotanical Gardens, ---- ( " 2,;T) 

An inepection of thc table glvelt below shows that n very large portion of this error, t .e.,  

- 1.619 feet is in the pol.tion between J3arh;ini T.S. and Nii l  T.S. All the component parts 
of this 11art of the Hena~es-IIo\vrah linc are prncticall~ above sllspiciou for the following 
reasons .- 

Tlte ~~or t ions  Karnmn5si-AltrangiihR(1 and T3~1.ikar-13111dn~in h a w  been revised and 
fol~ntl enrrcct as statrd above. 'Phe portion BnrnngRbid-J3arhi enters into circuit A (vide 
diagram attnchetl) 1~7llich close..; very \vc11, i . ~ . ,  with nn error of -0.08f) of a foot. Tile 
portion l3artlw%n-Ni.il T.S. is I)rnctic:~lly crrorlrss, the difference between the oltl nu,l new -- - - 

L I I ~ I L ~  wlrlcl~ must not be erceoded rn " L e v c l l ~ n ~  of U l g l ~  t ' rer~s~on  ". 
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levelling being only -0.026 of a foot. The only portion left is from Barhi to Brtrikar. 1f 
enters into circuit B \vhich on being revised closes with an error of - 0.561 of a foot. ~~d 
this circllit error been on the portion Barhi-Rarskar, i t  wonld hare increased by its amount the 
error under discrlssion of - 1.621 feet and made i t  - 2.182 feet. 

The only conclusion, therefore, to be c1ram11 is that  the discrepancy in question is 
almost cprtainly unreal, the closing error being probably due to errors in the olcl work, wllicll 
includes the two ternlinal bench-niarlrs. For present purposes therefore and until t,he new net 
of lnodern levelling can be treated as a whole the amount of error to be assigned to each lide 
in ortler to remove the circuit error n~entioned above and the discrepancy between the old 
new results, has be n detern~ined by the method of minimum sqnares; and along each line the 
assigned portion of error has been dispersed by applying to tlie I~eiglit of each bench-mark a 
correction proportional to its distance from tlie starting point. 

TABLE. 

Lines. 

Benares S.B.11. 
to Barl~iui  T.S. 

Barhini T.S. to 
Niil T.S. . . .  

Niil  I '  to 
Homrah, Botanical 

nnr..rs~ Gardens, ) 

As regards the large closing error of - 0.9H9 of a foot in circnit I{, out of thc three 
lines fo r~ning  this circuit ()side diag-ram attached) the line Barhi-Ranchi enters in circuit A 
ant1 is above sosl~icion as circuit A closes very wcll. The line Darhi-Baraltar is also beyond 
doubt for the rcasons given above. T l ~ e  line ltincl~i-lhriilrar however is in I ~ i l l j  ~~ntllllating 
country am1 the re511lta of the revisionary I(:vellinR on this line (lo not accord with t,lrose olrt.ained 
Inst, !-ear, the differences 11r i r1~  nmost probat~ly tlnc to the accon~ulat.ion of personal ol)servational 
errors on account of refraction and radiation. Uy using the mean of thc three values, two 
obtainnl last year, and one during the year u ~ ~ d e r  report,, the circuit error is reduced from 
- O.9S9 to - O . . i ( i l  of a foot. 

G E N E I ~ . \ L  h-oms. 
TIIP llsllal n-eekly compa~.ison of the stares azainst 10-foot standard stecl tapes Nos. 2 

an11 5 mere ~nadc wit11 the ol~ject. of tleter~~lining th r  changes in t l ~ e  ler~gtlis of tho stavcs A 
tablc slruwirl~ the reslilts of tlte staff conrpariso~~s is appended, seo tahle V. 'Fhe len:ths of 
the ateel ~ : L ~ C S  \\,ere carefully clcterrnined on the new comparator at  Dehra DGn by co~nlrarisons 
a ~ n i n s t  tile Ill-foot Starldard Ilnr .\ before and after the field season and were found as s l~on~n 
bclu~.v :- 

H*9)1/19 01 C ~ I ~ ~ J L * ~ . Y O I ~ . V  nll~zi~t.vl 10-foot Stnrtdr~rd Bur A. 

I e n g t h  I I I .  R?' F 
-. -~ ~- ~ ~ ~ ~ - ~ - 

D:llc of rn~~~pnrisor~. I 'I'apr So. 2. ! 'lt,l,e No. 6. 
~ -- - -- 

I Edce A .  ( Edge L( I Ydce A .  1 k d g r  K 

.f 

2 g a - 
' 2  

35 

JG2 

. 56 

- -- - . - ~ - -  ~ 

I 
Octobcr 191 7 . . .  / Da90966!)0 

May l 9 l S  . . .  1 9 :  

L)lffarence nf 
ptthlial~ed ortho- 

111rtriu h e i p l ~ l a  
I I I  fert. (Old 
IeveI l i~~g  

D i l d i i r ~ ~ u g n r  und 
Pirya~rti). 

+17.631 

-236.080 

- u. 197 

!).!)99t;0:37 

0,099ti851 

- -  

9.9!)99134 

9 .  9998224 
. . .  - - , . . .i ~ -- 

Mean IenKths . . . 1 !I .0!1!)6.1 1.6 1 D . !)!t!)li894 
I I 

--- ---- 

9 .999s  lh9 

9 .  nwsIns 
--- ~- -- 

Yeur 

1863-65 

1869-70 

i 1869-70 

18ti2GS 

( 1S62-63 
< 

( I  81-83 

9 . 9:)'3nti79 1 9 . 9!J984'J:i 
I 

Ullndj~leted orllto- 
111etrlc differel~er 
of heights i n  I'eet. 

(New l a v e l l i r ~ ~  
via H~rrCvur und 

B u ~ ~ d w i t i ) .  

Year 
I ~ i s e ~ . e p r n v ~  

il l  

fert. 

-0.101 

- i " 9  

- 0 1 7 9  

- 1 8Y9 

t 17.533 1914-15 

-237.708 q 1909-10 W 
1909-10 
I -  
1 9 l ~ i - l ' i  

Total . . . 
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TABLE 11.-CHECK-LEVELLIN& 
Di~crepuncies betiueei~ the old and new heights of  be~tch-~rrarks. 

~ ~ . c ~ . u . u s  or TEE OuoINfi LIVELLINR 
TEAT W I R E  CONNECTED 
W R  CB1CX-LEVELLING.  st 

C$ 

OBSERVED HElRlXT ABOVE (+) 
OR BELOW ( - )  BTARTINO D E N C E - H A R K  

A S  DETPRPINED UY 

(o'leck-Ori%. 
11al). 

The sign + 
denotes tbat 
the height 

4 

-- 
I 

Ue8uiption. 

was greater, 

l&y 
11117.18 

tllnn wben 
o~.iginally 
levelled. 

Feet 

4 

hliles 

Check-Leoelling bstcoeen Farantmisb 

Rrar~lrra. 

Date' 

---- 
Feet 

and Sniyadroja. 

Cl~cck-lcvel- 
ling 

10L7-'n' 

Feet 

0.000 

+ 13.061 
+ 6.267 

+ 11.119 

+ 7'861 

1914-16 

,, 
,, 

,, 

.. 
Check-Levelling at Aarangdbdd. 

Aurangibid 0.0 0.000 1914-16 0.000 0.000 . Good condition. 
107 0 8 +16.409 + 16'374 -0'035 Surface worn. 

Mile-stone . . . I 1 .1  I + 14.087 1 :: I + I 4 1 3 7  1 +O'O60 / Good condition. 

Check. Levelling a t  Bardkor. 
Emheddcd. Ib~rHksr 0 . 0  0'000 1914-15 0,000 0.000 Good condition. 
Bridgeowr thr ikurI : . (  ;:E ( + "033 1 I + 3,042 1 0 1 a , 

., 11 I) ,, + 7.547 + 7.559 +0.012 ,, 
Rork in sit17 ... + 30.378 +30.399 +0 ,021  ,, 

Cheek.Le~.eildng a t  Burdwdn. 
96 

95 
94 
93 
92 
91 
90 
80 

0.000 

+0.006 
+0'022 

-0.041 

-0.002 

0.0 

0 .2  
1 . 0  

3 . 8  

.4.4 

Embedded, Khnjum 
Hrirlge over Karum- 
n & i  It. ... 

Culvert ... 
Well ... 

Embedded.Saiyadrnja 

34 
33 

32 

30 

29 

Good condition. 

1)itto. 
lnecription worn; 

letters re-cut. 
Stonselnb appenrgd 

lo have subsided. 
Good conditio~~. 

0.000 

+13.066 
+ 6*245 

+11'160 

+ 7.863 

M 0 
, 

, 

, 

, 

Good cond~tion. 
,, 
,, I 

,, 
,, 
,, 
,, 
,, B 

73 M 

, 
,, 
, 
,, 
9. 

,, 
,, 

69 

68 

57 

.56 
55 

A4 
53 

52 

1 - 
62 

- ' 
60 
H - 

2 2  
G - 
52 

Standnrd hencl~.mark, 
Cnwl~pore ... 

V1.r~nrln11 flooring 
(office) ... 

V~.rnndnh flooring 
(t P . 0  ... 

Cl1nrc.11 step ... 
Vrrntnd~11 fl~~orine 

(ctffice) ... 
Statue ... 
Stoue plinth of reren- 

dull . .  
L(lock.rlone e~~~hedderl ,  

Cuwnpore ... 
Verundul~ flouring ... 

Rz111wny hrldce ... 

,, culvert ... 

,, hridgr ... 

63 B 

,, 

, 

, 
, 

, 
,, 

, 

,, 

,, 

' I  

" 

Standnrd bench-mark, 
Burdwin ... 

Ernhsdded. Hurdwin 
Ma@onry pillar ... 
Culvert ... 

... 

... ... 

... 

0.000 
+0.007 
+0.005 
+0.011 
+0.010 
+0.006 
+0'095 
+0'042 

191G-17 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

0.0 

0.0 

0 . 3  
0.G 

0 . 8  
1 . 2  

1 . 4  

1 7  

1 . 8  

3 .5  

7.6 

8 .3  

0.000 
- 5 . 1 1 1  
+ 2.548 
- 1.103 
- 2.936 
- 3'236 
- 3,669 
- 3'911 

Good condition. 

Fair condition. 

Fair condition, but 
ha0 prnhsbly haen 
disturbed. 
(food condition. 

51 

50 
49 
SB 

46 

44 

43 

0 .0  
0 . 0  
0 .4  
0 . 8  
1 . 1  
1 . 6  
2.2 
3 . 0  

0.000 
- 5.118 
+ 2.543 
- 1.114 - 2.946 
- 3.242 
- 3.684 
- 3.963 

Chsck-Levelling at Cawnpore. * 

0.000 

- 0-G68 

- 0.897 
- 1 . 4 1 3  

- 1.121 
+ i . 6 i 7  

+ 7.130 

+ 0 . 0 2 1  

+ 5.290 

+ 8.178 

+ 10.141 

+ 14.106 

Check.Levelling nt Jhdnsi. 

0'000 
- 0.796 
- 0.747 

+ 8.562 

+16.072 

+ 2.372 

+ 2.462 

64 K 

.. 
, 
,, 

,, 
, 

,, 

,, 
Railray rest-11lj11re 

0'000 
+0.001 
-0.001 

+0.013 

+0.011 

-0'001 

+0.013 

+ 27.360 

Good condition. 

,, 
,, 
,, 

,, 
,, 
,, 

,, 
,, 

,, 

,, 

,, t 

1915-16 

, 

,, 
,, 
,, 
,, 

, 

,, 
,, 

,, 

,, 

., 

+ 0.004 

RI~ntinrd bench-mark, 
JhRn~i ... 

Step, r11urcI1 ... 
. .. ... 

Verandsl~ flooring. 
Hnilray inrtitr~le ... 

Varnnrlal~ OoorinK, 
Rn~lwayoffire . 

Plnbform roping. R ~ i l -  
RBJ 8tn~10n ... 

Plntform copinp, Rail. 
WnF @t;lllnn . 

Vernndah Boorink. 
2 . 0  

0'000 

- 0'666 

- 0.895 
- 1 ' 4 1 3  

- 1.124 
+ 7.683 

4 7.133 

+ 0 . 0 2 8  

+ 5.281 

+ 8.191 

+ 10.146 

+ 14.112 

0'0 
0 .0  
0 '1  

0 . 6  

0 . 9  

1 '3  

1 . 4  

+ 23.356 

0.000 

+0.002 

+0.002 
0.000 

-0.008 
+0.006 

+0 ,003  

+0,007 

+O.OOl 

+0 .013  

+0.006 

+0.006 

,, 

0,000 
- 0.797 
- 0,746 

+ 8.649 

+16.OG1 

+ 2.3iR 

+ 2 . 4 0 9  

1906-07 
,, 
,, 

,, 

, 

, 

,, 
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T A B L E  IV. 

List of G .  2'. S .  Triangulation stations connected by spirit-leuelling, 
season 1917-18. 

TABLE V.-No. 1 LEVELLING DETACHMENT. 
Results of compavison o f  stanes with standard steel Tape NO. 5, 

Season 191 7-  18. 

E e ~ g h t  ubore D~ffsrence 
mean-sea-lor~1. (I'rlangu- 

No111e of st~nt~on 
New 
e p ~ r ~ t -  a p ~ r ~ l -  

- -- 

Fret Feet Feet Feet 

Gors T. S. of the Rsngir 4G6.980 ... 477.000 + 10.020 
Mer~dional Series. 

I 

Remnrkm. 

0 on ground floor 
mark-stone connect- 
ed. 

R E M A R K B .  

Clear and cool breeze. 

Do. 

Do. 

Clear and strong cool breeze. 

Strong cool breeze. 

Scattered clouds and cool 
breeze. 

Clear and cool breeze. 

Clear overhead and hazy on 
horizon. 

Cloudy. 

Clouds on horizon, strong 
cool breeze. 

Clear and cool breeze. 

Do. 

Cloudy. 

Clear and cool breeze. 

Light clouds and cool breeze. 

Cloudy & strong cool breeze. 

Clear. 

Light  clouds and cool breeze. 

Clear. 

Do. 

Plnce and dute oE cornparlaon. 

- - - -- --- 

Chutia (Ranchi) 18-11-17 

Jonha 27-11-17 

Sili 5-12-17 

Jaipur 13-12-17 

J h a p r ~  23-1 2-1 7 

B a r i b r  29-12-17 

Siarsol 6- 1-18 

Rijbindh 12- 1-18 

Raghunithpur 19- 1-18 

Barikar 26- 1-1 S 

Jhknsi 8- 2-1 8 

Jhiusi  16- 2-18 

Chirgaon 24- 2-1 8 

Panchh 5- 3-18 

Orai 14- 3-18 

l l ta  23- 3-18 

Pukhriyin 31- 3-18 

Nagin Jasi 9- 4-18 

Camnpore I S -  4-18 

Camnpore 22-4 -18  

Stuff - Tape 

Staff 23 B. Staff 22 B. 

Fout I Poor 

+ 0.00149 

+0.00216 

+0.00231 

+ 0.001 88 

-0.00013 

+ 0.0008& 

+ 0.000i6 

+ 0.00064 

+0.00106 

+ 0.00068 

+ 0.00062 

-0.00081 

- 0.00030 

- 0 -00103 

-0.00118 

-0.00132 

-0-00127 

-0.00147 

-0.00271 

-0.00229 

+ 0.00158 

+0.00208 

+0.00203 

+ 0.00189 

+ 0.00068 

+ 0.00071 

+0.00077 

+ 0.00030 

+0.00051 

+0.00015 

- 0.00004 

-0.00105 

-0.00021 

-0.00079 

-0.00107 

-0.00133 

-0.00215 

-0.00237 

-0.00368 

-0.00337 
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TABLE V.-No. 2 L s w ~ r . r ~ b  DETACHMENT. 

Remdta of comparison of s t n v ~ s  with stafidafld steel Tape  No. 2, 

Seauo,~ 191 7-18. 

n 

R E M A ~ K Y .  Plsce and date of compsrison 
- 

Staff - 

SLaff 25 A 

Tape 

Stnff 25 B 

- - -- 

j 
Karamnisi 11-11-17 

Mohania 19-11-17 

Sassrim 26-11-17 

Dehri 3-12-17 

Jasaiya (Aurangibid) 9-18-17 

Bardwin 30-12-17 

Galsi 5-1-18 

Rsjbindh 12-1- LS 

NBminpur (Cawnpore) 21- 1-18 

Sachendi 2s-1-18 

Hnnsi Man 4-2-18 

Kilpi 11-2-18 

Ata 19-2-18 

Xit 26-2-19 

Pinchh 5-3-18 

310th 12-3-18 

Beragaon 19-3-18 

Tilpura (Jhiinsi) 26-3-18 

Tilpura (Jhinsi) 2-4-18 

-- 

Poo, 

+0.00337 

+0.00177 

+ 0.00155 

+ O  00141 

+ 0.001 25 

+ 0.00149 

+ 0.00093 

+ 0.00067 

Staff 24 A 

- 0.00420 

- 0,00446 

-0.00416 

-0.00512 

-0.00581 

-0.00558 

-0.00620 

- 0.00G62 

- 0.00654 

- 0.00778 

yO.OOSll 

- - - - -- -- - - -- 

o I 
+0.00128 

-0.00059 

-0~00022 

-0.00078 

- 0.00084 

- 0.00029 

-0.00172 

-0 -00176 

Staff 24 B 

- 0.00279 

-0.(10294 

- 0.00313 

-0.00362 

-0.00441 

-0.00423 

Clear aud dry cool breeze. 

Do. 

Light scattered clouds, cool 
breeze, dry. 

Clear and cool breeze, dry. 

Clear and cool breeze. 

Light scattered clouds, cool 
breeze, dry. 

Clear overhead, cool breeze. 

Clear and cool breeze, morn- 
ings foggy. 

Clear and cool breeze. 

Clear overhead, sudden gnsts 
of strong cool breeze. 

Clear and cool breeze. 

Do. 

Scattered clouds and cool 
breeze, few drops of rain 
during comparison. 

1 Light scattered clouds and 
I cool breeze. 

- 0.00466 

-0.00459 

- 0.00522 

- 0.00656 

-0.00662 

Clear and cool breeze. 

Scattered clouds, sudden 
gusts of cool breeze. 

Light scattered clouds a ~ l d  
cool breeze. 

I 
Clear and cool breeze. 

Clear. 
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No. 18 PARTY ( MAGNETIC SURVEY). 

Mr. E. C. J .  Houd, iu chnrge. 
,, R. P. Hay, U. A. up t o  30th June 1918. 
,, &. R. bfunmdar. 

Upper Subordinate Service. 

Mr. K. K. Das, R .  A., up to 31st blay 1918. 
,, B. S. Shome. 

Loruer Subordinate Seruic~. 

2 hlegoetic Observers. 
12 Computers, etc.  

The present report on the work of the Mag- 
netic party in 1917-18 comprises :- 

I.-An account of the work during the field 
and recess seasons. 

11.-A note on each of the observatories. 

111.-Tables of the mean values of the mag- 
netic elements, dates of magnetic 
disturbances, and hourly means and 
diurnal ineqoality of the magnetic 
elements a t  the observatories in  1917. 

An index map showing the stations of the 
magnetic survey is appended. 

1.-WOIIK DURING THE F1EI.D AND ILECBSS SEASONS. 

1.-Work d11,ring the.fic~bd season.-The magnetic observatories a t  Dehra Den  and 
Toungoo were inspected by the officer in charge and a complete set of observations of Declina- 
tion, Dip and Horizontal Force was taken a t  each for the comparison of instruments. The 
Alibtig and Kodaiklnal observatories, under the Meteorological Department, were also visited 
for comparative observations. 

Galle, a seaport in the south of Ceylon, was visited for the purpose of establishing a 
permanently m a ~ k e d  repeat station. Such a station is required for determining the annual 
changes in the magnetic elements in the south of India and in the islaud of Ceylon, n ~ l ~ e r e  no 
observations Ilare beeu repeated since the magnetic surrey of the island in 1910. The origi- 
nal site of the field station a t  G ~ l l e  was not soital~le for a repeat station, a new site was 
the~.cfore selected near the 1101 tll-eastern l~nstion of Gallc Fort and observations of the mag- 
uetic dements wrre taken at  a pern~:ine~lt traverse mark of the Cejlon Survey Department: 
observations will be repeated a t  this spot in 1919-20 and thereafter a t  intervals of 5 years 
when each of the other 74, repeat stations of the magnetic survey is revisited. The 
Surveyor General of Ceylon and the Superintendent of Surveys a t  Galle very kindly rendered 
every assistance to the officer in charge in the selection of a suitable site. 

The staff of the party was employed in completing the reduction of the obse~vations 
of the general survey to epoch and in tabulating t,he results for publication. 

2. Work during the recess.-The cornputation of the comparative observations taken 
a t  the observatories and the co~npritation and tabulation of the provisional values of Declination, 
Dip, Horizontal Fol.ce and Vcrtical k'orce for the three obbervatories ( Dehra Diin, To~lngoo 
and KodaikAnnl) for 1917 have been completed. The mean values of these elements for the 
year, derived from the measurements of trnces of all available days, excluding those of great 
disturbance, are given in the table a t  the end of the report. 

The reduction of the observations of the detailed survey to the epoch 1909 a 0 is now in 
hand : the ob~ervat~ions consist of l)eclinat,ion, Dip and Horizolltal Force taken a t  407 stations 
di~t~ributed over eleven magnetically disturbed areas. The investigation of the results of 
these observat,ions, which may perhaps disclose the existence of some special magnetic features, 
will be published next year. 

Publication of the results of the Magnetic Survey. 

The observations taken between 1901 and 1915, e t  the 7'4 repeat stations and 1351 
field qtations of the gene1 nl survey, have been reduced to the e~)och 1909.0. The results mill 
bo published shortly in a separate volume of the Records of the Survey of India. The pub- 
lication will contain a brief history of tho magnetic survey; particnlars of the work a t  
the observatories and field stations w ~ t h  a rcference to the instruments used and the methodr 
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employd in the reduction of the observations; hb les  of the Declination, Dip, Horizontal 
Force, Total Force and rectangular components and the values of annual change for the first 
three elements a t  eacli station of observation. The volume will also contain maps showing the 
true roulse of tlie iso-magnetic lines as obtained from the actual observed values corrected for 
diurnal variation, short lived disturbances, and reduced to epoch. N O  attempt has been made 
to snlooth out any irregularities in the iso-magnetic curves due to the magnetically disturbed 
nature of certaiu areas. 

Pro,qramn~e for 1919-19.-The three base stations (Dehra Diin, Toungoo and Kodai- 
hiinel) will continue in operation. These observatories will be visited by the o5cer  in charge 
during the field season for the comparison of instroments. 

Dehra Dun Observatory. 

1. The magnetogrnphs have continued to work satisfactorily; the V.F. magnetograph, 
however, which has never worked as well as the other two self-registering instruments, had to 
be opened several times for cleatling the agates to  give the magnet a free motion. 

The rainy season has always been a period of anxiety a t  this observatory but no trouble 
ppas experienced this year as no subsoil water entered the passage of the undergrouucl room, 
the rainfall being much below the average. 

'5. JTean vcrlttcs o f t h e  Beclirltrl~or~ ( L I I ~  H. El. corostrrt~ts -The table below gives the 
mean monthlj- values of m q n e t i c  collimation, the tlistribution constants PI -, and Pz-, and the 
wceptccl values of p and q used in determining the valnes of the revised distribution factor. 
The values of m are also given, as determined by the revised distribution factor and moment 
of inertia used for the cornpiitations for 1915. Vibration observations with the chronograph 
were used in deriving the values of m in the table. 

Hen)t vctlues of the conslants o f  inayrtrt N o .  17 irt 1917. 

3. Men11 bn.w l ine t.nlnes.-The table below gives the mean monthly observed and 
acceptetl values of the declinatiou and horizontal force base lines; the accepter1 va111es have been 
used to compute the values of these elementu for 1917. The M. F. base line ralnes have been 
derived from M as determined with the revised values of the moment of inertia and distribution 
coefficient ud in the computations for 1915. 

1 JICLIXATIOM 

Moxras. 

January ... 
Febri~ury . . . 
Alarch ... 
April ... 
Mn J ... 
JIIIIO ... 

H.F. COXSTANTS. 

DISTRIBUTIOR FACTORS. DIEAN rrmEs OF m. 

2 ( p2.3 menus. 

COXSTANTS. 

Mean 
mnpetic 

colliunt~un. 

> ,, 
- 7 2  

- 7 s  

- 7 6  

- i 11 

- 7 11 

- 7 12 

J U I  J . . . 
d u r ~ ~ c l  ... 

September ... 
Octohrr . . . 

Noremher . . . 
nrrernhrr ... 

6 . 1 1  

6 . 1 8  

6 . 0 5  

6 . N  

6 84 

6.33 

G . R 4  I 
1 

807.09 

6 83 I 

! 
G'68 806.93 

6 . 9 3  806.96 
u 

6 - 7 8  806.99 ? 
fr,  

6 . 8 3  m m Sot;, 97 

- 7 1ti 6 . 0 0  1 6 0 1  - 7 14 
I - 7 13 

- 7 16 

- 7 16 

- 7 20 

I s  m , 7 

a 8Oti.94 
4) 

806 - 98 (D 

2 
807.07 6 . Q  

6 . 0 9  

F 02 

5 .91  

6.68  

G.52 

6 7 4  

a07.24 

807.26 

RO7.lfi 
I - 
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4. Mean scule values and temperature range.-The mean scale values for 1917 for an 
ordinate of & inch are:- 

Horizontal Force 4.42  gammas. 
Declination 1 . 0 3  minutes. 
Vertical Force 4 . 9 7  to  6.13 gammas. 

The mean temperature for the year mas 26O.S C., with maximum and minimum month- 
ly values of 27O.0 C. and 26O.4 C. The temperature of reduction is 27O.0 C. 

Baee line valuer of magnetographe in 1917. 

5.  Menn n t o n t l l y  values a d  n r ~ n ~ ~ r r l  chaftuer.-The follonTing table shows the monthly 
mean values of the ~nagnetic elements for 1916 and 1917 ant1 tlie annual changes for that 
period; these annual changes are deduced from the values of 11 corrected for the moment of 
inertia and the revised distribution factor used in tlie computations for 1915. 

Anniral d n n g e n  a t  DcRra  D i n  i n  1916-17. 

H O ~ ~ Z O N T A L  Foacs I I)ECLINATION ULP VEILTICAL POUCB. 

'32000 C. Q. 8. + E. Z 0  + N. 44' + '38000 C. G .  5 .  + 
Monrus. . . - -. -- ---- -- 

1.1. I I I 1 1016 1 I 1 t i !  I B I I  1 1917 1 :I:$ 1316 1 1017 :sg! I 
7 

April 

11 ay 

.July 

December 

- - . ~~ - 1 -  

Means 

DecLrrar~or. 

MonTas. 

January ... 
Febroary ... 
March . 
April ... 
M BY ... 
Jone ... 
July ... 
Angost ... 
September ... 
October ... 
November ... 
~ e c e m b e r  ... 

HonIzorrAL FoacE. 
-- 

to  IOh. on 30th May. 

From 31st M P ~  to  12th 
June. 

From 28th Jnne to m d o f  
July. 

u p  to 18th. 
Prom 19th. 

C. G. S. 

.32754 

.32760 

,32748 

.32764 

.32749 

.32727 

,32718 

,32716 

,32708 

.32703 

,32700 

.32702 

C. U. W. 

,32764 

'32750 

'32749 

-32754 

-327.19 

,3272; 

.32716 

,32715 

72710 { : 1 42706 

,32703 

'32700 

.32702 

to 12th June. 

From l lh .  on 28th Junc 

1 28.1 

1 28'2 

1 28'6 

1 28.G 

1 28.6 

1 31.2 

1 31.9 

1 32.3 

1 32-3 

1 32.8 

1 32.2 

1 31.8 

o n  

1 28.1 

1 28.2 

1 28.6 

1 28'6 

1 28.6 

1 31 2 

1 31.9 

1 32'3 

1 32 3 

1 32.8 

1 32.2 

1 31.8 
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Toungoo Observatory. 

1. The magnetographs worked satisfactorily throughout the year. During the inspec, 
tion of the observatory in March 19 17 the Declination, Horizontal Force and Vertical hrce 
instruments were each adjusted on account of the gradual shift of the trace due to the annual 
ohanges in the magnetic elements. 

The Earth Indoctol-, No. 44, was reported by the observer to  be working very unsatis- 
factorily and a spare Earth Inductor, No. 46, was seut from Dehra Diin for use a t  Toungoo, 
The observatory instrument always gave good results and i t  is hoped that  i t  may be possible 
to put i t  into working order again when the officer in charge visits the observatory early next year. 

2. M e a n  t*alurr of t / r r  Decl i~ra t io~  and H. F. constc~?~ts.-The table below gives the 
mean monthly v ~ l u e s  of the magnetic collimation, revised distribution constants, and moment 
"m" as determined with the revised distribotion factor and moment of inertia used for the 
computations for 1915. 

,Ueatr t -abrs  of the constants of n~agrief No. l 9 A  in  1917. 

Mamas. 

J n n n ~ r y  

Febr l lur~  

Mnrrh 

.I p r  i l  

\I ny 

J I ~ I I ~  

Jltly 

Au:ust 

Srpl ember 

O < . t ~ h e r  

Sncembrr 

I )rcrml)er 

Mean 
mynetic  

coUimatiou. 

H. F. CONSTANTS. 
- - - - -- - 

- -  - 

3 ~~leur r  hose line r~tlrirs.-The following table gives the Inem monthly observed 
ancl accepted base line values of the Declination and I-I. F. magnetographs; the accepted 
values have been used to compute the vnlnes of these elements for 1917. The H. P. base l ~ n e  
values have been derivec! from H as determined with the revised values of the moment of 
i~iertia and distribution coetlicient wed in the con~putations for 1915. 

Rase line t ,nltr~.~ of ?nrr!/~~rfr,$~r.al~hs In 1!/1;. 

i I)ECLIN.+TIOA. I ~ l o n r z o ~ r r ~  r o n c ~ ,  

hl0A~FlS. 
Bnae line 

Bnee I ~ n e .  accepted. 
- -. -- - - - 

,1;tn11hry 
Fc- l~r~~ary  . . .  . . .  0 .-JI.!I , 38590  I .SS3!)0 
\ h r r h  . . . .3S.i92 . 3H5!)? 
.111riI . . .  
?[ny . . .  . . .  0 .:lS.-)77 I . SS j77  
l J ~ ~ ~ ~ ~ :  . . . 
J ~ l l y  . . . 0 5 2 4  0 5 2 4  
.\ n ~ u a t .  . . .  . . .  

Sc.11tcmber . . .  . .  
0 2 2  
0 .52.-b 

Ortober . . . 
So\-ember . . .  0 52 . : ;  O -52.3 
I kcern ber . . . 

3 .  i a38561 
.:lS>BO / .3h5fiO 

,58562 1 .38>(i'2 

0 52 .2  
0 5 P 4  

. 98561; ' .:3836 d 

.3S.i(;% 1 .3ST,F,? 
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4, Mean scale valuer and temperature range.-The mean ecele values for 1917 for an 
ordillate of 1/25 inch are :- 

Horizontal Force 5 a 41 gammas. 
Declil~ation 1.04 minutes. 

5 ' 62  gammas up to Nay. 
Vertical Force i5.81 gammas from June to the end of the year. 

The mean te~ul,erature for tbc year was 119O.2 F., with maximum and minimum 
monthly values of 8 V . 6  and 8 8 O . 0  P. The temperature of reduction is 8 9 O . 0  F. 

5.  Mean rr~onthly V Q I U C S  and annzial chaages.-The table below gives the mean 
monthly values of the magnetic elements for 1916 and 1917 and the annual changes for t h a t  
period : the values of annl~al  change are deduced from the values of H aa corrected for 
changes in the moment of inertiaand the revised distribution factor used in the computations 
for 1915. 

Annual clafiges at lbungoo in 1916-17. 

Kodalkanal Observatory. 

1. The observatory is under the control of the Meteorological Ihpartment  but the 
records of the observatio~ls cont,iune lo  be forwarded by the Director of the Kodaikaual 
observatoiy to be computed and Irept for record in the l~arty.  

Every assistance lias very kindly been rentlered by the Director iu all matters connect- 
ed with bile maquettc work. 

The results of the self-recording instrun~ents have been satisfactory. 

The observer's absolute observations of I~orizontnl force, after his retoru from a n~ontb's 
leave in Angnst 1\11?, sl1on.ed a rise of about half n unit in the moment of the observatory 
magnet (No. 16) np  to k'ebrllary 191 S, and hl~ougl~ there \\.as a slight climinution ill his 
values of r'm" in tire following rnol~th 1 - ~ t  t.llcy llnvc remained highor t,han the uor~iial value; 
whereas the rcs~llts ohtainctl by tile Recorder, who carricd on the observntio~~s during the absence 
of the Observer in Angust and snbserl~~entlg for short, periods, show l~mcticnlly the same vallles 

as those obtained by the Observer previous 1.0 his leave. The officer iu charge, d u r i t ~ ~  his 
visit to the obscrvnto~,y in March 1918 took cnreful eye-and-ear observations with the obser- 

vatory instrnmcnt and obt,ained similar values of "m" to those of the Recorder. A scrutiny 
of the base-line values of the magnctograph and t.lle Ol)server's observations does not reveal 
a.ny real change in " n ~ "  : tho appnrent risc in the Observer's vallles since his return from leave 
scelns to be clue to a personal cl,ror clevelopecl by him with the c l~ronogra~>l~  in taking the 
vibration observations. 
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2. Mean v a h e s  of  Declination and H.F, constants.-The table below gives the mean 
monthly values of the magnetic collimation, revised distribution constants and moment 16m11 
as determined with the revised distribution factor and moment of inertia used for the corn. 
*"htions ill 1915. Vibration observat,ions with the chronograph were used in deriving the 
values of "m" in the table. 

Mean values of the constants of magnet No.  16 in 1917. 

3. X e a n  base line values.-The following table gives the mean monthly observed and 
accepted values of the Declination and H.F. base lines; the accepted values have been nsecl to 
compote the values of these elements for 1917. The H.F. base line values have been derived 
from I1 as determined with the revised values of the moment of inertia and clistribution co- 
e5cient used in the computations for 191.5. 

PoaTas. 

J a ~ ~ u a r y  ... 
Februnry . . . 
March . . . 

April . . . 

May ... 
June  . . . 
July  . . . 
AIIC(U.PL 

Se!~teniber . . . 
Octoher . . . 
Noven~bel .  ... 
Decenlber 

Base line v a h e s  of rnagnrtographs in 1917. 

DECLINATION 
CONSTIN'I3. 

Menu 
mnqet i c  

colliolntiou. 

, ,, 
- 3  31 

- 3 30 

- 3  31 

- 3  31 

- 3  28 

- 3  29 

- 3  28 

- 3  33 

- 3  33 

- 3  30 

- 3  31 

- 3  31 

 IONT TI IS. 

I 

Jauuary . . . ... 
February . . . ... 
Ilarch ... ... 
April ... ... 
May . . . ... 
June . . . ... 
July ... ... 
August . . . . . . 
September . . . ... 
October . . . ... 
November . . . ... 
December . . . ... 

\ 

H. F. coasrAnrs. 

Dls~nrsoTloN FACTORS. 

Accepted values 

p1.2 pi.3 1 
P I 9  

UE(.LISATIOJ. 

value of I Bnse line I accepted. 
Base line. 

M E A N  V A L U X S  or m. 

Monthly Accepted 
means 1 In. 

HORIZONTAL FORCE. 

vnlue of I Baso line 

Bas* l ine.  
uccepl erl. 

0 t 

2 3 b . 1  

2 33.Y 

2 3 3 . 8  

2 3 3 . 6  

2 3 3 . 5  

2 3 3 . 4  

2 3 3 . 3  

2 3 3 . 7  

2 3 3 . 5  

2 53.4  

2 3 3 . 5  

2 3 2 . 9  

6 - 2 2  

6.21 

6 .14 

6 '22 

(5.20 

6 22 

6.23 

6 ' 2 1  

6.1!l 

6 14 

6 22 

6 .29 

883.30 

883.26 

883.16 

8B2.94 

882.92 

882.86 

883.38 

883.68 

883.65 

883.61; 

883.G1 

C. G. S. 
-37341 

-87354 

. 3 7 :54'1~ 

.37343 

3734,; 

-37341 

m.77337 

,373441 

-37387 

37338 

a37337 

~3733.5 

0 r 

2 :3-1(.1 

2 3 3 . 9  

2 3 3 . 8  

2 3 3 . 6  

2 3 3 . 5  

2 3 3 . 4  

2 3 3 - 3  

2 3 3 . 7  

2 3 3 . 5  

2 3 5 . 6  

2 3 3 . 5  

2 3 2 . 9  

8'39 

8 . 3 9  

8 .42 

8 '32 

8.27 

8 .41 

8.46 

8.23 

8 . 6 4  

8 . 4 9  

8 . 6 2  

8 41 

Q, m 
" 
-4 

2 
'G 
' 
z 
N 
4) a 

C.G.S. 
. 373-1'1 

.37344 

. 37JL4- 

. 37:3 1,s 

. 373.65 

.373 El 

.373:37 

e37341 

a37337 

~ 3 7 3 3 8  

,37337 

,37335 

d 

cn - 
I 
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8.  Mean scale values and temnperature range.- The mean scale valuee for 1917 for 
an ordinate of &- inch are :- 

Horizontal Force 5.91  gammas. 
Declinatiou 1 . 0 3  minutes. 
Vertical Force 6 - 2 6  gammas. 

The mean temperature for the year was 17O.4 C. with maximum and minimum 
monthly values of 1F.l C. and 16O.6 C. The temperature of reduction is 19O.0 C. 

5. Mean monthly values and annual chanyes.- The table below gives the mean 
monthly values of the magnetic ele~nrot> for 1916 and 1917 and the annual changes for that  
period; these a111lual values are deduced from the values of H as corrected for the moment of 
inertia and the revised distribution factor used in the computations for 1916. 

Mean ualues of the magnetic elements a t  observatories in 1977. 
- -- 

, 

'~IONTUS. 

January ... 
F e b n ~ n r y  ... 
Norcll ... 
April ... 

Jll ... 

June ... 

J l ~ l y  ... 

Au2118t ... 

Septcli~ber ... 

October ... 

November ... 
December ... 

Means ... 

Obssrratorj. 

-- -. . - 

i Dehra Dun 

Toungoo 

Kodaikirual 

DIP 

N. + 

1916. I 1.17. I $$s! 

Lalil urle ~bnd 
Longit,ude. 

VERTICAL FORCE 

. O " m  C. 0. 9. + 

/ 1916. 1 191,. 1 t;:;;;. 
10.0. 

20.4 

20.6 

21.0 

21'7 

22.4 

22.9 

23'8 

23 3 

23.8 

24.6 

25.1 

23.4 

H o n r z o x ~ a ~  Foltr>: 

.370W C. 0. 8. + 

1916. 1017. 1 1 1 . 1  1,lllgl. 

. - - - - -- - - - - 
0 I f, 

YO 19 I 9  N 

78 Y 19 E 

18 5 5  45 N 

96 27 3 E 

10 13 50 N 

7 7  27 46 E 

839 

855 

858 

862 

871 

879 

884 

890 

888 

894 

903 

908 

, 878 

I ~ K C L I S A T I O N  

\V, lo + 
~ - 

1916, / l !>l7 .  ! 

25.2 

25.4  

25.7 

26.3 

26 0 

2 i . 6  

27 -2  

27.6 

28'0 

28.0 

28.4 

28.6 

21.1 

Y 

+ i 

+ 18 

+ 36 

+ 20 

+ 28 

+ X  

+ 30 

+ IS  

+ 4 3  

+ as 

+ 36 

+ 35 

- 

+ 23 

Y 

623 

630 

622 

637 

634, 

63s 

(335 

A35 

- - 
o r 

N. 44 4 4 . 1  

N . 2 3  8.5 

' 

+ 6 . 2  

+ 6'0 

+ 6 ' 1  

+ 6.3 

+ 5 ' 2  

+ 5.2 

+ 4 . 3  

+ 4.1 

+ 4 7 

+ 4 - 2  

+ 3 . 8  

+ 3.5 

+ 4'7 

Y Y  

906 

913 

916 

922 

930 

938 

033 

937 

943 

g 2  

937 

950 

--- 
931 

+ 6 '9  

+ 6 . 2  

... 
+ 6.2 

+ 6 '1  

+ 6.3 

+ 6.3  

+ G.2 

+ 6 . 2  

+ 5.9 

+ 6 . 1  

+ 5 . 4  

... 

I 

7 

630 

648 

ti58 

657 

6G2 

(385 

66.5 

653 

Y 

+ 67 

+ 58 

+ 68 

+ 60 

+ 59 

+ 5 9  

+ 40 

+ 17 

+ 56 

+ 4y 

+ 44 

+ 42 

+ 53 

25.6 

25.6 

... 
26.4 

26.9 

27.2 

2 i . 5  

31.4 

31.8 

32.2 

32.6 

33.0 

33.4 

33.8 

630 1 673 

636 i GII 

C. Q. S. 

.32704 

.I6684 

0 I 

E. 2 G.5 

W . 0 1 2 - 7  

637 

636 

- 

.02931 

- 

C. U. S. 

'53010 

.39037 

W. 1 33.8 

673 

671 

-- 

I 
2S 4. ' 84 B 

'78.:) 35 '1  

29.5 i 35.4 

-37661 

633 / 661 

20.!) 

3 0 6  

... 

36'0 

36.0 

33.8 
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Vol. XIII.] 
No. 19 PARTY (BASE LINE). 

BY COI,ONEL G. P. LENOX CONYNOHAN, R. E., F. R. S. 

P E R E O N N ~ L .  No work was undertaken by this Party as a 

Imperial  Officers. Party;  the officers and establishment from time to 
time posted to i t  for administrative purposes were 

Mnjor E.A. Tandy, R. E., in ohnrge 
to 11th Oclober 191'1, employed on miscellaneous work. 

Major E.T. Rich, C.I.E., R.E.. in charge The Party remained a t  Head Quarters and did 
from 14th January to 6 ~ h  March 1918. not take the field. 

Mnjor H. McC. Coaie, R.E., in charge 
from 6th  Maqch to 6th Auguat 1918. 

Captain W.E. Perry, M.O., R.E., in charge 
from Gth August to 30th sapt. 1918. 

Mr. E.C.J. Bond, in charge 
from 12th Oct. 1917 to 13111 Jan. 1918. 

Lower S~ibordinate Service. 



THE COMPUTING OFFICE. 

BY MAJOR H. McC. COWIE, R.E. 

[Vol. XIII. 

PEBBONNEL. 

Imperial Oflcer. 

Major H. MOO. Oowie, R.E. in charge. 

Provincial Oflcn. 

Mr. Hanuman Prasad. 

Upper Subordinate Service. 

Mr. E.K. Dan, B.A., from 1st June, 1918. 

Computing Ofice. 

Rai Sahib Ishsn Chandra Dera, B.A., and 11 Com- 

Adjustment of !!"riangulation.-During the year 
under review the adjustment of the Akha Triangu- 
lati011 and the pendent portion of the Assam Valley 
Series was carried out., The sedondary stat.ions and 
intersected points of the following ~ e o d e t i c  Series 
were also adjusted :-Assam Longitudinal, Assam 
Valley, N i g a  I-lills, ICohima and CBchAr, Manipur 
Longitudinal and IJericlional, Nlandalay Longi- 
t~tdinal and Meridional, and Giro, KhRsi and 
Jaintis Hills. 

Levelling.-The clynamic and orthometric 
heights of new bench-marks between Meerut and 

putern; nttached (' Computers Bareilly in the old line No. 64, relevelled in 1914-15, 
from field parties, 3 of them worked only for a 
portion or the year in Computing Ofice) were computed aud the new work adjusted to the 
7 book-bindern. values of the terminal bench-marks and the G. 1'. 

Printing Ofice. Tower Stations a t  Sirsa ancl Fatehganj. The ad- 

Mr. Ssrnt Kumsr Mukerji, Sub-Aestt. Supdt. justment was effected in four sections, ? J ~ z ,  (1) Meerut 

21 Compos~tors c 4 Printers. to  Sirsa, (2) Sirsa to Fatehganj, (3) Fatehganj to 

Workshopr. 
Bareilly and (4) B.M. 78/53 L to Bhatauli. I11 

assigning new values of height to the old bench- 
1 Head Artificer, fitters and carpentrra. marks use was made of the formula given on 
page 61 of the Records of the Survey of India, Vol. XI,  1916-17. 

As was forecast in last year's report, the republication of the Burma heights in terms 
of the new mean-sea-level datum a t  Amherst was accomplishecl. A new eclition of the Burma 
Pamphlets giving the revised heights has now been completed. 

Miscellaneous Computations.-Computations were carried out in connect,ion with Part I1 
of the Auxiliary Tables of 6he Survey of India, 6th edition, 1918 and in connection with the 
investigation of Isostasy in India. 

Triangulation Pamplt1efs.-Last year's progress was maintained in compiling data for 
the t,riangnlation pamphlets, specially for trans-frontier areas. 115 degree sheets were 
compiled and comparetl d ~ u i t i g  the year. 

Printing Sectton.-The follo~ving were printed in the course of the year :-Vol. X I  of 
the Records of the Survey of India 1!)16-17, Triangulation Parn1)hlets for 88 degree sheets 
(G.T. data only), Delhi Triangulatiou pamphlet, Bombay Island Triangl~lation pamphlet, 
Levelling pamphlets for sheets Nos. 84, 85 and 92 and Tide Tables lor tlle Port of Baslal~. 
The printinc of Profes~ional Paper No, l ( i  ant1 Part I1 of the llusiliary Tal)les of the S ~ ~ r v e y  
of India, 6th edition, was com1,leted. In atltlition to these a pamphlet on the transliteration 
of place names was l~nblisl~ed. 

I u  the Book-b in~l in~  qect io~~ the work dealt with compriqerl 4750 copies of triangnla- 
tion aud levelling parnplilets, 400 copies of Professional Paper No. 10, 61-06 copirs of Tido 
Tables for the Port of Rarrah, 500 anqle hooks and 770 vol~imes of miscellaneons l~ublica- 
tions. The bindioq of 350 copieq oE the Records of the Survey of India Vol. XI, 1916-17, is 
in progress and will he shortly completed. 

Workshops.-The work of this section consisted principally in the construction of a 
number of racks for the Computing Oftice and the Forest Map Ofice, the alteration of signals 
and the repairing of instruments for tbe Sind Sggar  Party and No. 3 Party and in the re- 
p i r i n g  and cleaning of instruments for issue to the Persian Survey Detachments. 

Requisitions.-86 requisitions for data were received from departmental ant1 nou- 
departmental officials. In  some cases these requisitions were met by thc supply of p r i ~ t e d  
publications; in others it  waa necessary to  extract the required informatiou from manuscript 
records. 

MircelIamow.-The Omori Seismograph was in operation throughout t,he year and 
the urual meteorological observations were taken. A satisfactory record was obtsined of the 
destructive earthquake which occurred on 8th July 1918 in Assam and was sent to the 
Director of the Geological Survey in compliance with his requeet. 
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The photo.-helio. observatory continued its work aa in paat years. 
The following statements show the earthquakes recorded and the number of dsyr on 

which Solar photographs were taken :- 

Earthquakes recorded during 1917-18. 

Note :-No earthquakes mere recorded during the months of October, November and 
December 191 7. 

Statentor! sbowiiz,q rlhe nutrtber of  days on which Solar Photoyraphs mere lakcn 

127~ri11,q the yrar 1917-18. 

Intensity 

moderate 
do. 

slight 

do. 
moderate 

greet (Assam enrtlr. 
quake) 

severe 
do. 
do. 

slight 

d 
z 
; .- 
k 
a 
m 

1 
2 
3 

4 
5 
6 

7 

8 
9 

Distance of Epiceatre 
i n  miles 

Month nnd Dale 

31-1-18* 
14-2-18 
25-3-18 

13-4-18 
4-7-18 
8-7-18 

, 1 5 2 1 8 )  
7-9-18 

12-9-18 

Debra 

2600 
2730 
15400 

3570 
4,550 

h4O 

3430 
3640 
4410 

400 

8" Negts. I."' N c ~ t s .  No. or 
dttys o u  

Nonth l E f i - - -  Good. Bnd. (iooll.' liod. - -  - .sU" which '"' I I f o n  ".:' 
invisible. 

Durntioo 

Mts. 

27 
86 
YO 

85 
70 

110 

67 
220 
260 

18 

Bimle 
( ~ r o m ~ . ~ . )  

3000 
3000 
1000 

1500 
4000 
1000 

... 
2500 
... 
400 

Tilno O F  beginning 
(correoted) 

8" N c ~ t s .  12" N e ~ t s .  NO. Of 
dugs on , l--l which 

~ o o d .  rind. ~ 0 ~ d . 1  ~ a r i .  ~ ~ ~ S ~ ~ ,  

Drlll'n 

Hrs. Mts. 

2 58 
11 4'5 
5 52 

G 294 
12 334 
15 5 4  

11 83 
17 56 
22 57 
15 11 

October 191'7 

November,, 

D r c o m b r ~ , ,  

Jnnllerg I!lIR 

Fobruerg , ,  

M~rcl l  , 

- 

52 

57 

49 

47 

44 

54 

.- 

612 

Sirnln 
( ~ r o m ~  R.) 

Hrs. Mts. 

2 57 
11 45 
5 54 

6 30 
12 33 
15 55 

. . .  
17 57 

... 
15 11 

26 

30 

30 

. 30 

2G 

29 

... 

... 

... 

... 

... 

... 

1 

3 

I 

2 

3 

2 

I 

-- 

... 

... 
1 

1 

4 

. . .  

- 
17 

47 

BG 

52 

64 

48 

52 

- 

... j 2 ... 

. . i l  ... 
... 
... 

... 

... 
... 

. 

... 

... 

... 
.. 

- - 

... 
I 

5 

.. 

I 

1 

Y 

2 

1 

1 

1 

2 

-- 

23 

- 

April lgiR 

h1ug .. 
,111ne .. 
July ,, 
A I I ~ I I ~ ~ ,  ,, 

Septr~i~her ,, 
- - -- 

T O ~ H I R  ... 

... 

... 

... 

... 
-- 

. 

- 

30 

J! 

2 

:iO 

27 

30 

- 
3.18 





Vol. XIII . ]  

PART 111.-SPECIAL REPORTS. 

PHOTO.-LITRO. OFFICE, CALCUTTA. 

TIle year 1917-18 has again witnessed a very large increase in the demand for maps 
by the military authorities. The greater part of this demand consisted of maps reqllired for 

mobilisation purposes and entailed the concentmtion of all our resources on i t  for some months 
and the employment of constant overtime. 

As a result of the war the Government of India experienced dificulty in obtaining 

supplies of Treasr~ry Bills and Promissory Notes from England, and this office mas conse- 
quently called npon to print large numbers of cornplcte Treasury Bills antl of the background 
design of the Promissory Notes, the type matter on the latter being subsequently surprinted 
by the Superintendent, Government Printing. These Promissory Notes were used as scrip 
for the Second Tntlian War Loan. 

The Powdvr Procesz.-In the Recortls Volume for 1916-17 i t  was mentioned that the 
Pdmder Process \\,ollld be taken into use again in the office. This process was for- 
merly nsed here for the l~rel)arat,in~~ of reversed negatives which were required in connection 
with the preparation of " dust-on " blue prints for hill shading before the present method of 
making these blue prints was intrcdaced ; it has now been taken into use again but for quite a 
different purpose. 

Space having been found by a rearrangement of the glass and negative storage 
accommotlation, a new sect,ior~ mas Formed to work this process which is now used for the pre- 
p a t i o n  of all t,Ile negatives of the linc \vork on our modern colo~~red maps. The Ponder 
Process enables any 11r1111ber of rnversed col)ies of a negative to be made a t  a trifling cost. 

Until this new sectiol~ was Formed t,l~e Pl;egat,ive Section had to make four negatives 
of the outline original and one of the hill original of every modern coloured map, whereas the 
Negative Sect,ion now has to make only one negative of the outline and one of the hills, these 
negatives being made " direct ", that is without the use oE a prism on the lens of the camera. 
These '' direct " negatives are given a full exposure in the camera and developed; the intensi- 
fication subsequent to development is, however, not carried so far as was formerly the case, 
a coml~aratively " thin " negative being all that is reil~~ired, as any r e ~ ~ r ~ i r e d  amount of den- 
sity can be obtained when making the reversed clnl~licat,es by the Powder Process, and over- 
intensification of t,he camera negative causes tine work to close 1111 aud become broken. The 
small amount of intensification giver1 enables all the millute det,ails of the finest drawing to be 
prea.srved. T l ~ e  direct outliue and hill neqatives are then sent down to the Powder Process 
Section where four reversed copies are made of the outline negative and one of tlre hills and it  
is on these reversed tloplicates that the dufing for colonrs is subsequently done. 

Though t,he Powder Process itself is a very old one it  is only lately that  i t so  possibili- 
ties in connection mith our work were realised, antl, as i t  is a process which is so little lino\trll, 
a tlescription of i t  is given below under " Methods and Processes ". Its introduction has 
iml~roved the quality of our maps, consiclerably ligl~tened the work of the Negative Section 
mhicl~ \\?as rapirll~. hyrominfi congesterl, ant1 redncrtl the cost of re1)roduction of coloured maps. 
Without i t  it wol~ld have been impossible to cope with all the demands for reprints of our 
nlaps for mobilisatioo purposes in anything like as short a time as that in which the work was 
actually carried ant. 

Hy this lrleans a very notable econonly has also been effected. The Process Fvas taken 
into use in Pebr~iary 1918. The average cost of negatives from October 1st 1917 to January 
31st 1919 works out a t  Rs. 1-2-9 per 100 sqrlare inches, while from Pebrr~ary 1st 1918 to 
September 80th 1918 the average cost comes to only Its. 0-10-8 or a saving of Rs. 0-8-1 
per 100 square inches. The total area of negatives made during the year under rel>l,ort comes 
to 2,509,557 square inches, so that the saving on a whole year's working amounts to about 
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&. 12,000. This process has also been f o ~ ~ n d  very useful for ])reparing negatives for  the 
layer pletes of our layered maps. Instead of making in the camera the whole set of negatives 
for the layers of a map, only one is now made, as Inany duplicates of i t  as are necessary being 
m& by the Powder Process. 

It has been stated above that the introduction of the Powder Process entails using the 
camera &'direct", i , ~ . ,  with no prism on the lens. Hitherto our cameras have been arrauged 

for use prisms and it  has now been necessary to alter two of them for direct use. our 
largest a m e r a  has not as yet been so altered as in this case some arranqement will have to be 

whereby this camera can be used either direct or with a prism, as much of our largest 
work is in one colour only in which case no Powder Process negative is made and the camera 
negative is the one used from which to make the helio. The alterations necessary to this 
large camem are not very great but i t  has been thought inadvisal)le to  ask the Matbematical 
Instrument Office to undertake the work in war time when they are so busy with munition 
work. The alterations will be undertaken as soon as the Mathematical Instrument Ofice 
can spare the time to do them. 

Our largest camera is the only one which will carry our best lens-a large one by 
Zeiss : we are therefore a t  present unable to use our best lens on our highest class of work 
which is the reprodr~ction of our modern maps in colours. 

METHODS AND PROCESSES. 

1. By means of the Powder Process i t  is possible to make any number of reversed 
duplicates of a negative,-it is a means of making a negative from a negative. 

2. Sensitisiny.-A clean piece of glass is coated with the following solution:- 

Glucose 30 gms. 
Gelatine 4 gms. 
Gum arabic 8 gms. 
Ammonium Bichromate 15 gms. 
Water 240 C.C. 

The coating of the glass is carried out as follows:-The glass, which should be thorough- 
ly clean, is laid on a flat table and a small quantity of the solution is poured on to the centre 
of the glass and distributed over its surface by means of a rubber roller. Only sufficient solu- 
tion should be poured on as will cover the :lass with a very thin film when it  is spread out by 
the actiou of the roller. The best type of roller to use is of the type sold for use with the 
"Cyclostyle" duplicating apparatus. The rolling is continued both backwards and forwards 
and across until the glass is covered with a thin even film and the solution begins to get 
tacky when the rolling should he stopped. Most of the old text books which deal with this 
process recommend flowing the solution over the glass and draining it, or flowing it  on and 
whirling it. 30 th  these methods were tried here but i t  was always found tha t  the resulting 
negatives were a maTs of pinholes; coating with a rubber roller obviates this great defect. 
The coating of the glass up to this stage can be done safely in daylight as the solution is not 
sensitive to light until i t  is dry. 

3. Dryirrg.-The coated glass is now dried in :t specially constructed light-tight drying 
box, the drying heing effected hy means of heat. 

4. E.zposin,q.-When thoroughly dry the sensitised glass is removed from the tl1.ying 
box in a yellow lizht and placed, film to film, with the negative to be copied in a pneumatic 
printing frame, and an exposure made. The exposure should be given, if possible, in riirect 
sunlight in order to  obtain the sharpest resn1t.s. The length of exposure necessary in Calcutta, 
is about 14 minutes a t  mid-day in strong sunlight, longer exposures of course being necessary 
when the light is weaker or the sun is ol)scured. 

5. Der:elopin!/.-The printing frame is now taken int,o the developing rooin, the 
exposed glass removed from the frame in a yellow light and allowed to stand exposed to  the 
damp atmosphere of tlie rooin for a few minutes in order that it  may absorb rno is t~~~.c  froin tlie 
air. If this process were to be worked in a very dry climate it might be necessary to pro-de 
for this purpose a special damping box in which tho air could be kept more or less laden with 
moisture by some means. The atmospllere of Calcutta is, however, sufficiently moisture-laden 
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to render any special arrangement of this sort unnecessary. The glass is now plwed, film side 

on the top of a developing box, which consists in the main of an ordinary wooden box 
with a light inside it  and with a thick glass lid, the interior of the bottom and sides of the box 
being l,ainted white. Fine lamp black powder is then dusted gently over the film side of the 
exposed gluss wit11 a tuft of cotton wool; by means of gentle robbing the image gradually 
appears and can be broncht to any degree of density required ~rov ided  the exposllre is correct. 
Over-exposnre leads to a dificolty in getting sufficient density of image, while under 
exposure =ives extreme density with a "veiling " or blackening of the lines of the image whicli 
should remain clear. 

6 .  Vavnishiug.-When sufficient density hes been obtained the surplus powder is 
dusted off and the negative is varnished in the same way as is done in the case of ordinary 
wet plate negatives. 

7. Washing out the 6ichron~ate.-In some cases the Ammopiurn nichrornate in the 
sensitiskg solution imparts a yellowish tinge to the clear lines. If such is the case, the 

negat~ve, after development and before varnishing, is exposed to daylight to thoroughly hard- 
en the film; it  is then thoroagl~ly washed under a tap until the bicliromate is dissolved out, 
thus causing the yellowish tinge to disappear from the clear lines of tlie image. The negative 
is then allowed to dry, after which it  can be varnished. 

8. Explanation uf the process.-The two main factors in the sensitising formula are 
the ammouium bicliromate and the glucose. The sensitising solution when spread on the 
glass by the roller and dried by heat is not in a sticky or '' tacky " state, but ~f exposed to 
damp air it  absorbs moisture and becomes sticky. The action of light on the dried film on 
the other hand destroys that power and so hardens the film that  itcannot absorb moisture and 
become sticky. This light-sensitive film when exposed under a negative will become hardened 
only on the portions to which the light has access, that  is to  say, on those parts under the clear 
lines of the image of the orig~nal negative ; the portions under the opaque parts of the original 
negative on the other hand are not acted on by light and still retain the power of absorbing 
moisture and so becoming sticky. The development with lamp black is purely mechanical 
and involves no chemical action. The powder will only stick to those portions which are 
sticky and have not been hardened by light, and will not adhere to those portions ~ v l ~ i c h  have 
been so hardened. The resulting negative is therefore a reversed duplicate of the original 
negative. 

11. I~~PROVE~IENTS I N  THE PREPARATION OF LAYRTL PLATES. 

Some developmelits have been made during tlie year with a view to simplifying the 
preparation of plates for the layer colouring of our maps by the uew 11hotogral)hic metllod 
which was described in the Records Volume for 1916-17.  

The making of half-tone negatives for this purpose is a somewl~at complicated business, 
and there are many factors which require constant attention such as "screen distance", stops, 
esllosure, etc., as any errors in these respects may be the cause of nnsatisfactory results. 

At Mr. Vandyke's sugges t io~~ the special " X " shaped stop, referred to in last pear's 
Records Volume, was replaced by a st,op formed of a single slit, the slit sloping a t  45 degrees 
to the horizontal and parallel t,o one set of liues of the screen. Half the eqosure  is made wit11 
the stop in one position, and the other half with t,he stop reversed so that t,he slit is a t  an angle 
of 90 degrees to its position dwiug the first half of the exposnre. D n r i u ~  t,Lie first half of 
the exposure the layer original is on the plan board and single lilies a t  5 5  degrees to the hori- 
zontal are produced on those portions of tlie negative corresponding to the white portions of 
the Iayer original; the black portions of the layer origi~lal produce no action on the l~egat~ive so 
that lines are not formed on those part,s of t,be negative correspoilding to the blacks of t,he 
layer original. During the second half of the exl)osru.e, tlie stop having bee11 reversed, the 
layer original is covered over with white paper. Lines crossing t,he former lines a t  90 d,lgrees 
are thus formed all over t'he oegative. 011 tlevelopment, a negative prepared in this fasl~io~l  will 
shorn single lincs all over t,hosc portions correspondil~g to t,lle black portions of thc la! er original 
and crosscd lines all over those ~~or t ions  cor respon~l i l~~  to the \\.llite portlions of t!~e IaJer original. 

The l~elio 11rel)arrd from l~egat,ives pl.el1ared in this wwy we1.e foun(1 mol,e 
satisfactory than those from negatives made with the S stop as the dois forming the li:,ht 
tint \rere large but tlcfinilely isolated. The lines Forming the dark tillt were lncie 
satisfactory as there is not tlie same tendency for single line tints to close up in priut,il~;; as is  
t.11e case wibh cross-lined tints. 
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Mr. Vandyke's next development was the substitution of u single lined screen with 
lines st 45.O to the horizoutal for tlie ordinary half-tone screen. A screen of this sort 

in a rllling mwhine slid consisted of fine clear lines cllt throligh an opaque ground which - laid on the glass. This screen is carried in the ordinary screen carrier in tlie camera but 
is used withont,any screen distance-i.e., close up t o  the plate,-and a large stop is used in the lens, 
thrls entailiIlg a shorter exposure than was the case with the "slit" atop. After the first half 
of the exposrlre hw been given the dark slide is closed, the screen rotated through 90°, so that 
the lines run at right angles to their former directiou, and the second half of the exposure 
made, white paper being placed over the original as was done when using the "slit" stop, 
The elimination of the screen distance renders9this method very simple and the use of a screen 
with a somewhat coarse ruling makes the subsequent printing much easier. 
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APPENDIX 1. 
(01.iginallypubliahed in the Geographical Journal, March 1918: reprinted by parmisaion 

of the H o y ~ l  Geographical S o ~ e t y ) .  

THE PROBLEM OF THE HIMALAYA ANDTHE GANGETIC TROUGH. 
BY DR. A. M o a r , ~ u  DAVIES. 

"The Attraction of the Hima.laya Mountains upon the Plumb-line i n  
India."-Major S. G.  Burrard, R. E. Surrey of India : Professior~al Yaper No. 5. 

(1901). 
"pendulum Observations in India, 1903-07."-Major (3. P. Lenox- 

Conyngham, R.E. Snrvey of India : Professional Yal~er No. 10. (1908). 

"Investigation of t h ~  Theory of Isostasy in  India."-Major H.L. Cros- 
thwait, R.E. Snrvey of India: Professional Paller No. 13. (1912). 

"On the Origin of the Himalaya Mountains."-Colonel 8.  G .  Burrard, 
c.s.I., R.E., F,R S. Survey of Intlia: Profrssional Paper No. 12. (1912). 

"Notes on the Relationship of the Himalayas to the Indo-Gangetic 
Plain and the Indian Peninsula."-H.H. Hayden, C.I.E., F.G.S. Hecords Geol.  
Surv.  Znt l~a ,  43, 108-167. (1913). 

"The Origin of the Himalayan Folding."-Sir Thomas H. Holland, 
K.C.I.E., A.R.C.S, F.R.S. Geol. Mag.,  Dec. 5 ,  10, 167-170. (1913). 

"Note in Reply to Mr. Hayden's Paper . . ."-Lieut.-Colonel G. P. 
Lenox-Conyngham, R.E. Recorh S I I ~ T .  India, 5 ,  161-164. (1914). 

Presidential Address to Section C, Brit. Assoc. (Australian 
Meeting).-Sir Thomas H. Holland, K C  I .E. ,  A.R C.S., D Sc., F.R.S. Geol 
Mag., llec. 6, 1, 411-418, 157-4(i 1, (l!)ll,) ; and Rep. H i . i l .  Aasoc., A~st~ra l ia ,  191 1.; (1015). 
344-35b. 

"On the Effect of the Gangetic Alluvium on the Plumb-line in 
NorthernIndia."-R. D. Oldham, F.R.S. I J ~ o c .  Roy. SOC., A, 90, 32-4,l. (191 1.). 

"On the Origin of the Indo-Gangetic Trough, commonly called the 
Himalayan Foredeep."-Colonel Sir Sidney Burrard, K.C.S.I., R.E., F.R S. 
Proc.  Roy .  Soc., A, 91, 220-238. (1915). 

"The Structure of the Himalayas and of the Gangetic Plain, as eluci- 
dated by Geodetic Observations in India."-R. D Oldham, F.R.S. Me,,). Geol. 
~qurv.  India,  42, pt. 2, 1-153. (1917). 
ahd ot'her pa.pers. 

T l ~ e  literatnrc: of the faniorls Himalaya11 p.oblem Ilas bee11 e ~ ~ r i c l ~ e ~ l  ill recent years by 
a series of importa.lrt pal~ers n-llirll 11eec1 collective notice. Scattered over a \vide range of 
pflicial 1111Llicatio11s, a11t1 deuial~dinl,r for their s l ) l~reciat io~~ rill rclnal linowledgr of C;eology R I ~  

(+codes!-, a11 i~~t~ ,o t lu r t io t~  to their stntly is l.ecll~irecl; alltl it is as S I I C ~  n11 i ~ ~ t , r o l l ~ ( ~ t i o ~ l ,  ~ ~ t 1 l t . r  
~ I I R I I  as a critical juclzlr~twt of the 1)rohlelu i l l  its preselrt ~ , l ~ n s e ,  that this 11ot~ic.e is w~,ittc.n. 

The errat  allrlvial p l a i ~ ~ s  ol' Nol.tller11 Intlia, w l ~ i r l ~  S I I I I W  so :e~~tly 11pn.art1 from the 
Ha!- of I{c~~gal a11d tho Arabi:rl~ Sea that the il~tlist,iuct \ \~i~ters l~rd 11urt,l1 of 1)t~llli is IC~SS  t,lian 
1000 feet ahovr the sea-lsvc~l, srparatc. two 1.egi011s of l~igller land tl~ilt  ~ . I . P  i l l  s t , r i k i ~ l ~  col~trast. 
physically a11d geologicall!.. 'Po the sontl~, t l ~ e  Pel~insnla is all almost eartl~~uah-e-free area 
of a~irirlrt. crystallil~a rocks, Fresh\vatc~ sedirnrntr, alltl illimetlse horizont,al sheets of lava. 
I ts  geolo~ical relat.ionshil~s are wit11 South Ai'l,icx and Ar~st,ralia, fragmellts of a continent 

wllicl~ for lo~lg ages r e ~ n a i ~ ~ r t l  I r i~h ly  stnlde and free from co~npl.essive stress. To the north, 
the Tihetall ~~lntrar l ,  the sno\r.y Himalaya, the Lesscr Fiimalaya and the Siwalik Hills form 
fo~tr  pa~~allcl I~elts u . l ~ i r l ~  sllotr. cvitlcllces of st,ror~g transverse conll~ressiot~ in late geologies] 
periods, t,lreJast. of t,hrln b r i l~g  stmill the seat of orisill of violent earth~~uakes. In  the two 
nort,l~rrn I~rl ts  crystalli~le rocks are associated with the nplifted deposits of an ancient ocean, 
while the Siwnliks are coml)osed of setliments like tlrose of t,he all~rvial plains, though slightly 
older ill geological time. 
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The plains themselves are formed of material brought down by streams from the high 
eslmially from the north. On their sonthern margin the rocks of the peninsula slope 

gently away beneath them, frequently projecting through them like islands ; but the 
northern margin the Himalayan rocks plunge abruptly down to nnknown deptlls. wha t  
geologic~l structure is hidden beneath this northern part of the plains ? 

When Everest in 1847 finished measoriug that part of the Great Arc of Iudia 
crosses the p l a i ~ ~ s  from the cent ld station of Kalianpor to  Kaliana near the foot of the 
mountains, he f o ~ ~ n d  that the latitnde of the latter place, as determined by direct astronomical 
observatioil, was less by more than 5 seconds of arc t11a11 the latitude as measured geodetically. 
This was in te rpre t~ l  as clue to the attlwtion of the Himalaxas, wliich by deflecting the 
plumb-line falsified the astronomical observations, and Prat t  (Phil. lkans., 145 (I 855), p. 53) 
set orit to verify this by a11 elaborate calcnlatioo. H e  came to the clisconcerting result that 
the devintio~i of the plr~mb-line ought to be three times as great as i t  actually was. Airy 
( I b ~ d . ,  p. 101 ) a t  oilce pointed out that  if the Earth ( as then genel-ally believed) had a thin 
wlid crust snpprtetl  by flotation on a liquid cer~tral mass, every protuberance must be sopport. 
etl by a dow~~ward  displacemeilt of the liquid, just ah with an iceberg or a floating cork; that 
therefore there ought to be a defect of gravity beneath a monntnii~-chain or plateau which 
would dinlinish the deflection of the plnmb-line caused by the p~otnberaut  mass. Pratt, 
however, rejected the idea of flotation of a thin crust (Phil. Tram., 149 (1859), p. 746)) but 
accepted that of a snb-montane defect of gravity, believing this to be due to deep-seated chemi- 
cal changes, wliich actually caused the rising of the surface. He showed also that  there was 
a deflection of the plumb-line towards the ocean a t  Indian coast-stations, so that  there must be 
an excess of gravity beneath the ocean hollows. To  this relation between surface features and 
deep-seated variations of gravity he applied the term " compensation". 

Here me see a double divergence of view: Prat t  for a rigid Earth, Airy for a fluid 
globe with thin crust ; Pratt for a deep-seated tumefaction (like the rising of dough) as  the 
cause of mountains and plateaux, Airy for their formation by come immense sui-face accomula- 
tion of matter of which a very large part sank into tlie supporting fluid. Airy indeed express- 
ed no view as to  how the accumulation came about, and to complete the double contrast me 
must p forward to 1881, when Osmond fisher (' Physics of the Earth's Crust,' pp. 142-150) 
combined Airy's principle of flotation with the geological principle of mountain origin by 
tangential compression in his theory of mountain " roota," according to which every upward 
wrinkle mas accompanied by a much larger downward wrinkle displacing the more or less fluid 
sub-crust. 

J. D. Dana (' Manual of Geology ') put forward the principle of compensation as 
er~tlencu for the permanence of oceanic and continental areas through geological time; but 
otherwise little iiotice seems to have been takenof it by geologists in their theories of upheaval 
and mountain formation, until Dutton * in 1889 brought it  into prominence and proposed the 
term Isostasy. This term was scarcely a happy one, since Dntton's great service was that he 
took a principle which in the hands of geodesists had been simply static, and made i t  dynamic 
by introducing the idea of constant adaptation through geological time. Dutton's paper was 
a etop-gap, not originally intended for publication, but its effect on geological thought wan 
remarkable. 

Isostasy may be defined ae a condition of approximate equilibrium in a heterogeneoufi 
earth, such that variations in the actual surface from that  of the ellipsoicl of rotation compen- 
sate for (or are compensated by) differences in the density of the crust beneath them. The 
maintenance of isostasy in face of the geolo~ical change8 that  are known to have taken place 
in the crust implies some degree of plaeticity in the sub-crust, though it  is not necessary to adopt 
the crude idea of a thin crust on a liquid sub-cr11st.t " The continents will be floated, SO to 
epeak, beca118e they are compeed of relatively light material ; and, similarly, the floor of the 
ocean will.. . . . . be depressed because i t  is composed of unusr~ally dense material." 

" The adjustment of the material toward# this condition, which is produced in nature by 
the stresses due to grevitp, may be called the iaostatic adjustment.. . . . . .The compensation of 
the exma of matter a t  the surface (continents) by the defect of density below, and of the 
surface defect of matter (ocean#) by excess of density below, may be celled thv isostatic 
compcnralim." 

- _  -_--- --  -- 
a " On mme of the Orester Prnhlernr a f Yhyricnl Geology, "Bull.  Phil. Soc. T a n h ~ n g l o r ,  11, 51 -63 (1892). 

The mcdern geological conreption is ~,erllapr beat erprecmed by Prof. Barrell's " Antbenoaphere "-" a 
\hick *arth.*hell marbed by s capacity to yield readily to long-enduring strain, of l im~ted rnsonicode, " tho%'h 
tr*n@mitli~$ esrlhquske-wave8 like rigid M y .  " The Btrength of the Earth', Crnnt," Jowrm. awl. (Chiago). 

m (1914-I&), nnmerous refrrenees. 
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extmme sonth, where there is a transition towards positive." There is thus evidence of a 
defect of g a v i t y  under the plains and an excess under the northern part of the peninsllla, not 

for by either topography or isostatic compensation. Crosthwait (anticipatina 
Gilbert's conclusion) suggested that  residuals might. be due in part to nnecjual distribution of 
mass in t,he "supporting columns." H e  regarded the less perfect isostasy of India as due to 
the l ~ l l c ] ~  greater dist~trba~nces of t,he c r~ is t  in late geological times, as compared with North 
America. "The Earth's crnst in India is in a process of settling clown and may be, cornpara- 
t,ively speaking, in a state of strain." On this Barrel1 t commented that  "upheavals cannot 

the strength of the crust; and in India, therefore, perhaps may be better observed 
than in the [Jnikcl States t'he maximum strains which the Earth is competent to endure;" 
and as a res111t of his elaborate studies concluded that the Earth's crustal st.rength is "t\\,enty, 
fifty, or even a hundred times greater than that  advanced in recent years by the leading 
cllampions of high isost,asy ." Thus me see the pendnlnm of opinion s\vinging between belief 
in fluiclity and rigidit,y in the Earth. 

Following on Crosthn~ait's publication, Burrard (1912) propounded his theory of the 
origin of the Himal;~yas. I-Ie postulates a sub-cmst, contracting as i t  cools ant1 cracking. 
The sides of the crack (or series of cracks) move apart. The crust overlying the shrinking 
nortllern side is compressed by this movement of the sub-crust, the monntain-folds of the 
Himalayas h e ~ n g  thus prodr~ced. The rift is gradoally fillet1 with alluvium of lo\\- tlensity. 
Farther shrinkage and cracking causes some of this a l l ~ ~ v i u m  to be folded, producing the 
Siwalik Hills. 

This theorj- was so contrary to accepted geological ideas that controversy so011 rose over 
it. If the sub-crust is so plastic that corn1)lete isostat,ic coml)ensation may take place within 
a clepth of 73 miles, can it  be so rigid as to form, under tension, a wide rift to a depth of 20 
r~liles? This is one tliflicnlt!., hut the direction of t,llrlist that  folded the Himalaya~~ rocks is 
another. I t  hat1 been generally consirleretl by qeologists that  the dircct.ion of pressrlre in a 
folded arcs could be judged (1) hy the inclinatio~~ of the ases of asymmetric foltls, which 
appear as though their upper end had been ~ ~ n s h e d  farther than the lower; (2) by the relative 
posit,ion of more or less horizontally displaced masses, it being assumetl that an o v e r t l ~ r ~ ~ s t  is 
more easily produced than an undertlirust; (3) by the c~~rvat~rlre  in t,he trend of the folds ill 
plan, it  being assnmed that  the 1)resslu.e nlr~st  have come from the concave side of the arc. 
On all these gror~ndw the Himalayas are usually regarded as having been subject to a Iressure 
from the  north. Saess, who led the \ray in the broad treatment of mountain systems, regarcl- 
ed the whole of Asia as subject to  a push outwards from a centre in Siberia, mont~taius being 
thrust ul) in a series of arcs alot~g the continental margin. The greatest resistance to t,l~is 
out~war~l movement was offered by the rigid penins~lla of Il~clia, and this tlamnied back t, l~e 
advancing earth-\raves so that  they' reached the greatest elevation on the Ear t l~ .  The 
all~lvium of the plains filled up a great dowuward buckle or trough in frout of tl~tb main 
~~pfol t l ,  a "fore-deep" analogous to the Tuscarora (lee11 in front of the arc of .Japan. While 
Suess's detailed views are not universally accepted amo11g geologists, they do express in broad 
outline the general opinion. Hnrmrd's idea of an elevation of the IIimalayas by a northuanl 
movement of the sub-crust. was therefore a most srtbversive suggestion. Sness in his latest 
pronouncement on the Himalayas$ (1 909) took small account of isostasy, preferring to treat 
crnst and sub-crust as practically rigid, and suggesting that  the great mass of alluvium of 
low density tilling the Indo-Cfangetic "fore-deep" was ~nlticient to account for the gravity 
anomalies. 

An attempt to reconcile the geodetic observations with isostasy was made by Haydell 
(1813). He showed that  by talcin? variable depths of isostatic co~rl~ensation for dilFerent 
stations the residuals could be red~tced to a series of vanishing points. This pretty statistical 
card-castle collapsed under the criticism of Lenox Conyngham (1914) wlio pointed out that  
the whole of Crosthwait's calculations were based on the assumption of a uniform depth of 
compensation, and that  you could not assume different depths of compensation for the same 
compartment according to whether you mere calculating its effect on this station or that. 
Lenox Conyngham, however, appears to  adopt too rigid an attitude in refusing to admit ally 
variation in the depth of componsatioll: such a variation is accepted as possible by Hayford, 
Ihrrell, and other American investigators. 

-..--.- 

A l l  t,heso residuals nre for ~t~er id ional  dellecliona only. 'The observntions of east ~ n d  went (prialc vertical) 
deflrctions are too few for genernliznt~on. 

t Op. cit., 29, 316 (1914). 

$ 'Das Antlitr der Erde,' vol. 3 (2), pp. 705-708 ; Engliah trnnslutioo, 'The Face of tqe EarLli,' ~ 0 1 0  4, PP* 
611414. 
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, Holland (1913) reviewed Burrard's theory not unfavourably, though with caution, 
briefly pointing.out several "geological and physical considerations that  debatably seem to fall 
illto linen with it. Chief of these are { l )  the existence of numerous tension-fanlta in the  
"ort,hern p r t  of the parallel to the s~ipposecl rift, and (2) the great depth a t  which 
rnegaseisms (world-shaking earthqnakes) originate, which may seem to justify the belief in e 
very deep-seated rift. 

Oldham (1914) n~ade calculations as  to the effect on the ~lumb-l ine of a mass of low 
density such as the Gangetic alluvium appears (on aeologiml evidence) to b e - a c s u m i ~ ~ ~  i t  to 
fill a trough 100 miles wide with depth increasing from 0 on the south to about 34 miles on 
the north (with other dimensions considered, as a check). H e  found that the effecta 
were commensnrate with the actual Crosthwait residuals. On the other hand such a rift as 
Bllrrard seemed to postulate-5 miles wide and 20 milee deep-would give very different 
figures. Oldl~nm's calculations however mere confined to two groups of stations ext,ending 
for no great distance north and south of the Himalayan margin. He also assumed that the 
observed meridional deflections were the merirlional components of a real deflection a t  right 

to the trenrl of the range; and justified this by reference to Dehra Dun, where obser- 
vations have been talien both in the meridian ant1 pr i~ne vertical, ant1 the resultant (residual) 
deflection is a c t ~ ~ a l l ~  transverse to t.he local trend. Irnfortunately there is a station, 

Jalpaignri, in llis second group where also 1)ri111e vertical observations have been ~ r ~ a d e ,  and 
here t,lie res~iltant residr~al (as taken from Crosthwait's map) is 15" in t,he direction I!!. 26- S.,  
wliereas Oldl~am takes i t  as 7" 11orma1 to thc, range, \vhich would 1)e about. E. 68' S. 

Holla.nil (1914) expanded his ideas on the formation of tr~rsion-faults in the northern 
part of the p e ~ ~ i n e ~ ~ l a ,  remarking t,hat " during the secular subsidence of the northern shore- 
line of Gontlwanalantl, accompanied hy the slow accumulation of sediment near the shore and 
the grat111al filing away of land al~ove sea-level, there must have been a gradual creep of the 
crust in a northe1.1~ tlirt>ction, " \vllich protlnced a state of tension and a series of faults parallel 
to  the ancient shore-line (or to the moclern Himalaya). H e  also expressed the opinion " tha t  the 
break-up of Gondwanaland and t l ~ r  tectonir revolutions that followed sl~on. how isostasy can 
defeat. itself in t111, presence of a sob-crustal maglna act,ually niolten or reatly to licluef>- on 
local relirf of I,rcsa1irtX. I t  is possil)l~~ t l ~ a t  t l ~ r  l)rotractc-tl liling off of (;o~~cI\vanalancl brought 
nearer the snrl'acta what \\-as I I U C ~ ,  t l ~ c  1or:l.l levrl of no s11.xiu a11(1 its accornl)anyi~ig shell of 
te~lsion." Prum t l ~ t ~ t ,  ( I ~ i ~ t a l i o ~ i ~  11-c I I ~ R \ -  infer that. Ilr rt,gards the (;anget,ic t rougl~ rat,l~er as 
the effect of ~ i ~ ~ l ; i ~ i c  of t l ~ c ~  c r ~ ~ s t  rmtle~ t~us ion  acconipnnit*tl I)>- the rise of licl~~rtied sub-crust, 
t , l~ar~ of a t~nsion-t.ift, in a rigit1 . s u b - ~ ~ . ~ ~ s t  a ~ .  . S I I ~ I ~ J O S ( Y ~  1?\. 13urrar~I. 

Burrart1 (19 15) returned lo the subjcct in a 1 ~ ~ 1 w r  \vliich is largely taken 1x1) 1vit.11 a 
criticism of the view that t,he Gnnget#ic trough has been actually produced by tlie \veight of 
the setlime~lt depositc~d a t  tlie foot of tlie mou~~tains.  To t,liis lie urges several objections, the first 
of which is absol~itely conclusive:-If alluviu~n of deusity 2 . 1  has pressed down ;t tloor of density 
2 . 7  to a dept,h of 20,000 feet, its upper sul-face sbonld be far I~ ig l~cr  than it  actrtally is. There 
has certainly been very loose thinltitlg on the part of some geologists on t,he s~ibject of sedi- 
nietit-loatling ant1 isostatic adjnstment. There are well-known rases of masses of sediment of 
enormolls tli ick~~ess (for instance, tlie Coal Rleasures) which shon. evidence t l ~ r o ~ ~ ~ l i o u t  of having 
been del)ositetl in very shallow water. These have been explained by sr~pposing the weight of 

, sediment to forcr tlon.n the sl~bstratnm persistently to an extent equal to its on711 t l~icl tnes~ ; 
but this is clliite ir~~l)ossible  inl less the yielding zone belo\\-, which a1lon.s of isostatic a.tlj~~st- 
nlent, is exactly etlnal in densit,y to each new layer added, and that is I~r r r i~e l J '  \vIiat it is llot, 
ex hypothesi, least of all r~niler a tlel)ressetl art~a.. Similnrly with t , l~e rising of mo~~nt,ains froln 
isostat,ic ad j~~s tn ien t  pnvi j~ns*~mi t th  their den~~tlation, not11 1,rocesst.s give an infinite series 
in geo~netrical j)rogression with a fi,nite sum; they cannot ~ o n t ~ i ~ l n e  a.t a, uniform rate. I f  
therefore any one holrls tlie view that the Qangetir trougl) has been prorlnced by the \reigllt 

of alluvinnl that now fills it, l ~ e  is believing a mathc~rnatical iml,ossibility. What is possible 
is t11a.t the loading has helped a dep~.es~ion dne to other causes. Even this view may come 
under another of nurrard's crit,icisms. H e  points o ~ i t  that t l ~ c  load of alluvium is not uniform- 
ly spreatl, bnt is pilecl up a t  the points of debouching of the Himalayan rivers into the 
Pla,ins. The tlel)tli of the t r o ~ ~ g h  I~owever is not sinrilarly localized, but its deepest part 
(accortlit~g t'o Captain Couclrman's ~~entlnlr~rn observations) is opposite Nepa.nl, rnhere the rivers 
are not the largest. But  if thr  floor which the sediment has acc~lmula t~d  is a northmrd 
extension of the Indian Pe~iinsnla, i t  \voald itself have an unevell surfnee, and be 
ciently rigid to bear tlie unequal loading by strains in its own substance and transmit i t  in  aa 
eqnalizecl form to the yielding sub-crust. 
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Another interesting point made by Burrard is the analogy between the Gangetic trough 
the Tusrnrotu Deep (off Japan), which has sank lo a depth of 27,500 feetwithout 

the help of any load of sediment. This argument would be more convincing if there were 
better evidence that  t,he Gangetic trough had once been occupieil by the sea; but the upraisd 
Siwalik strata that were first deposited in i t  include no marine sediments, and the chief 
evidence has liit.l~erto been the existence of closely allied species of freshwater dolphins ill the 
lower reaches of both Indus and Ganges. B~lrrard refers to the " sn~atclies of no ground " or 
very deep channels off the mouths of 1nd11s and Ganges as submarine continuations of the rift, 
T11at in the Arabian Sea is in line n.ith t,he lndus de~~ression, but that in the Bay of Rengal is 
rather parallel to the Gangetic trough t11a.n a cont.inuation of it. 

I n  the f r l r t l ~ e ~  part of his paper Biirrard explains more fully his own theory, and by 
not insisting on a depth of 20 miles ant1 width of 3 for his rift, brings the latter more into 
harmon!- with what .geologists moult1 regard as probable. H e  incorporates a note by cle GraafE 
Hunter on the conditions of a cooling enrtl~, in which it is argued tliat there must be a, zone 
or shell coatmctil~g more tllan t l i (x  zt)ncs eitl1c.r above or below it, and therefore in a state of 

tension : the cracking of this zone and consequent adjustment to  it of the crust above are 
regarded as causes of deformation in the lat,ter. The criticisms which the would 
make on this argument would be, firstly, that  variations in ~>hysical conditions, such as density 
and, above all, thermal conductivity, of different zones of the sub-crust rnust motlif!- this simple 
argument; and, secondly, t . l~at  it has to be sl~olvn that the zone of tension is sufficiently rigid 
to crack, instead of yielding by plastic cleformation. 

Oldliam, in a memoir just received, makes a very elaborate study of the whole question. 
I n  this, after a preliminary discussion of the problems awaiting solution and the nature of 
geodetic methods, he calculates the effects of an imaginary range of simple step-like form, sufi- 
cientlp near the form of the real Ain~alaya to give approximately the same giavity-effects. 
From t,his he proceeds to determine the real form of tlie Gangetic trough on tlie geodetic evi- 
dence, and concludes tliat it is about 20,000 feet deep between 80' anil 84', and again iu the 
Upper Punjab, but not more than 15,000 feet in the longitude of Delhi. This shallowing is 
probably not due to  oneclaal sinking but to the continnation, across the trough-floor, of the 
Aravalli Mountains, mhich appear also to enter into the Himalayas beyond. The greatest 
depth is not necessarily close to the Himalayan margin, but may be some distance further south. 
Thus  his cross-section of the trough comes to resemble more nearly that given by Rnrrard. As 
t o  the lateral extension of the trough, Oldham finds i t  to continue to Assam on the east and the 
Salt Range in t,he north-west, its southern edge being for the most part concealed under 
r l luv iun~ towards these two extremes : i t  does not therefore bend ronnd as do the alluvial 
plains, mhich overlal) i t  towards the Arabian Sea and Bay of Bengal, but is bounded by a , 
hidden rock-barrier beneath them, the geological eridence here confirmi~~g the geotletical. 
For these reasons Oldhan~ speaks of i t  as the Gangetic, not the Inclo-Gangetic t ,ror~gl~. 

H e  then proceeds to  discuss the support of the Himalaya.s, and concludes that. there is 
over-compensation in the Central Himalayas and under-compensatio~~ in the outer region, the 
strail~s thus produced being well within tlie limit which the rigidity of the crust can support, 
on Barrell's calculations. To a further alternation of over- and under-con~pensated areas under 
the plains and nol-thern Peninsula rcsl~ertively, he attribl~tes the geodetic anomalies of the 
" hidden range" of Borrard. Evidently, I~owever, this provides as  with a generalization on 
the anomalies, rather t l ~ s n  with an explanation of them. Finally, after consideri~~g cvery 
theory yet proposed to explain the tangential 1)ressures that  produce t,he mountain-folds, he 
dismisses all as inaderluate. 

Here for the present the matter rents. I t  cannot be said that there is any agreement 
as to how the Himalayas were raisetl or the Ciangetic trough formed, and yet there seem to 
be signs of reconciliation between (livergent views. 41uch remains to be discoverrd !,efore 
a setatlenient can be reached. More geodetic observations arc needed-more among t l ~ c  high 
Himalayas as urqed by Oldham; new observations a t  pairs of stations near in positiol~ but 
differing greatly in altitude as suggested (among other proposals) by Rarrell; more prirne- 
vertical observations to combine with those in t l ~ e  meridian. All this the Indian Survey will 
give us in time, and geodesists in other countlies mill deal with other mountain ranges. 
Meanwhile geologists \iill find scope for the scientific jmagination in devising new theories 
of mountain-formation, since none of the old seems to have s~lrvived criticism; and areas of 
tension as well as areas of compression will need study, in which geodetic results must be 
given the attention they deeerve. 



Vol. XLTI.] APPENDIX I. 99 

When we consider the  high level of ability shown by thie group of authora whose work 
we have tried to  summarize, and remember that  all are or have been in the service of the 
Government of India, we may express the hope that the reputation of the Indian Surveys may 
be maintained in the future, and that  neither the pressing need for investigations of immediate 
practical value nor the deeire for economy may prevent the continuation of work upon thwe 
broad problems-work which will assuredly prove eventually to be not devoid of practical 
importance. 
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APPENDIX 11. 
(Originally published in the GeogmapAlical Journnl, October, 1918 : reprinted b y  permission 

of the Secretary, Royal Geographical Society). 
- 

GEOLOGICAL INTERPRETATIONS OF GEO DETIC RESULTS. 

A CRITICAL EXAMINATION OF MI(. R.  D. OLDITAM'S R E C E N T  

TREATISE ON HIRIALA\-AN S T R U C T U R E  

l3Y 

COT,ONET. SIN SIDNEY B[~ILI~<ILI> ,  K. C.S.I . ,  R .E . ,  F.R. S., 
Srrnv~l-OIL GESEILAI. 01' INDIA. 

The alluvial plains of the Ganges conccal from our view a deep "trough" that has 
been formed in the Earth's crnst. The "trough" is bounded on the north bj- the Himalaj-an 
mountains and on the soutlt bj. all ancient table-land. .This " trough" was called by Suess 
the Himalayan Foredeep; its origin and its relationship to the mountains are among the 
unsolved problems of geologj- and geophysics. 

For many years the Trigonometrical Survey of India has bee11 tak i l~g  geodetic observa- 
tions over both hills ant1 plaine : i t  has clctermilletl the directio~r and the intensit:\. of gravity 
a t  numerons placer. Dnring its operat,io~~s its chiefs have freqneutly had the benefit of 
consultation with foreizn delegates a t  Intcirnational Geodetic Conferences, and with successive 
directors of the Geological Survey of 111tlia. The gap between geology and geodesy is 
however difficnlt to bridge: the students of the two bra11~11e~ of science have been differently 
trained, and the best hope of fntr~re progress lies in personal collaboration. 

Mr. I t ,  D. Oldham, F. 11. s. has Intel!. published a memoir* entitled, 

"The Structure of the Himalayas, and of the Gangetic Plain, as elucidated by 
" Geodetic Observations in India. " 

W h e l ~  n book dealing wit11 geodetic results is writtell by a professional geologist it 
starts on its career with the keel1 interest of geodesists. But  Mr. Oldham's treatise will do 
not,l~ing towards bridging t,he gap ; its attempt6 to lower the standard of geodet,ic accuracy 
will be resented. As a book it  is difficult to follow; for thong11 its langiiage is that  of 
positive assert,ion, its meanings are frequently obscure. Individrial sentences may be st,rongly 
worded, yet in the aggregate their collective meaning is uncertain. 

I n  his geodetic calcr~latior~s Mr. Oldham's first step is to discard t,he Hilnalaj-a 
monntaius of nat1ire and to substitnte for them a11 

Tho i n ~ n n i n n r ~  rnngo. 
"Imaginarj Range", the dimensions and col~tour 

of mhicl~ he has tlesignccl; lie says that  t,he nietliotl of gcotlesg is too Iaborions. H e  therefore 
decides to ignore L'tl~t! complicated contorir of the actnal IIimalayas." He also assolnes i l l  

his calcnlations that, his imaginary range has an east, and west direction, whereas the true 
Iiimalaja extend over 7 degrees of Iat,itlide. 

Mr. Oldham tries to show that his imaginar~. range is similar to the true Himalaya 
ih its po~vers of a t t ract io~~.  'rhe safest way of lnakiug sncll a comparison monlcl be to test 
tho attraction of the i ~ n a ~ i n s r y  monntains ~cizcomnpe~~sntetr! against the attraction of the true 
monntait~s uncompcnsrtted, Rut tllis test is not faced; both the imaginary and the t rue 

* Memoirs, Geologirnl Survey of Indin, Vol. S L I I ,  part 2, 1915. 
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mountaills are assumed to be wliolly compensated by underlying deficiencies of matter, and 
the resul&nt att,ractions are thus reduced to small quantities. The attraction of a mountain 
mass muses deflections of the plumb-line, but if tlle mass be assumed wholly Compensated 
by underlying deficiencies of matter, its positive attraction will become nullified by the 
negative attraction, and the deflections will tend to vanish. The deflection of the plomb.line 

a t  t,he statiou of Kaliena by the positive attraction of the true Himalava is 56"; that 
callsed by the Imaginary Range is 6". The discrepancy is no less than 52", but by taking 

into account, Mr. Oldllanl reduces the Himalayan effect from 58" to 3", and 
the effect of his Imaginary Range from 6" to  2" (page 42). H e  theu compares 3" with "," 
and argues that a discrepancy of 1" is admissible. 

I f  we are dealing wit11 a large deHection such as 58", a discrepancy of 1" denotes an 
error less than 2 per ceut. Ba t  \\-hen the large deHcction has been reduced by compensation 
to 3" a discrepaucy of 1'' ileuotes an error of 33 per cent. J l r .  Oldham states that 
sttractio~l of the Imaginary Range (compensated) exceecls that of the true rauge at all statiolls, 
but there are mistakes in his computations (table 5 ) .  A t  Lambatach in the mountains the 
effect of the imaginary range (compensated) is 55 per cent. larger than that  of the true range: 
whilst at Kaliana, 41  miles distant from the foot of the mountains, the esect of the 
imaginary rauge is 33 per cent. smfdler thau that of the true range; errors such as these 
prove that  the imaginary range is not suitable for geodetic investigations. 

It is true that when Mr. Oldham tirst introdllces his imaginary range (page 3(i) he 
excuses i t  on the grounds that  i t  is intended for the preliminary stages and not for the fitla] 
calculatious of the investigation. But  he fails to adhere to this stipulation : at  the end of llis 
book he arrives a t  final ancl positive conclusions concerniug the compensation of the Himalaya 
rnouutaius (pages 112, 11-l*) and he claims to have discovered the form of the underground 
floor of the whole Gangetic trough, (page 119) ; these concliisions are all based on the Irnagi. 
nary Hange. 

W e  use the worcl " t ro~lgh " for want of a better. The word conveys the idea of a 

The use of the word " tl.ough." 
long rock hollow filled with loose alluvium. But 
a t  moderate depths alluvium becomes compacted 

into golid rock : and at greater depths it  may become metamorphosed. Mr. Oldliam describes 
the Gaugetic "trough " as though i t  were a simple depression in the rock-surface tilled with 
alluvium, and as though the alluvium were 16,000 feet deep (pages 7, 8, el sep.). This 
value of the depth is obtained from Middlemiss's measurements of exposed strata a t  the foot 
of the Himalaya in Komaun, north-east of Delhi. (Geological Survey of India, XXIV, 
page 29). But Middlemiss s11on.s that  these strata are built up of the following thick- 
nesses :- 

Feet 
Siwalik conglomerate ... ... ... 3,000 
Sand-rock ... ... . . .  ... 8,000 

... Sand-stone ... . . .  ... 6,000 
Thus the trough is not a rock-basin containing loose alluvium ; i t  is a basin constructed 

of ancient rocks in which tertiary rocks have been consoliclated. The dividing line 
between the northern wall and its solid contents can only be discovered by a geologist. 
Geodesists have used the word "trough" to denote the crrlstal zone throughout wllich the 
rock is of lower density than normal : and they take the depth of the trough to be the depth 
to  which deficiency of density extends, independently of the kind or age of the rocks 
involved. 

W e  have now to consider this problem :-if the sides and floor of a trough have been 
formed of ancient rocks, and if its contents consist 

The depth of the Oangetic trough. of tertiary rocks, can a pendulum be utilised to 
determine the depth of the lon~est tertiary rocks? 

If  a t  any place a pendulum is observed to be swinging a t  a slower rate than normal, a 
deficiency of rock in the underlying crust is indicated : whereas if a pendulum is observed to 
oscillate rapidly, the inference is warranted that the underlying crrlst is unrlsually densa 
These variations in the ctte of swing a t  different places signify variations in the force of 
gravity, and constitute what are known as local "gravity anomalies ". Wherever a gravity 
anomaly is observed to be negative, the crust is abnormally light, and wherever a gravity 
anomaly is positive the crust is dense. 
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An excess or defect of matter may be near the surface of the crust, or i t  may be  
hidden a t  a :.reat depth. Geodesists have met with difficulties in dealing with this problem 
of depth : they can prove the existence of an excess of matter in the crnst, but they s re  
unable lo  determil~e Itether tlre excess is superficial or deep*. 

Observat,ions have shown that  the density of tlre crust is different in different regions, 
and varies from place to place, ancl that these unceasing variations extend downwards to  great 
depths, (perhaps 70 miles). 

If a pendulum station is situated above the light tertiar! rocks of the Gongetic tro~tgh, 
the gravity anomaly will have a t e n d e ~ ~ c y  to be ne~at ive.  But the deeper rocks will affect the 
pendnlrlm also: and if they are unduly light they will acecnlfrnte the negative tendency, 
whereas if they are dense, t ,he~-  mill colr~tlevact that tendency. A gravity anomaly is due to 
both surface ant1 deep-seated rocks, and the diflicrllt>. is to d i se~~tangle  their respective effects. 

I3!- means of a soonding-line we can cliscorc~r the depth of water, and by boring we  
msy discover the tlepth of alluvit~m, but a peniltilum is not a sonniling nor a boring iostru- 
ment,, and observations of gravit!. (lo not deter~ni~re deptl~s of sca or a l lnvin~~r.  

I do not contend that  a ~ ~ e ~ ~ i l u l u m  cau never be used to determine the depth of a 
rock. I ~vill  give an instance in which I think i t  might be so utilised. The Mysore 

Gold Mines are situated in a small pat,cll of I~eavj- rock (Dharmar schist, density 8.00) which 
is lying in a surface hollon. of the Mysore plateau (gneiss, (lensit! 2.67). 

The patch of heavy rock contailling the  old is only -i miles wide; if 1)endulum 
observat,ions on tlie Fneiss snrrouncling t l ~ c  1):~tch give a constant gravit!. anomal!,, and if t h e  
anomal). a t  once becomes larger a t  stations O I I  the pal,cl~, tlre increase in the iotet~sity of 
gravity map be f a i r 1  attributed to the excessive density of the patch. N O  complete 
investigation has !-et been made, but Lenox-Conyngham fout~d that  t'he gravity anomaly 
on the patch was 0.0:14$ greater than a t  Bangalore (Professional Paper 15, page 24, Survey 
of India) : 11c has calculatetl that  this anomaly would denote a dept.h of about 13,500 feet 
for the Ileavy schist of tlie patch. The gold mining operatious have now rcached a depth 
of 6,000 feet. The reason, ~vhich \vol~ld jnstify us in t.his case ill attributing the increase 
in the gravity anomal!- to the ljatcl~, woaltl be that  the l)endulu~n stations on and oft' the 
patch being so near toget,her ( i .e . ,  within 2 to 3 miles) t,lle cause of t l ~ e  increase wo11ld appear 
to be local. 

'Fhe Gangetic allurirlm prese~rts a differer~t 1)roblem : its area is great and we caunot 
attribntc anomalies to an?. local cause such as the lightness of alluvium. The geodetic 
observations have led us to believe that the Earth's crust north of the a l l ~ ~ v i ~ l n l  is deficient 
in density to a great depth, and t,liat sont.h of t.11~ a1I~vi11rn the density of the crust is 
excessivet. The junction of the two different densities occurs in t,he crnst underlying the 
alluvium. 

Mr. Oldharl~ considers that the depth of the trough is about 16,000 feet a t  the uorthern 
edge and t , l~at  it  g:.l.:idr~all!- decreases from north to south (pages 82, 119). All gravity 
ano~ualies t,llat can be made to fit this hypotl~esis he i ~ ~ t e r l ~ r e t s  as due to  the liglltlless of 
allnvium. 13nt anomalies that  do not fit 110 interprets as due to deep-seated rocks below the 
alluvium. 

On page 81 Ile writes of the station Rlonghyr :- 

"Thong11 sit,ualRd close to the southern edge of the allriviun~ i t  gives a Bouguer 
"anomaly of-931, and a Hayford of--.O24 tlyne, and, as it  is difficult to believe that  there 
''can be a thickness of over 4',000 feet of allrtviuni untler this stat,ion, we must fall back 
"on the s11l)pogition that  the anotnaly is tlue to a more deel~-seater1 tlelicienr;). of density. 
''A similal., t l~ongh smaller defect of densitfa- a t  tire statmion of Sasal.srrr, snggesls t.hat in 
" b o t l ~  cases the anomaly may be clue to a deep-seated defect of tlet~sit~y in the rocks below 
" t,he a l l ~ ~ v i ~ ~ r n  ". 

l'he fact t'hat the anomalies a t  Mongli!-r ant1 Sasnram have to be rejected as unt,rnst- 
worthy measures of the depth of sr~lface allnvinm raises the qnestiou,-Whni, security is 
there that other anomalies give reliable maasnres? There is no security :. a gravity anomaly 
is a measure of the densitj- of the Earth's crnst, and not of the uppermost layer only. 

a Colonc.1 Uurmrd'a paper ou the Onnpetic Trongh, Proc. Itoyal Society A, V o l u ~ e  91, pages 230, 233. 
t Uucler the 1Iimalaya the d o n ~ i t y  01 the crnst is I,elow normal: 6011th of the trough there is n zone of 

excessive density known ns the "hidden range." (pnge 124). 
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I f  the gravity anomalies a t  alluvial stations were wholly due to the liglltness of 
sufiace allavirrm, they would everywhere be negative ; but a t  several stations on the alluvium' 
the allomelies are positive. On page 81, Mr. Oldham writes of two stations on the 
sllnviun~, a t  which gravity is in excess :- 

" The high positive anomaly a t  Kisnapur is evidently the result of a deel,-seahd 
" excess of density in the roclr untlerlying the allovium, but its magnitude, aud the smaller 

anomaly a t  Chatra, show that the alli~viuni canoot have any great thickness, 
to that  in the Gaugetic trough, for if there were any great thickness of alluvium 

"tile negative effect of the defect in density nroold more largely neutralise the &el,-seated 
excess of density in one case, and in the other ~vould make the anonlaly negative, instead 

" of positive ". 

This argument is incorrect; the positive anomalies merely shcw that there is au excess 
of matter in the crust, notwithstandiug the surface alluvium; they furuish no evidence as 

to  the dept l~ of alluvium. 

The gravity anonialy a t  Mian Mir on the alluvium is +0.040 dyue, showing that 
gravity is in excess. On page 85, Mr. Oldham writes :- 

The positive anomaly a t  J l ian hlir shows that  the alluvi~un cannot have any great 
'' thickness here ". 

Tlie positive anomaly a t  Mian Mir merely denotes that  the lightuess of the surface 
alluvium is more than connterbalancecl by the density of the deeper rock: i t  is no proof that 
the alluvium is slrallon~. 

To illustrate the risks of using gravity auomalies as measures of depth, I will refer to 
Hecker's observations of gravity over the ocean*. When Hecker was vertically over the 
Touga Deep he found that  the deficiency of g r a ~ i t y  was-0.245 dyne. I f  EIecker had 
adopted Rh. Olclham's method, he would have deduced the depth of the Tonga Deep to be 
13,300 feet : the soundiug lead showecl that  the true depth was 27,800 feet. 

When Hecker's steamer crossecl the Touga plateau, he found that  the gravity anonialy 
was +O. 264 clyne. If t l ~ e n  he had usecl the argument that  a positive auomaly deuotes 
shallo\v depth, he \\roolcl have conclutled that the Tonga plateau could not be far below the 
surface of the sea. The soundings showed that. i t  was 8,800 feet deep. 

I f  an observation for gravity is taken over tlie ocean, the presence of water call be 
allowed for as its cle~isity is knowu. But the density 

The density of nllnviun~ nt depths. 
of allavirin~ when compressed atid compactetl a t  

moderate ant1 great depths is an uncertain quantity. Air. Olilham Itas assumed the average 
density of the Ciangetic alluvium from the surface to a depth of -h miles to be 2.16. The 
rock-walls of the trough l~ave  a density of 2.67, and 11e assumes that the contents oE the 
deep trough have a density of 20 per cent. less than the rock walls. 

General Sorsbie, author of Geology for Engineers, estimates that the meau deusity 
of the Gangetic depositq, loose and solid, shallow and deep, ~vould be about 2.4. RIr. Hunterm 
has determined tlie density of exposed Sitvalik sandstone a t  Hurclwar and hIohan, and has 
found i t  vary fro111 2.35 to 2.60, and these specimens were brolien from weathered scarps and 
mere possibly less compact than when buried and compressecl by the weight of miles of 
superincumbent strata. H e  has determiued the density of khankar (carbonate of lime) dug 
from the surface of the alluvial plains, and has found i t  to average 2.34. Barrel1 iu hie 
investigations of the Strength of the Earth's Crust assumes 2.5 as the density of the deposits 
of the Nile and the Niger (Journal of Geology, XXII ,  page 43). 

There are thus reasons for doubting whether Mr. Oldham's assumption of de1isity=2~16 
is justifiable, and it  mill be useful to show the effects upon his results if a density-value of 2.4 
be substituted. 

' Gravity determinatione on the Ocean, Berlin, 1010. Hecker nssomed the Ocean to beisostnt ic~l l~  
compensated. 
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Dintnncc from 
northel.11 edge of 
trongh iu miles. 

DEPTH OF ALLUVIUM A8 DEDUCED PROM 
GRAVITY A X O M A L Y :  I 

If density 2 ' 4  be 
sohatitnted. 

Density 2.16 according 
t o  Oldham. 

- 

Feat. 

15,000 

13,000 

13,000 

1&,000 

23,000 

Feet. 

30,000 

24,000 

26,000 

21,000 

46,000 

-- 

Mr. Oldham claims (pages 91, 119) that his geodetic values of depth at the ~rorthern 
edge of the plains agree with the geological value, namely 16,000 feet. 

JIy table shoms that  his claim can only be establisl~ed if an unduly low clensity ie 
assumed for the alluvium. The atloption of the clensity 2.4 procluces a great discrepaucy 
between the so-called geocletic ancl geological values. 

I t  most ilot be supposed t,hat I an1 putting forward tlie clepths ill the last colu~nus of 
these tables as probably correct: they are, I think, based oil more reasonable assumptions than 
the figures in t ' l~e third columns, but the lesson they teach is that  the method adopted of 
ded~icing depths of surface alluvium from gravity anomalies is unreliable. The magnitudes of - 

thc quaiitities in the last column support the view that  the ~ ~ e g a t i r e  anonlalies over the 
Gangetic trough are partly due to the at te~~uat iou of the rock that is belorv thc tertiary 
deposits. 

On page 1 I !), Mr. Olclham \\,rites :- 

" We liave also fouod co~nplete confir~nation of the geological cleclnction that  the 
L L  tleptl~ of the alluvi~im along the outer edge of 

Nr. Oldliam's couclusions. 
"the Himalapns is great, amonntiug to about 

." 15,000 to 00,000 feet towards the nbrtl~eru bonnclary of t,he alll~vial plxin, figures which are 
"in co~nplete accorcl with those cledriced froin the geological esaniination of the Siwalik 
"I~ills. This agreemeut, between tlie results of t,wo wholly inclepe~~dent and different lines of 
" researcl~, leaves little rooill for donbt that we have reacl~ed a corrcct interpretation of the 
"undergro~incl form of the C+sngetic trongh from near its northern l i~n i t  to the sout,liern 
"boo~~ilary,  and that it,s masimnnl tlepth is abont 15,000 to 20,000 feet, possibly more on 
"some sections probably less on others, but, in most cases lying within thc limits named." 

I n  this sl1nimary Mr. Oltlham clain~s to have discovered the uurlergrorund form of the 
Gangctic trongli from north to ~ o u t h ,  ancl from east to west. The average wicltl~ of the trough 
from north to  sonth is 150 miles ; its length froni rabt to west is 1,000 miles : i t  occupies an area 
of 150,000 sqtiare miles. Mr. Oltlham claims to have iuterpretecl the tunderground form of 
t l~ i s  gl.c,at zllnrial area by means of t,l~e "agrcc.mcut between the rcsults of t\ro wholly indc- 
"pendent and cliffere~~t lines of research". 

Let  us consitlcr npon what gr0~111ds are these clainls lased. The geological deduction 
froni exposed strata is that the depth of the tro\igh ~ r t  one poittt near its northern edge is 
16,000 feet (pagc (i) : thcrc is no geological evidencc of depth east, or west of this point, and 
there is no geological cvidence ailvwhere as to the ~ ~ i a s i m n m  depth of the trough, or as to the 
distance fro111 t l ~ e  edge a t  ml~ich the maximum depth occurs (page 5). The geological "line 
of research" is thus limited to onc po in t  iu a t rougl~ 1,000 niiles long and 150 miles broad. 
Certain geodetic results can be brought into approsinlate agreement ~ v i t l ~  tliis one geological 
deduction by the adoption of a l~articalar value of surface density. 

But  even the allcgecl sgrecment itself,"betmeen the two wholly indepeudent lines of 
"research " is uot clearly indicated. The geological ded~iction was ulacle in the foot-hills of 
Kumaun south of the Ganges, ml~ere no geodetic statious exist; in the foot-hills just north of 
the Ganges there are two geodetic stations, Rajpore ancl Dehra Dun. I n  order to confirm Mr. 
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Oldhem's geological conjecture that deep alluvium esists under Rajpore and Debra D ~ ~ ~ ,  
negative anomalies were required ( page 107 ), and these were obtained by the aid of the 
Imaginary Ranqe (page 90). But the anomalies a< calculated by the Trigonometricel 
Survey are positive, and this result 11s.. placed Jlr.  Oldham In a l>redicameut (page 91). H~ 
writes that "these stations cannot be r~\ed with any degree of ~ a f e t y  in determinin~ tl:e for,,, 
atof the trougll". Thus the a ~ r e e m e n t  between the different lines of research can only be 
maintained, ~f two of the most important geocletic results are excluded from the investiqation, 

Brom ISG(; to 1870 Captain Basevi observed t,he pendnlom a t  several places in India: 
lie was a careful observer, but in his day no method 

The Hirnnln!.nn Pcllilul~~rn stnlion at Mor3 
had been devised of det,ermining the swaIr of the - 

pend~llum stand. TVhel~ a pendulum is swingin:, its stand is swaj-ecl by it : and this swaying 
tends t,o increase the time of the pendulum's oscillation; consequentl>- if no correction is 
applied, the cletlncetl value of gravity will be too small; the greater the "flexrire" of the stalld 
the greater the error iu the observetl result. 

Por his observations in India Baseri used a heavy braced stand. In 1870 he decided 
t o  swing his ~ ~ e n d u l u n ~ s  a t  a h i ~ h  altitnde in Ladak, and in order to  lighten his loads and t , ~  
facilitate transport lie introduced a sl~ecial light stand. T l ~ i s  light stand he used in his observa- 
tions a t  the Indian Station of Mian Mir, and he then transported it across the I.1imalaj.a 
mountains to  the s t a t i o ~ ~  of MorC (height 15,427 feet). In Ladak he (lied and it  is not known 
what, became of the light pendnlnm staud. 

In  1903 Colonel Lenox-Conyngham commenced his modern series of pendolorn observa- 
tions, and dnri l~g his first to1u he visited four of Basevi's stations. I-lis observations gave 
larger vallles of y t l ~ s n  13asek-i hacl obtained, the discrepancies varyi~lg from 0.027 a t  Bombay 
to 0.0-1'1 a t  JIatlras ant1 to 0,103 s t  Delira l l u r ~ .  These tliscrepancies mere attributed by 
Lenos-Co~~!-~lghanl to the onlissio~~ of the "flesnre correction" by Basevi*. 

Other stations of Basevi's were visited in snbseclrient years. 111 190G Lenox-Conyngham 
observed a t  the station of Mian Mir where Basevi had used his special light stancl; a t  this 
station the cliscrepanc>- between the olcl and the nen7 results was 0.112. 

Hasevi's pendulum observations have t h ~ l s  been superseded; they sel-ved their purpose 
well, ancl their sr~persession is the inevitable fate of all ob~ervat~ions which have been rendered 
obsolete by motlern instrllmental impl.overnents. His more important stations have been 
revisited and their resnlts revised. Eighteen of Basevi's stations have not as yet been revisited 
by modern observers, but in their steatl 108 new pend~llnm stations have been established in 
India. 

If it I~ad ]lot been for the war, the station of Mor6 would have been revisited by a 
British observer in 1916 or 1916. Commander illessio of the Filippi expedition (1913), 
endeavoured to observe the p e n d u l ~ ~ m  a t  Morb, but the attempt had to be made too early in the 
year and mas fr~istrated by heavy snow. 

Rasevi's results were inclnded in Helmert?~ compilations for the International Geodetio 
Association. After Lenox-Conyngham hat1 completed his observations a t  Mian Mir, the 
International Association in 190!) cleduced from then1 a "flexnre correction'' for Mor6. 
Helmert mas constructing a formlila that wonlcl give the normal value of gravity in any 
latitude, and the Association wished to show how this formula agreed with observed results. 
The Association did not intent1 to  convey to geologists the idea that  they wo1111l now be 
justified in building far-reaching theories upon the More result. 

TJnfort.unately Professor Borrass who compiled the report made the mistake of assuming 
that  Basevi's light stand had been used a t  t w o  stations in India, and that  it3 flexnre correction 
had remained Ihe samr a t  both H e  thought that  the light stantl hat1 been used a t  
Dehra Dun as well as a t  Mian Mir and MorC.. Believing that  Dehra Dun and Mian Mir 
should be classed together and finding that  the two corrections were accordant, he adopted a 
mean correction and applied it  a t  More'. 

Borrass stated his flexure corrections as follows :- 
... +0.10:3 Deduced a t  Dehra Dun . . . 

Deduced a t  Mian Mir  ... ... +OS112 
Mean ... . . . ... +0.107+0.004 

. - 
* Ciurvey of lndin, Narrative Report~ ,  1903.01, pnm. 139. 
t Report, 16th Internntionnl Geodetic Conference. 1911, page 230. 



YO]. x111.j APPENDIX IT. 107 

At Dehra Dun the pendulum had been swung on the heavy stand and a t  Mian Mir on 
the light one. The agreement between the corrections deduced by Bornrss was fortuitous ; 
Borrass's mean value end his probable error being based on misapprehension have thus no 
weight. 

In  September 1916 an article by Mr. Oldham on Basevi's pendulum observetione 
appeared in the Geographical Journal, in which the author espressd the opinion that the 
flexure correction for Basevi's results could be estimated. This bad already been done, but 
sllch an estimate cannot be made with sufficient accuracy. It is a of the standard of 
accuracy required. Basevi omitted tlle flexure correction, and nothing now can raise his re- 
sults to the modern standard of accuracy.* 

The flexure of Basevi's heavy stand mas ap t  to vary from station to station, and even 
the modern stand shoms variations of flexure sufficiently great to necessitate a redetermination 
whenever the apparatus is re-erected. As to the behaviour of Basevi's light stand we know 
but one fact, namely, that  his Rlian I l i r  result requires a correction of + 0.112. 

RIr. Oldham assumes that Basevi's flexure correction was tlie same a t  More as a t  Mian 
Mir. Basevi recorded that  a t  Mian Mir the stand was erected on a "floor of solid paka 
lcmasonry ": a t  Ifor6 he recorded that the soil was " very loose and sandy ". Retween Mien 
&fir and Mor6 the stand hacl to be carried on me~i's backs for hundreds of miles over high 
mountains and passes : a t  Mort5 the stand mas exposed to conditions of temperature, pressure, 
humidity and wind, totally different from those of Mian RIir. 

When Ms. Oldham's article appeared I did not understand its purport. No one had 
beell criticising Basevi, and his pendulum results mere being replaced and extended by the 
modera series. In  his nlemoir however Mr. Oldham makes the surprising statenlent (page 
110) that tlie RlorC results having been discredited have been reinstated. H e  gives no es- 
planation, no references. I know the history of the RforB discussion well, but I know of no 
discredit, nor reinstatemeut. I can only conclude that  by " reinstatement" Mr. Oldham 
means the article he wrote himself in the Gcograpliical Jour~ial.  

I n  his nlemoir (page 111) Mr. Oldham estimates the anomaly for IIord as - 0 .-k34, 
and compares i t  wiill Yorrass's result - 0.433, publisl~ed in 1011. IIe writes :- 

" T l ~ e  two values of a ~ ~ o m a l y  differ by only ,001  dyne aud we may take i t  that the 
"deficiency a t  RIorC ia not far from 19 dyne ' I .  

I t  is hardly necessary for me to point out that the agreement of these two results is no 
evidence of accuracy. These tmo results are both derived by the same method from the same 
observation. 

Mr. Oldham's new theory seems to be based upon the anomaly a t  Morb namely 
- 0.434 ; this is certainly a large negative value, 

Tho new Theory. 
but all a~~otnalies a t  high altitudes, if deduced on 

Bongoer's hypothesis, have negative values. Bonguer's l~ypotliesis was that mor~utains mere 
beiug supported by the rigidity of the crust. It has been recognisrtl for many years that  
isostatic compensation must bc taken into account, and Hayford's method based on the theory 
of isostasy has now supersetled Booguer's. The substitution of the theory of isostasy for 
that  of extreme rigidity has had the effect of converting the negative anomalies which 
formerly obtained a t  high Himalaj-an altitrldcs into positive aoonlalies. 

Instead OF deducing the I-Iaj-ford anom:ily by clear steps, Mr.  Oldham mixes in tho 
same paragraph two geodetic hypotheses (Bouguer and Hayford) and two systems of moun- 
tains, the i~naginary and the real (page 111) ; and then out of this obscurity he draws the 
conclr~siou that "in the Central Iiimalaya compensation is in excess" (pages 118, 114). 
Having protl~~ced no evidence, lie writes- 

" I t  is eviclcnt that the defect of compensation has disappeared" (page 112). 
One ass~~mption lends to anotllcr, ~ n d  his ncxt step is to assume that as the compensa- 

tion is in excess a t  RIori, the whole extensive mountain area of the Inner and Higher 
Himalayae mnst be over-compensatet1, buoyant and light. ( I t  might be just as fairly 
assumed that the gravity anomaly observed a t  Geneva is applicable to the whole area of 
Pyrenees, Alps and Carpathians). 

Finally Mr. Oldham proceeds to the further assumptions that  as this great Himalayan 
area is bt~oyant, i t  must be rising (page 115); that  the Earth's crust is being uplifted here 

A note by Colonel Lenox Conyngllam on this st~bject, glvlng a lull explnnsl~on, has recently been pub. 
liohed In the Records, Survry of India, Vol. XI, p. 97. 
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by its blloya~~cy, and that  owing to its uplift the crust to the south is being tilted downwarda 
.nd is creating the Gangetic trough (page 183). I n  this way his reinstatement of the ~~~i 
mlllt  has led np to his theory of the origin of the Gangetic trough. 

The l'rigonometrical Survey of India bas benefited in the past from the collaboration 
of men were not professional geodesists, r ,~tably, Archdeacon Prat t  and Osmond @'isher. 
These distinguished investigators were elldeavouring to utilise the geodetic data for unravelling 
the spcrets of Nature. Tlte welcome that  was extended to them was awaiting Mr. Oldham; 
bllt his attitude towartls geodesy has been different. H e  hra considered i t  admissible to alter 
scientific data ant1 to create new data from imaginary ranges. I n  the same table (pages 77 
and 90) he combines true geodetic data with figures of his own, and an uninitiated reader mill 
never realise that  the quantities given under the heading of " Hayford compensation " ]lave 
not been deduced by Hayford's method. 

Mr. Oldham's reference to the Aravslli mountains is equally inaccurate. , This range 
traverses Rajputana in a north-easterly direct,iou, and terminates near Delhi as a small ridge 
whirl1 is an insignificant topographical feature. I I r .  Oldham recalls a geological suggestion 
made many years ago that  this range may once have extended across the Gangetic trough 
into the Himalaya. H e  now quotes t l ~ e  deflections of the plumb-line a t  three stations as 
evidence in s1111port of this srlggestion (page 97).  Two of these deflections however furnish 
no evidence on the point, whilst t,he evidence of the third (Sarkara) is adverse*. Yet 
Mr. Oldham sums 1111 as follo~vs :- 

"Tile geological structure has snggested the possibility of an original extension of the 
"Amvalli range into \vhnt. is novr the Himalayan region; the geodetic observations have 

supl~orted this srrggestion and -?onvertetl what mas only a bare pos~ibilit~y into something 
more than x probab;lity " 

So mistaken indeed are 311 Oldham's ideas of geodetic principles and accnracy, that 
when he found his calculation of th, dept.11 01' the alluvi~lm a t  Agra was not in accord with 
the depth obtained by boring, he attributed hi-,? disagreement not to his own hypotheses but 
to  the geodetic data. (Page 80) H e  avoided t h ~ s  disagreement not by reconsidering his own 
assumptions, hut by altering the observed results. On page 112 he says he fonnd it 
' l  necessary to apply a correction of - a 0 8  dyne" to the pendulum results as the latter did 
not give tlie depth of the alluviom correctly: and he even suggested that  this Agra correction 
might be applied to  Baseri's observations a t  MorC. The scientific precautions taken in the 
observation of pendulums become nseless, if t,he resnlt,s, obtained by labour and care, are to be 
treated as they are in  this memoir. 

..---- - - -- - -- - 
* A n y  render can c l ~ e c h  my cri t icisr l~ by examining the mllp otluclred to the  nlcmoir. If tlie Ararulli 

axis is p r o d u ~ c d  it wil l  pass north-west of S l ~ r k n r a ;  tliis w ~ l l  n o t  diminis11 the nortlrerly deflection a t  Snrkarn. 
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A-HISTORY AND GENERAL REPORTS. 

(Obtainable .from the Suj~lerintendent, Map P~Llication, 13, Wood Street, Calcutta). 

MEMOIRS. 
1. A Memoir on the Indian Surveys. By C. R. Markham. India Office, London, 1871. 

price Rs. 5 or 0-sd. 
2. Ditto (seconcl edition). By C.  R. Markham, C.  I#. ,  F.R.S., 

India Oflice, Londou, 1878. Price Rs. 5-8 or 73-41'. 
3. Abstractof the Reports of the Surveys and of other 

Cieographical Operat,ions in Iudia, 1869-78. By C. R.  
Markham and C .  E .  D. Block, India Office, London. 
Prtblislied annnally between 1871 and 1879. (Out 
of print). 

4. A Rlemoir on the Indian Sttrveys, 1875-1890. By C. E.D. Black, 
India Office, London 1891. Price Rs. 5-8 or 7#-4". 

ANNUAL REPORTS. 
lteports of the Revenue Branch . 1851-1877.-(1951-67 aud 16G9-i0, out of print). 

Price Rs. 3 or 4#. 
Ditto Topographical Branch . 18G0-1877.-(Out of print). 
Ditto Trigonometrical Branch . 1861-1878.-(18G1-71, out of print). 

Price &. 2 or 2a-8d. 
I n  1878 the three branches were amnlgamnted, and from that dnte onwards annual reports 

in single volumes for t,he n,liole department, are nvailable ns follows: - 
fro111 1877-1900 (1877-79. 1687-91;. 1895-96 and 169i-98, out of print) 

General Reports crt Rs. 3 01. 4' per volu?~lc. 
( from 1900-1918 (1902-04 nnd 1906-08, out of print) n t  Bs. 2or 21-8" 

2)Fl '  t'l7/ld?ll(?. 

From 1900 onwards t l ~ e  I{el)ort has been issued ani111aIly in the for111 of a condensed 
statement Itno\m n s  the "General Report" supplemented by fuller reports, which were 
called L'Extracts from Narrative Reportsv up to 1909, and since then have been styled 
"Records of the Survey of India. " 'I'hese fuller reports nre nvnilable as folloma :- 

(n) L L E ~ t r a ~ t ~ "  Volumes n t  Rs. 1-8 OT 28 pm ~ ~ l u s t ~ .  
1900-01-liecent I~nprorement~  in Photo-Zincography. G .  1'. Triangulation in Upper 

Burma. Latitude Operationu. Esperimentnl Hnae Measlirelnent with Jiiderin Apparatus. 
Mngnetic S~lrvey. Tidal and Levelling. 'I'opography in Upper Burtna. Cnlcutta, 1903. 
(Out of print). 

1901-02-G. 1'. Triangulntion in Upper Burma. Latitude Operntions. Mngnetic Surrey. 
Tidnl and Levelling. Topogrnpl~y in Upper Burma. l'opogrnpl~y in Sind. Topogrnyhy in the 
Punjnb. Cnlc~~ttn,  1904 (Out of print.) 

1902-03-Priucipnl Trinugulation ill Upper Burma. Topograpl~y in Upper Burma. 
l'opograplly in Shnu Stnteu. Survey of Simblinr Lnke. Lntitude Operations. Tidal nnd Levelling. 
Mngnetic Survey. Introduction of t,he Contrnct Systetn of Pnymeut in Trnreree Surveys. 
Traversing with the Subtense Bnr. Co~npilntio~l nud Hep~~odactio~! of T11%nn Jlaps. Cnlcuttn, 
1905. 

1903-04-Magnetic Burvey. Pendrrl~lm. Ti,lnl n~id Lerrlliug. Astronomical Azimuths. 
Utilizntion of old Traverse Data for Modern surveys in the United Provinces. Identificntiou 
of Snow t'enlts in Nepil. l'ol)ogrnphicnI Yurveys in Yind. fiotes V I I  tc~mli aud Mu~~icipnl Surveys. 
Notes ou ltivernin Snrveys in the Pulljab. Cnlcutta, 1906. 

1904-05-Magnetic Survey. Pendu111m Operationu. l'idnl nnd Levelling. l'rinnguln- 
tion in Baluchistin. Survey Operatione with the Somnliln~~d Yield Force. Cnlcutta, 1907. 

1905-06-Magnetic Survey. Pendulum Operntions. Tidnl and Levelling. Topo- 
grnphy in Yhnn States. Cnlcuttn, 1908. 

1906-07-Mngnotic Survey. Pendulum Operntiona. l'idnl and Levelling. Triengu- 
lation il l  Bnluchiatin. A~tronomicnl Latitudes. Topography in Shnn States, Calcutta, 1909. 

1907-08-Magnetic Survey. Tidal nud Levelling. A~tronomical L~ti tudes.  Pendulum 
Oporntions. Topography in Shnn Ytatea. Calcutta, 1910. , . 

1908-09-Mngnetic Survcy. Tidnl nnd Levelling. Pendulum Operations. Trinngula- 
tion. Calcutta, 1911. 
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ANNUAL REPORTS-(Contitzued).  

(b) "Records of the Survey of India" nt Rs .  4 01, 5 ~ 4 "  per t'olunre, ezcept lul,e.re 
otherwise stntetl .  

Vol. I-1909-10-Annual reports of parties aud offices ... ... Calcutta, 1913. 
11-1910-11-Annunl reports of parties nnd offices . . . ... Calcutta, 1913. 

IIl-l9ll-12-An11unl reports of parties m ~ d  (4ic1.s ... ... Calcutta, 1913. 
IV-1911-13--~xp~orntiolis on the AVorth-Eflst 2'1~011licr ... ... Calcutta, 1014. 

'7-1912-13-Aunual reports of parties nnd officen . . . ... Cnlcutta, 1914. 
VI-~912-13-Linh co~~~reci ing  the jr,.ins!lulntio~~s oj ' India anrl IZrrssin l)el~ra Dun, 1914, 

VII-1918-14-A11nunl reports of parties nnd offices . . . ... Calcuttn, 1015. 

v111- { 1865-79-Part I 1 E.rplo~.ntio~i,s ita Tibet n t ~ d  Dehra Dun, 1015. 
1879-92-Part 11 ) 11erqhLoroi11y t-cgions { Price of e n d  pa r t  Bs. 4 or 5*.@, 

IS-1914-15-~Au11unl repol.ts of p:~rtiea nrld offices ... ... Cnlcuttn, 1016. 
9-1915-16-A1niunl reports of parties n11r1 offices . . . 1)ehrn Uuu, 1917. 

XI-1.916-17-Annual reports of parties and ofices ... Dehra Dun, 1918. 
111-Notea ou Surrey of India Mnl i s  and tlie modern devrlbpmeut of 

Iu(liau C:trtogr:lphy. By Lt.-CnI. W.V. C o l d s / r ( ~ ~ ~ u ~ ,  R .E . ,  
Slcpdl. Nf~p I'c~b2icntzon. 

SII I - l9 l7-18-Annual  reports of pnrtieo n ~ ~ d  offices . . . D e h r ; ~  Dun, 1919. 

SPECIAL REPORTS. 
1. +l{eport on the  Rlussoorie nnd Lnndour, I iuuiaun nnd Gnrh\vil, Rnnilt l~et  nud Kosi 

Valley Surveys extended to Feshfin'ar and Iihiigiin Triaugul:~tion during 1860-70. By Major 
T. G. Alm~tgomerie, R . E .  ( O u t  of print) .  

2. +Account of the  Surrey Operations in connection with the Mission to Tiil.ltnnd nnd 
Knehghar in 18i3-74. Crc),tain Hen?/ Trotter, R . E .  Calcutta. 1875. (Ou t  of' print). 

3. Report on the Trans-Hiniiilayan Ksplorntions cturing 1869. ( O u t  of print). 
4. Report  on the  Tmns-Himiilnyan Ezplorntions during 1870. Debra Ilun,  1871. 

(Ou t  of print). 
5. Report  oo the  Trans-I-Ii~~iilnyan Explorntions during 1873. Calcutta, 1880. (Out 

of print). 
"Notes of the Survey of India" are  isaued monthly. (Stocked in the Surveyor Gener;~l's 
Ofice, Calcutta). Pr ice  ns. 2 o r  2'. 

B-GEODETIC WORKS OF REFERENCE. 
(Obtainable from the Superinte)rde)~t qf the Tr iyonomet~~icul  Sltrvey, Dehra D d r ~ ,  U.P.)  

EVERESTS' GREAT ARC BOOK. 
1. 811 nccou~lt  ot' t l ~ e  Rfeasurelnent of an  Arc of the Rleri~lian between the pal.allels of 

18" 3' and 24" 7'. B y  Q ~ p t .  George Euerest. Eas t  India Co~ l~pauy ,  London, 1S80. (Ou t  of print). 
2. An  account of the Measurement of two Sections of t he  &leridional Arc of India, 

bounded by the  pnrnlleln of 18" 3' I;", 24' 7' 11" and 29" 30' 4.8". BIJ Lt.-Co2. O. Everett, 
6. R. 8. East India Coulpnny, London, 1847. (Ou t  of print). 

3. Engravings to  i l lustrate Llie above. Londou, 1847. (Ou t  oE print) .  
G.T.S. V O L U M E S - d A c r i b i n g  the  Operations of t he  Great 'I'rigonon~etrical Survey. 

Pr ice  Re. 10-8 or l d J  per  volume, except rehere otherroise stated. 
Vol. I-Standards of Measure and Base-Lines, also an  Introductory Accourlt of 

t he  early Operntions of the Yurvey, during the period of 1800-1830. 
Dehrn Di i l~ ,  1870. (Ou t  of print). 

;ippcndis Nu. 1. Description of the metlrod of comparing, and t l ~ c  appurntun e1n1,loyed. 
Appendix No. 2. Comparisonr of t.he Lcngt l~s  of I0.feet Standards A r~nd D, r~nd drtermina- 

lions o i  1110 D~fference of their Espnnsions. 
Appendix No. 3. Comparisons between tlle I0.feet Stnndards IB Is and A. 
A p e x  . 4. Compnri~ons of the 6-inch Brass Scales of tlie Con~pensl~trd Blicroscop~s. 
dpltendix No. 5. Determinstion of the Length of the Inch [7.8] on Cary'a &foot Ur~lse Scale. 
Appendix No. 6. Comparieons between the I0.feet Stanclard Brrrs la ontl A [or doLeruril~illg 

the Expansion of bar A.  
Appendix NO. 7. Fino1 deterniination of the Differonces in Length between tile 10-loat Stan- 

d~lrds IB Is and A. 
Appendix No. 8. On the  Thermomelere employed with the Rlsndnrds of Len~ t l r .  
Apyendrx NO. 9. Determillation of the Lengths of tho Sub.divieione of the Inch [a.bJ. 
Bypendlx NO. 10. Report on tile Practical El-rors of the Meesurement of the Cape Comorin 

Base. 

11-8 History and General Description of the Reduction of the 
Principal Triangulation. ... Dehra  Dun, 1870. (Out  of print). 
Appenrlix No. 1. Invcrtigationn applying to the  Indian Geodesy. 
Appendix No. 2. The Micrometer Microscope Theotlolites. 
Appendix No. 8. On Observations of Terrestrial Refraction nt certain stations situated on 

the  plains of the  Pnnjab. 
Appendix No. 4. On the  Periodic Errors of Oradaetcd Circles, &c. 
appendix No. 5. On certsin Bfodifications of Colonel Everest's System of Observing intro. 

dnced to  meet the  specialities of particular instruments. 
Appendix No. 6. On Tidal Observations a t  Kurrachee in 1856. 
Aoneudix No. 1. An alternative Method of obtaininn the Formnlm in Chaptcrs V I I I  
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G.T.S. VOLUMES-(Continued). 
Appendix No. 8. On the  Dispersion of Circuit Errors of Triaagalation &er t h s  Angler 

have been corrected for Figural conditions. 
Appendix No. 9. Corrections to  azimuthal Observations for imperfect Instrumental Ad- 

justments. 
Appendix No. 10. Rednction of t he  N.W. Qnadrilateral-the Non-Circuit Triangles and 

their Final Figural Adjustments. 
Appendix No. 11. The Theoretical Errors of t h e  'I'riangnlation of t he  North-West Quedri. 

lateral. 
Appendix No. 12. Bimultaneous Reduction of the  N.W. Qnadrilaternl-the Computations. 

vol.  111-North-West Quadrilatbra1,- ' l 'he Principal Triangulntion, the Base-Line 
Figures, the Karichi Longitudinal, N. W. Hirnilaya, and the Great Indue 

... Series. ... ... Dehrn Dun, 1873. (Out of print.) 

1 V - N o r t h - W e s t  Q u a d r i l a t e r a l - T l ~ e  I'riucipal Trinugulation, the Qreat Arc- 
Section 24'-30°, Rnhiin, Gurhiigarh and Jogi-Tila Meridional Series and the 

... Sutlej Series. ... ... ... Dehra Dun, 1876. 

I V A - N o r t h - W e s t  Q u a d r i l a t e r a l - T h e  Principal 'I'rinngulation, the Jodhpore 
and the Easter11 Sind Meridlonal Series with the detnils of their Reduction and 
the Final Results. ... ... ... Dehra Dun, 1886. 

V - P e n d u l u m  Operations O F  Cnptains J. P. Bnsevi a t ~ d  W. 5 .  Heaviside, 
and their Reduction. Delirn Iliin a n d  Calcutta, 1870. 
Appendix No. 1. Account of the  Remensurement of the Lengt,l~ of Hater's Pendulum a t  

[.he Ordnance Surrey Officc, Soutl~ampton. 
Appendix No, 2. On t,hr Relation betn-cen the Indinn Pendulu~n Operations, and those 

wl1ic11 have h*.en conducted elsr\rliere. . 
Appendix No. 3. On Llle Theory, Use and History of t.he Convertible Pendulum. 
Appe~~d ix  No. 4. On the Length of tlie Seconds Pendulum determinable from Msterials 

now exist,ing. 
Appendix No. 5. A Bibliogrnpl~ical List of Worke relating to  Pendulum Operations in  

connection with the Problem of tlic Figure of 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  Principnl Triangulntion and Simultnneoue 
Reduction of the following Series:-Great Arc-Section 18O to 24O, the East 
Coxst, the Calcuttn and the Bider Lo~~gitudi l~al ,  the Jabalpur and the Bilespur 
Meridionnls. ... ... Dehra Dun, 1880. (Out  of print.) 

V I I - N o r t h - E a s t  Q u a d r i l a t e r a l - G e n e r a l  1)escription and Simultaneous Reduc- 
tion. Also det,nils of the following tive series :-North-East Longiti~dinal, the 
Rudlion nIeridionnl, the Rilngir Rleridionsl, the A U I U ~  Meridionnl, and the 
Knrnrn Meridional. ... ... ... Dehra Dun, 1882. 
Appe~~d ix  No. 1. ' the Details of the Scphrntc Redllctiou of 1 . h ~  Budhon Neridional Series 

or Series J of the  North-East Quadriluternl. 
A p p e ~ ~ d i x  No. 2. Reduction of the  North-Bast Quadrilateral. The Non-circuit Triangles 

and their Final Figural Adjnstments. 
Appeudix No. 3. On the  Theoretical Errors Genernted Respectively in Side, Azimnth, 

Latitude and Longitndc in n Chnin of l'riangles. 
Appendix No. 4. On the  Dispersion of the  Hesiilinl Errors of a Simnltaneons Rednction 

of Several Chains of 'l'rinuglcs. 

V I I I - N o r t h - E a s t  Q u a d r i l a t e r a l - D e t a i l 3  of tlie following eleven eeries :- 
Gurwiiui lleridion:iI, Czora, Rloridionnl, II~rl,ilLo~~,o Rteridionnl, ChendmBr Rleri- 
dionnl, Korth PBranuilt,li Meridionnl, Nol-tli Rlali~uclia Rleridional, Culcutta 
Meridion~l,  Haat Cnlcutta Longitudinnl, Brnhmuputrn Muridional, Eastern Fron- 
tier-Section 23"-?Go, and .4nsn111 L o ~ ~ g i t u d i ~ ~ n l .  .. Dehrn Uiin, 1882. 

I X - T e l e g r a p h i c  Longi tudes -dur ing  the yenrs 1875-77 nlld 1880-81. 
Dehrn Diin. 1583. 

Appendix t,o Fnrt I. 1. Dct,erminntion of tho Gcodet,ic Elements of Lon~itn(1c Stations. 
2, neecriptions of Points nsecl I I I ~  1,ongitndc Stations. 
3. Cou~parison of (3cc~1lrt,ic mitli Elct,tro-Telegra~ll~ir. ArcsoE Lougitnde. 
4. Circuit E r r o ~ . ~  of OI,ser~r11 AWL: 01' Lt)~lgiil~~(l(%. 
6 .  Resr~lt,s nf Itlioruetcr o l , s ~ ~ r v : ~ t i ~ ~ n s  macle ~lnr iug Season 1880-P1. 

Al'pcndix to Pnrt 11. 1. Situations of the  I,ongilll<l,: htnlionx ar. Ilombny, Aden and S~nez. 
2. hnrvey Ol~ernt,iouri a t  Aclc~~.  
3. Resn1t.s of the 'J'rinngnlntiol~. 
4. Right Asceusious of Clock Slnrs. 

X - T e l e g r a p h i c  Longi tudes -dur ing  the yenrs 1881-82, 1882-83, and 1888-84. 
Dehra Diin, 1887, 

Appcndia to  Pnrt I. 1. Determinntion of the Geodet,ic Eloment,~ of the Longitnde Stations. 
2. Descriptions of atations of the Connecting Triangolation and of 

thoso a t  which the  I.ongitudo Observations were taken. 
3. On tho Errors in AL cnnsed by Armotnre-time and the  Retardation 

of thc Electric Cn~rcnt .  
4. On the  Ilejection of some donbt,fnl Arcs of Season 1981.82. 
6 .  Ou tlie prohnhle C a ~ l s e ~  of t he  E r r ~ r s  of Arc-measurements, and on 

thr Nntutl  of the Defects in t.heTransit Instruments which 
llligl~t pro(lncc them. 
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Vel. X I - A s t r o n o m i c a l  La t i tudes -dur lug  the period 1805-1885. Dehra DGn, 
X I I - S o u t h e r n  Trigon-General 1)escription nnd Simulta~~eous lieduction, ~l~~ 

drtnils of the following tnro series :-Great Arc-Section 8O-18', and Bombq 
T,oncit~~dinal. ... . . . . . . ... Dehrn Dh, 1890. 

1111-Southern Trigon-Details of the following five series :-Sohth Konkan coast, 
>lang:~lore Ileridionnl, hIndr.~s RTel.idiolln1 aud Const, South-East Coast, 
3Ii~dras L o ~ ~ g i t u d i ~ ~ n l .  ... ... ... 1)ehra Dun, 1890. 

X I V - S o u t h - W e s t  Q u a d r i l a t e r a l - D e t a i l s  ot' Pri~lcipal Tl.ingulation and Simul. 
taneous Reduction of its con~ponent series. . . . Dehra Dun, 1890. 

X V - 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 'and the Revised Results 
Volumes I X  nud S : also the Simultl~neous Itrductio~l and Pi~lal  liesults of the 
whole Operations. ... . . . ... Debra Dun, 1893. 
Appendix No. 1. Deterlninnt~on oE the Geodetic Elements o l  the Longitude Stations. 
AppnJ ix  No 2. On Retardation (a nu~nerical nlistake \\.us made in t,his uppendix in the 

conversion of  n for111u1n from ki lol~~elres  to miles: the c o n c l u s i o ~ ~ s d r a r ~  
cannot therefore be upl~r ld) .  

S V l - T i d a l  observat ions-f l .otn 1873 to 1892, and the RIethods of Reduction. 
Deh1.a Dun, 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 pears 1894-95-96. The Indo-European 
Arcs from Karichi to Greenwich. ... Dehm Dun, 1901. 

Appendix No. 1. Descl-iptions of Point3 used for Longitude Stations. 
d ~ u e l ~ d i x  No. 2. The Longitude of Mndras. 

XTIII-Astronomjcal Latitudes from 1885 to 1905 and the Deduced Values of 
Plumb-liue Deflectious. ... ... . . . Dehra Dun, 1906. 
Appendix No. 1. On Deflections of the Plumb-line in India 
Appendix Xo. 9. Determination of the Geodetic Elernrnts of the Latitude Stations of 

B~jmnnra ,  Bnhnk, Lnlnbnlach and Icidark~rnta. 
Appendix No. 3. On Lhe (N-S) Differenco exh~bited by Zenith Sector No. 1. 
Appendix No. 4. On the Value of the hlicrometer of the  Zenilh Telescope. 
Appendix No. 5. On (.he Azimuth Observations of the Grrut Trigonometrical Survoy of India. 
Append~x No. 6. A Catnlogue of the Publicatione of the  Great Trigor~otue~~.ioul Survey of India. 
Appendix No. 7. On the  combinstion weights employed. 

X I X - L e v e l l i n g  of Precision i n  India fro111 1858 to 1909. Dehrn Dun, 1910. 
Appendix No. 1. Experiment t o  test thc  changes, dne to  Moisture and Temperature, in the 

Length of a Levelling Scaff. - - 
Appendix No. 2. On the  erection of Standard Bench-Marks i n  India during the  years 

1904-1910. 
Appendix No. 3. Memorandnm on t h e  steps taken in  1905-1910 to enable movements of the 

Earth's crust to be detected. 
Appendix No. 4. Dynamic nnd Orthometric corrections lo the  Himilaynn levelling linen 

and circuit;  and a consideration of t he  order of magnitude of possible 
refraclion errors. 

Appendix No. 5.  The passage of rivers Ily the  Levelling Operations. 
Appendix No. 6. The lbrrors of the Trigono~uctrical values of Heights of stations of the 

principal trinngulr~tion. 
Appendix No. 7. The effect on the  spheroidal correction of employing Theoretical instead 

of Observed values of Qravity and a discunsiou of different formula 
giving variation of Gravity with Latitltde and Hcight. 

Appendix No. 8. On the  discrepancy between the  l'rigonomctrical and spirit-level values of 
the diflerence of height between Dehra Ukn and Mussooree. 

S I X A - B e n c h - M a r k s  on the Southern Lines of Levelling. Dehrn L)iin, 1910. 
Price Rs. 5 or 6 ~ . 8 ~ .  

X I X B - B e n c h - M a r k s  on the Northern Lines of Levelling. Dehra Dun, 1910. 
Price  ZZs. .5 or 6f-Sd. 

S Y N O P T I C A  L VOLUMES-giv ing  charts, descriptions o f  stations, and full synopses of 
coordinates and heights of all stations and points fixed by Principal and Secondary Trian- 
g u l a t i o n . *  

Price 22.9. 2 or  per volunte ulidess o/herauise s tated.  
Ilalic$gutes ore it?. chi-onologicnl order alld rejer  to the Index Cltavt of the G. T. survey .  

North-West Quadrilateral 
Vol. I-The Great lndus Series (32). Ilehr:~ Dun, 1874. 

11-The Great Arc-Section 24"-30' (6). Dehra Dun, 1874. 
111-The Karachi Longitudinal Series (25). Dehra Dun, 1874. 
1'7-The Gurhiigarh Meridioual Series (23). Ilehrn Dun, 1875. 
V-The Hahun 31eridio11al Series (33). Dehra Dun, 1875. 

VI-The Jogi-Tilo Meridional Series (37). and the Sutlej Meridional Serics (45).  
Dehro Dun, 1876. 

VII-The N. W. Hirn i la~n  Series (22) and the Triangulation of Kashmir (36). Debra 
Dun, 1879. 

WIA-The Jodhpore Rferidionnl Series (62) and the Eastern Sind Meridionnl Yeriem 
(64). Debra Dun, 1687. 

* special charts can be eapplicd of those series for v;hich no Spnoptical Volumes are nvailable, t i z ,  :- 
Burma, Chittngong and Balncbistin t,riangnlation, the  Assam I,ongitudiual, the  Sarnbalpnr Ncridionnl. and 
Oilgit Beriee, with a few recent ~econdary series in India. 



Yol. XIII.1 . APPENDIX 111. 

gyNOPTICAL VOLUMES-(Continued). 
south-East Quadrilateral 

Vol. VIII-The Great Arc-section 18"-24' (8). Dehra DGn, 1878. 
ZX-The Jabalpur Meridional Series (53). Dehra Dun. 1878. 
X-The Bider Longitudinal Series (4.3). Dehra Diin, 1880. 

XI-The BilHapur RIeridionnl Series (58). Dehra Dun, 1880. 
XII-The Calcutta Longitudinal Series (5). Dehra D t n ,  1880. 

XIII-'l'he East Coast Series (24). Llehrri Dun, 1880. 
XIIIA-The Sorith Pirasnith (1) and the South Mnliincha Meridional Series (17) 

Dehrn Dun, J 885. 
North-East Quadrilateral 

Val. XIV-The Budl~on Meridion:\l Series (2). Dehrn Dun, 1883. 
XV-The Itangir Merid~onal Series (4). Dehra Diin, 1883. 

XVI-'l'he Amua Meridionnl Series (3) and the Rnriirn Meridional Beries (12). Dehra 
])fin, 1SS3 

XVII-The Quraini  Meridional Series (29) and the Gora Meridional Series (15). 
1)ehrn Iliiu, 18S3. 

XVIII-The Huriliiong Meridional Series (21) and the ChendwBr Meridional Seriea (14). 
Dehrn Dun, 1883. 

YIY-The North Pirasnith (27) and the North Malunchn Meridionnl Series (13). 
Dehra Dun. 18S3. 

XX-The ('alcutta Rlel.idiona1 (16) and the Brahmapiitrn Meridional Series (56). 
Deh1.n ])fin, 1883. 

XXJ-Tho East Calcutta Longitudinal (48) and the Eastern Frontier Seriee- 
Secjio~l 23'-26' (44). Dehrn Dun, 1883. 

XYII-The Assam Valley Triangulation, E .  of' Meridian 92" (55). Debra D i n ,  1891. 
(Out of prilit.) 

XXXV-The Nortll-Enst Longitudinal Series (20) with the volume of charts. Dehra Diin, 
1909. Price Rs. 5 or 65-8" 

Southern T r i g o n  
Vol. XXIIJ-'l'lle South I<onl<an Coast Series (11). Dehra lhin, 1891. 

XXIV-The i\lnngnlot.e Merid~onal Series (49). Yehra Dun, 1891. 
XXV-The S(~ l~ th-Eas t  Const Ser~os (6.7). Dehrri Diin, 1891. 

XXVI-The 1301nbay Loilp~tutli~inl Series (7). Dehra. !)fin, 1892. 
XXI'II-Tl~e Mndrns Longitudinal Series (54). Dehra Dun, 1892. 

XXVIJI-The Mtidras Meridional nnd Coast Series (46). Dehra Dun, 1892. 
XXlX-The Great Arc Meridionnl Series-Section 8'-18' (9). Dehra Dun, 1899. 

South-West Quadrilateral 
Vol. SXX.-'l'he Abu Meridionnl Series (26) nnd the Gujnrit Longitudinsl Series (29). 

1)ehra Dun, 1802. 
XXXZ -The Khinpisurn Meridionnl Series (18). D e h r ~  Dun, 1893. 

XXXII-'l'he Singi Meridional Series (10). Dehrn Dun, 1893. 
XXBIII-The Cutcl~ Coast Series (35). Dehra Dun, 1893. 

Addendum to the Cutcb Coast Series, (Indus delta) (separate pamphlet). 
Dehrn Dun, 1902. 

XxxJV-'l ' l~e I<iithi%\viir Meridionnl Series (28). Dehra Diin, 1894. 

T R I A N G U L A T I O N  PAMPHLETS with chnrtv, are now being issued for every 
squltre degree, giving the results of all minor triungulntion, ns well as thnt shown in Synop- 
ticnl Volunles. Price Re 1 or 1s-4J per pan~phlet. Vide pnge 123. 

L E V E L L I N G  P A M P H L E T S - g i v i n g  heights nnd dercriptions of nll Bench-marks, 
fixed by levelling of Precision in I n d ~ a  and Burma. Ench 1)alnphlet embraces an nren of 
4" x 4' and the numbering is the snme as that of the correspolldi~~g sheets of the 1/M map 
of Indin. Each is illustrnted by a mnp of the nrea. Price Rs. 2 or 2'-ad per pamphlet 
except whe~e otherwise stated. 

Pnruplllct Nos. Lntitnde. 
lndia 34 28"-32" 

9, 86 24'-2R0 
,, ne nzo-aco 
, 89 2Ro-32" 

,. Acldendnm 
,, 40 24"-zeo 
, 41 20"- 24" 
,, 43 32'-36' 

,, Addendum - -- - - --- - 

Lnngilode. Published Pnn1yhlet Nos. Lntitntle. Longitude Pabllehed. 

64" - 68' Dehrs Din ,  1916. Indin 44 28" - 32' 72'-76" Dehra Din ,  1912. 
64' - 68" 1911. ,, 46 24'-28' 72'-76' ,, 1911. 
68'- 52' 1912. ,, 46 20U-240 72'-7G" ,, 1912. 
6%'-72" 1913. 47 16"-20" 72"-76" ,, 1912. 

1916. ,, ,,* Addendum ,, 1915. 
66" - i2" 1911. ,, 48 12"-16' 72'-76' ,, 1912. 
68" - 72' 1913. ,, 49* So-12" 72"-76" ,, 1911. 
720-76- 1913. , 53 32"-ac0 '16"-80" ,, 1912. 

1916. ,. 63 28'-32" 76"-SOo 
- -. - 

,, ig ia .  -- 
* Price Re. 1 or 1'.4d. 
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LEVELLING PAMPHLETS-(Contitaued). 
Pamphlet Nos. 1,ntitude. Longitode. Published. Pamphlet 

India 6 4  24"-28' 76'-80' Dehra Din .  1914.C India 
,, 5 6  20'-24" 76"-60' 1912. ,, 
. 5 6  16'-20" 7P-80' 1912. ,, 
. 57 12"-16" 76'-80' 1912. ,, 
,, 68 8'-12O ?I?-80' 1914. ,, 
, 68 24'-2s" SOo-84" 1911. Burma 
,, 64 20'- 21' 80°- 8 F  1 1912. ,, 
,, 66 11;"-20" 80"-84" 1913. ,, 
,, 66 12"-16" 80"-84" 1912. ,, 
,, 72  2.I"-28" 84'-88" 1912. ,, 
,, 78 20"- 24" 84"-86" 1913. ,, 
. 74 16'-20" 81'-88" 19 13. 

Nos. Latitnde. Longitude. published. 
78  2.b"-28' 68"-92" Dehra Din, 1913, 
,,t Addendnm 1916. 
79  20"-24" S8°-92" 1912. 

Addendum 1916. 
83 ?.ao-28" 92"-96' ,, 1912.t 
84 20'-24' 9%'-96' ,, 1918.5 
85 16"-20" 92"-96" ,, 1917.0 
92 sro-28" 96"-looo ,, 1g1s.5 
9 3  20'-24' 96°-1000 , 1917.5 

(94 16'-20" 96°-1000 
198 12"-16" 96"-100~ ,, 1916.5 

* 2ud Edition (enlnrged). t Price Re. 1 or 1'-14 f FTeig111s on pages 45 & 16 revised in 1918. 
5 I-IelpLty r e v ~ ~ c d .  

TIDE TABLES- 
Since 1SS1 Tidal I)~~cdictions based on the observations of t l ~ e  Survey of India have 

been published annually by the India OfLice, London. The tables glve the time and height of 
high and low water for every clay iu the year a t  each port, and are published early in the 
previous year. Current tables are available for the follon.ing 41  ports :- 

Western Ports- 
, Suez (Egypt)-Basrnl1-Perin~-Aden-R1nskat-RUa1~ire-K:1Schi-<)ltl1n Point : I I I ~  Bet 
Harbour (Gulf of Cutcl1)-Po1~b:indnr-Po1.t Albert Tictor (I(BthiLrnSr)-Bl~nu~~a~nr-Bornba~ 
(Apollo Bnndar)-Bou~bny (Prince's Dock)-R101~1n11gao (Goa)-ICS~~wLr-Bry~~ore (near 
Calicut)-Cochin-Miuico~. ( I n d ~ a l ~  Ocean)-Tuticori1l-P%111bn11 Pncs (Island ot' Hiimeumnram). 

Eastern Ports- 
Galle (Cej10n)-'l'ri~~comnlee (Ceylon)-Colo~nbo :Ceylo~~)-h'egnpatam-Mndrns- 

Cocnnada-Pizngapatnm-Vnlse-Point-Duhlat ( S n u ~ n r  I slnnd)-1)ixrnond tI:~rbour--Kidderpore 
(Calcutta)-Chittag~ng-~iI~yab-l)in~nond Island (Hur11~n)-Bnssei11-EIe~1I1ant I'oint (Burma) 
-Rangoon-Amherst-l\lot~Iri~eir~-llergui-Port Blair. 

The Tide Tables ore issued i l l  the.folbozci7agforms :- 
( i )  C o m b i n e d  Volume-including all thc above ports-Price Rs. 4 o r  58-46. 

( i i )  Part I and Part 11-including Western and Enstern ports respectively- 
Xach purt Rs. 2 01. 25-8". 

( i i i )  P a m p h l e t s - g i c i ~ ~ g  uepnrately the tables for individu:~l pn1.t~ or for smnll 
local Sroupn of ports-Price vnlging jrom As. 8 or 8d t o  Rs. 1-8 or Z5 par 
pnmph let. 

C-CATALOGUES AND INSTRUCTIONS. 
(06tc~inahle from the S~cl)eri~ttert(lr~rt, Map Pu6lication, 19, 1/ iod  Street, Calcuftn). 

D E P A R T M E N T A L  ORDERS.- 
From 1878 to 1585 the Surveyor General's orders were all issued as '' Circular 

Orders. " Siuce then they have been claesiliecl as follows :- 
1-Government o f  India Orders (cnlled "Circrllar Ol.ders" ( up+olS98 . )  Fronl 1955 to 1903. : I <  - 

C 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 u  1904 the various orders issued since 1878 were reclassified a7 folloms :- 
9 s n l b r r  lo date. 

1.-Government o f  India O r d e r s  - 707 
2.-Circular O r d e r s  ( A d m i n i s t r a t i v e ) . -  382 
3 . - C l r c u l a r  Orders ( P r o f e s s i o n a l ) . -  195 
4.-Ilepartmental O r d e r s .  (appointments, tr,~nsfera, otc 

These are numbered serially and had reached the above numbers by Scpternber 1918. 
Gover?~nzent of 711rlia Orders and Circular Orders (A/lministrative) are bound up in volumes 
from time to time, as shown below, while Circular 0rrle1,s (Profrrsional) are gratlually incor- 
p r a t e d  in the Sul vey Hand-books. Besides the above, temporary orders have been issued 
eince 1910 in the form of "Circular M e m o s . "  These either lapse or become incorpolzted 
in some more permanent form, and are therefore only numbered serially for each year. Bound 
volumes of orders are available as follows:- 

1. ,*Government of Indin Orders (Departmentnl) 1878-1903.-Calcutta, 1904. 
Ditto ditto 1904-1908.-Calcuttn, 1909. (Out of print). 
Ditto ditto 1909-1913.-Calcutta, 1915. 

-- *. For Departmentnl ute only. 
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DEPARTNENTAL ORDERS- (Con t inued ) .  

2. *Circular Orders (Administrative) 1878-1903. -Calcuttm, 1904. 
Ditto ditto 1901-1908.-Calcutta, 1909. 
Ditto ditto 1909-1913.-Calcutta, 1915. 

3. * Regulations on the subject of Langunge Examinations for OKcers of the Survey of 
India. Calcutta, 1914. 
. 4. * Map Publicatiou Orders 1908-1911 (Superi~~tendent, ,Vap Pdlication'c 0rderc.)- 
Calcutta, 1914. 

5. Specimens of papers set a t  Examinations for the Provincittl Service.-Delrra Dkn, 
1903.-(out of print). . 
CATALOGUES AND LISTS. 

1. C a t a l o g u e  of Maps 1)ublislled by the Survey of India. Corrected to 1st  October 
1917 C:~lcuttn, 1918. Pvice &. 1- or - 

NOTIC.-Lists a.re i~sued  quarterly of new maps published during each quarter, 
and similar linta for each month appear in the monthly NOTES OF 

T H E  SUltVET O F  I N  I)Ib. 
2. Catalogue of Maps of the Bombay Pres ide~lc~ ,  Calcutta, 1913. P ~ i c e  Ac. 4 or 46. 

3. List of the publications of the S u ~ ~ v e y  o f  India (published nuuually)-Dehre 
Dun. Gratis. 

4. Price List of Mathematical Instrument Ofice. Calcutta, 1913. Gratis. 
5.  Cat;~log~le of Boolrs in the Head-Quarters Library, Calcutta, 1001. (Out of print). 
G .  Catalogue of Scientific Boolrs and Sul~jects in the Library of the Trigonometrical Survey 

O5ce. Dehra Dun, 1008. Price Re,  1 or 1,y-4d. 
7. Catalogue of Boolts in the Library of the Trigonometrical Survey Office. Dehra Dun, 

1911. (Out of print.) 
8.  Green Lists-PART I-Li~t  of 06cera ill  the Surrey (lrnlfyenrly to dates 1st Juuuary 

and 1st Jtr1u)-C:llcutta. Price A s .  1; or Gd.  
PAKT 11-History ot' Services O F  OUic.era of tlle Survey of India 

(~c~o~ucrlly to da.te 1st J~7,y)-Calcutta. Plicc As. 8 07. S'l. 
9. Blue Lists-Ministerial nnd Subor~linate Establishlneuts of the Survey of India. 

PAIt'll I-IIeatl quarters m ~ d  1)ellra Duu otlices (published annually to date 1st 
Alwil)-C:llcutta. Price Re. 1 or* 1 ~ - 4 ' ~ .  

PAlt'l' 11-Circles aud parties (published :~nnually to date 1st January).-Calcutta. 
Price Rs. 1-8 or 2". 

(Nos. 8 and 9 arc stocked ill t,lle Surveyor (feneral's Office, Calcutta). 

T A B L E S  A N D  STAR C H A R T S .  
, 1. Auxiliary Tables- to  facilitate the cnlculstions of the Survey of India. Fourth 
Editiolr, revisc,cl. ~ e l l r s  Diiu, 1:)OG. P,,ice Rs. 4 or 5,?--k1 i ~ t  clotl~ a ) ~ d  caFf; 0,. Rs. 2 or 2-511 in paper 
and bon~.ds. 

T Auxiliary Tables-of  the Survey oE India. liifth Edition, revised nnd extended by 
J .  de Graaff Hunter, 1I.A. I u  parts- 

PART I-Qrnti~rtles of Maps. 1)ellra Dim, 19lG. Price Re. 1 or lJ-4". 
P.il{T 11-RIatl~ematical Tables Del11-a UG.ul, 1918. P r i c e  Re. 1 or la  411. 

3. Tables for Graticules of RInps. Extracts for tho use of Explorers. Dehra Dun, 
1918. Price As. 4 or 4". 

4. *Metric Weights aud lueanures :und other Tables. Photo-Litllo Office. Cnlcutta, 
1889. (Out  of priut.) 
3. Logi~ritl~tnic Sines aud Cosiues to 5 places of dcci~nals. Dehra Duu, 1886. (Out of print). 

6. LoKarithmic Silies, Cosiues, 'l'angeuts and Cotsugents to 5 places of decimals. Dellma Dun 
1915. (Out of pvint). 

7. Comlnon 1~o:nrilhms to 5 placer of decilntlls 1855. Price As. 4 or dd. 
8. Table for detertniuiug I-Ieights in Travrrsii~g. Dehm Duu, 1898. Price d s .  8 or 8". 
9 .  Tables of distnncea in Chains and Linlrs correspondil~g to a subtense of 90 fbet. Deltro 

Dun, 1889. P ~ i c e  As. 4 or 4d. 
10. * Dit.to ditto 10 feet. Calcut,tn, 1915. 
11. * Ditto ditto 8 feet. Ditto. 
12. Ytnr Charts fbr lntitude 20' N. By Colonel J. R. Hobday, I.S.C. Calcutta, 1904. 

Price Rs. 1-8 or 2s. 
13. Star Cllnrts for latitude 30' N. By Lt.-Col. Burrard, R.E. ,  RB.S. Dehra D h ,  1906, 

Prica Rs. 1-8 or 25. 
14. *Catalogue of 249 Stars for epoch Jan.  1, 1892, from observations by the Survey. 

Dehra Dun, 1893. Price RB. 2 or 25-Sd. 
. 15. * Rainfall from 1868 to 1903, men~ured at  the Trigonometricnl Survey Office. ~ e h r a  Dfin. 
(Out of print.) 

- - - _ - 

* For Depsr l~~~onLal  1188 only. 
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OLD MANUALS. 
1. A Mnnual of Surveying for Indin, detailing the mode of operntion~ on the Revenue 

surreys in Bengal and the North-Western Provinces. Compiled by Captazna R. Smyth and H .  x. 
Thuillisr. Calcuttn 1851. (Out of print.) 

2. Ditto ditto ditto. Second Edition. London, 1855, 
(Out of print). 

3. A AIanunI of Surveying for India, detailing the nlode of operntions on the Trigonornet- 
Topograpl~icnl and Revenue Surveys of Indict. Compiled b , ~  Coio: 3, .:. L. Thuillier, c.s.I., 

R R . ~ . ,  and Lieutanant.Colone2 R. Smyth. Third Edition, revised nnci enlarged. Calcuttn, 1875. 
(Out of print.) 

4. Hand-book, Revenue Branch. Cnlcuttn, 1893. Price Rs. 2-8 01.35-4". 

SURVEY O F  INDIA HAND-BOOKS. 

1. Hand-book of General Instructions, Fourth Edition. Calcotta, 1014. price 
R s .  3 or iS 

a. Hand-book, Trigonometrical Branch, second Edition. Calcutta 1902, 
(Out of print.) 

3. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. ( o u t  of 
print.) 

4. Hand-book of  Topography . -Four th  Edition. Calcuttn 1911. Chapters, in 
pamphlet forms- 

Chnpter I-1ntrodnctory.-reprinted with additions, 1917. (Out of print). 
,, 11-Constitution nnd Organization of a Snrrey Party.-reprinted, 1913. 

Price A s .  4 or 4". 
, 111-Triangulation and its Computntion.-reprinted, 1914. Price As. 8or8J. 

IV-Traversing nnd its Computation.-reprinted, 1013. Price As. 8 09. 

V-Plane-tabling.-reprinted 1915. Price As. 8 or 8". 
VI-Fair Mapping.-reprinted 1017. Price As. 8 or 811. 

VII-Trans-frontier Heconnnissance.-reprinted 1914. Price As. 4 oq34d. 
VIII-Surveys in time of mar (not ready). 

IY-Forest Surveys nnd Maps.-reprinted 1914. Pg-ice As. 4 or 4". 
S-Reproduction of the Sheets of the one-inch 3Inp.-reprinted 1913. 

Price As. 4 or 4J .  
XI-Geographical maps.-1927. Price As. 4 or 4". 

5 .  *Photo-Lithe Ofice, Notes on Orgnnization, Methods and Processes. By Major 
W. C. Heclley, R.  E. Revised and amplified by Capt. 9. W S. Hamilton, R. E. Calcutta, 1914, 

6. The Reproduction ( f o r  the guidance of other D e p a . r t m e n t s ) ,  of' Maps, 
Plane, Photographu, Diagrams, nnd Line Illustrations. Calcutta, 1914 Price Rs. 3 or 4 8 .  

NOTES AND I N S T R U C T I O N S .  

Drawing and Paper. 
1. *Notes on the Drawing of New Strndard Maps. By Najor W. M, Coldstream, R, E, 

Calcutta, 1008. (Out of print). 
2. +Notes on Printing Papers ~ui table  for Maps, and on Whatman Drawing Paper. By 

Mnjor W. di. Coldatream, R. E. Calcutta, 1911. 

Printing and Field Litho processes. 
3. 'Report on Hnbber Offset Printing for Maps. By Xajor 1.V. B. Coldstream, R. E, 

Cnlcuttn, 1911. 
4. +Notes on the "Vandyke" or Direct Zinc Printing Process, with details of Appnrntus 

and Chemicals required for nsmall ~ection. Compiled in the Photo and L ~ t l ~ o  Office, Survey of 
India. Calcutta, 1913. 

6. 'Report on the Working of the Light Field Litho Press (experimental) in November 
and December 1910 with Appendices. By Lieutenant A. A. Chuue, R. E., Calcuttn, 1911. 

(1) Notes on some of the Methods of Reproduction suitable for the Field. 
(2) Suggested Equipment Tablee for the Eight Field Litho Press (experimen- 

tal). 

G. +Report on a trial of the equipment of the 1 ~ t  (Prince of Wales' Own) Snppers and 
Minere for reproducing maps in the field. By Lieutenant A. A. Chase, R. E. Cnlcuttn, 1912. 
(Out of print). 

Baee Lines and Magnetic. 
7. *iUotes on use of the Jiiderin Base-line Apparatus. Dehra DGU: 1904. (Out of print). 

8. 'Miscellaneous Papere relating to the Measurement of Geodetic Basea by Jiiderin Inoar 
Apparatus. Dehra Dfm, 1912. - 

* For Depnrtolental use only. 
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NOTES AND I N S T R U C T 1 O N S . - (  Continued). 

9. *Instructions for taliin:: Magnetic Obsermtione. By J. Eccler, d f  A, Debra D k ,  1896, 
(Out of print). 

lo .  Rectangular Coord ina tes . -On a Yimplificntiou of the Computations relating to- 
& J .  Eccles, iU. 4. Dehm Dun, 1911. Price Re. 1 or 1 8 - 4 d .  

11. * F o r  Explore r8 . -Notes  on the use of Thermometers, Bnrorneters and Hypsometers 
Tltbles for the Coulputation of Heights. B y  J. de QraafHfircntsr, ill. A. Dehra, Diin, 1911. 

(Out of p~,int). 
12. li~structions for t l ~ e  Survey nud bfapping of Town Guide Map@. 

D-MISCELLAN EOUS PAPERS. 

(Obtainable f r o u ~  the S u p r r i t ~ t ~ ~ ~ d e i ~ I ,  ~ U a p  Publication, 13, Wood Street, Calcutta).  

UNCLASSIFIED PAPERS. 
Geography. 

1. A Sketch of the Geography and Geology of the Himklays Mountnius and Tibet (in four 
p r t s ) .  B!j Colonel S. Q. l lur~.ard ,  R. E., F, R S . ,  Srcpprlt., Triyo~aometrical Surveys, and Mr. H .  H. 
Hayden, B. A., F. (3. S., Supdt., Geological Survey of Ztsdia. Calcutta, 1907-08. 

Part I.-The High Peaks of Asia. 
,, TI.-'l'he Priucipal Mountain Rauges of A ~ i a .  1 Price Rs. 2 or 2 8 - 8 d  per 
,, 111.-The Rivers of the HimLlaya and Tibet. part. 
,, 1V.-The Geology of the HimBlnyn. 

2. *Report on the Tdentification ;rnd Nonienclature of the Himcilnyan Peaks as seen from 
Kktmlndu, Nepal. By Capt. H. Wood, R E Calcutta, 1904. 

3. Routea in the Western Himalaya, Raehmir, etc By Lietct.-Colonel T, Q .  blontgom&s, 
R. E., IT R. S . ,  F .  R. G .  S .  Third Edition. Revised and corrected. Dehra Dun, 1909. (Out 
of print.) 

Special R e p o r t s .  
4. Report on the Recent Determination of the Longitude of Madras. By Capt. S. (7. 

B~crrard, R. 3. Calcutta, 1S97. (Out of print). 
5.  *Heport on the Observatic~n of the Total Solirr Eclrpse of 6th April 1876 nt Cnmorta, 

Nicobnr Islands. By Color~el J. TT;tterltorrse. Calcutta, 15175. (Out  of print). 

6. * l l l~e  Totnl Solar Eclipse, January 52,  1898. Dehra Dun, 1898. 
(1) Report on the obserrations at  Dumraon. 
(2) Heport on the observations a t  Pulgnon. 
(3) Report on the observations nt Sahdol. 

7. *Report on Local Attrnctloii in Indin, 1893.94, By Captain S. G .  Burravd, R.E. 
Calcutta, 1593. (Out of priut.) 

8 f l<elwrt on the Trigouolnetricnl Resulta of the Earthquake iu Assnm. By Captain S. U. 
Burmrd. Calcutta, 1898. (Out of p r~n t . )  

9. *Notes ou the Topographlcnl Survey of the ,-,&, Sheets of Algeria by the Topographical 
Sectlon of the "Serv~ce Oeogrnphique de 1'Armee". B y  Caplaijc 1 V . Z .  Coldstream, 

R.E. Calcutta, 1906. 
10. *Tl,e S~nlla E ~ t a t e s  Ijoundnry Survey on the wale of 50 feet to 1 inch. By Captain 

E.A.  Ta'a,rdy, R.E. Cnlcottu, 1906. 

Geodesy. 
11. Notes on the Theory of Errors of Obser\ation. By J. Ecclss, N . A .  Dellma Duo, 1903. 

Price As. S or S". 

12. 'Noto on a Clrange of the .Jses of the Terrestrial Spheroid in relation to the l'rian- 
gulntion of the (+.'I' Survey of India. 8!, J .  cle Gr(r ( f l  Hui~ter,  X B .  Dehrs Diin. 
(Out of print ) NOW incorporated in l'rofeueional Papor KO. 16. 

13. Heport on the Treatment nud use of Invar iu ~ u e : ~ s a r i ~ ~ g  Ueocletic Bases. By Copt. 
23. H, Trw~ter, R. E. London, 1907. P I  ice As. S ur S1. 

Projections. 
14. On the projectio~i used for the Qouernl Maps of Iudis. Dehra Dun, 1003. (Out of 

p r~n t ) .  

15. *On the defortnallon resulting from the method of consttuctinq the International 
Atlne of the World on the scale of ono to one mmllion By Ch Lalletnand. l ianslated 
hy J Eccles, lV.A., together with tnblcs for the prqjection of 1/35 Maps on the 
Internnt~onnl ~ y ~ t e m ,  Dehra Dun, 1913. (Oat of print). 

- -- - - - 

* For Drjmrtulentol use only. 
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Mapping. 
16. @A Note on the different methods by which hills can be represented upon 

B y  Oolonel S .Q.  Bzcrmrd, C.S.I., R . E . ,  P.R.S. ,  Survsyor General of India. Himla, 1912, 
17. +A Note on the representation of hills. B y  Y a j o r  C. L. Robertson, C.X.G., x.3. 

Dehrn Dun, 1913. 
18. *A Note on the repreaentntion of hills on the Maps of lndin. B y  Uajor $'. w, pir.,.ie, 

I .A.  Dehra Dun, 1913. 
19. @A considerntion of the Contour intervals n~ld Colour Scales beet suited to Indian 

l / B l  mnps. By Captain X. O'C. Tnndy, R.E. Cnlcuttn, 1913. (Out of print). 

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 1'-4" per vol~cme, except where otherruise 
stated. 

No. 1 -Pro jec t ion-On the Projection for a Mnp of Indin nnd ndjncent Countrie~ on 
the scnle of 1 : 1,000,000. B y  Colonel S t .  Q. C. Gore, R . E .  Second Edition, 
Dehrn Dun, 1903. 

No. 2 * B a s e  Lines-Bletl~od of measuriug Geodetic Bases by lnenns of Metnllic 
Wires. B.y Ai. Jaderin. (Tralisltcted fvom MCmoirss Prssentas par Uiver8 
Savujats t i  l 'dcad?~~aie dcs Sciences de Z'Ii~ntilrct de France). Dehrn Dun, 1899. 
(Out of print.) 

No. 3-Bage Lines-Method of mensuring Geodetic Bases by means of C o l b ~ ' ~  
Compensated Bars. Compiled by Lieutenant H. McC. Cowie, R. E. Debra 
Dun, 1900. (Out  01' print.) 

No. 4-Spirit-levels-Notes on the Calibration of Levels. B!y Lierrteiinlit E. A. 
(Iondy, R. E. Dehrn Dun, 1900. (Out of print.) 

No. 5-Geodesy-The Attrnction of the HimSlaya Mountains upon the Plumb-Line 
in India. Considerntions of recent dntn. B y  iUajor S.  Q .  Brrrard,  R. E. 
Second Edition. .l)ehrn Dun, 19U1. Price Rs.  2 or 2$-ad. 

NO. 6-Base  Lines-Account of rt 1)eterminntion of the Co-eficients of Expnnsion 
of the Wires of the Jaderin Base-Line Appnratus. B y  Cnptnin a. P. Lenox- 
Conyngham, R. E. Dehra Dun, 1902. (Out  of print.) 

No. 7 - * M i s c e l l a n e o u s .  Calcuttn, 1903. 
(1) On the values of Longitude employed in maps of tlie Survey of India. 
(2)  Levelling ncross the Ganges at  1)irnukdia. 
(3) Esperiment to test the incrense in the length of a Levelling Staff due to 

moisture and temperature. 
(4) Description of n aun-din1 designed for use mith tide gnuge8. 
(5) Pr'ickel-steel :~lloys nnd their application to Geodesy. (Trowslntedji-om 

the Ft.enc?i.) 
( 6 )  Theory of elertric projectors. (Translated f r o n ~  the Prench.) 

No. 8-Magnetic-Exyerirnents made to determine the temperature co-eficients of 
lVatso11'~ Mag~~etogrnphs. B y  C'nptniic H. A. Denlrolm Frnscr, R. E. Cnlcutta 
1905. 

NO, 9-Geodesy-An Account of the Scientific worli of the Survey of India and a 
Cornpnrison of  it^ progress mith that of Foreign Surveys. Prepared for the 
use o f  /he S7trvey Committrs, 1905. B y  Lieutenant-Colonel IS'. Q. Bu?.rard, R. E., 
F. R. IS'. C'nlcuttn, 1905. 

No. 1 0 - P e n d u l u m s - T h e  Pendulum Operation8 in Indin. 1903-1907. Br/ Najov 
C. P .  Le~~ox-Cony~zgkctn~, R. E. Dehrn Dim, 1908. Price I lr .  2-8 or .?5-4". 

KO. 11-Refraction-Observations of Atmospheric Refrnction, 1905-09. By  H. Q, 
RAnlu, Burcey oj Inrlia. Dehra Dun, 1911. (Out  of print.) 

NO. 12--Geodesy--On the Origin of the Hin~i layn Rlountnins, B!/ Coloncl 8. (2. 
BUTI.R?Y{, c. 8. I.. R. E., 3. R. 8. Calcuttn, 1912. 

NO. 1 3 - I ~ 0 ~ t a s ~ - I n v e s t i g n t i o n  of the Theory of lsostnsy in India. By Major I1 Z .  
Croslhroait, R . E .  Debra Dun, 1912. (Out  of print.) 

NO. 14-Refraction-Formulrr: for Atmo~pheric Itefrnction and their application to 
Terrcutrinl Refrnction and Geodesy. By J, de Qranf lHunfcr ,  M. A. Dolirn 
Diin, 1!118. Price Re. 2 n r  2 , ~ . 8 ~ .  

NO. 1 5 - P e n d u l u m s - T h e  Pendulum Operntiona in lndin and Burmn, 1908-13, 
B y  Captoin H.  J .  Couchmotl, R. E. DehraDun, 1915. (Out of print). 

NO. 16-Geodesy-The garth's Ares and Triangulation. B y  J, de Qmn:f Hzmler, N.A. 
Dehra Dun, 1918. Price RR. 4 or 53-4J. 

No. 17-I~10~1tasy-Investi~ations of Isoatrsy in Himalnynn and Neighbouring Regions. 
By (;olonel Sir 8, Q.  Burrnrd, R. 0. S .  I., R. E., F. R. R. Dehra Dun, 1918. 
Price Re.  1 or 1" 4,'. - - -- -~ - .. - 

For Departtnental use only. 
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NO. 1-Type-b consideration of the most suitable forms of type for use on maps. 
By Capta i~~  N. O'C. Tandy, R. E. Debra Dh, 1913. 

No. 2 - S y m b o 1 ~ - h  review of the Boundary Symbols used on the maps of various 
couutt.ies. By  Cuptai)~ dl. O'C. Tut~dy, R. E. Dehra Dun, 1913. 

No. 3-Maps-Estrnct from "The New Mnp of Italy, Scale 1 : 100,000." By Luigi 
Gianr~itrajrani. Translated fronr the I ta l ia i~ by MrLjor W. dl. Coldstream, R.E. 
Dehrii L)uu, 1013. 

No. 4 - T o w n  S u r v e y s - A  report on the prnctice of Town Surveys in the United 
Kingdom a ~ i d  its application to Iudia. By dlnjoi. C. L. Robertson, C.M.Q., R.E. 
Dehra Dun, 1913. 

No. 5- S te reo-p lo t t e r -T i le  Tl~onlpson Steveo-plutter and its use, iuith notes on the 
Jieltl lcork. B y  Lieutenmtt K. NUSOIL, R. E. Dehra Dun 1913. 

No. G-Levelling-Levelliug of I-Iigh Precision. By Ch. Lnllemanrl. Tvanslated 
Jj.0911 the French by J. rle QruaJHui~tci., M.A. Del~ra D i ~ n ,  1014. 

No. 7 - S t a n d a r d  Bars -Bar  Compnrisouv of 1907-OY. By Urijor H. iUcc Cowie, 
R. E. Dehra b i n ,  1915. 

No. S-Helio-zincography-Iie1)ort on ltubber Off-set Plat bed Rlachine Printing. 
B,y C a p t a i ~ ~  S W. Snckville Haatilto7i, R. E. Calcutta, 1915. 

PROFESSIONAL FORMS. 
A large number of forms for the record al11.I reduction of Sorvey Operations are stocked 

at Dehra Dkn. A list of these can be obtained from the Saperiutelidcnt of the Trigonometri- 
cal Survey, Dellra Duu, U. P. 

P U B L I C A T I O N S  O F  THE ROYAL SOCIETY. 
(Obtui~~able  from i7lessrs. Dulati 8j Co., 37, Soho Square, Lo~rtlorr, W., 01. Messrs. 

Harrison 4 SOILS, Sf. mar ti)^'^ Lane, Lot~rlo~t, or the Royal Society c ~ t  Biirliizyto)~ House, 
Lo?ldo~t.) 

1. P11ilosol)liicnl Tmnsnctions, Serirs A ,  Volu~ne 186, 1895. Indin's Co~itribution to 
Geotleur, by Gerrernl ,T. 1'. IVolker, R.E., O.B., P.R.S., LL.D. 

2. Philouophicnl Trnusnctiouu, St?ries A ,  Volume 205, pages 280-318, 1005. On the Inten- 
sity and Direction of the Force of Gravity iu India, by Lieuteaant-Colonel 
S. G. Burravid, R.E., l?RB. 

3. Proceedings, Series A ,  Volume 90, pages 33-4.0, 1014. On tho e8ect of the O ~ n g e t i c  
Alluvium on the Plumb-Line iu Northern ludia, by R. D. Oldham, R.R.S. 

4. Proceedings, Series A,  \'olume 01, pages 230-288, 1915. 011 the origiu of the Indo- 
Gnugetic trough, copluo~lly called the Hiiunlsyan Foredeep, by Colo~iel Sir. S. Q. 
Burrard, K.O,S.I., R.E., R.R.S. 
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LONDON. 

A. CONST~BLR & Co., 10, Ornnge Street, Leioes- 
ter Square, 1V.C. 

Y. Y. KING & SON, 2 nnd 4, Qrent Smith Street, 
Westminster, 9.W. 

KEQAN PAUL, Tn~vcr r ,  T ~ U B N E ~  .!k Co., 
GS, Cnrter Lnne, E.C. 

B. Q u a n r ~ c n ,  11, Qrnfton Street, New Bond 
Street, TY. 

HEXRI Y. R I N ~  & Po., 65, Cornbill, E.C. 
Q ~ r s n ~ a r  ,% Co., 54, Parliament Street, S.W. 
T. F ~ s i r ~ n  UNWIN, LTD., 1, Adelphi Terrace 

nr.c. 
W. ' I ' n a c ~ ~ n  & Co., 2, Creed Lnne, Ludgnte 

EIill, E.C. 
Lrzac  & Co., 46, Great Rlrssell Street, W.C. 
E ~ m a n n  STANFO~D,  LTD. (f0V VlfIpS olily),  

12-14, Long Acre, W.C. 

EDINBURGH. 

OLITEB Asn Boru, Tweeddale Court. 

DUBLIN. 

E. Possosnr, LTD., 116, Grafton Street. 

OXFORD. 

B. H. BLACKWELL, 50 nnd 51, Broad Street. 

CAMBRIDGE. 
DEIG~TON, BELL & CO., LTD., Trinity Street, 

ON T H E  CONTINENT, 
ERNEST L E ~ O U X ,  Rue Honnparte, Paris, France. 
nfnn~1Nus NIJ~OFF,  l'he Hague, Hollmd. 

INDIA.  
TRACKER, SPINK & CO , NO. 3, Esplannde, East, 

Cnlcuttn, and Simln. 

NEWMAN & Co., No. 4, Dnlbousie Square, 
Cnlcuttn. 

LAL CHAND & SON,S, No. 76, Lower Circular 
Road, Cnlcuttn. 

MANAGER, THE INDIAN ~ C T I O O L  SUPPLY DEPOT, 
No. 300, Bow Bnznr Street, Calcuttn, and 
Dnccn. 

RAI Sanrn M. QULAB SINQII & SONS, Lahore. 
T i r ~ c ~ s n  & Co., LTD., Bcmbny. 
L). B. TARAPOREVALI, SONB & Co., Bomb~y. 
H ~ a a ~ x n o ~ n a u s ,  LTD., Madras. 
P E ~ ~ R I E T O ~ ,  ~IAFASILITE P U I ~ . T I N ~ ~  WORKS, 

Illussoorie. 
C u n a ~ o ~ ,  GOVERN~IENT BOOK D E P ~ T ,  BURMA, 

Rangoon. 
COCKBURSS ACIENCY, Sriuagnr. 
BunxaN 65 Co., Muznffnrpur. 
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