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R E C O R D S  OF 

T H E  S U R V E Y  OF I N D I A .  
PART I.-TOPOGRAPHICAL SURVEY. 

NORTHERN CIRCLE. 
(Tide Index Maps 1 and 4.) 

Szcwdma?*y.-Four field parties worked in this Circle, and during the past 
fielcl season a total area of 12,334 square miles was surveyed, consisting of :- 

Square miles. 

Survey I-inch . . . . 3,039 
Re-survey 1-inch . . 4,826 
Revision survey 1-inch . . 4,219 
Survey +inch . . 250 

The Riverain ~e t achmen t  carrie8 out a total of 1,299 linear milee of 
traversing over an area of 268 square miles for the Riverain work, 3,464 linear 
miles of traversing over 494 square miles for the Kjngra survey and 1,106 
linear miles over 63 square miles for the Simla Settlement survey. 

No. 20 Party surveyed an area of 19,578 acres in five selected canton- 
ments during the year. 

The Simla Survey Detachment continued the large scale survey of Simla 
during the year. 

Colonel W. J. Bytholl, R.E., mas in charge of the Circle tl~roughout the 
Survey year. 

No. 1 PARTY. 

Br I I a r o n  E. A. TANDY, R.E. 

1. The winter programme of field work \lrrts cancelled and the office with 
the bulk of the party the~efore 
in Mussoorie throughout the year. This 

Lt.-colonel C. 11. D. Ryder, C.I.E., D.S.O., E.E., enabled the arrears of fair mapping to be 
in chnrgc from 27th J nnnnrg 191 6. allnost cleared off, while a programme of - - 

P r o ~ . i n c i a l  Oj7ce1.s. +-inch mapping has been commenced to 
Mr. F. B. Powell, to 31s t  Mav 1015. 
,, 0. J .  S. Rnr, from 1st. Febrnn1.y 1916. make up for tbc reduction in field work. 
,, H. IT. 1%. ]Innby, in climge to 1Gth Nove111. 

ber 1914. 

,, M .  C. I'ettcrs, in charge to 2Gth Jnnunry 
1916. 

,, I'. A.  T. Krnny. 
,, D. K. Rennick, from 21st ~ s d u a r y  1015. 
,, R. C. Henson. 

,, W .  J .  n. Rliller, to 20th Jnnunry 1915. 
E. J. H. Ilnnhy, from 7th nlny 1916. 

7Jjily1cr S u h o ~ d i n n l e  Sc~c.,.t,icc. 

Mr. N ~ t h n  Singh, I1.S. 

,, N ~ n n k  Clinnd l'uri. I].>\., from 2?11d AIny 
1916. 

,, Hnmid Gnl, from 1st March 1016. 

LOII'PT S~/bordr'?rale 8evcv'ce. 
33 Surveyors, rtc. 

2. Fielcl zcork was confined to the main. 
tcunnce of a single dctachrnent working 
in tlic Himslayan areas OF Kashmir and 
Jammu to the west and north of Kisht. 
w5r, with t-xtcnsion oE triangulation to 
the south. 

3. The szcmrnet1 detnchnzent of 1914 
consisting of Mr. Kenuy with an average 
of 8 survcgora continued its work up to 
the cnd of L)ecember, when the follow- 
ing 1-inch sheets were completed :- 

43 = k c #  43s a d  62 ~ . $ k t ) -  
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This detachment also revised some faulty work in' the neigllbouring 

sheets 43& . 
4. The sunbnae,. cletnchaetlt of 1916 consisting of 3Ir. Eanson with an 

average of 9 surveyor.<, commenced in April the surrey of the following 
.beets, the mork being still in liand a t  the encl of September, vi~.:-43$$~, 

0 as,,, , I ,  1,. , , I ,  1; and 6 2 ~ f i : a .  
This work was all on the l-inch scale, excepting parts O F  E, and g, 

which lay amongst high snows and were surveyed on the $-inch scale in order 
to complete degrec sheets to margin. 

6. Areoe of sug*vey to the end of September mere as followa :- 

I n  1914. . 623 square miles l-inch. 

,, 1915.  . 1,372 ,, ,, and 250 square lnilcs $-inch. 

Total of new work 2,195 square miles l-inch and 250 square miles &inch. 

6. T1'ianguiation in aclvccnce was continued by Mr. Ililler up to the end of 
December 1914, in sheets 43 ,&,. 43 the total area subsequent to the end of 
September 1914 being 1,350 squnre miles. This leaves the party with over 
3,300 square miles of triangulation in advance after the completion of the sheets 
now under survey. All computations have been completed, but no fair charts 
have been drawn. 

7. Natujle of country included all varieties common to the southern face 
of t,he Western Himalayas from the plains and i'oot-hills up  to snowy peaks 
exceeding 20,000 feet in altitude. Two fatal accidents occurred to khuksie who 
mere killed by falls in this clifficnlt country ; otherwise the general health has 
been very good. 

8. Ofice zcol*lc.--0ming t,o the practice in this party of keeping clctach- 
ments working in the higher hills during the summer, in addition to doing a 
normal programme of field work in the cold weather, the mork of fair mapping 
has been falling into arrears of late years. The recent reduclion of field work 
has, however, now enabled arrears to be practically cleared off. Thirty-five fair 
maps of difficult country have been sent in for publicntion during the year, 
and the arrears still in ]land cousist of only seven sheets quite recently survey- 
ed and all now approaching completion. 

8. A $-inch ~nctpping section, under Rlr. Rae, comrnenccd fair mapping 
on the +-inch scale at the heginning of April, using modern l-inch published 
sheets as material. ' I  lie following six sheets were taken up and:are now ap- 
proaching completion :-- 

All four sheets of 43 G, and the two southern sheets of 39 0. 
10. C~st-?~cttes have heen affected by the abnormal nature of the year's 

progri~mme, but mork out as follows :- - 

Rs. 
Tnangulat~on . . . jn5 per square mile. 
l-inch detail survey . . 16.2 ditto. 
+-inch do. , 1-6 ditto. 
Fair mapping 14-inch scale . 3.5 ditto. 

The total cost of tlie party was Rs. 90,062. 

11. In8pection.-'She party was inspected once by tlie Burveyor Generai 
and on several occasions by the Superintendent, Northern Circle. 
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No. 2 PARTY 

1. The field head-quarters of the party opened a t  Cfurgmn on the 9th 
November 1914, and closed on the 27th 

PEBSOXNXL. March 1915, the recess quartere being 
P~.o~incirt l  O ~ ~ C C ~ S .  at Mussoorie. 

MI.. B. R. Huphes, in chsrge. 2. 2"0~0g?~ap/iy.-The 011 tturn of the .- - 
,, F. B. Powell, from 1st October 1914 to 31st party w m  :- 

January 1916, and re-tmnsferrcd from 1st 
Juuc 1916. Sq. mile.  

,, Kannk Siugh. 1 iqch=l mile revision survey . 2,550'9 
,, R. E. Saubolle. 1 ,, =1 ,, new survey 
,, J.  H. Johnson. 

, 843.9 

,, J.  A .  Calvert. Total . 3,394.2 - 
Uppc~, Subordinate Srrvice. 

C 
11". Chuni Lnl Icapur, from 1st April 1915. I n  thirteen 1-inch sheets NOS. 44 &-Bv 53T, 

D ,, Lakshmi Dutt Joshi, fronl 1st Jallunry 531, 2, 6,  8, @, 15. , 
1016. 

3. Surveyors mere divided into two 
Lower Subordinate Sel-vice. ca~llps under Messrs. Saubolle and John- 

27 Surveyors, etc., in tho field. son. 
13 ,, ,, employed on +inch mapping. 
28 Averngc in recess (excluding absentees). Traverser lnayat-ullah Khan'e services 

mere transferred to No. 14 Party (Pendu- 
lum) from the forenoon of the 19th April 1914, mit,h a view to carrying on 
traversing for the survey of tlie Nepal Boundary. 

4. The survey was carried out from plotted t,rij~mctions where old data - 

mere forthcoming, and from trees and other conspicuous objects laid down fro111 
new traversing, and triangulation. 

In certain sheets where tllc plotted poiiits happelled to be based ou 
different data, the position by survey of the sanle roads, etc., did not agree. 
This mas due to the old revenue traverses not being sufficiently connected 1113 
~vith triangulated points which were then few ancl far between. 

Values derived from counections with triangulated points brought up from - 
Great Triqonometrical stations differed from the old revenue traverse values - 
by nearly 3 chains in the southings and li cliaius in the eastings. 

6. T~*ia?tgulatio~z.--Mr. Calvert triangulated an area of 1,200 square miles 
- 

A for future +-inch detail survey in the Alwar State, in sheets 54 ,,, ,,, 
and ll. 

6. Traversing.-Ahmad Husain Khan ran 136 linear miles of heigllt 
traverse in flat country where triangulatioo mas not found possible, in sheets 
44 AB in the Bikzlner State, and also 148 linear miles in open country in sheets 

D 
53 ,, bell, , 64 & in the Bharatpur State. 

7. Fail* m(~11ping.-All the fair mapping of the 13 sheets surveyed clurllly 
the field season mill be completed and sent for publication before the party 
leaves for the field, ancl is being carried out under two drawing sections with 
one typing section. 

The I-inch plane-table sections, mostly surveyed in half sheets mere blue- 
l)rinted on the 14-inch scale, one of the half sheets being blue-printed on 
d r a ~ n g  paper for direct drawing and the other half on tracing paper for 
translerrinp. 
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8. Cost-rntee- 
~ e v i s i o n  survey, I -inch . , Rs. 9*H4 per square mile. 
New eurvey, 1-iuch . . ,, 10.20 ,, IJ 

Triaugrllation . . ,I 3.41 YI  J Y  

Traversing . . ,, 6.00 per linear mile. 

9. Hea1tlt.-This was good throughoutJ only two oases of khalcsie down 
with pneumonia, being sent to local hospital for medical treatment, both 
recovering. 

10. I118pectioras. -The Superintendent, Northern Circle, inspected the party 
during the field season and also in recess. 

The Surveyor General inspected the party iu recess in September 1916. 

No. 3 PARTY. 
BT Ma. H. H. R. HASBY. 

1. All the work lay in the United Provinces ancl embraced parts of the 
follomiug clistricts, Bijnor, Sah~ranpur, 

Psnsonas~. 
Dehra Dfin, Garhmll, Muzaffarnagm, 

I~aperial Oflcers. 

Captain F. F .  Honter, I.A., in cbnrge to 24th 
JIeerut, Naini Tal, Bareilly, Pilibhit and 

November 1314. ShiihjahSnpur. With the exception of a 
Captain F. B. Scott, I.A., to 26th October 

1914. little bit of the " Siwiilik " hills in 
P~w~+incial 0Jice1.s. Sahdranpur and Dehra Diln districts, 

Mr. H. H. B .  Hanby, from 17th November 1914, and a portion of the Kumaun hills east 
in charge from 25th November 1914. 

,, E. J. Biggie. of the Ganges river facing Hardwar, 
,, E. B. West, from 1st November 1914 to 

3Mh Seotember 1916. the country was flat, forest-clad areas 
,, H. T. ~ & h e s .  
,, G. R. Cooper, from lst November 191P. were encountered along the foot hills also 
,, Moqimuddi1!. in the Tarai tahsil of Naini T&l district. 

Uppel. Sabo~dinate Service. and in parts of Pilibhit. 
Mr. Mnhomed Lutf Ali. 
,, Nuhammsd Husain. The field season opened a t  Najibsbad 

LOUL.~.  Sltbordinate Service. on 2nd November 1914 and closed on 6th 
52 Survegors, etc. April 1916. 

Traini~ig Section. 2. Topog~*aphy.-The total area sur- 
3 Pupils. 

veyed on the 1 inch=l  mile scale was 
3028.149 square miles, of which 1369.284 square miles were re-survey and 
1668.865 square miles revision survey, the whole being contained in eleven and 
a half 1-inch sheets, viz. :- 

K 
63 E 3 T 7 ,  nnd norlbarn hall  a r r ,  

P 
53 0, 10, 11, 13, 1,. 1,. 

I n  the above is not included 53 ,, ,,,,~e,,,,,, ; it was surveyed by the training 
section. 

Three camps were formed and the folloming allotment of mork mas made :- 
-- -\lr. G .  E. R- Cooper 53 ,,,, 3 , .  7, h a , f d 1 l J  Mr. Bfoqim~lddin 53 &,my 

Mr. Mahomed Lut,f Ali 63 &. 
Tlle average outturn per man per month for re-survey works out at  27.7 

square miles and that for revision survey at 31.2 square miles. 
The area revised mas not carried out on blue prints of the original maps. 
A11 trijunctions mere plotted on fresh boards on to wllicll the detail was 

transferred in blue, trijunctions being fit,tcd over plotted trijunctions, and tl~on 
checked in the field. 

One mould hare thought that the progress of revising detail wouid have 
far exceeded that of re-survey, bnt owing to numerous changes since the last 
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survey, in rivers, extension of canal system, roads, railways, and new cultiva- 
tion of lands at  one time waste or forest-clad, the labour in the field wae that 
of doing a new survey. 

3. Triangulation.-Mr. E. B. West was employed on triangulation. The 

programme under this head embraced the following sheets :- 63 27:', for 4-inch 
K 0 survey, and 63 m4, 63 I;,, , , , ,,I, ,, 14, for 2-inch and +-inch survey, but 

with the intricate nature of the country, and the low convexity of the hills 
densely covered in  trees with an absence of commanding peaks, he was only 
able to complete, before the monsoon broke, 830 square miles for future 

J survey on scales 2 inches and + inch to a mile in sheets 63 portions only, 
K 0 

5 3  , @, lo, 13, and 53 m. 90 square miles were aleo triangulated for a 

special forest survey, on scale 4 inches = 1 mile, in sheets 63 &. 
4. The health of the party during the season under report was fair i n  the 

winter months but bad in May and June when Tarai fever became prevalent. 
6 .  2'vavevsing.-At the request of the Conservator of Forests, United 

Provinces, Western Circle, a special theodolite traverse of 399 linear miles mas 
rnn in the Rjmnagar Forest Division falling in sheets 63 and 53 &. With 
the object of giving additionnr points, 336 linear miles were traversed for a 
future survey on the 1-inch scale, in sheets 53 G, and 63 G7. 

107 linear miles were further traversed for a special forest survey on the 
scale of 4 inches = 1 mile in slieets 53 ,&. 

The t ra~erse  camp was under Mr. E. J. Biggie till the 6th March 1915 
when he was transferred temporarily to No. 4 Party. 

6. Recess duties.-During the recess tlie party completed the mapping 
K of the following sheets on the scale of 1 4  inches to 1 mile :-53 -, 

63 0. 10. 11,';3. 14. IS ' 

The remaining two sheets mill be completed before the end of October 
1915. 

7. I12.spection visits.-The party mas inspected by the Superintendent, 
Northern Circle, in the field in Februaly last, by the S~uveyor General in recess 
in September, and visited on several occasiolls in recess by the Superint,endent. 

NO. 4 PARTY. 
BY MR. H. W. BIGGIE. 

1. The field head-quarters of the pa'rty opened at Fyzabad on 19th October 

PEIIBOBNEL. 
1914, and olosecl on 12th April 1916, 

Ia~pei.inl OjTcers. 
the recess head-quarters coi~tinued a t  

Major L. C. Thuillier, I.A., in cl~cngc to 2nd Mussoorie. 
NO! ombor 1914. The area that came under survey com- 

Captain It. Foster, I.A., in charge from 3rd to 
219t November 1914. lnises -portions of the districts of B51.a 

Prorillcinl ~ f l c o - s .  Banki, Fyz,ibtid, Sult%npnr, Partfibgarh, 
Nr. H, W. Big+, in  chnrge from 2 2 1 ~ 1  Novcm- JSUnpUr, AXamgarh anti Basti. I t  con- ber 1614. 
,, E. .I. Biggie, from 8th Narc11 to 24th Mny sists of flat plaills which are highly c ~ d -  

1015. 
,, H. P. D. Morton, from 17th Nay 1916. tivated and covered with orchards, mango 
,, J. C.  C. Lenre. 
,, Dnui Clland ~ u r i .  trees bcing in great abundance. It is 

Upper SUAOJ-dinate S~I-vice .  well-wooded but therc is no forest, 
Mr. Mohalnmsd Husniu Khnn. though shrub jtmgle occurs in many - 

L P I F P ~  S u b o ~ * d i ~ ~ a l e  Service. places. Village sites are numerous, and 
47 SU~.VO)'OI.B, etc. tlic area is clensely popula,ted. The p i n -  
cipal rivers tlrat run through portions of the area are tbe Gogra and the Gumti. 
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2. Tol~ogt*~phy.-The following sheets were fully surveyecl :-63 & 
J 63 mli, ,, s, 11, ,a. Field work mas divided into three camps under Messrs. 

J. C. C. L ~ ~ Y I ,  Duni Chand Puwi and Mollammad Husain Khan. 
. The nverage rate of plane-tabling (exclueling the time takea in  marching), 

was 33-16 squarc milis per man for n month of 30 days. The cost-rate of 
detail survey on the scale of 1 inch to 1 mile is Rs. 9.3 per square mile. 

3. Trctversit~g.-This consisted of supplementary traverses which were 
run wherever required, to provide points for detail survey. 

4. Tt-icr,lgtclcttio,h.-This was startecl by Mr. E. J. Biggie in 63 $, but 
o-xiny to dust haze in  April and May tbe work was not completed, and will be 
taken up again in field season 1915-16 to provide points for the detail survey 
of the Xepil portion of the sheet. 

5. Xscellaneotcs Jield zuo~-l.Y..-The Khetran-Leghari boundary between 
the Punjab and Baluchistiin was demarcateil by Captain R. Foster, I.A., 
a t  a cost of Rs. 1,316-11-3, which mas paid for in equal shares by the two 
Governments concerned. 

6. iieceas clzctiee.-The three camp officers mentioned in paragraph 2 above 
supervised the fair mapping ~ h i c l l  mas divided into three sections. All fair 
maps of sheets surveyecl during the field season mill be completed and sent for 
publication about the end of October. Mr. Morton mas enlployed on fair 
mapping and miscellaneous work. 

Yillnge bo~cnclctry ec1itious.-Twenty-three village boundary editions were 
prepareel and sent for publication during the year. 

7. Health of tibe pcrrty.-Four members of the party died dming the year. 
Their names are Baldeo Prasad, Clerk, Narayan Datta, Atma Ram, and Bala 
Dattn, YWT-eyors. Only one of these cleaths, that of i l tma Ram, was due to 
disease contracted in the field where the health of the party was good. 

8. Itispectiotl visits.-The Superintendent, Northern Circle, inspected the 
 arty dariny the fielcl season in ilIarc11, ancl visited the party during recess in 
Mar. The Surveyor General inspected the recess ofice of the party in 
September. 

NO. 20 PARTY-(CANTONMENT). 
R r  Mu.  '1. En-IXG. 

1. During the year under repcrt, thc party mas employed on the survey of 
I ' P R ~ O S X ~ L .  Aleerut, Dchra-Din, Lanclour, Saharanpur 

~ r 0 1 . 1 1 1 r t ~ r ~  O ~ ~ C ? I , . C ,  ancl Hnpur (Bnbi~garh) Remount DepGts 
A[I.. A .  E K ~ I I ~ .  i n  c 1 l n l . g ~ .  on the scale of 16 inches to a mile ; and 
.. F. C. saint. fr(810 5th O c t r 1 1 ~ 1 .  1914, surveyed the bazaars of Meerut and Debra 

[ - p p ~ ~ -  S ~ , h o v l i ~ ~ n ! e  S r , . ~ , i r c .  Dim on the scale of 64 inches to 1 mile. 
111.. IJllal-ion. 

The triangulation and traversing of 
L n r r c ~ .  & '~r l , , , r . r ' ;~~ntr  S c , , r . i c r .  

.5 S ~ r v t , > - ~ 1 r 3 .  
Peshimar, Jullundur, Bannu, Kklka, 

10 I)rnitsmcn R I I ~  Ctml l lu te l .~ .  San,?war and Bakloh l~avc been completed 
2 C I P I ~ ~ Q .  in advailce for season 1015-16. During 

11 I PI11,:l~. the year Santa Cruz was re-traversed, a 
survey of the proposcd pipe-line for Kern Delhi was done for thc Military 
Works Dcpartmcnt ant1 the Guide 9Iap of Nussoorie and Landour brought up 
to date. T ~ c n t p - o n e  fair maps bare already heen sent for  l>ublication, eight 
fair maps \\-ill be scnt for pul)lication in a few clays and fourteen sheets of 
JIeerut have Iwen drnn-n and examined. 
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2. Thc field season commenced in Meerut on 1st October 1914 and closed 
in Dehra D i ~ n  on 30th September 1918. 

3. OT\-ing to the party being employed on the survey of cantonments 
l~hcre  sanitary arrangements are always good, there was not much sickness 
during the year. One khalasi dicd of pneumonia in Meerut. During the 
months of M a j  and June cholera broke out among the troops in  Dehra DCn. 
The surveyors working there were promptly removed outside cantonment limits, 
and for two months very little work was done. This delayed the completion 
of the survey of Dehra Diin for nearly two months. 

4. Topog~~n~1iy.-As ,Mr. F. C. Saint on his transfer to this party had no 
previous experience iu the work of a cantonment party, Mr. A. Ewing took 
charge of the detail survey during the year ; but was assisted in the testing of 
field sheets by Messrs. F. C. Saint and Dharmu. Both of them are now quali- 
fied to be placed in charge of sections and during next year they mill be put in 
independent charge of six or seven surveyors employed on detail surveys. 

The accuracy of detail surveys mas thoroughly tested by Mr. A. Eming 
by 24-19 linear miles of test lines in nearly every field sheet, and also by 
Jlessrs. P. C. Saint and Dharmu by 35.99 linear miles of partal in the five 
cantonments surveyed during the year. 

The follonring table gives the outturn and costs of the survey of five 
cantonments surveyed d~wing the year :- 

Outttwn. Cost Rr. 

10,260 acres on tlie 16-inch scale . . 26,579 
918 do, do. 64-inch do. . . 3,662 

The cost-rate of the 16-inch survey, viz., Rs. 1.07 per acre, is less by 
Re. 0.23 than that of the last year's survey, but there is an increase of Rs. 2-63 
in  the cost-rate of the 6%-inch survey which is Rs. 11.22 per acre. This 
increase is clue to the Sadar l3azar of Meerut being yery congested and intricate. 

5. Tvicrngzelatio~~.-S~~fficient nurnbcr of stations and intersected points 
Kere fixed in Sah5ranpur Remount DepGt, Kiilka, Landour and Santa Cruz for 
the connection of theodolite traversing. lIessrs. F. C. Saint and Dharmu mere 
elllployed on the triangulation done dnring the yenr. The triangulation of 
Bakloh will have to bc done during next season, as the mark-stones found on 
tile ground were not thosc fixed by the triangulator in season 1891-95. The 
trian;nlation done during the year mas sufficiently accurate for the purpose for 
n-hich it was clone, viz., fixing stations and points in and round the canton- 
nlents to connect the theodolite traversing and to check the chaining. 405 
square miles of triailgulntion was done at a cost of Rs. 3,087-8-6. 

6. Traversi9tg.-During the yenr the traversing of Sahiiranpur Remount 
DcpGt, Hspur (Bibi~garh) Re~nouut l)epGt, Bannu, Peshjwar, KBlka, SaniwaP, 
Jullundnr and Landour Cantonments n-as completed. Santa Cruz mas re-trav- 
ersed to prel'are a table of bearings and distances of the boundary pillars. 

Thc tral-ersinq doilc by each member of thc party is :- 
hlr .  F C .  Saint . . 105 stations 21 -23  linear miles. 
JIr Dhnrmu . 271; do. 14.60 do, do. 
Onkul Chnnd . . 1,965 do. 264 3 1  do do. 
h m ~ r  Abmnd . 40 do. 1.63 do do. 
N ~ n z  -4l1rnnd K h a n  . . 50 1. do. 19'13 do. do. 
neLi  Datta . 73 (lo. 5'48 do. do. 

3,053 (lo. 1!9.73 (10, dl, 
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The theodolite traversing both in angular work and chaining is very good. 
30 azimuths, 3,053 angles and 330 linear miles were done at a cost of Rs. 11,481. 

7. Levelling.-Some levelling was carried out in Meerut, Sahiranpur 
Remount Dep6t and Hjpor  (Bibtigarh) Remount DepOt. In Meerut, in addi- 
tion to the four bench-marks of the Great Trigonometrical Snrvey, twenty- 
seven bench-marks were fixed by this party. No levelling was required in 
Debm Dim and Landour as there mere enough Great Trigonometrical bench- 
marlis in these cantonments. The levelling cost Rs. 862. 

8. Recess duties.-Twenty-one fair maps have already been sent for pub- 
lication, and eight more will be sent in a few days. Twenty-three sheets were 
&awn clt~ring the year. Ten sheets are in hand, and nine sheets of Dehra D t n  
and Landour which were surveyed clilring the montl~s of July, August and 
September are remaining to be drawn. These sheets will probably 1)e corn- 
pleted in  February 1016. The fair mapping was done u ~ ~ d e r  the supervision 
of Mr. A. Ewing, who examined all the sheets before sending them for publica- 
tion. The cost of fair mapping for the year is Rs. 6,230. There is no anear 
of fair mapping. 

9. P~.og, .c in t l~~e f o r  seasojz 1915-16.-To be surveyed Peshiimar, Jullundur, 
Bannu, Kiillca, Snntimar, Bakloh, Simla lines, Upper Drosh, Lower Drosh, 
Fort Lockl~nrt, Hangu, Thal and Chitriil. TO be triangulated and traversed 
in  advance for season 1916-17, Hgmalpincli, Jhelum, Siilkot, Upper and 
Lower Topa, Chaman ancl Nimach. 

RIVERAIN DETACHMENT. 

1. Tl~e field operations opened on the 1st October 1914, and closed early in 

PEIISOSSEL. August 1915. Three traversers in Krtngra 
P v o u i ~ ~ c i a l  OJicet,. and one in Simla, were, however, con- 

1r1.. Jraya DRB Puri, Hni Sahib, in  chnrge. tinnously employed during August and 
Upye)' Sulot.dinnte Sewice .  September 1915 for completing the work 

MI.. Parse Rnm, fcom the 10th December 1314. urgently required by the Settlement 
Nr. Vidya Dhor Chopra, from the 1st  November 

1912. authorities. 
L o ~ c e ~ *  S~~Bord i t~a te  Setsvice. The office mas moved down from 

63 Surveyors, etc .  Dharmsala to Gujrit on the 16th Octo- 
ber 1914. During January plague broke out at Gujrjt and so it was again 
shiftcd on the 5th February 1915 from there to Campbellpur mllich was nlade 
the permanent head-quarters of the detachment from the 1st July 1916 on 
account of its 1)thing a healthy station. 

During the year Nr .  Paras Ram, Y ub- Assistant Superintendent, supervised 
one oE the Icangra field sections and plotting. 

Mr. Vid3.a Dhor Chopsa, Probationer (Upper Subordinate Service) mas 
employed on traversing Simla proper and on computations. 

Ilunshi Gantln Sing11 Nuib Talisildccr lookcd after the riversin, and 
the Silnlo (Pharauli mrd Kot Khai tracts) traversing, and a computing 
section. 

Bal~u Ish\\.nr Siugh, Snrvcyor, continued to supervise tho Ktingra field 
work, and i n  addition got thc liingra, trunk road surveyed for thc Executive 
Engineer, Provincial Dirision, lcangra. 
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The detachment continued the work of traversing and laying out base 
lines. Twenty-one linear, and 37 square miles of main circuita, and 1,278 
finear, and 231 square miles of minor traverse were run, and 5,387 theodolile 

fixed in the area under water action of the rivers Sutlej, Riivi. and 
Chenab in districts Jullundur, Bialkot, and Gujrst. One hundred and fifty- 
nine corners of 63 rectangles were demarcated in 174 q u a r e  miles with per- 
manent mark-stones on the banks of the Chenib (districts Gujrat and Oujran- 
wala) to serve as bases for thc future survey and demarcation of boundaries in 
the bed of the river. Nine corners of 3 squares were re-demarcated a t  the spv- 
cia1 request of the Settlement Officer in a small portion of the Rsvi, 23 miles 
long, in district Siiilkot. One thousand two hundred and forty-eight plotted 
and 348 boundary " nz&scivis " (Settlement mapping sheets) of 140 villagee were 
completed, on the scale 40 knlv~zs, local unit of measurement varying in different 
districts, and twenty-two 4-inch sheets, and twelve 1-inch indexes were traced, 
and suppliud in time to the Settlement Officers of Julluarlur, SiBlkot, and 
Gujriit. Besides these 61 miscellaneous traces were prepared, and d l  the tra- 
verse stations marked during the year were plotted on twenty-one 4-inch sheets. 
Four 4-inch riverain boundzl~y sheets were compiled, 9 sheets typed, and 3 
sheets finally completed. 

The following tables give full details of the riverain work completed 
during the year :- 

CIBCOIT, 
BIIIioll TP*\.T~"&B Poll DETAII. ' 

i aunvrv .  , DASE LINES. 
I I 

Nnrues ot the rircra. 
districts nud the 

scnles. 

SUTLEJ Rlvsn. 

Jollnudur . . . 6C 
6cnlo 186 feet = l  ini-11. 

Itivr n I v m .  

Amrilnnr and Rlalkot . 3'60 

Gasnin. 

anjrit nnd aojr lnwi la  . CJ 
Senlo 224 feet= 1 inoh. 1- 

TOTAL . 1 122.m 

I I 1 

Besides these tmelvc 1-inclr indexes, aud 6 1  miscell:~ueons traces were prepared ( luring the  year. 

(2).- Ofice roo)*k done,fo?' the  cndastvnl s l c~veys  o f  Rive)*ailh estates. 

S o m e  01 rlvcr. 

Sutlej . . 
Revi . . . 
Cheniib . . . 

Nnmo 01 district. 

- - -- - 

Jnllnndur . . 
Siiilkot . , . 
Qnjriit n l ~ d  G I I ~ Y E I I -  

w&ln. 

I 
22 1 21 3.M l'otnl . 

Nnmllcr 
or col~rpiied 

III$S,~V~S 6110~- 
Ins  rirerain 
boeodnries. 

-- 

183 

... 
165 

1,2,18 

Scnlc of  ~~arls<luia. 

165 fee t  =l 
inch. 

. . . 

220 f ~ e t  =1 
i n c l ~ .  

Number of 
sllurts troccd 

for the us0 
01 Bettlemrnt 

Officrrs ,In 
scslo 4 lnclles 
= one n ~ i i c .  

N u ~ n b c r  
of l'loltrd 

, l l l # l<do i~  &how- 
 in^ l r a v ~ r s -  
ccl points, 

, _ -  _ 

633 

. . . 

616 

Number of  
Cinch sheets 

on which a 

Ilea work e r g  
p:otted. 

8 

1 

13 

8 

.. . 
13 
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(3).-0Sce ,oo,lk (lorre for tlce 4-inch corrcpilnlotc of g1ive)*aita bo~tcdal*iee. 

2. TIle K2,cgrcr epeciccl szwuey was started a t  the end of October 1914 in 
the K,i,rg)*cs tnh8il in continuation of last yenr's programme under similar con- 
ditions tu during the previous season. The Nic?y~cl* talcsil was taken up 
enrlp in February 1915, ancl the work was divided into t v o  camps, i .e . ,  Niirpzcr 

JIIr. Paras Ram, Sub-.lssistnnt Superintendent, and Kcngrct under Babu 
Ishmar Singh, Surveyor, but during April 1915 Mr. Paras Ram came to office 
owing to ill-health, and hence the two camps were again combined in May 1915. 
'rhe field stren,oth working out was reduced to one-half ciuring April 1915 and 
the men thus relieve11 mere either sent on departinental leave, or employed in 

a t  the head-quarters. The scale of the survey was generally 20 ancl 40 
kar~ne to an  inoh except in a few villages which were plottetl on the scale 80 
kcs)*rr~ to an inch. The length of the kavm is 67.6 inches. 

I n  order to reduce the cost no boundaries mere enlarged from the 
topographical maps in the snowy portions ancl tracts covered with forest 
reserves except 2 miles of disputed Ytate boundary falling in 3 " ntciscivi.9 " 
betmeen the Chamha State and Niirpur tcrhsil ; but they were, however, 
independently surveyed 1)y the patwcivio. 

The cost works out to Rs. 118.6 per square mile. Rs. 6.1 are due to the 
grain compensation having been paid to the suborclinutes and menials during 
the current season. After deducting this item it comes to Rs. 113.5 ns 
compared with Rs. 117.3 of that of the last year. 

Three thousand four hundred and sixty-four linear, and 494 square miles 
werc traversed and trisnqulated. 19,824 stations were fixed with theodolite in 
1,011 tik6e (sub-villa,oes), and 4,534 plotted and 3 boundary w~ciecivio of 1,050 
l i k G  completed during the year. 

3. Under orders of the Punjab Government, the Simla Settlement S*vey 
waa started crtrly in November 1914 in the Bharauli tract of the Simls district. 
Duriog January 1916 the Simla-proper mas commenced where in addition to 
the ordinary work 272 stations (239 boundary pillars and 33 stones) rnith 

heights, mere picked up for the Simla detachment. After completing the 
Bimla tah&E, the Kot-Khai tahsit was taken up during May 1915. As the 
here WWJ ~ ! 3 e n t l y  required by the Settlement authorities it m-as continued 
during the whole of summer. The ground here was more difficult than that 
of K - F ~  and eo most of the statione were thrown by triangulation. ~ h c  

Snmm of rivers. 

3 
0 

... 

... 

3 

Numbel- 
of 8beets 

typed. 

3 

5 

I 

Gujrirt 
Cbenib . . I 

I i 1  Gujriiuwiila 

Nuulber of sheet,q 
flnnlly fixa~nined 
eud co~npleted. 

Snmea of thc ncrien. 

I Shirhpnr 
Cbenab . . -- 

' Gr~jrBnwBln 
I 

I 

Number 
of al~ecta com- 

piled. 

3 

Jhelum 
Jbelnm . Gojrirt 

TOTAL . 

I 1 

4 I -- 
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average nurnbcr of points laid out here works out to 57 per square mile, i .c. ,  
43 per cent. more than what werc fixed in Klngra. The work was based on ' 
the triangulatiou of the old No. 18 Party (Eim~layas). The scale of 
survey 20 and 40 knrqlts to an inch. One knr-q~a =54 inches. I u  all 1,106 
linear rind 63 square miles were traversed and triauaulated, 2,989 stations fixed 
lVith theodolite in 174 villages, and 364 plotted and 13 boundary ~?tciscivb of 
136 villages completed. 

4. TITith a view to prepare a correct map on the same basis as that of the 
K%ngm Settlelnelzt and thus to avoid future boundary disputes, the szcrvey 
of the Kzlzgl*a trzcrzk imoacl was undertaken during February 1915 a t  the request 
of the Executive Enqineer, Provincial Division, Ic~ngra.  Off-sets were taken 
on traverse lines to various boundary turnings ancl pillars and after applying 
the necessary aorrections to distances measured along the road, for elevation or 
clellression, the results were plotted on the scale 200 feet to an inch. Portions 
of thc road facing 16 important bazaars mere plotted on the scale 50 feet to an 
incll. The plots were then tested on the ground in various places by the camp 
officer. Theodolite stations traversed for the Settlement Survey were generally 
utilized and in addition 418 fresh points covering 34 linear miles mere laid 
out. In  all 39 miles of the road mere surveyed aud completed, i.e., 36.1 miles 
fronl milc No. 48.7 to No. 84.8 and 2.5 miles from milc No. 89 to No. 91.5. 
44 sheets (size of a sheet =20 inches x 28 inches) n-ere plotted and completed 
on the scale 200 feet to an  inch, and 19 sheets on the scale 50 feet to an inch ; 
and a tra,ce of 2.6 miles nras supplied to the Executive Engineer, Provincial 
Division, Kangrn. Traces of the remainiug area are in hand and are expected 
to be fiuished by November 1915. 

5 .  As required by the Deputy Commissioner, Lahore, a small area of 
719 acres was traversed and surveyed on the scale 12 inches to a mile to check 
the 1)oundari~s of grass land i c  the Lctltolle Carztortllber~t given on lease 1)y the 
Cailtonlnent authorities. The traverse cont:lining 33 stations and 7 linear 
miles was computed by using tlle inagiletic bearing as it mas not considered 
necessary, for ecortomical reasons, to connect it with any traverse or trigonom- 
etrical station. The trace of the inap showing cliscrepa~lcies in area, etc., as 
compared with the plan already prepared by a military surveyor was supplied 
to the Cautonnlent Xagistrate, Lahore. 

6. Thirty-two stations covering 29 linear miles mere re-demarcated in the 
Bhusheb Tlml (sandy area) as asked by the Settlenlent Officer, Shahpur ; and 
the cost clebited to the Settlenlent Officer who recorerecl it from the zeql l i r~d~l*e 
concerned. 

7.  Thc rirerairt area in the beds of rivers was, in  qeneral, full of 
nncl in parts cultirated. Portions above the hiqh hanks n-ere open, flat, alld 
well wooded. 

Tllc Kangra portion varied fro111 oilen lorn-lying tracts in the Kangra 
Trnllcy to tllc high ranges of Nalru, Drun, Bhingsutri, Lnkka, and Maullali 
D11cil.s (spurs). 

I n  Simln the qrouncl consisted of high mo~llltains from 3,500 to 9,500 feet 
high, mostly cultivated and partly covcred with forest reserve$. 

8. The 11ecrltlr of flre cletrrclr~l~erzt was good on the whole chiefly due to thr 
~llnngc of head-quarters, dthougll cholera was m:inq in the Kingra  ~ n l l e v  

plaqle in the riverain area. Two kl~alnsis, I~omeyer, (lied at their llomcs 
while on departmental leave. 

6 a 
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9. The Kingra and the Simla surveys were conneoted with Hstidhiir 

E. S. XXII, Lipiani H. S. XXI, Sidpur B. Tower, Tirloknjth No. 1 H. S., 
Dh,ir 11. Staff, Jamaurl H. Staff, Rihlii Fort, Bikot H. Staff, Yo1 H. Staff, 

Sukl~o H. S., Jasaur H. S., kangaurti15 H. Stalf, Mgnitilii H. .S., Hoprl H. S., 

Mariiri H. S., and 69 stations of the old No. 18 Party (Himllayas), and tlie 

riverain work with Hazara T. S. XXXIS. 
10. The average errors in the three maill classes of work were as 

~ O U O W R  :- 

I .  Riverain Survey- 

(a) Base lines 1.12 feet per corner when compared with the theoretical values. 

Angular 
error per station 

in seconds. 

( b )  Jlai~i  circuits . 5.1 9 

(c) Minor traverse . tlml!) 

2. Kingra traversing and triangulation . 8.27 

3. Simla traversing and triangulation- 

( I T )  Simla proper . 3.52 

( b j  Bharauli and Kot-Khai tracts . 3.66 

Linenr 
error ill liuks per 

ten chains. 

0-70 

1.10 

1-7 7 

11. The total expenditure of the detachment from the 1st October 1914 to 
30th September 1915 mas Rs. 91,189 as detailed below :- 

Rs.  

1, T i e  Riverain Survey . . 22,S65 

2. The Kingra. Sett,lement Survey . . 58,G10 

3. The Simla Survey . . S,'J9% 

4. The Kingra Road Survey . 585 

5. The Lahore Cantonment Survey 50 
6. The Kbushib 77101 Re-demarcation . 57 

12. The detnchmcnt was inspected by the Surveyor General on the 16th 
November 1914 ; by the Superintendent, Northern Circle, on the 17th Decem- 
ber 1014 ; and by the 1st Financial Commissioner, Punjab, on the 22ncl A1 arch 
1916. 

SIMLA SURVEY DETtlCHAIENT. 

BY AIR. C. E. C. FREXCH. 

1. Thc hwl-quarters of this detachment remained in Simla during the 
season and continued thc large scale survey of the station, including the work 
detailed in paragraph 3. 

2. The area worked over embraces the town of Simla alld the ueighbour- 
hood, llills ranging to 8,000 feet, covered in parts vith heavy forest. 



VOL. IX.] TOPOGRAPHICAL SURVEY. 13 

FIELD' WORK. 
PEBBONNEL.. 3. The following work was done by 

Pvoriacial 0&e1-s.  this det,acliment : - 
y r .  C. E. C!. French, in  charge. 
,, W. H. Strong, from l e t  January to 7th ( 0 )  Topography.- With accurate 

August 1915. 
,, 0. D. Jackson, from 29th Marcll 1916. 

contouring of 2,700 acres in Simla, on a 
scale of 126 feet to 1 inch, completed by 

Upper Subordi?tate Service. 
an average number of 8 surveyors. 

)Ir. C h u ~ i  La1 Kapur, from 17th December 1916 
to l s t  April 1915. ( b )  Large scale plans of 8 Bazaar 

,, Paras Ram, to 9th Ueoember 1914. 
,, Imam Din, promoted from the Lower Subor- blocks in Simla. 

dinate Service from 1st July 1916. (G) Forest areas in Koti State ; 8 
Lowe,. Subordinate Service. square miles on a scale of 4 inches to 1 

14 Surveyors, etc.. of whom 7 returned to their mile of aotual forest land (with estates 
on the 1st April 1916. 

and villages inside forests, and overlap ad- 

joining the boundary, or between adjacent forest blocks, an arca of 14 square 
miles of country has been surveyed and mapped.) 

(d )  Sirnla Extension Area.-Hitherto a little over 1 square mile of 
country lying in PatiLla State has been surveyed. The exterior limits are 
theodolite traversed, with accurate contours a t  20-feet intervals. Building 
sites and forest classification are marked in the 1'kl block. 

(e) Sanja~/i,-Spu,* Stc~*vey.-This plan was requisitioned by the Education 
Department to illustrate a proposed Indian College ScBeme. Six surveyors of 

t]le detachment mere employed on this for a fortnight. The area surveyed 
embraces 1.3 square miles of country, with contours a t  60-feet intervals. 

( f )  Under this heading are grouped a number of miocellaneous pieces of 
work, some of which are mentioned below :- 

(i) Several plans and tracings from the Si~nla field sheets (wi th  areas of 
some 81 acres) to accompany a proposed colonisatioll scheme, a 
building restrictioil arca, and three road alignments. 

(ii) A series of spirit levelled lieiglits for proposed electric lifts, with 
two plans. 

(iii) A trace of the Viceregal Estates in Simla, including a surT.ey and 
plan of the Retreat in Ilashohra, also similar maps of the Catell- 
ment brea, Niibhn House Estate, a'nd areas of proposed Bazaar 
improvement (the last with sectiollal drawiilgs). 

Aggregate cost Rs. 4,300. 
4. Thc cost-ratc form (Table 111) not being snita,blc for work of t,hjs varied 

description on different scales, i t  has not been completed, the total arm and tho 
total cost only being given. 

5. Ofice too~%.-Tea fair sheets of the Si~nla surrey are well advanced. 
Tlic Koti State Forest map has heen despatched. ,4 tracing of the Sanjnuli 
Spur survey wit11 G ferrotype prints has been supplied and the fair map will be 
rcady in a few days. Other information noted in paragraph 3(f) has been 
is.ned to the officers concerned. 

6. Thc triangulation, traversing and mapping done by thc detachment \vere 
relati\-cly small, of a Sragmcntary nature nncl uitdertaken to rileet special 
requirements; the expenditure for tlielli has therefore been included under 
topograpl~ y. 

7. Tlie dctnchlllent has now the following work left to do :- 
(a) Co~ilplution of 1,200 acres of t l ~ e  Simla survey. 
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( b )  A proposed plan of 513 square miles of country on a scale of i3 illches 
to 1 mile, illustrating a boundmy dispute between Patiila nnd 
Koti States. 

(c) Dmming of the remaining 21 shects of thc Simln maps. 
It is estilnatecl that thesc works mill be completed by March 1916. 

8. Itrsl)ectio~ts.-The Surveyor General inspected the detachment on the 
16th June ;  the Superintendeut of the Circle on the 31st March, Colonel 
Rvder ou the 14th Jnly and Jlajor E. A. Tandy from the 27th Septe~iiber to 
t i e  1st October 1915. 



TOPOQR APHIOAL SURVEY. 

SOUTHERN CIRCLE. 

(Vide Index Maps 2 and 5). 

#~mmnry.-This Circle was under the superintendence of Colonel T. F B. 
xenny-Tailyour, C.S.I., R.E. throughout the year and consisted of Nos. 6 ,  6, 
7 and 8 Parties, No, 4 Drawing Office and a Training Section. 

During the year 19,286 square miles of detail survey, 14,616 square miles 
of triangulation and 186 linear miles of theodolite traversing have been 
completed. 

The detail survey consists of :- 
5,096 square miles of +-inch survey. 
9,532 ,, ,, ,, 1-inch survey. 
3,547 ,, ,, ,, 1-inch revision enrvey. 

134 ,, ,, ,, 1-inch supplementary survey. 
508 ,, ,, ,, 14-inch survey. 
469 ,, ,, ,, %-inch survey. 

I n  spite of the reduction in the number oE the supervising o5cers on 
account of the war, the full programme of detail survey, which is a record 
yearly outturn for the Circle, has been practically completed, but, on the other 
hand, very little more than two-thirds of the programme of triangulation has 
been completed. 

The follo~ving work mas undertaken in the Photo-Zinco Section of No. 4 
Drawing O5ce :- 

Reproductions . . 117  
Enlargements . . 137 
Reductioris . 209 
Sheets randyked . 9 3 
Coples printed . . 5,280 

No. .i PARTY (CENTRAL PROVINCES .1?l D BERAR) 

Br Mn. J .  0'15. DONAGHEY. 

This party con~pleted the detail survey on the 1-inch scale of sheets 
PERSOSNEL. 55 . - 1 , 5 , 6 , 7 , 8 , 0 , 1 0 , 1 1 , 1 2 ,  i 3 , I 4 , 1 0 ,  l o 1  5 5 3 3  and on 

Iiiipevinl O$Ecers. 
Csl,tsin E .  C. Gaker, R.E. , in  oharge to  21st 

the 2-inch scale of a small area of re- 
Clctnber 1914. sevred forest in 55:. Tile part,y also 

Lieutenant R.  S. Waheb, I .A. ,  to  21nt October 
1914 and in chnl.ge from 22nd October to  28th completed t,he triangulation of sheets 
Novemher 1914. c 

Provincial Of icers .  65 1 . 2 , 3 , 4 , 6 , 0 , 7 , 8 , R , 1 0 , 1 2 , 1 4 , 1 0  
and carried out 

Mr. J. 0'6. l)onagbey, tc28tb November 191.4 theodolite traversing in sheets 55 ,&. 
and in chnl.ge from 29th No~cmber 1911. ~ h ,  of the con- 

,, F. C. l'iloher. 
,, hlonshi Lsl, B.A. 
,, C'. 0. Pica1.d. sists of forest-clad hills, undulating open 
,, A .  V. Dickaoa, to 8th July 1915. ul~lands a'nd highly cult,ivate(l plains. 

,Zlpippe,* S1cboi.di1rate Service. The field season opened on the 23rd Oc- 
MI Eknalh Eattu. 
,, Dnmodnr ICadilkur, from lbth October toher 1914 and ci0sed On the 30th Bpril 

101.1. 
Lorue). StrCo~-dinnle Sei-vice. 1915. Thc field head-quarters was at  

32 S o r v e y n ~ . ~ ,  ctc.  Betid. 
The health of the pa?-ty during the first three months of the field season 
indifferent, ~ n ~ l a r i a l  fever being prevalent. in ~ h c  country along t l ~ e  Tiipti 
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river. Onn khcrlrisi died during the field season and, owing to bad l~ealt l~,  
Mr. Dickson hnd to proceed on thrce months' leare. 

Topography.-Tlie i - i~ ich  snrvey portion of the country varies frolll soin6 
intripatme hilly ~rountl  along the Tipti rivcr to the open undulating uplands of 
tile S,itpur;i 1)Iatenu aiirl thc highly cultivated plains of Berdr. The 1-inch 
re+ion sur<cy and the 2-inch survcy portions consist entirely of forest-clad 
hills of the Sitpnrii ~ n d  G5ivil:clrh mngeq. Tho elevation of the country Bur- 
voyed vnrics fro111 under 1,000 feet i n  the Ber5r plains to 3,364 feet, the 
hiyhest lmint of tlic Cmwilgnrll hills ; the average elevation of the Sdtpnrj 
plntea11 portion is over 2,200 feet. 

Tlie work was distribnted as follows :- 

-1-0. 1 Cn,up.-Under Messrs. Donaghey and Damodar K e d i l k ~ u  with 8 
snrvegors carried out the detail survey on the 1-inch scale in 
sheets 56$, 55 g2. 

T o .  2 Ccr111p.-Under Mr. Pilcher mith 8 surveyors carriecl out detail 
'3 survey on tlie 1-inch scnle in  slieets 66 ,,3,io,m5. 

Bo. 3 Cntnp.-Under Mr. Mnnshi La1 with 11 surveyors carried out 
cletnil survey on the 1-inch scale in sheets 55 , ,T,F-,2;,,, 65 { and 
surveyed on the 2-inch scale a small are; of reserved forest in 
sheet 65 +. 

No di6culty was met with in  the 1-inch survey, the country being fa,irly 
open throughout and interpolation easily obtainable. The area of the 1-inch 
revision survey was comprised of reserved forests, previously surveyed on the 4- 
inch scale ; after reclnct,ion hy photography of the 4-inch published maps to the 
1-inch scnle, vandyked prints in blue were obtained of the reduced worlr on 
Ijristol boards, on which the rerision work was carried out in  the field. The 
old E-inch work was found to be of n reliable quality. 

Tlie full programme of tlie party amounting to 4,436 square miles was 
completed. Tllc outturn of thv 1-inch survey, OF the 1-inch revision srlrvey 
and of tlie 2-inch survey n-as 3,070, 1,357 and 8 square miles respectively, the 
average monthly outturn per man was 30.2, 58.7 and 7.6 square miles respec- 
tirclp and the cost-rate per sqnare mile was Rs. 11.1, Rs. 7.0 and Rs. 26.9 re- 
specti~ely. 

Tricrrryrt1olhn.-The nature of the country is hilly, interspersed with open 
undulat in~ areas. 

Mr. Piead completed an area of 2,217 square miles in sheets 66 1,2.s,r,cmmB, 

Mr. ~ ) I C ~ R O I I ,  who mas absent. on sick leave for three months during the field 
season, complt.ted an area of 829 square miles in ~hee t s  65 K&o and Mr. Eknath 
B ~ t t u ,  \rho w a s  also empln~ecl on traversing, completed an  area of 460 square 
miles in sheets 55 

The total olltturn mas 3,506 square miles and the cost-rate per square mile 
WAS ] is .  6.1. 

Tr~a~~.sirrp.-Thr: natlue of the country is flat. 
J t r .  Eknntll h t t u ,  rlnring part of the field season, completed 42 linwr 

miles in ~l1ect.u 5.i ,?CIS. 
ionn~ct ionu \I-ere made with triyonornetrical 9tations and i azimutlls were 

ohserl-ccl. 
Tllc cnst-rntc pcr linear mile was Rs. 24.2. 
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Recese dzltie8.-The fair.mapping was divided between two seotions ee 
follows :- 

No. 1 Section.-Under Mr. Pilcher, sheets 65 ,, , ,  :, , ,  ,,, 65 &. 
No. 2 Section.-Under Mr. Munshi Lal, sheets 55 ,; , , , ,  i, , ,  , ,  ,,, 65 +. 

The fair mapping oE these sheets should be completed by the end of 
1916. 

The total area of fair mapping was 4,427 square miles and the oostrete 
per squtare mile was 110. 3.0. 

The computations of the triangulation, under the supervision of Mr. Picard, 
mere not completed on acoount of the reduction in  the number of officers due 
to the war. 

Triangulation charts 64 L, 65 N are in hand. 
Biscellaneous. -T~F: following information will be found useful when the - 

survey of the country, dealt with in this report, is being revised :-The correct 
delineation on the 1-inch scslc, of undulating or morc or less flat country, by 
contours at  vertical intervals oE 50 feet and by the judicious use of form lines, 
requires s considerable amount of skill; and in this respect a 1-inch topogaphi- 
ml map under revision could always be improved on by the employment of 
suitable men in the figld work. It would tlius be advisable to employ a surveyor 

G with a " good eye for country " in the revieion of sheets 6 5 ,  ,,,,, , ,  , ,  ,, , ,  ,,, 
65 9. 

1. 2. 3 

The country along the Tipti  river and in the Melah5t Gluk of the 
Amraoti district is notoriously malarious during the months oE October, Ll'ovem- 
ber and December ; it would, therefore, be advisable not to undertake field 
,work in sheets 65 1,6.0.7,0,10.11.14 - before the 1st Janualy, 

Camel transport mill be Pound most convenient for triangulators and camp 
oEcers, plane-tablers can always obta,in carts. 

No. 6 PARTY (BERAR, BOMBAY AND HYDERhBAD). 

This party completed the detail survey 011 the 1-inoh scale of sheets 56 kB 

Imperial Oficera. 
Lieutenant-Colonel F .  W .  Pirrie, I.A., in charge 

from 2211d October to 8th Doceniber 1!41J. 
Major L. C. Thuillier, I.A., in  cllnrge from 

9th December 1914. 
Ceptain K .  '8. Pye, R.E., in oharge to  21st 

Oatobcr 1914. 

Provincial Oflce~s. 
Mr. P. R. hnde13011, from 14th ,Iane 1915. 
,, 1. A. 3leyrr. 
,, Hnji Abdul Rahiln, K.U. 
,, F. B. Kitchen. 
,, R. B. Gild~n, to  261h l lny  1916. 
,, .T. C. St. C. l'ollett, from let  July  1915. 
,, K. 5. Gopnlnchari. B.A. 
,, d .  O'C. Fitzpetrick, to 10th June 1915. 

Upper Subo~.dinnte Sert-ice. 
Mr. Ram Nurnynn Hastir. 

Lozuev Subordinolc So-vice. 
93 Surveyors, e t c  

and on the +-inch scale of sheets 
M 

47N.\V,,  N.E.,  S E. 66 N h ,  

areas of reserved forests in sheets 66+-., 
66 ";-\-ere surveyed on the 2-inch aoale and 

the areas of Bombay and Berctr in sheets 
M 47N,, ., N , E ,  E ,  , 56&. were surveyed on the 

1-inoh scale. The party also undertook the 
triangulation for the +-inch scale of sheets 

B 
56 3, 4, P, 8, 10. 11,12. 11. 15. IS ' 6%k' 

The gcneral nature of the country is 
vnricd, consistiug t o  the north of iutricate 
hills and to the soutl~ of broacl undulating 
valleys and cultivated lnntls broken by 
rocky ridges with occasional high and 
rocky flat toplwd hills. 

The field season opened on thc 23rd October lOl4nntl closed on the 17th 
April 1916. Tlic field head-qrlarters was n t  Anrangiilxid. 
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The henlth of the pfu't8y WRS good. 
Toyo9mphu.-Tl~e nature of the coulitry surveyed is varied ; open plains, 

undnlating country nncl intricate hills for the 4 -inch survey, intricate hills and 
rough wuntry for the 1-inch survey, open plains and undulating hills for the 
l-inch revision survey and iutricnte ground with thin forcsts for the 2-inch 
surrey. 

The work mas divided among four camps as follows :- 
No. I Camp.-Gnder l lr .  Yeyer with 6 surveyors carried out dftail 

survey iu shcrts 47 ,*.. 
A70. 2 Callbp.-Unde~. Mr. Kitchen with Mr. Gopalachari and 11 sur- 

veyors complrccd the detail survey iu sheets 66 ,,,, ,Y ,,,, . 
AVO. 3 Camp.-Under MI.. G ildea with 8 surveyors conlpleted the detail 

survey in sliects .?ti&, 66 &.. 
Xo. 4 Camp,-Under Mr .  Fitzpntrick with 3 surveyors cariied out the 

d e w  survey iu sheets 47,yx. , 56&,. 
The full programme of the party, amouoting to 7,640 sqnare miles, was 

completed. Tlie contour interval for the $-inch scale mas altered from 50 feet 
to 100 feet during the field season, this woulcl probably tend to improve the 
outturn, but since cultivation and jungle limits with the exception of small 
unimportant areas are now being put in, the changee will more or less balance 
e:r cli other. 

The outturn of the A-inch survey, of the l-inch survey, of the I-inch revi- 
sion sun-ey and of the 2-inch survey was 6,09(;, 2,261, 261 and 22 square miles, 
respectively, tho avetrtge monthly outturn per man was 80.1, 26'6, 29'0 and 5.6 
squaw miles respectively qnd the cost-rate per square mile mas Hs. 6.3, Rs. 10.6, 
Rs. 9-7 and Rs. 2@0 respectively. Areas of 5,096 and 298 square miles 
of +-inch and l-inch survey respeqtively were in  Hyderiihad. 'l'he figures for 
tlie 2-inch scale include plane-table surveys on the $-inch scale of reserved 
forest boundnriea ; 4 of the 22 square miles, givenas the area surveyed 011 the 
I-inch scale, werc actually surveyed on the 4-inch scale, the boundary and the 
detail surrey being combined, this action was econom~cal owing to the intricate 
nature of the boundary. 

T~.iangrrlatior~.-The nature of the country triaugulqted is low broken 
bills and undulating valleys. 

Jlr.  Hnji Abdul Rahim oompleted an area oE 6,077 square miles in sheeto 
66 &, 56 ,A, and Xr.  Ram Narayan h t i r  completed an area of 2,268 
square miles in sheets 5G K4,i,8, ,: ,,,,,, ,, . l'he triangulation mas carried out for 
the +inch scale. 

The total outturn mas 7,335 square miles and the oost-late per square 
mile was Rs. 3.1. An area of 7,277 square miles mas in Hyderabid. 

Rece~e dutiee.-The f2ir mapping was divided among four seotions as 
follolrs :- 

So.  1 Section.-Vnder Mr. Anderson, {-inch sheets 47&, SOs+ and 
l-inch sheets 1 7 h .  

A-0. 2 Section.-Vnrler Mr. Meyer, t-inch sheets 47,:,, and l-inch 
@bets 47 ,zr, .. 

A-0. 3 Section.-Under Mr. Kitchen, l-inch sheets 65 ,,,, P,, , ,  . 
So. 4 Seciht~.-Cnc'er Mr. Pollett, +inch sheet 66,% and l-inch sheets 

55 &, 66 &. 
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All the shcets were completed to margin with the exception of the 1-inch 
sheets 47 , , , ,  :,, ,, , 56&- which only contain the arean of Bombay or B e r b  
falling in them. No. 4 Drawing Office lent some draftsmen tn assiat tl19 
work and all the fair mapping should be coaipleted by the end of the reoess 
senson. 

The total area of fair lnapping was 8,220 square miles (5,606 square miles 
for t.he $-inch scale and 2,615 square miles for the 1-inch scale) and the cost- 
I-ate per square mile mas Rs. 2.3. Areas of 6,219 and 176 square rnilea of fair  
lllapping for tho +-inch and 1-inch scales ilespectively were in  Hyderiibid. 
An area of 386 square miles in Bombay and Berar was fair-mapped for both 
the +inch and 1-inch scales. 

Tile cornputations of tlie triangulation were conlpleted under the super- 
vision of Mr. Haji Abdul Rahim. 

Triangulation charts 35 I), 56 E were practically completed and charts 
47 If, 66 A are in hand. 

No. 7 PARTY (MADRAS, lMYSORE A N D  PON1)ICHERRY). 

BY Ma. W. 11. GOBMAN. 

This party completed the detail survey on the 1-inch scale of sheets - 
G P' 

!17 3, 4, 7, 11, 1.5 ' 57 " 1. 3, 4, 6,O. 7. 8. 11, 11. 15. 16-9 
P s a s o s s i i r .  

Irnpc~.ial Oficers. 
v i t h  the exce1)tion of small erens of re- 

~ i ~ ~ t ~ ~ ~ ~ ~ t - C ~ l o n ~  F. JV. Pirric, I.A., in served forests in 57 ,,,,: ,,,,, which nrere 
chmgc to  21st October 1914. 

Captnin J.  D. Cnn~pbell, R.E., to 21st Otto. surveyed by the party on the 2-inch 
ber 191.1. scale and of sheet 57 $ and of a portinn 

Proviwrial officers. of sllect 57 y-  n-hi& were surveyed Ily 
M ~ .  W. 31. Gorinnli, to  21et October 1014, nlld 

in cl~arge from 2211d October 191.1. the Traiuing Section on the 2-inch scale. 
,, C. S. Littlcnrond, tn ~ ~ t h  Angost 1615. The 1)arty also undertook the trisngula- 
,, V. W. nIorton, from 1st Ju ly  1915. 
,, C. Wcst. tion of &ets 57 1, 2, 5 ,  6, ,P 1 ,  13, 1, 

,, H. H .  P. Eutterficld. The general nature of the country con- 
,, J .  c s t .  C. ~ o l l ~ t t ,  to  30th June 1916. sists of forest-clad hills, mostly reserved 
,, x. S. Hsrihnia Iyer. forests, lower roclrp hills covcl-ed with 

t91'rr Szrbo~~diilnts Sevtv'rr. 
scruh or devoid of vegetation, open 

BIl. Abdrll Halik, 1i.S. 
,, I<odnnde~s 3lm~dalinn. cultivated plains with detached rocky 
,, H Nni nsimlininu~ ti Rno. linolls and odcrop and the open 

Lo~rv,- Stthordinnte 8cj.vice. nndulating plateau land of Mysore The 
29 S o r ~  eyol R, etc. mhole country is ~ c l l  served with main 

0 t h ~  ill a fairly good stntc of repair, rendering RCCCYY t o  a l ~  
part of it easy aild convenie~lt. Lwge sizcd I ) u ~ ~ o c ! ~  carts ?re ol)taiun1)le 
eTerpmhere 11nt coolies arc difficult to get au they arc much ill dcmand 1)y the 
cultivators of these parts. 

The f i ~ l r l  season opened hetwecn the 2nd October and the 1st December 
191% and closrd hetweeu tlic 7th Jl[arch anrl tho St11 Jiny 191.5 ; the work i n  
sl,epts 57 G, 57 a, commenced and ended on earlier dates tllzn the work i n  
ahect 57 P. As the party in 0ctol)cr 1013 expcricuced the full force of tile 
~ l o r t l l - ~ ' ~ s t  11101lsoon while worki~lg in the locality adjoining this seasnuVs 
pro~ramlnr in Idadras, the rlcpartnre of tlw party n-as delayed a 1nont1, ~ i i b  
ql.cat nrlmntnqe to tllc. work. It is not advisal~1~- to  take the field in these 
parts of Madras heforr Novemh~r or to prolong it nft1.r the cud of .ipril ,, hnn 
the heat 1)rcome~ unhearnblc. The field head-quarters r a s  a t  Banga1ol.e. 

The health of the p ~ r t y  throughout 11-as good. 
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Topography.-The country surveyed i n  Madras breaks away from the 

high hilln moetly covered with reserved forests of the Javidi range on the 
extreme west limit of the work, to alternations of flat ground and lower rocky 
bills covered with scrub or devoid of vegetation and finally to extensive and 
highly cultivated plains, containing large villagee sheltered in dense groves of 
palmyra palm and other trees, and only broken here and there by detached 
rocky knolls and outcrop of rock and sand hills on the coast. The area in 
Madras embraces many places of historical interest such as Ascot, Ami, 
Wandiwiish, Gingee, Vellore and several towns. The river with its 
tributary the Cheyylr traverses a part of the work. The country is covered 
mith a net--ork of comruunications. Bf ter a good monsoon the low ground 
in Xadras, well served with tanks and wells, is extensively and constantly 
under paddy cultivation to the end of April and as many as three harvests are 
reaped ; this hampers the work to the extent of surveyors having- to go treble 
the distance they would ordinarily take. Open and undulating plateau land, 
broken here and there by a group of fairly high hills mostly covered with 
reserved forests and rising abruptly to a height of 4,847 feet, marks the features 
of the ground surveyed in Mysore. This country is well served with many 
main roads, etc., rendering communicalion easy. Several towns and the 
famous fortified hill of Nandidroog fall in the work in Mysore. 

The work was distributed as follows :- 
No. 1 Cany.-Under Mr. West with Mr. Littlewood and 6 surveyors 

enrried out revision survey on the 1-inch scale of 1,640 square miles in sheets 
57 

3,4,7,11 3 57 6, 
No. 2 Canzp.-Under Mr. Butterfield with Mr. Harihara Iyer and 6 

surveyors carried out survey on the 1-inch scale of 1,068 square miles and 
supplementary survey on the 1-inch scale of 88 square miles in  sheets 

P 
57 n-67' 

No. 3 Camp.-Under Mr. Pollett with 8 surveyors carried out survey on 
the 1-inch scale of 1,384 square miles, supplementary survey on the 1-inch 
scale of 34 square miles and survey of reserved forests on the 2-inch scale of 
10 square miles in sheets 5 7 ,  ,,, ,:, ,, ,, . 

ATo. 4 Ccclup.-Under Mr. Abdul Hakk mith 6 junior surveyors carried 
out survey on the 1-inch scale of 529 square miles, revision survey on the 
1-inch scale of 289 square miles, supplementary survey on the 1-inch scale of 
1 2  square miles and surrey of reserved forests on the 2-inch scale of 42 square 
miles in  sheets 57%, 67 6. 

I n  addition to the above an area of 387 square miles of survey on the 
?-inch scale in  sheets 27 ,jk, which was carried out by the Training Section 
during 1913-14 and 1914-15, was accepted by the officer in charge of the 
party who satisfied himsclf that revision mas unnecessary. This area has been 
included in the total outturn of the l)art,y but has not becn included in the 
figures giving the average monthly outturn per man or the cost-rate per 

- 

square mile, for thc 2-inch survey. 
The 1-inch survey in  Madras was considerably helpcd by the work of the 

Jiladras 8urvep Department which mas found accurate and satisfactory ; from 
the standard dleets, snpplied on thin bnnkpost paper, transfer of the work in  
blue mas carried out by thc survcyors as the work progressed, this was gone 
over and checked by them as rigorously as jI 1-inch original work. For the 
revisioil survey the 1-inch maps of the olcl Mysore topographical - survey mere 
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found very accurate in detail but had to be considerably supplemented and 
recontoured 'to bring them up to the modern standard, the oountry was ideal 
and presented no difficulty. Black tracing prints of the al~ove sheete for 
survey were procured and transferred piecemml on the plane-table as work 
progressed, with the usual rigorous checking by surveyors as if original work. 
For the 1-inch supplementary survey the 4-inch forest surveys were first 

to the 14-inch scale on blue prints, these were inked up in detail and 
the shape of the ground also indicated so as  to help when recontouring ; each 
print was then adjusted by the trigonometrical points common to it and to a 
14-inch projected and plotted sheet ; the whole was finally reduced and printed 
on to the plane-table sections. This class of survey mas checked and supple- 
mented where necessary and recontoured. The 2-inch reserved forest survey 
was located mostly in open flat country with low rocky hills within command- 
ing distance rendering sarvey easy, where the forest was dense traversing with 
the plane-table and chain had to be resorted to and it mas begun and closed on 
fixings obtained a t  intervals. 

The full programme of the party, amounting to 5,4123 square miles, was 
completed. The outturn of the 1-inch survey, of the 1-inch revision survey, 
of the 1-inch supplementary survey and of the 2-inch survey mas 2,921, 1,929, 
134 and 439 square miles, respectively, the average monthly outturn per man 
mas 26'8, 30.0, 51.7 and 7.0 square miles respectively and the cost-rate per 
square mile mas Rs. 9.5, Rs. 9'0, Rs. 6'0 and Rs. 30.9, respectively. 

T~*ia~aguZatio?~.-The country triangulated extended from the Eastern 
Ghats, locally known as the Tirupati hills, on the west to the undulating and 
flat country on the east and presented no difficulties. 

Mr. Kodandera Mandanna completed an area of 1,15.5 square miles in 
sheets 57 and Mr. Narasimhamurti Rao an area of 1,164 square miles in  
sheets 57 ,h4. I n  addition to the points now fixed allout 300 points, fixed 
by triangulation when the reserved forests in  this area mere surveyed, mill also 
be utilised. 

Charts on thc :-inch scale, supplied by the Madras Survcy Departme~lt 
containing their traverse stations ancl trijuuctions, enabled the trinngulators to 
fis the same and to check the accuracy of the w h k  to be surveyed topographi- 
cally. Several traverse stations were fixed and compared with the Uaclras 
Survey values and are in agreement. This agreement confidently entitles the 
surveyors to utilise all village trijuuctioas in the plains, wherc trigonon)- 
etrical points are not available or too far apart, as beginning and o los in~  
points for their traverses. The progralnme included sheet 66 C, but i t  was 
found that there already exists sn5cient ~nnterial in t l~ is  shcct mvithont any 
new work being necessary. 

The total outturll was 2,300 square milcs alld the cost-ratc l)er square 
mile mas Rs. 7.0. 

Recess duties.-The fair mapping was divided among four sections as 
followa :- 

-Yo. 1 Sectio)~.-Under Mr. Wcst, shects 57 ,, ,,,' , , , , 5 , ,  67 ez. 
Xo. 2 Sectior~.-Under Mr. Butterfield, shects 57&, . 
ATo. 3 Sectio~~.- Under Mr. Morton, sheets 5 7 h 0 .  
No. 4 ~Sectio)t.-Under Mr. Abdul Hakli, shects 57%, 5 7 A .  
No. 4 Drawing Office lent somc drdtsmen to assist tlle fair map- 

ping. Scven sheets have bcen subinittecl to the Superintendent and the fair 
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mapping of the remaining 1" sheets r i l l  be completed by the encl of the recess 

Wa60Il. 
The total area of fair mapping Tvcls 5,423 square miles and tllc cost-1late 

per square mile was Rs. 4.5. 

The compuhtions of the triangulation carried out during the fielcl season, 
together with some arrears from the previous year, were conll~leted uncler the 
supervision of Mr. Littlewood. 

During prevjous years the work on the triangulation charts of this party 
has I)een allowed to get consiclerahly in  arrears. The preliminary triangula- 
tion c11al.t~ 48 L, 0, P, 57 D, H, L were received from the Superintendent of 

~~igonoilletrical Survey and were ]jut i n  hand ; of these, charts 48 I,, 57 L 
are near colnpletion and the rernaincler are still in the rough abstract stase 

work solely done by the party and requiring incorporation of the 
Mysore topogra),hical triangulation, etc., they will be taken up  on return of 
the party to recess in  1916. It is hoped that the triangulation charts mill he 
brought up to date by the end of next year. 

No. 6 PARTY (MADRAS).  

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

Prnsosss~ .  68,& 58% and portions of sheets 58;, 

I m p e l i a l  ~ f i c e r s .  58 y- and on the 1:-inch scale of sheet,s 
blajor L. C .  Thnillier, I.A., iu charge from 9th 58 ,3F and the remaining portions of 

November to 3rd December 1914. 
Major c. 31. Rrowne, D.S.O., H.E., in charge to sheets 58 -{-, 58 $. The party also nu- 

~ 1 s t  October 1!114. 
dertook the triangulat'io~l of sheets 58 ,% 

, ~ 

Pi.orincinZ ~ f i c e i - s .  and of portions of sheets 58 && and 
y,, W. F. E. Adatme, t u  '21st October 1914. in 

&arge froln zna October t o  8th Kovemher carried Out t>heodolite traversing in  slleets 
1914. from 9th November to 3rd December D 
1014 and in charge from 4th December 191-1. 68 -- 1 ,  1 9 s8 3, ", 4, 8 

Mr. S. F. h'nrmnn. 
,, J.  H. jVil\inrn~. 'flie general nature of the country is 
,. . P. Kcnnrgy. 
,, 31. JInIladeva Mudaliar, J1.A. very varied in character ancl extends 

from thc densely inhal~ited and intricate 
Upper S t t l o ~ . d i i ~ n t e  Se,v ice 

Jlr. Annotarrho 1)lrnodil)n Mandh~e.  1: h.  
couiltry along the coast to the high range 

,. K. Nnra!snnsvar~~i Che:ti of mountaiils separating the Trsvancore 
,. P S Vengusvnmi. 

State from tllc Ti~lnevelly district, most 
L o r t e ~ .  Jul,oi.tlr,~crte SO 1 1 c i  of the high ground is forest-clad, unin- 

36 SUI cyole, eti .  11al)ited and difficult of access. 

Thc field season openecl ou the 12th Deccmber 1914 nnd closed on the 
lo th  June 1815. Tlie party proceeded to, and retuined Irom, tlir fie111 by 
special traius, but owiny to n breach of tllc railwag near Tinncvelly due to 
floods, tlie party was delaletl for two days on tlic way to the field. The field 
head-quarters was a t  bhencottnh. 

The heccltli of tlre pcr13ty mas fair coaside~ing the climatic coutlitions, men 
morliiny in the high m n q ~  suffcred a good dcal f ~ o n l  the cold and rain, wl~ilc, 
in  the licnse forc5ts lecchcs and ~ r i l d  e1cl)hant~ ncrc very troublesome. 

Topog~'aphy -The nature of the conntly surveycd varies grcatly, along 
the coast the couutry is undulnt~ug, onclosed and clensely populated. wliilc the 
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high range of mountains, separating the Travancore State from the Tinnevellp 
district and rising to a height of over C,000 feet, is mostly covered with dense 
forest, uninhahited :lnd difficult of access. The 'l'innevelly plain is well oulti- 
vatecl aud is covered with small tanks. 

The work was divided among four camps as follorrs :- 

,Vo. 1 Cnn~p.-Under Mr. Norman with Messrs. Narayanasvami Clletti 
and Vengusvami and G surveyors completed the survey of sheets 55 ,% and 
afterwards assisted Xo. 4 Camp. 

No. 2 Cccjup.-Under Mr. \Villiams with 8 surveyors surveyed sheet 58 + 
and afterwards assisted No. 3 Camp. The co~lntry in this sheet is uninhabited 
and very difficult of access, no labour or transport mas procurable locally and, 
as no provisions mere obtainable, complete arrangements had to be made by 
collecting supplies in  suitable places. 

iVo. 3 Canzp.-Uncler Mr. Jiahndeva Aludaliar with 10 surveyors surveycll 
sheets 59&, thc country near thc coast in  these sheets is covered with huts, 
but only those of a inore or less permanent character were surveyed. The 
important towns oi' Quilon and Trivandrum mere surveyed by this camp. 

LVO, 4 Ca11~p.-Under Mr. Anantarao Dhoncliba JIandhre with 7 surveyors 
surveyed shects 58%. The country iu sheet 58% is similar to the country 
in sheet 68 +, one of the peaks being over 6,100 feet above sea level. 

Owing to the extremely intricate nature nf the countiy, the survey d o n g  
the coast mas carried out, as in  previous years, on tho 19-inch scale. The 
work, on 110th the 1-inch and 1:-inch scales, mas, except in the Tinncvelly 
plain, very difficult and thc total area surveyed, amounting to 1.,788 square 
miles, is consequently very small. The outturn of the 1-inch survey ancl of 
the 1;-inch sr~rvey was 1,280 and 508 square miles, respectively, the average 
monthly outturn per man I V ~ S  13.8 and 8.5 square miles, respectively, and the  
cost-rate per square inile was Rs. 39.3 and Rs. 3 J.5, rcspectivelg. Although the  
monthly outturn of the 1-inch survey is collsiclerably greater than that of the 
19-inch survey, the cost-rate of the former is actnallp greater than tliat of the 
latter, this is due to the exceptionally large expenditure incurred in the survey 
on the 1-inch scale on accciant of the very difficult nature of the country. 

Trinr~~~~latior,.-Tl~e nature of the couiltry triangulated is undulating 
and cultivatecl. 

Mr. Rennegy, who suffered a good deal from fever, coinpleted an  area of 
1,366 square miles i11 sheets 58 -:-. The cost-rate per square mile was 
Rs. 10.8. 

T~*auerring.-The couirtry tiwersed is along the coast and of a very 
int,ricate natvre. 

Oilc traverser, assisted by a surveyor, completed 144 linear miles in sheets 

58 $', , 55 The cost-rate per lir~car mile mas Iis. 24'8. 
Recess dutie8.-The fair mapping was divided between two sections 

as follows :- 

.lo. I Section.-Under Mr. Norman, slieets 58 &, 58 6. 
Xo. 2 Section.-Under Mr. Williams, sheets 58 'J*, 5 s  F-. 
Tlle fair mapping of all these slleets should bc completed by the end of 

1916. The fair mapping of sheets 5S&, 68 g-, arrears from thc previous 
year, was completed and the sheets were submitted to the Yuperintendent. 
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The total area of fair mapping was 1,322 square miles and the cost-rate 

per square mile was Rs. 19.2. 
The computations of the triangulation and traversing were ~rnple ted  

under the supervision of Mr. Kennegy- 
Triangulation cl~arts 68 C, D are in hand. 



TOPOCfHAPIiICAL SURVEY. 

EASTERN CIRCLE. 
(Firle Index Maps 3 and (i.) 

Szcntnaary.-The Circle mas under the superintendence of Lieutenant- 
Colonel C. L.  Robertson, C.M.G., R.E., up to the 23rd November 1914 and 
under Lieutenant-Colonel R. '1'. Crichton, C.I.E., I.A., from the 24th November 
1914 up to the end of tlie Surrey year. 

An area of 5,026 square ~nilcs was surveyed oonsisting of :- 
3,674 square miles of 1-inch surrey.  

223 ditto 1-inch supplementary survey. 
372 ditto 1-inch revision survey. 
531 di t to  %inch survey. 
2.76 ditto 2-iuch skeleton eorrey. 

S i  ditto 4-inch survey. 

X o .  9 PARTY (BENOAL). 
BY MR. .J. SXITH.  

The field programme of this party mas considerably curtailed, involving 
the entire abandonruent of detail survey and permitting only the execution of 
traversing in sheet 79 A. 

For this ~vorlc one camp was formed 
P B U ~ O S N E L .  under Mr. Eitz-Gillboa w i t h ~ r .  Banerjee, 

Impevict1 Of l ce~ . .  
Lieutmant-Colonel C. L. I ~ o ~ c I ~ s o ~ ,  C.11 G., 

2 Upper Sul~ordinates and 1 swueyor 
RE., in ~ h s ~ g e  f iom 25th Novenlbel N1-1 working under him. 
ti11 2'2nd August 1915. 

Pvovi?tcial  0gicer.s. The rest of the party mrcre employed on 
3 1 ~ .  J. Smith, in chn~ge  from 1 s t  Septelnber +-inch mapping a t  Sbillong. 

1015. 
,, 1)Ilnni Rnm Vermn. The country traversed coinpl-ised parts 
,, B. C .  Ncmland, till 19tl1 September 1918. 
,, 1, B. ~ i t z - ~ i b b o n ,  till 16th July 1015. ol the ?iIurshid%bid, Burdwiin and Nadifi 
,, ,\mar Krishno Nitla. 
,. 1'. 1'. WninriKht, till 15th June 1916. 

A -  d~stricts falling in sheets 79 ,, ,,:,, 5 ,  G, ;, 
l l ,  

,, 1V.  P. 1Ielcs. till 1Hth June 1915. A 
. Dhil.cndre Nnth Bsnericc, B.A.,  till 23rd m' 

September 1915. 
Altosct her 1,241 linear lniles of traverse 

Upper Subo~di? tnle  S e ~ w i c c .  

nrl.. Dalbir Itni. were completed and 2,814 intersected 
,, Ram Singh, till 18th May 1915. points nxed, principally isolatcd trees, 

- 

Lotver S ~ ~ b o ~ . d i ~ t a l e  Sc~.~'ice. temples and signal 1 3 0 ~ t ~  On railway lines 
24 Survcgora, etc. 

over an  arcn of 2,170 square miles. 
A training class in 1-inch l~!ane-tnl)le survey mas started on the 2nd 

January under Mr. Dllani ltnm Vcrllln and continued till the 8th May 1915. 
Three 13ul~ils from No. 12 Party and tn-o from this party were given instruction 
in topography i n  the coulitry round about Sl~illong and passcd out well, with 
thc exception of one lnan who was discharged. 

Thc independent surveys executcd by then1 compared very favourably with 
the topography as given on our 1-inch published maps, and amounted in  all 
to an area of 632 square miles, averaging 4 square miles per man per rnonth. 

F nay-itzclb nacb1~11i1s~.--Excluding 3 slreets, 64&, 73 -$&, and 7 3  -, 
which werc drawn during the recess of 1913-14, the nnmher of sheets allotted 
to this party was 15. 

'I'l~rce sections mere forined to deal with this :- 
Sectiols No. 1.-Under Mr. Dliani Ram Verma with 7 surveyors had 

the drawing of shcets 73 ,, ,,% ,. ,, , 78 A N . E .  and +a 
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Sectio,b x0. 2.-Under Mr. H. C. Newland with 6 surveyors had tile 
0 

(lrswing of sheets 73 +, 79 - N E , = N  S. W. 9 - X .  \v. -'-. S. \v. 
SecdiolL 1%. 3.-Under Mr. A. K. hlitra with 8 surveyors had the 

1" N P drawing of sheets 73 ,, ,,.., , , , 78 ,. ,,, ,. ,. , ant2 
T T ~ o  of the sheets started in 1913-14 have beeu sent in for publication 
the tliird will shortly follom. 
Of tlle sheets all01 ted to the party for ccmpletion during the year 1914-lj, 

six nrere started in J:lcunrp, two more mere taken up iu Februxry, two more 
in %arch, three more in .April and the last in IIay. 

Three ]lave been finally examined by the section officers and ard with tile 
Officer in cllnrgc of tile party for his esn~uination before submission for 
publication, six are finished in drawing ancl are being finally examined by the 
section officers, and six are in liand in various stages of completion. 

O~ving to the many changes that have occurred in the personnel of the 
party, the exanlinatiou has beeu greatly retarded. 

The computations of the traversing done in the fielcl season have beeu eom- 
pleted by  Mr. Ranerjee vi th  Xr. Dalbir Rai and 3 computorv working under him. 

No. 10 PARTY (UPPER BURMA). 
CY NAJOS E. T. RICH, R.E. 

The recess office oE the party closed in Maymyo on October 17th 1914 

PEESONSEL. and opencd in 3Iyitkyin5 on October 
Inapet.inZ Ofice).. 28th, 1914. 

Ynjor E. T. Rich, R.E., in charge. The office at Myitkyinit vas  closed on 
Pvovincial o f i c e r s .  May 31st 1915 and the recess oeice was 

Jlr. J. Smith to 30th November 191.1. 
,, IV. Q. Jurbo. opened in Rfaymyo on June 2nd 1915, 
,, H. B. Sirnone. 
,, V. W. Xorton, to 13th June 1915. where i t  remained for the rest of the 
,, Asrnnt-Ullnh Khan, lZ.S., to 24th October 

1014 and froin 1st June 1915. 
., C. B. sexton, till 15th July 1915. The country under survey lay in the 
,, A. F. Murphy. 

L9pe1- su Zot-d i~~nte  Se~.vice.  Myitkyina, Katha and Putao districts of 
Nr. ~ n p t  i\luharnmad, li.S., t o  "Sth Wx-uary Upper Burma, nearly the whole area 

1916, and from 1st September 1916. 
,, Mnung Kyaw Nyein. being covered with densely wooded hills 
,, Dhirendra Xath Snha from 20th October 

1914. and valleys, whilst great varieties in height 
., Rnnl Prnsnd yromotecl from t h c  Lower Sub- 

ordioete Service froni 1st Ju ly  1015. WCre experienced, varying from 500 
Lower Sttbordincite Setw'cc. feet above 6ea level to nearly 14,000 feet 

26 Surveyore, D~.eEtsmen, etc. above sea level. 
The henlth of the pcb)lt!! mas not very good during the minter season, as 

there mere numerous caws of malaria from n7hich three lEhalcisis died. 
~ o ~ ~ ~ ~ ~ ~ l ~ ~ . - S o r v c y s  were completecl over an area of 2,063 square 

miles a t  a cost of Rs. 76,879 in sheets 92 , , , 2 , 92 . %- 
0, 13 (part) 

and in parts of 6 frontier sheets. 
This area was surveyed as follows :- 

1,533 square miles of new 1-inch survey. 
178 ditto 2 ditto. 

5 7 diLto 1-inch revision survey. - 
2,068 square milee. 

Tho party was dirirletl into three survey camps under Jlessrs. W .  G. 
Jarbo, H. H. Simons, and V. W. Morton, respectively, ~vhilst Mr. Maung 
Kyan Nyein was in charge of a camp of instruction for 3 pupils and 4 soidier 
surveyors, 
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Cnml, No. 1.-In c h a r 9  of Mr. W. G. Jar110 with 3 surveyors completed 
an area of 47% square llliles on the 1-inch scale along the frontier of which 
details are given in a separate report. 

C'anrp ATo. 2.-In charge of Nr.  H. B. Simolls with one Provincial Officer, 
Dlr. A. F. &fur1111y, two Upper Sul~ordinates, hlessrs. Hayat ?,luhammad, K.S., 
aud D. N. Sahn and 8 surreyors, completed a n  area oE 975 square miles on 
the 1-inch scale and 43 square miles on the 2-inch scale in sheets 9.2 ;*-, 
- -  Go and parts of sheets 92% and +. 0 '  

This area consists of thickly wooded low-lying hills except in  the part0 
adjacent to the railway line in the centre of sheet 92 G- and north-west corner 
of sheet 92 + n-hich are highly cultivated with populous villages. 

Ccc~np ATo. 3.--In chmqe of Mr. V. W. nilorto11 with 7 surveyors corn- 
pleted an area of 578 square miles in sheets 92 + aucl part of sheet 92 :- 
consisting of 396 square miles of new survey on the 1-inch scale, 135 square 
miles of reserved forests on the 2-inch scale aud 57 squnrc miles of 1-inch 
revision surrey over forests 111-eviously surveyed on the &inch scale. 

The country in  this camp is 1011--lying and thickly moodecl with very 
fern inhabitants, the progress mas, therefore, very slow as nearly all the work 
had to be done by chaining. 

I n  addition to the above, Surveyor Shaikh Abdnllah mas seconded under 
the Burma Goverr~ment from 1st October 1914 to 31st May 1915 and surveyed 
600 squarc miles on the +-inch scalc in  the north of the Putao district i n  
parts of sheets 91 , ,,H ,,,, and 92 + . 

This area has been exclutled Erom t.he cletail survey area given for the 
party aud also from tlie calculatioil of cost-rates as the surveyor leas seconcled 
from the party. 

T~*in,agz~lation.-New triangulation mas comldefecl 01-er an  area of 
3,320 square milcs at a cost of Rs. 23,488, ittcluding the computations. 

( r r )  ;Mr. C. B. Sextou triangnlatcd a n  area of 1,070 square miles in sheets 
92 + of the Myitkyinii district. 

( b )  Mr. Ram Prnsad tlSiangulated an area of 2,250 square miles in 
F 

~lleets 92 - , ,  i : 8 ; l L i i  of the Putao district and in sheets 92 +& and 
t v o  sheets of unadministered territory. 

Great credit is clue to the arrangements made by RIr. Ram Prasad who 
11-as 11-0rlcing under great difficnltics, over seven clays luarch from his base in  
&Iyitkyinn, vhence all prorisions, etc., had to be carried. He  managecl hjs 
o ~ v n  arrangements entirely by himsclf. 

The cour,try trinngulatecl l)y both triangulatolvs is of the same nature 
as last gear consisting of thickly moodecl hills and deep valleys sparsely 
ir  hal~ited. 

T~~ctve~~si~~g.-l)uring the ficlcl seasou, Mr. H. B. Silllons was iu charge 
of all traversing awl during thc reccss he superintended the traverse 
c o m ~ u t  ations. 

Four-inch thcodolitc boundary travcrses mere cornplcted round the 
RIaingns~luq, Nammun, Namma, Inda~vgyi, Nanyinka and Namsrm rese r~ed  
forests of the Myitkyinj district and the Nankol~in reserved forest in  the Upper 
Chinclmin district in  sheets 03 ,&, $ totalling 164 linear miles. 

The outturn was slilall owing to the dcnsc junyle eucountered evoryn-here 
which n~acle progress very slow. 

E 2 
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Tlle toL%l c o s ~  of traversing 2nd its co~nputntions amounts to Rs. 12,923. 
Recess Ulcties.-The fair mapping was divicled into two sections. 
,Vo. 1 Sectiolc.-In charge of 1Ir. TI-. G .  Jarbo, assisted by Mr. 9. F, 

.\Iurphy and Mr. D. N. Saha, drew shects 02 $j and 5 frontier sheets, of 
m]lich only one frontier sheet will be r c d y  for publication before the party 
takes the field. 

,Vo. 2 Sectiolb.-In chargo of 111.. Asmat-Ullah Khan, K.S., assisted by 
111. A1nu.g Kyaw Nyeiil, chew sheets 9% 4, ,,& aild 2 frontier sheets, of which 
all but one sheet will be sent for publication before the party takes the field. 

The computations of the season's triaugulatioll and traversing were com- 
pleted during the recess in charge of Mr. H. B. Simons assisted by Mr. C. B. 
Sexton, Mr. Ram Prasad, and one computer. 

01cttzcl.lt ccrtcl cost-I-otes.-The cost-rates shorn a large increase all round 
except for triangulation and fair map ping which show a decrease. 

Tliis increase O F  cost-rates is entirely clue to the personnel of t,he party 
during the field season having been made up of all the surveyors from Nos. 10 
and 11 Parties who mere poor draftsmen, ~vhilst the good draftsmen, who were 
also in most instances the best surveyors, were left in  Maymy0 to do +-inch 
mapping. 

This reduced the outturn by over fifty per cent. and as the t ~ t a l  cost mas 
very little changed, the cost-rates for detail survey are fifty per cent. higher 
than those of last year. 

The cost-rate for l-inch survey is increased by Rs. 11.18 per square mile, 
being Rs. 33.66 per square mile. 

For 2-inch survey the cost-rate is increased by ns. 29.09 per square mile, 
being Rs. 83'6 per square mile. 

For triangulation the cost-rate is very satisfactory being reduced by Rs. 1.34 
per square mile. It is Rs. 7.07 per square mile. 

For 4-inch boundary traverses the cost-rate is increased by 'Rs. 7.66 per 
linear mile, being Rs. 78.79 per square mile. 

For mapping the cost-rate is reduced by Re. 0.57 per square mile, being 
R's. 6.94 per square mile. 

No. 11 PARTY (UPPER B U R M A ) .  

I n  accordance with the general 

Ittpe1.ia1 Oflce,.. 
Captain L. G .  Crosthwait, I.A., in charge up to 

lat December 1014. 

Prouincicrl 0flce1-a. 
Jl r. J .  0. Greiff, in charge from 2nd December 

191 4. 
,, Aamat-Ullah Khan, K.S., from 25th October 

1914 to 31st May 1915. 
,, -9. 31. Tnlnti. 1j.C.E. 
,, F. E. R. Calvert, up to 16th July 1915. 
,, A. .T. Booth. 
., R .  11. Wyatt, up to l 5 l h  July 19 16. 

C'j~lte~. Sabordinnte Ae~.aice. 
Mr. Lnchrnan Dnji Jadu, IL.B., fl.ou 17tll 

November 1!)1.1. 
L o ~ a c v  SriCo~.d.i~rote Seraice. 

32 Surveyors, Dr;,ftrrnen, etc. 

schemc of retrenchment, this party did not 
take the field for regular sun-ey opera- 
tions i11 the districts of Tavoy and 
Mergui, hut was employed instead a t  
recess quarters, Maymyo, on +-inch map- 
ping. 

T O ~ O ~ I ' U ~ ) ~  y.-Two surreyors were em- 
ployed in completing the revision survey, 
on thc l-inch scale, of 316 square rnilcs 

of country in sheets 93 $, 93 *. The 
countiy containcil in these sheets and sheet 
93 encirclcs the town of Maymyo, the 
town lying practically in the centre of the 
area. The shects arc in n ~ u c h  demand 
both by the inilitary and civil authorities. 



VOL. IX.1 TOPOaHAPBICAL SURVEY. 29 

TO meet their requirements, their revision mas started in the recess season of 
1913-14 by No. 10 Party, and was t,aken over for completion by t.his party in 
the current field sea-son. Tlle l-inch revision has becn coml)lcted, and there - 
remain only the reservecl forest areas, which come under special survey next 
field seasor1 . 

The counliy surl-eyed conlprisecl parts of the Uaymyo plateau and acljoin- 
ing high hills, rising to over 3,000 feet in elevation, densely n-ooded and 
sparsely populated. The revision survey was directly under the supeEvision 
of the executive officer. 

Tt.iangqclation. - Mr. Lachman Daji Jadu, and Surveyor If uliammad 
Yusuf Khan carried out a little supplementary tria~lgulation for the purpose 
of fixing additioual points, for the special forest surveys to be taken up next 
year, and for the closing of theodolite trarerses. 

Tt.nversit~g.-The bou~ldaries of reserved forests Baw, B a ~ v  Extension, 
Zibingyi-Tonbo, Ky~vetnapha and Nyaundauk, totalling 195 linear miles, 
were traversed by chain and theodolite. The first two rcserves are to be 
surveyed on the special 4-inch scale. The total cost of tlris survey will be 
borne by the Forest Department. Some revision traversing, and connections 
of traverses with triangulation clata, were also carried out along the boundaries 
of the 'l'aungl~yo and Sakangyi reserves. The boundaries of these reserves, 
totalling 128 linear miles, hacl been traversed in the preceding recess season by 
No. 10 Party. 'I'he computatioas, for 323 linear miles of trarersing, and for 
the supplementary triangulation, mere under the c11al.g~ of Mr. A. 31. Il'alati, 
who also supervised the preparation of the 4-inch forest boundary plots, and tilo 
correction and compilatiou of topograpl1icaL clata for preli~ninnly triangulation 
degree charts. Nine such charts have been clealt with (luring the year. 

2lXa11pirtg. -The Mayinyo drawing office attached to No. 1 0  Party 
\tras transferred to this party from 1st December 1014. The colnbinecl 
drawing staff of tlie party has been employed on +-inch and &-inch map- 
ping. 

Twelve ;-inch aheets 84 -, 92 &., 92 L S . L .  J 92 H . A ' . \ Y , S . \ \ . , X .  E n s .  E.> 
a 92  A, 92 ,, ,v,, 92 ,, ,,Ys, ,., were allotted to tlie party for completion during 

the year. The first eigllt of these \\-ere completed and submitted for 
pu1)lication By the end of September, and the remaining Four are well 
advanced. As tlle combined blue prints of the colnponent l-inch sheets mere 
not received till the end of December 1914, the +-inch mapping mas not 
actually started till January 1915. I n  the interval, however, much practice 
work \\-as done in t.he finer class of drawing needed for +-inch inappiu$. 

,The \vas distril)utcd between three sections, under Messrs. Asmat- 
Ullall Khan, F. E .  R. Call-ert., m~cl R. 31. TJTyatt. 

Sectiorl. I.-Was under Mr. Asmat-Ullall Kllan until t,he I st June 
1'315, ~ v l ~ e n  i t  \\-as taken o ~ e r  by Mr. A. J. Booth. It is responsible for the 
completioil of f-iucll sllcets 92 & anrl 92 ; also the compiling and 
mapping of degree slleets 84 N ,  93 E, 93 I ,  03 J .  These a're in various st,ages 
of advancement. It is hoped to submit 8.1 N for p~~l~ l ica t ion  before tlle close 
of the year. 

Sectio~rs 11 nrlcl III.-Under Messrs. Calvert and Wyat.t,, coml~leted the 
81 H lnaplping of sllects MI=, 92 &-, 98 A,, 92 N . , v . , S . \ V . , s ~ , .  011 3Iessrs. 

Cnlvert and W y ~ t t  being appointed to the Inclinn Army Reserve of Oficers, 

the two sections were combined, and placed under the supervision of 
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IIr .  Lachmnn Daji Jadu, assisted by draftsman Raclha Krishna, 1~110 carried 
out almost all the preliminary examinations. 

Tile total area mapped is 9,671 square miles which is very creditable, 
considering the staff was new to this class O F  mapping, that is, d m ~ ~ i n g  to a 
smaller scale from a larser. It was necessary to prepare cletailecl n-orlring plans 
for tho draftsmen to follom. A large anlount of colnpilation wolmk mas neces- 
sary, to guide the draftsman as to how detail might be eliminated and 
generdieed, to avoid orercrowding the resulting map and detracting fro111 the 
character of topogrctphical features. The +-inch scale is a clifficult scale, 
coining as i t  cloes between the 1-inch ancl tlle $-inch, the tendency being 
either to shorn too little or too much. 

Cost-)ea/es.-The high rate for traversing is due to heal-y clearing on the 
forest bounclaries, which were not cleared by the Forest Department. 

The revision survey was pKzctically ct new sun-ey, as the old work was 
found to be very much out, and coulcl not be accepted. 

The high rate for +-inch mapping is clue to slow progress a t  the start, 
and to no field nork ; the consequence of t'he latter l~eing that the cost of the 
snperj-ising staff has been debited lrlnlost entirely to mappin,rr. 

No. 12 PARTY (ASSARI). 

The party colltinued ~ ~ o r k  in  the Darrang, sib saga^.- and &'omgong 
districts, the area of operations extencling 

PEBSONSEL. 
from the Daflii Hills on the north to the 

I ? ~ r ~ e v i a l  Oflcei.. 
Lieutennnt.~olonel ~.31.1ears, I.A., 111 c l ~ n ~ g e .  Nag5 Hills on 'he south inclucled to 

t ProviaeinE O#ceiss. the east the greater portion of the Tezpur 
M I .  W. Ykilling. / ancl Goliigliiit sub-divisions of districts 
,, P I  nrnadarail jell Rny, E.S. 
,, 13. A I .  ]ie1.11>-. Darrang and Sihsigar, situated in sheets 
,, P. C. l l i t ln .  R.A. F 
,, H. H. Clecd. s3 1, 6, 0, 7. 8,10, 11, 12, 14,I j '  The l"03"ramme was 

tj,per S~rLordi~~crie S e v ~ * ~ c p  carried out on the 1-inch scale except 
Nr. Nnnnl; Clinnd Puli ,  B.A , till 21qt >In? fop the Jfilcir Hills, Kaliani, Panl)il*i, 

1915. 
Upper and Lower Daigurung, Niin111ar 

Lorc.r,. SuLo1*(7tnnte S e ~ ~ r c e .  
42  B ~ u r r ~ o l s ,  etc. and Dayiing reserves, colnprising an area 

of 332 square miles, which were sur- 
y q e d  on the %inch scale. l l le  special survey on the 2-inch and 4-inch scales 
of the Uppcr Dihing reserve, started a couple of seasons previously, nas corn- 
pletecl ; the work progrcssecl well and the detail camp eruployecl on this survey 
was a~ai lable  early in Fe111.uary for the ordinary topogral~hical operations of 
the party. 

Thc country uadcr survey mas similar in most respects to that of past 
68RSOnS. 

The Il ikir  Hills which rise to an elevation of nearly 4,500 feet are dcnsely 
wooded. The country to the soutll of these hills lying between them and the 
TSigi Hills coinpriscs what is I i n o ~ n  as thc Kilnbar Forest, a tract of allnost 
prinleval trcc zro~vth intcrmixecl n-ith large arcns of cane and snralnl) ; caclcn- 
Tours arc being made to opec up this country 1)y free grants of land to settlcre 
but so far with littlc success. The  alley propcr of thc Brnhmnpntra, where 
not cultivate 1, is covered ~ O P  the most part mil 11 impenetrable " khagra " 
grass from 10 to 20 feet high. '1ll.e field season started allout the middle of 



Norelnber aud finished early in May when thc rains had already com:nenc:d 
and the programme mas completed with some difficulty. The health of the 
party 1J-a~ only fair, considerable numbers of men suffering from malaria and 
leech-bite ulc~rs ,  4 khnlZsis died in the field, 2 of tlic deatl~s being from cholera 
ancl smallpox. Two surveyors and a traverser (lied at their homes whilst on 
leave cluring the recess. 

l)02~oll,-up1ty.-l\he programme of detail survey was carried out by 4 
camps and s training section under the charye of Jlessrs. Pramndaranjan Ray, 
Rai Sahib, E. 11. Kenny, Y. C. Mitra, H. H. Creed, and Surveyor Ghulam 
Haidar. 

JIr. Pramadaranjan Ray with a camp of 10 surveyors and :4 pupils 
nearly 3 sheets, a considerable portion of tlie area being 2-inch forest 

suvey. Mr. E. M. Kenny mith an  establishnlent of 8 surveyors completcd an 
area equivalent to 3; sheets. To Mr. P. C. Jlitra with a strengtll of 7'survey. 
ors was allottecl the special &-inch and 2-inch survey of the Uppcr Dihinq 
reserve and the completion of one standard shcct. 

Mr. El. H. Creed with 3 surveyors, and plane-tabling himself, surveyed la 

sheets. The training section under Surveyor Ghulam Haidar with 5 soldier 
surveyors and one pupil completed one sheet. Nearly half the area surveyed was 
hilly audcomprised the Mikir Hills which rise froin the plains lcvel of 300 feet 
to close on 4,500 feet ; except where they have been " jhoomed " these hills are 
densely wooded and the slopes as a rule exceedingly steep. To the north of the 
Brahnlaputra river tea is extensively grown and there are a considerable num- 
ber of tea gardens along the foot of the northern and eastern slopes of tlie 
llikir Hills. Good colcl weather roacls exist throughout the plains and the 
Assam Bengal Railmay traverscs the N5mbar forest in the south-east of the area 
topographically surveyed. 

In the Uikir Hills coulmunications may be saicl to be non-existent ; the 
only ~ a t h  of ally iml~ortance is along the Kaliiini valley over which i t  mas 
possible to take loaded elephants for a certain distance, elscmlierc coolies are the 
only for111 of transport. Supplics and labour were obtaiaerl fairly easily on the 
whole ; in the Nginbar forest surveyors' squads had to be strengthened owillg to 
the heavy line clearing and paucity of villages. The party's outturn of (letail 
survey conlprised 2,054 square lnilcs on the l-inch scale, 353 squnrc miles of 
reserved forests sarveyeJ on the 2-inch scalc (this includes 21 square lniles 
of special forest survey) and 31 square miles of special forcst survey on the 
4-inch scalc. I n  view of thc denscly woocled and dillicult nature of the lilajor 
portion of the country tlicse ontturns may be considered satisfactory. 

l'he survey cost-rates for the year coliipitrc favourably with those of the 
previous season, the slight iucrcase in tllc l-inch rate is clue to the country 

being less o ~ c u  and thc snlall outturns given by tlie training section. ~h~ 
cost-rate for thc 4-inch sl)cci?il forcst survey is vcry considerably lower thltn 
that for thc prcvious year, this rate may be accepted as satisfactory for tile 
nature of the country under survey. 

T?*i i~~&galn t io?a . - -~  small area of about 300 square miles was triangulatecl 
in the N,ig,i lIills by Mr. V. P. Wainriglit in order to fix sufficient points for 

the l-inch topographical survey of the hilly portions of sheets 83 ,;. TIle 
work mas bascd on tlic ilssain Longitudinal and Nig6 Hills series but colllrl 
not be closed on any principal station on account of thc i~npossibilit~ of clenl.- 
11% rays to the low-lying rivcr stations of thc first named series ; this omission 
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be rectified nrhen the survey of the remainclcr of the Pu'iigS Hills is carried 

out. tl'lle Tvork Vas complet~d csrly in January and beyond entailing vely 
heavy clearillg for stations call& for no ~pecia l  COlll~ent. The triangulation 

cost-rate may be c3nsidcred normal for densely wooded country and is slightly 
lon-el. t,hltil tlic rate for season 1912-13. 

Tt.rcz;ersitrg.-.411 area of some 2,i00 square lniles was traversed in ad- 
vallcc for 1 and 2-inch cletail survey. I n  the opoll plains, already surveyed 
cadastrally, the work was elltirely confined to obtaininc su5cient heights for 
tile topoqrapllicnl snrl-ey of this area. I n  the reserved forests and nrooded 
,ountry tmrcrses llad to be run considerably closer together and entailed very 
lleavy line clearing. h total of 835 linear miles of traversing was carried out 
awing the season which includes the traversing of artificial forest bounclaries. 
Selected stations such as mile stoncs, bench marks, rnasonry bridges to 
numbel-' of 366 mere permanently ~nnrkecl and in  addition 590 zinc cylinders 
mere ernbedclecl. The coilutry traversed cliff ers little from that  surveyed in 
detail. 

The cost-rate for traverse survey is less than half that for the previous 
season and may he accepted as norinal for tlle mooded and high grass covered 
plains of 3 ssatn. 

Recess duties.-The fair mappin_=. of tlie season's detail survey, consisting of 
nine and a half 1-inch sheets mas distributed hetween 3 drawing sl~ctions under 
the supervision of Messrs P. Ray, Rai Sahib (8 sheets), E. A1 . Kenny (8a  sheets), 
P. C. Nitra (3 sheets) ; areas surveyed by these assistants in  tlie field bcing, as 
far as possible, allotted them to fair-map. 'l'he work has progressecl very satis- 
factorily, sheets 83 were submitted for p~~blication before the close of the 

survey year and the remaining sheets mill be coinpleted before the  party moves 
int,o the field. In addition to t.he above the follo~ving sheets have been sub- 
mitted for publication during the year under report, 83 &&, 83 T$-a which 
lllake a, total of ele~ei; 1-inch sheets for the y e n .  The fair mapping cost-rate 
amounts to Rs. 3.6 per square mile which is practically the same as that for the 

yc:ar. The triangulation and traverse co~nputatioils of the season 
h a w  been coinl)leted, the work lworing satist'zlctory. 

BY L I E ~ ~ T F ; N A ~ T - C ~ L O . ~ E L  I:. T. CBICHTOX, C.I.E., I.A. 

The Bndiimans Detachment was conlposed of one assistant as officer in 

P E B P O N ~ E L .  charge, eight surveyors, seventy-oue 
Proci~rci<tl  Of i ce ,  

kl~cclcisis, and ovcr two hundred convict 

hlr. E. C'lnodi~le in charge. 
labourers. 

The numbcr of linear miles of theodo- 
Lorcel- Stlbo~.di~aote Service. 

lite traversing done maa 93, this was 
8 Surveyors. 

computed, plotted, and user1 as clata for 
tllc idnnd of Baratany which fells in sl~ects 86 i54G. 

The total nl-cn survcycd on tllc 2-inch scnlo (skeleton survey with ridges) 
1s 255 sqnarcl nliles, emljraciny part of Middle and Soutli Andamans, in sheets 

86 T,+?, 1,; 

iriaturc of tlic country is Ilillp, and vcry dcnsely wooded, tllc low lands 
consiqtinq yi nc;pnlly o F mangro~-e swamps. Tlic tracts under survey are un- 
inhabikd cucrpt t l ~ c  idand of 13amtang which is frcqnented by hostile duda- 
msuesc mllctl .Jammas, ml~o move about in n state of nudity, armed with bows 



VOL. IX.] TOPOGRAPHICAL SURVEY. 38 

and armwe. One surveyor's camp was attacked at damn 011 the 26th Novem- 
ber 1914 by a party of al~out fifteen, who wounded the sepoy on guard so 
severely that he took five months to recover and then had to be sent away on 
leave. 

There is very little fresh water, and the climate is eo enervating that, a, 
strong man feels exhausted, after only walking a mile or so, even along a cut 
line ; also the whole place is infested with vermin. There was great tlifficulty 
in allocatin~ rations on account of the rough sea. Having to work with con- 
vict coolies dso gave a lot of trouble. Generally, the difficulties were of an 
exceptional nature. and very heavy. 

Recess duties.-The field sections mere completed on return to recess 
in Shillong. All fielcl work was then sent to the Officer in charge 

Porest N,ap Office for the preparation I)y him of the maps for publication, and 
the detachment was then brokeu up ; the members, not on le:rve, being trins- 
ferred to the different parties of the Circle. 

TABLE I. 

OUTTURNS OP DETAIL SURVEY. 

~ ~ ~ l ~ ,  Clnaa of S n n e y .  Circle. I I 
4-inch . Survey . N 

;.inch Survey . No. 6 1 Hydergbiid , . I 6,096 1 80.1 

Total 
square 
rnilca. 

No. 1 Kwl~mir. . .I 1,195 I 11.4 I 

Avernge 
per mull 

per month. 
8quare 
m!les. 

No. 2 

No. 5 

No. 6 

No. 7 

No. 8 

KO. 10 

No. 12 

No. 3 

No. 4 

No. 2 

Ce~ltral Provinces nnd 
Bernr. I I 

&ladr:\n xnd Pondi- 1 
oherry. 

Upper llurmn . 1,833 27.8 

Assn~ll . . . 1,841 20.6 

United Provinces . 1,359 27.7 

Ditto 3,467 334! 

Pulljxh . . : 1 2,510 98.3 

No. 3 1 U~litnl  Province0 . I 1,669 I 31.2 

No. 5 Central Provinces and 1 1,361 1 58.7 
Ucrcir. 

No. 6 lkxnbny nnd Borkr . 1 261 1 29.0 
I 

No. 10 i Upper llarrnn . . 1 57 1 73-7 
I 

No. 11 1 Ditto . 
I 

In nit o 
(by, re- 

sectloo), 

Plane- 
Uble 

traverse. 
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TABLE I -conel~ided.  

OUTTURNS OF DETAIL SURVEY-concluded. 

Supplementary 
Survey. 

ernlo. 

Survey . : 

Survey . . 

S / No. 7 

E No. 12 

8 No. 8 

9 No. 5 

S No. 6 

S No. 7 

Clan8 01 Buney. 

I Madrna . . . 
Assam . . . 
Madrna . . . 
BerEr . . 
Do. . . . 

Msdrw nnd Mysore . 
Upper Burma . . 
Assam . . , 

?-inch . Survey (specid E 
forest.) 

Circle. . Party. 

I 
I 

%inch . 'skeleton Survey 1 juncontoured.) I 

Locslitj. 

Survey (apecial E 
foreet.) 

Survey . . N 
I 

64-inch . 1 Survey . . ( N 

Cinch . 

SO feet to 
1 inch. 

I26 feet to 
1 inch. 

Survey . . I N I ' 

I Survey . , .U 

No. 12 / Do. . . . 

A 11 d a - Andemo11 Isloltds . 
m a n s  
detuch- 
ment. 

No. la Assam . . . 
No. 20 Saberanyur Remonnt 

Depdt 

mount DepAt 
Cantonments. 

No. 20 Meerut,, Dehrs Dun 
and Landour Canton. 
menta. 

No. 20 Dehrn Diin Cauton- 
ment. 

No. 20 Neerot Cnntonment I 
Sirnla 
Suwe J 
detaoh- 
ment. 

Do. I 

Koti State Forest 
(Simla.) 

Simlo . , . 
Do. . . , 

Do. Bnzanr Blocka (Simlg 

Do. Simls . . . 

MILE. 

Total 
equnre 
miles. 

-- 

Averwe 
per man 

per rno~tth. 
S uare 
Ale s .  

134 51.7 

In sito 
Iby re- 
seclion). 

Plme. 
tnble 

trrversr. 
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GEODETIC SO 1LVE Y. 

PART 11.-GEODETIC AND SCIENTIFIC OPERATIONS. 

ASTRONOMICAL LATITUDES. 
No. 13 PARTY. 

PBBBONNEL. As no officer mns available no ltltitiide 
' Imperial OBcers. operations were undertaken, and the 

Captain V. R. Cotter, I.A., in charge, t o  
20th November 1914. pe19s0nt&el of the party was employed at, 

From 27th November 1914 the Superintendent the ~ ~ ~ d - ~ ~ ~ ~ t ~ ~ ~  offices. 
of the Trigonometricnl Survey held charge 
in addition to his other duties. 

Loicer Subordinate Se~wice. 
3 Computers, etc. 

PENDULUM OPERBATIOrJ S. 

No. 14 PARTY. 
PERRONNEL. As no officer was available no pendu- 

Imperral ~ ~ i c e i - S .  lum work was undertaken. A detach- 
JIajor A. A. MclIarg. R.E., in chnrge to 6th 

October 1914. ment made up in part from the personnel 
Captain G. F. 1'. Ookes, R.E., attsohed frnm the party took part in the revision of 1st to 6th Ootober, in charge 7th to  20th  

October 1914. 
Chnrge held by the  S u  erintendent of the 

the boundary between NepLl and Pilibhit 
Trigonometrioal Survey l o r n  21st October t o  district. 
2nd November 1414. 

Majol. H. Jr. Comie, R.E., ill charge, 3rd to  This work is described on page 173. 
16th November 1914. 

From 17th November 191.1 to 10th  September 
1916& charge mas held by the  Officer in 
charge No. i 5  Parig, nnd f rom 11th to 30th 
September 1915 by the Superintendent of 
the Trignnometrical Survey in addition b 
their other duties. 

Upper Subordinate Service. 
Mr. S. C. Nukharji .  

Lower Subo~.dinate Service. 
3 Complibera :xnd 1 Traverser. 
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No. 16 PARTY. 

(Vide Index Map No. 14.) 

BY J. DR QBMPP HUIPTEB, M.A. 

&wing the cold weather of 1914-15 the field work was carried out at first 
by two detachments as follows :- 

PPB~OXNEL.  (1) Mr. L. Williams; the Ashta Sevies 
Irnparv'nl 0flre.r.  

l a j n r  E. A. Tnody, R.E., in c h u g e  till 10th and afterwards, the Middle 
September 1015. Godlivnri Series ; 

J. de GrsalT Hunter,  Esq., M.A., in chnrge 
from 11th September 1915. (2) Messrs. G. A. Norman, B. T. 

Prolineid Oflcer~. Wyatt and A. J. Moore, the 
Mr. L. Williams. 
,, G. A. Norman. CZchcir Series, the Kohimci 
,, B. T. IVyatt. 
,, A. J. Moore to 24th September 1016. 

Series. 

L o r a e ~ -  Slibordinnte Service. 
A third detachment with Mr. B. T. 

19 Computen, etc. Wyatt in charge was formed at the end of 
December 1914, t,o commence the recon-. 

naissance of the Chittagong Principal Series. 
NOTE.-Jk. B. T. Wgittt was tmnsferred to tho Bnsrah Survey P n ~ t y  on lat September 1915. 

Partictsln~*e of tvinngulation outtum dqwing the year. 

P ~ I I O I F A L .  

Number of station* observed a t  . . .  
,, ,, ,, newly selected nnd b ~ ~ i l t  . 

h n g t l i  of t r ingulnt ion completed in miles 

.I 1. , remaining to be done . 
Area of triangulation in sqnnre miles . . 
Number of trienglrs observed . .  

,, ,, hqtronomicsl azimuth8 obmerved 

Mmximuru I cinngular error . . . .  
Average ,, . . . .  
Mrnn eloring emor in latitude . 

longitude . . .  . . . . . . . .  
height . . . .  . , . . .  

. . . . . . . .  azimuth . . . .  

AnI11n 
r e  

I) 

6 

39 

... 
426 

7 

... 
W'30 

2."18 

0."25 

O"25 

2.1 h 

4,"OB 

246 

T. nnd S. 
8 inch. 
Micr. No. 
1311. 

- 

Chittngong 
Serics. 

-- 

... 
10 (built) 

2 
t 
t 

% 
4 

. . . . . . .  log aide, the unit being the 1 

.eventh place of decirnala . 1 
T'hrr~~lol;te nncd . . . .  . I  

I 

Baconnrn~ .  

.- . 

bllddlc QudZ- hclldr Kobirni 
vari kie.. I S O  1 ,mi... 

8 

... 
67. 

... 
676 

3 

... 
3."7 

I . , , ~  

0-''2l 

On"21 

7-7 R. 

9'"G 

- 
18 

1 :a 

137 

... 
1990 

18 

... 
3."67 

le"26 

W 0 7  

12 

10 

65 

30 

747 

9 

... 
2."83 

1.~~53 

47 1 413 

I 
0."10 1 

d 
1.8 ft .  1 .Li r 

T. nnd S., T. nnd S. T. Caoke 
S inch. ' 12 inch. & h n r .  

Micr. No. 1 hliar. ~ o . 1  8 inch. 
1311. , 111. Micr. No. 

t 10163. 

l.,,,j 8 
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mle Qhittagong Series.--T~I. Samhalpur Principal Series having been 
completed last year i t  was decided to 1)ostpone further l~rincipal tria,n,oulation 
until mfter the war. I t  was found, howevcr, that  one officer would only be re- 
quired for a sllort period to assist in the secondary series in  Assam and accord- 
ingly Mr. Vryatt was directed a t  the end of December 1910 to undertake the 

and building of thc Cliittagonp Series, a new principal series 
wllicll is to connect the Burma Const Series with the Manipur Meridionat 
Series and which mill form an important link in t l ~ e  Burma Triangulation. 

This scdes was reconnoitred and built from a base on the Burma Coast 
Series about 30 miles east-north-east of Chittagong, along a linc keeping near 
the ulain road to Lungleh iiz the L ~ ~ l l a i  Hills and thence due mstwai.ds almost 
up to a base on the Manipur Meridional Series, east of Falam and Haka in  
the Oilin Hills. T l ~ e  series has been very satisfactorily laid out and forms a 
conilexion across about 116 miles of difficult country hy rncnnv of five strong 
figures, all giving double values. Tliu final connexion with the Manipur Meri- 
dional Series was not quite completed owing to unfnvourable weatl~er aiid i t  is 
probably that connexion mill have to be inade with tlie eastern side of the 
Manipur Rlcridional by means of n i l  extra quadrilateral. Tliis matter which 
mill involve the building of onc additional station can easily be settled when 
observing work is conlmenced from the Burma ond. 

The 10 new statious bringing the series to t l ~ i s  incomplete junction have 
all becn built and very full notcs have been recorded for the assistance of tile 
pri~icipal clctachment which will ultimately undertake tlie observations of the 
series. 

Owing to n number of t,he mark-stones of the Burma Coa4 Series having 
been destroyed, the \r hole liexngon of the Burma Coast Serics i ~ t  the western end 
O F  the work mill probably harc to bc reobserved. 

Z 

The series c~xtenclq from tlle plain aiicl undulating country in  Chittagong 
throngl~ successive parallel rangcs of hills i11 the Cliittttgong Hill Tracts, South 
Lusliai Bills and the Chin Hills. Tllesc ranges, ~rliicll have :1 general dirdction 
of north to south, are separatcrl by narrow valleys and increase in  elevation 
towards the east where several peaks ex~aeccl 7,000 and 8,000 feet. l'he country 
for the most part is covcrcd ~vith dense junglc. Mule transport mould be most 
suitable for tlie country and could be arranged for in  consultation ~ ~ i t h  the 
Burma topographical parties. 

The Ashta Sevies.-Only 8 stations of this series remained to be observed a t  
to effect a connexion with tlie Karachi Lougitudinal Series, the entire building 
and three-fourths of the observ:itions having been complcted during the pre- 
vious season. The work mas coinpleted I)y the middle of December and a 
satisfactory connexion made,-vide tn1)le of outt,nrn. 

The dctachmcnt was t,llcn transferred to tllc H y derabiid State, Nizam's 
Dominions, to take up the obscrvations of the s tn t io~~s  of the Middle Goda~tari 
Series which had heen laid out aucl 1)uilt in season 1011-12 urtder the name of 
the Bliir Scrjcs. 'l'lie scries cou~iccls the Great Arc and the Jabalpur Meridionai 
Seriea and consists of 18 stations lying along the linc ol the Gorliivrrri river. 
The observations merc completed 1)j- ai)out the middle of 3Ic~rch and the 

0 
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conllesion proved very satisfactory. About 30 intersected points were fixed 
for the use of topographicnl parties. 

TIte C&cl~Zv Series.-This series connecting the Assam Valley Series and the 
CzcllcLr Branch of the %stern Frontier Series was undertaken with a view to 
clearing up the doubts raised by the large closing differences of the Nag5 ;wills 
Series completed during the previous season. 

l ' l~e reconnaissance and I~uilJing of the series, which consists of 12 sta- 
tions, was taken up early in Xovember by Messrs. Norman and Wyatt aud corn- 
pleted by the end of Decembel-. The former then took up the observations hut 
was much delayed by unfnl-onrablc weather conditions and the 'great length of 
some of the sides. Tlie final connexion with the Assam Valley Series mas not 
conlpleted and three stations remain to be observed at to complete tlie con- 
]lesion. The country ~\-ol.kcd over mas of a difficult nature and clad with dense 
jungle. Coolies and supplies were scarce and communications diffic~dt. 

The Kohiwci Series.-This series, which forms a connexion between the 
Nag& Hills and the CEtchcLr ancl Jczintia Hills Series and is a continuation of the 
last-named series, was taken up last year cluring which the series mar laid out 
and the first 6 stations observed. Mr. hloore was directed to carry on the 
observations and establich the connexion. On accomplishing this, he went to 
Mr. Norman's assistance on the C&chk Series, but the season mas far advanced 
snd haze and unfavourable weather rendered further progress impossible. Thc 
detachment was finally recallecl without being able to complete the Cichir 
Series. 



TIDAL OPERATIONS. 

TIDAL OPERATIONS. 

No. I6 PARTY. 

(F'ide Index Map No. 14-.)'  

BY MR. SYBD AULAD HOGIIEIIV, K.B. 

P e a s o s s r ~ .  During the year under report, registra- - - 

Proairzcial OjTcers. tions of the tides by self-registering tide- 
Mr. Syed Aulnd Hobaein, K.B., in charge till 

13th Dccenlher 1914 and again from 1st gauges were carried out at  the ports of 
March 191.5 to ond of the year. Aden, Karachi, Apollo Bandar (Bombay), 

Mr. Sged Zillo Hnsnain, in charge from 14th 
December 1914 to 28th February 1915. Prince's Dock (Bombay), Madras, Kidder- 

I r .  D. H.  Lura, from 22nd December 1914 to pore, Rangoon, Moulmein, and Port Blair. 
28th Feb~unry 1915. 

These operations mere conducted under 
Lorce,. S u l o ~ d i l ~ n t e  Sr?.vics. 

1 CIelk. the directioii of this Department : the im- 
16 Co~nputers mediate control of all tlie tidal observato- 
2 Tidal Obserrntory olerks. ries beiug entiusted to the local oficers of 
2 Artificers. the ports concerned. 

In addition to the above work, the predictions of high and low water for 
1914 at Bhaunagar, Akyab and Chittagon:, where regular tidal registrations 
by self-registering tide-gauges mere discontinued some years ago, were 

against actnal readings of high and !om 11-ater supplied by the 
Port Officers concerned. These readings were taken during daylight on 
tide-poles at Bhaunagar and Akyab throughout tlie year and at Chittngong 
from June to December 1914. From 1st January to end of May 1914 the 
actual record of high and low water a t  Chittagong was obtained from the 
diagrams of a small self-registering river-gauge suppliecl by t,he Port Officer. 
I t  mas subsequently found that the record of these diagrams was not \rholly 
satisfactory, and hence they werc discontiiiued after &lay 19 14. The object 
of the above compariso~ls was to see whether the predictions which were based 
on observations taken some years ago still maintained tlie required degree of 
accuracy. 

LIST OF TIDAL STATIONS. 
'I'he following is a complete list of the ports at which tidal observations 

have been carried out from the commencement of the tidal operat,ions in 1874 
up to the present time. The permanent stations are sliown in italics ; the 
others are minor stations mliicll werc closed on tlie completion of the requisite 
registrations. 

Serial 
KO, 

-1 
I ___-  

1 S e  . . . ( Automatic ' 1897 I 1903 7 

I 

Aden . . . Ditto 1 1879 Still worliing 36 
I 

BInsknt . . . Ditto 1 1893 180s , 5 

B u s b i r e .  . . Ditto 1892 1901 i 
I .  
I I 

lSGS 
Kflr ichi  , . Ditto 

1881 Still morkiug 35 

ITa~~stal . . . Ditto 1S7L 18i5  1 

Smnll tide-gauge 
working. 

Tide-tables not pub- 
lished. 

0 2 
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r o r t  Albert Victor 
(Knthiewrr). 

1 Port Albert Viotor , (Plthihwir). 
Rhaunrgar . . 

8 

9 

BoniCay ( A p o l l o  
B a n d a r ) .  

Bombay (Pvinre's 
Dock!. 

Marmagao ((308) . 

Navnnar . . 
Okh:~ Point ; . 

Kirw&r . . . 
Beypore .  . . 

Cochin . . 
Tutico~in . . 
Minicoy . . . 
Galle . . . 
Colombo . . . 
Trineomalee . . 
Pimban Pass . . 
Negapntam . . 

20 

29 

31) 

31 

31 

39 

42 P o r t  B lu i r  . . 

Vizagnpatam . . 
False Poiut , . 
Dublat (Elgar Island) 

Diamond Harbour . 
Kidderpore . . 
Chiltagonq . . 

38 Rangoon . , 

89 Amherst . , 

Automutie Date of 

I 
I-- 

Automatic I 1874 

34 , Akynb . . . 
35 j Diamond Iali~nd . 
96 : Bnssein (Burma) . 

3; 1 Elrphsnt Point . 

40 

1874 
Ditto Restarted 1 1904 

.JJotclmn'n . . 

Personal 1 1893 

41 , Jlergui . . . 

Automatio 

Pel-aonal 

Automatic 

Ditto 

Ditto 

Ditto 

Ditto I 1884 

Ditto 

1)itto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

n i t to  

Ditto 

1880 
Restarted 

1895 

Ditto 1 1881 

Ditto I 1881 

Ditto I 1881 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

1880 
Ditto I Raslnrted 

1 inno 
I 

Ditto ' 1889 

Ditto 1880 

Date o l  
0loalng or 

obsorsations. 

-- 
1875 

1875 

1906 

1SY.L 

1902 

lNPf 

1903 

1894 

Still \rol.kin,o 

Ditto 

1es9 

IS83 

1883 

1892 

1893 

1896 

1890 

1890 

1896 

1883 

1898 

1890 

Still working 

1491 

1885 

1886 

1856 

1846 

Still working 

1801 

1892 

1899 

1903 

1881 

1S8S 

81ill working 

18RO 

1886 

Still working 

1894 

Still working 
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The inspection of the tidal observatories a t  Bombay (Apollo Bandar and 
prince's Dock), Madras, Kidderpore, Rangoon, Moulrnein and Port Blair wae 
carried out by 91r. Syed Zille Hasnain. Mr. Luxa wlro was temporarily ~ o s l e d  
to tllis party, during Mr. Yyed Aulad Hossein'e absence on leave, went through 
;the details of the inspection a t  the two observatories a t  Bombay with 
Mr. Syed Zille Hasnain. Subsequently he inspected the tidal observatories st 
Aden and Karichi by himself. 

During the inspection of each observatory all the instruments were thor- 
ouglrly overhauled, cleaned and put  in  working order. The relative levels of 

the bed-plate of the tide-gauge and the bench-mark of reference mere tested by 
means of spirit levelling operations and the working zero of the tide-gauge II-M 

with the true or adopted zero. All the other details of the inspection 
including the cxamination of the observatory cabin and t h e  communic~tion 
between the sea and the observatory \veil were minutely gone through and the 
instruments were left in perfect adjustment and working order. 

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

Aden.-During tlre past year there were 12 interruptions of a few hou1s 
eacll in tlie registrations of the tide-gauge chiefly owing to the stoppage of the 
driving clock. Most of tlrese interruptions occurred during the rainy season 
when the sea ~ v a s  generally rough. 

Ka,.&cl~i.-'l'he tide-gauge a t  this observatory worked \\-ell throughout tlie 
year. The communication between the sea and. the observatory well was par- 
tially blocked for short intervals more than once, the cause apparently being 
some obstacle, like a shell-fish, temporarily sticking in  the inlet hole and then 
passing out by itself. 

Bognbny (Apollo Batui?av).-Tllere have been no interruptions in  tlle 
registrations of the tide-ga,uge, and the whole work connected with this obser- 
vatory has been satisfactorily carried out. 

Bombay (Prince's Dock) .-Since the last report on this observatory, the 
working of the ticle-gauge showed consider~tble improveinent in the earlier part 
of the ycar, but later on the tidal registrations began to be interrupted owing 
to the stoppage of the driving clock or the breaking of the pencil wire. During 
July and August last such interruptious were unusually frequent. The matter 
was brought to the notice of the Chief Engineer of the port who had tho tide- 
gauge and the driving clock exainined by one of his onra mechanics. Since 
tllen no further breaks in the registrations of the tide-gauge have occurred. 

Mad,-as.-The tide-gauge a t  this obserl-atory has worked lnost satisfac- 
torily during the ycar under report. 

Kidr2erpore.-'rhc tidal registmtiol~s :lt this observatory lrave been con- 
tinuous and s:~tisfactory. I n  the course of the last annual inspection of the 
obhervatory i t  was found that  there was nearly four inches of mud inside the 
float cylinder and that thc periodical cleaning of the mud by means of a fire- 
engine from the vicinity of the obsellvatcory was not satisfactorily carried out. 
,411 that the engine appeared to havc done was to clear n path on thc llorth side 
of the obscrvatory for the passage of the water to the cylinder, but mucl mas; 

allowed to accu~nulate round the cylinder on the other sides. The matter nras 
at once reported to tbe Deputy Conservator ol the Port wllo was requested t o  
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have drmlging operations cnrried out all round the observatory tn eusure that 
tliere vas  always two or three feet of water below tllo bottom of the cylinder. 
Unlew this was done nt short intervals there was a danger of the c~lnrnuaication 
betreen the river nod tlle cylinder bcing blocked or nt least retarded nt any 
time. 

Ra,rgoo,r.--The Inspectiug Officer noticed last year that the bottom piece of 
the iron cylinder of this observatory was showing signs of wear and tear and 
that the silt in the river was frequently collecting round the bottom of the 
cyliudcr and pnrtinlly blockin: the inlet holes. It was, therefore, decided to 
have the bottom piece of tlie cylinder renewed and, a t  the same time, to have 
the total length of the cylinder reduced to a certain extent, in order to have as 
nlucll clearance ras possible between the bottom of thc cylinder and the river- 
bed. The length of the cylinder could be safely reduced by four Feet from the 
hottom, after allowing for a sufficient play for the float a i  the lowest low tide. 
The Deputy Conservator of tht> Port mas accordingly requested to have a new 
bottom-piece of the oylinder prepared four feet shorter than the old piece which 
was nearly eight feet in length. On arrival a t  Rangoon in  February 1915 the  
Inspecti~lg Officer found that the new piece of the cylinder mas ready. He had 
the old piece removed and the new piece fixed in its place. The reduction in 
the length of the cylinder has had the desired effect, as since then no com- 
plaints have reached this office of the silt in the river coming up to the bottom 
of the cylinder and interfering wit11 the colvrnunicat~ion between the river and 
the tide-gauge which has ~vorketl smoothly. 

Jlotclt~iei~a.-IVitll the exception of a few minor interruptions in the 
trations due to the stoppage ,of the driving clock, the tide-gauge has worked 
well during the Fear. 

Po19 Blait..-During the ?ear 1914 the Chief Commissioner of Port Blair 
mrotc to tlie Superintendent of the Trigononletrical Survey that it was desirable 
for local requirements to shift thc ticlal observatory to a new site about 90 feet 
torrards the south. This site 11ad airendy been inspected and approved of by 
the Inspecting Officer when he 1-isited Port Blair in January 1914. The 
Sul~eri~itciident of tlrc 'l'rigonoruetrical Survey having conventecl to the above 
proposal, the builclin: of tlie new ol>servntory was taken in hand by tlie Chief 
Commissioner and n as finislled 1)y the cud of February 1915, when the In- 
slwctine Officer next visited Port Blair. On 1st March 1915 the tide-gauge nncl 
other iustriuuents \\-ere ~.enlovcd from the old to t l ~ e  new observatory where tidal 
registmtiona have bcen carried out most satisfactorily up to the present time. 

T11e new obsrrvatorj is made of reinforced cement wit11 wooden flooring 
and roof m d  i, in every n-ap niucli better than thc old buildiog. 

COMPUTATIOSS ASU REDGCTION OF ODBERVATIONS. 
All the compntatioos pertaining to past  year'^ work have been completed 

and there are no arrears. The tidal observations a t  the nine 11-orking stations 
for the pear 191 6 have I~eeti rcrluced by harmonic nnalysis and the value3 for 
the tidal con.ti~r~tq thus (letermined are shown in the attached tables. 

T1i~r;e tables gire the tamplitu(1es ( R ) anrl the epoclls ( 5 ) at  the various 
station3 ; thcp also give the ralneq of H and K which are connected with R 
and 5 in mvh a way, throu~l l  the various astronomical quantities involvecl in 
the poeition of the qun and moon, that if the tidal observations were consistent 
from year to ?car I T  and K would come out the same from each year's reduc- 
tions. 



ADEN, 1914. 

Shoi*d Period Tides. 

A,=6'833 feet. 

H =R=( ,010 
'1 { K = ( = 274O.00 

H = 1 1 =  'OOG 
K = < = 20S0'SJ I 

Long Period Tides.  

solar-Annual 2 )  , 1 1 64O.39 

,, Semi-Annual ,, -1 7 1  :?6(;0-24 
I 

1 

I 

\ R 1 c  

Lunar Monthly Tide . 

,, Fortnightly ,, I 

I-- 
i 

'OU9 1 21B0.2i 

,054 1 I '8°e66 

Lnni-Solar ,, ) I  ' I  010 ' 192O.83 
I 

I 
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Short Period Tides. 

A, = 7'318 feet. 

I ; o ~ t g  Pe~,r'gd Tides. 

- 
I1 = H  -- -09? 
K = t; = 191O.74 

I1 = R =  .971 
K = t; = 326O.31 

s4(: rR = i  .011 
< = :3-I.RO.51 

H = R  = -o10 
K --- t; = .'30O0'26 

I 
,0003 R =I .7Y6 R = .630 R =  .014 

t; = 353O.93. 
I 

K = 9i0.09 

R = .076 
1; = 276O.96 
H = .079 

... 

R = .019 
t; = 345'51 

K = 319'05 K = 262O.55 

K =  44O.53 

R = .064 
... 

K = 4k0.57 ... 

R =  
t; = 
I-I = 
K =  

R = 
t; = 1 335O.26 5 =, 

H = 
K = 

-188 
137O.55 

-156 
5 e 9 . ~ o  

.051 
91°,!24 

.070 
20J0.20 

l; = 3".03 

C K =  40.3 a- 

R  = ,041 
t; = 57O.12 (If ')4 

K = 313O.86 

K 

316O.34 

4 Q O . O 1  

39'7O.12 

144"'80 

1313O.06 

H 
.- - - 

,044 

,093 

-031 

.I56 

.I05 

I R 1 5  I-- - 

Lunar lIonthly Tide ... ... 1 1 .039 

I 
I 

- - -- 

109' 2 ! )  

,, li'ortni,ohtly ,, ...  ... 9i'.76 

L11ni-Solar ,, 11 . .. .. . 1 233'9, 

Solar-A n n 1121 ) j  . . , , . . '155 I 

,, Rcmi-Plnnunl ,, ... I 9 

I 

!!2%'.69 

2 ! ) 9 O , 7  1 



TIDAL OPERATIONS. 

BOMBAY (APOLLO BANDAR), 1914. 

Slt ort  Period Tidea. 

A,= 10'267 feet. 

I I 

H =  
K = 

R = 

K = 

R = 

p2 H = I:: 
R = I ,  = 

K = 

Lovg Period I'ides. 

I 

Lunar Monthly Tide , . I ,083 

Solar- Annual ) J 1 .105 / 292'*38 
I 

160°.91 

66'-15 

200°.72 

,, Fortnightly ,, 

Luni-Solar ,, )I 

-08 1 

.04S 

,, Semi-Annual ,, -152 315°.69 
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ROIIBAY (PRINOE'S DOCK), 1914. 

SJort Period A d e s .  

[VOL. IX. 

A,=8'318 feet. 

Long Period Tides. 

Lunar. Montl~ly Tide 

,, Fortnightly ,, 

Luni-Sohr ,, , I  

Solar- Annual , 

,, semi- Annnnl ,, 

R 

.077 

.lo0 

.062 

.117 

-149 

1: 

168O.99 

640a50 

222O-81 

298O.67 

Y16O.76 

- 
- 

.ORB 

*070 

'064 

.117 

.149 

316"*63 

15@'32 

325O.67 

218O.67 

1560e95 
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Short Period Tides.  

A,=2'213 feet. 

Lrunar Moiltbly Tide .026 105O.15 

, ,  Fortn ight ly  ,, 

Luni-Sohr ,, 1 I 

I t  Solal-Annual 

34O.14 

2t(G0 51 

221°.8Q 

,373 / 297O.U3 ~ ,, Semi-Au~lanl ,, 
I .373 

I 

.066 

137°.17 

0 2 3  , 181°*?5 .024 

.364 30I0.7G 
I '36-1' 

I 

93O.37 ,039 
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KIDDBRPORE, 1914. 

Shwt Period Titles. 

A,= 10'913 feet. 

Long Period Ttdes. 

Lunar 3lonthly Tide . 

,, Fortnightly ,, 

Lnni-Solar ,, t 1  

- 

-133 

931 

.975 

2.418 

,800 

SohrAnnurl I )  2.41 P I 225O.47 

,, Semi-Annaal ,, I .100 i 103°.21 
' 1  I 

I 

j 

24'42 

32O.23 

43O-93 

146'52 

303'-31 

- 

5 

I 

,117  1 237'-14 

.3%9 

.911 

y 2 O - j ~  

302O.22 



TIDAL OPEBATIONS. 

Short Period Tidea. 

A,- 10208 feet. 

1 I 
L u n ~ r  hIonth1y Tide I 

I 
-210 , 233'97 

,, Fortnight ly  ,, -2 1 9  I 99O.23 
I 

I 

Luni-Solar ,, 9 )  s f  ,503 3O2Oa2Y 
1 I 

Solar-Annual ), . 1-230 1 PZ4O108 
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S l I o ~ t  Period Ti les .  

Loi~g Perlo(1 Tides. 

R f H I K  

I 
I 

2 7 O.66 

':j10 I 45O.32 

I 1-20; . lYO 00 

i 
2.433 144O YO 

Lunnr\Iontbly Tide . 
I 

4 1 3  240°.72 
I 

,, Fortnightly ,, 1 I 45I €J6°,32 ' I  
I 

Luni-Solar ,, ' 1.163 301°*91 1 I I I 

Solar-Anuuol I 1 . ' 2.439 224O.23 

,, Semi-Anuusl ,, . -313 ' 71OOl 
I 

,843 ti7OOC; 

I 
I 



TIDAL OPERATIONS. 

Short P e r i o d  Tides. 

A,= 4.815 feet. 

- 

Lotag P e r i o d  Tztlts. 

,, Fortnightly ,, 

Luni-Solar ,, I )  . . I .020 

Solar-Annual ) I  -247 



66 RECORDS O F  TBE S U R V l Y  O F  INDIA, 1914-15. [VOL. Ix, 

The folloming data mere 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 1918 
ready for use for the tide predicting macl~ine ; 

(A) actual values of high and low water during 1913 a t  12 stations. 
These include nine stations at  which regular tidal observations 
by self-registering tide-gauges mere carried out, two stations at 
which high and low water readings were taken during daylight 
on tide-poles, and one station a t  which times and heights of high 
and low water were obtained from the diagrams of a small river- 
gauge supplied by the Port Officer ; 

( c )  comparisons of the above with predicted values for 1913 : the errors 
being tabnlated in such form as to be of use in improving the 
predictions. 

ERRORS IN PREDICTIONS. 

The prcdictecl times and heights of high and low water for the' yeain 1914 
as given in the tide-tables, have been compared against the actual values 
obtained from ticlal observatious at the nine stations now morking and at three 
other stations where tidal registrations by self-registering tide-gauges mere 
stopped, but the Oirnes and heights of high and low water were read on the 
tide-poles. 

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

No. I. 

Sltrtente,d sholoiwg the pevcenfccge cotcl the nmolwtt o f  the eglvogls in the pvedicted 
times of high tuntel* ut the vnrioz6s t,iclal s tcct ion~~fov the yea?- 1914. 

Error8 
orer SO 

minutes. 
(itntions. 

-- 

Aden . . . . 
Knrfichi . . . 
Bhnnnngnr . . . 

( A p n l l n  Bandar) 
Bombs? 

(Prince's Dock) 

Per cent. 

8 

J 

0 

2 

2 

6 

4 

I 

Oh.natlonm taken w ~ l h  n u u l l l  rlrnr.#aure I,I llle Port Officer lor p r t  of theyoar  . 

Errors 
over PO 

mlntlles 
nlld under 

30 mlnotes. 

Per cent. 

13 

9 

0 

G 

Numbcr 
i I 

A~ltonlntic Errors Errors Errom 
over 16 
minotos 

obserra- nelnnl nnd 1 nnrl and under and under 
PO minutes. 

rnlues. 

- - ~- 

Per cent. 

Aato. 673 29 11 

3 

7 

10 

14 

0 

4 

DO. 

T. P. 

Auto. 

i i 46 

Mndraa . . . , Do. 

Kiddvrpore . . . Do. 

C h i t t n g n t ~ g '  . , i 
2 , 38 

A h p b  . . . 1 

Rnaynnu , . 

S 

11 

14 

0 

0 

9 

Do. 701 1 

702 

365 

i0r; 

699 JInah.ein . . 26 , 4 3 

Port Ulrir . . , 1 no. 
I I 

I 

14 

l1 18 I I4 

I 

I I 

~10 

65 

38 

35 

9 

0 

3 I 9 2  7 
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No. 2. 

No. 3. 

statement showing the pevcerztage icnd the arnourtt o f  the efrors  in  the predicted 
time8 of low watev at tlte variozcs tidal atations fog* the yeav 1914. 

Statement showilzg the pe~3cegztage athc2 the nmozcnt of the elv30rs .iu tlte pvedicted 
heights of h,igh water at  the variozcs fidal stations for  the yeav 1914. 

Elrors  
over la  
iuohea. 

E r r o n  
01 6 

minutes 
and 

under. 

Per cent. 

29 

32 

68 

38 

37 

43 

a7 

21 

98 

35 

22 

39 

rirer-gnugc by the 

N o ~ n b c r  
o r  cornpur~sonm 

between 
aclunl nnd 
predloted 

vnlneu. 
-- 

666 

704 

365 

705 

696 

705 

705 

479 

357 

702 

701 

5 04 

wilh a small 

EtPtionW. ,' 

Aden , . . 
Kernchi . . . 
Bhnu~~agnr . . . 

(Apollo Bandar) 
Bombay 

(Prince's Dock) 

Madras . . . . 
Kidderporo . , . 
Chittagong* . . . 
Akynb . . . . 
Rangoon . . . 

Stationw. 

Aden . . . . 
Knrikthi . . . 
Bbannrgar . . . 

(Apollo Bsndnr) 
Bombay 

(Prince'm Dock) 

Madras . . . . 
Kidderpore . . . 
Chittagong' . . . 

A k y ~ b  . . . . 
Rnngoon . . . 
Moulmein . . . 
Port Blair . . , 

Per cent. 

0 

1 

0 

1 

2 

0 

18' 

11 

~ u ~ o r n o t i c  
or 

tlde-pole 
observn- 

tlons. 

Auto. 

DO. 

T. p. 

Auto. 

Do. 

DO. 

Do. 

Auto. and 
T. P. 

T. P. 

Aato. 

Moulnein . . . Do. 

Port Blair . . , Do. 

Obse*ations taken 

I A'nmbrr 
I 
I 

l u tomnt ic  I of 1 Mrnn E r r o n  Frmra  over Ermw a i r  

Errom 
over30 

mlnoW. 

Per  cent. 

7 

8 

0 

2 

1 

7 

Errora 
over 6 

minutes 
nod under 
16 minutes. 

-- 

Per cent. 

43 

39 

32 

46 

49 

37 

42 

or 
tide-pole 
I a e r v n  

! compnria~~lls rnnge I nf 4 
between iuehcs 

netnnl nnd nI:hg nnd 

36 

2 

35 

36 

40 

Por t  Officer for 

Error# 
over 16 

minutfs  
n t ~ d  under 

20 minutes. 

Pe r  cent. 

la  

10 

0 

8 

10 

6 

13 

Errors 
over 24 

mlnutss  
end under 
BOmlaoteB. 

Per  cent. 

9 

11 

0 

G 

3 

7 

i 

14 

0 

12 

16 

12 

part 01 the  

tious. 

Auto. 

DO. 

T. P. 

Auto. 

Do. 

Do. 

Do. 

Auto. and 
T. P. 

T. P. 

Auto. 

Do. 

l2 1 6 

1 4 1  l6 

0 1  O 6 

2 

rear. 

predicted lo  feet. uuder. 
vnlnm. 

I 
Per oent. 

673 1 6.7 96 

i 38 

Do. 1 705 6'6 
I I SH 

I Per cent. Per cent. 

Ob~~ervrtlou* taken w l t l ~  n amnll river-gnopc by the  Port Omeer lor part 01 the yeDr. 

29 

11 

4 

9'3 55 36 8 

365 6 

706 13.0 7 1 
I - 701 13-9 6 

70.1 2 

705 11-7 41 25 1 16 

16 

1 

0 

*IS6 13.3 ! 47 

6 1 

26 1 17 

i 
1 

20 
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No. 4. 

Strrteu~ent shoic;ing the pe~.cerdage ancl the amount of the e ~ r o r s  i)l the pj.eclicted 
height8 of lolo I C C G ~ C I *  at the vcr~ious ticlcll staf.ioits for  the ye(&?* 1914. 

- 
Per cent. 

0 

0 

0 

1 

1 

0 

21 

11 

No. 5. 

Errorw ovrr 
J inellea 

and 
unde: 12 
inches. 

Per rent. 

0 

5 

6 

7 

6 

1 

19 

Btntions. 

Aden . . . . 
Karichi . . . , 

Bhaunngar . . , 

(Apollo Bandar) 
Bombay 

(Prince's Dock) 

N d 3 . 9 .  . . . 

Table of average errors in the pveclicted tinzes oncl heights of high and low 
zoafev at the several tidal etations fog* tlze yea?* 1914. 

Of height in 
ioehes. 

lions. 

Nomher 
Antomatic Jlcnn ' Errors Errors nver 

of 1 4 inches 

I 
I Automnlic 

or tide- 
Btntioo~. pole 

obwervn- 
tiona. 

I 479 

367 

702 

701 

704 

Kidderpore . . . I DO. 

Chitt~gong* . , . Auto. nnd 
1 T. P. 

inrllem , .ad 
eprlua rind I nnder 0 ol8srrvn- 

predicted 
values. 

' Obwervntloow lnken with n emnll 

705 

25 I 14 
i 
I 

13 i 1 

26 I 20 

13 

6 1  O 

11'7 I 37 

Akyab . . , . 
Rengoon . . . 
Monlmein . . . 

13'3 4Q 

8'3 84 

16'4 I 24 

Open Coast. I 
I 

Aden . . . . Auto. 6-7 13 
I 

Knrfichi . . . . Do. 9.3 10 13 1 ,036 ' .027 
I 

Bhaunagar . . . ! T. P. 31'4 Li 

(Apollo Bsndar) , Auto. 13'9 8 
Bombay 

(Prince's Dock) . Do. 13-9 9 

Madras . . . . Do. 3% 12 

.- I Alrpsb . . . . I T. P. 8'3 1 

Port Blair 6'6 13 
-- 

General Mean . ... . . . 9 
I 

i Riverain. 
i 

Kidderpore . . . 1 Auto. 11-7 12 
1 

Chittagongr . , . . Auto. and 13.3 17 
T. P. 

Rangoon . . . 16'4 8 

Noulmein . , . 127 13 15 .046 .u66 --- 
General ;\lean . 13 1.1 '042 I '063 

Observnti'lnu taken n i lb  n small rlver-gauge by the Por t  Offirer for port of (he yeor,  

Mean range 
nt springs 

l o  feet. 

actual and 
lo  feet. , under. , inches. 

I 

rivor-gauge by t h e  Por t  Omeer for pnrt of the  yenr. 

23 

T. P. 

Auto. 

Do. 12.7 

6.6 

I Auto. 666 

DO. 70-1 

T. P. 365 

Auto. 1 705 

Port Blair . . Do. 

32 

94 

A v s n d e 8  B8nOnB. 

Do. 

Do. 

Per cent. / Per cent. 

92 Y 

25 

31'4 36 

26 

Of time in  
minutes. 

G95 

735 

13'9 ; 66 
I 

3-5 85 
1 

Of height lo  terms 
of t h e  range. 

14 
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The foregoing statements for the year 1914 may he thus sum~narised :- 

Percetztage of t inae lul*eclicf.ions loithilt 15 ,1hirdtbte.3 of  act  uctle. 

High L n w  
I n t e r .  j water. 

I -- 
, Per cent. 1 Pet cent. 

,, , , ) I  ,, S. R. tide-gauqe . 76 1 68 Hirerain j 
stations. C 1 j l  J J ,, S. R. tide-gauge i 6" I 56 

and tide-pole I 
I 

G a t  mhicb predictions mere tested by S. R .  tide-gauge . 77 
Opeu coast 

, I f  ,, tide-pole . . I  100 

i 9  

100 

I Per cent. / Per cent. 

High I water. I 

6 a t  a l i i c l~  predictions mere tested by S. R. tide-gauge , 

1 ,  I 1 ,, tide-pole . 97 

Low 
water. 

Pevcetttnge o f  Ileiglrt pvedic t io~ls  zaitltirb olle-teritlr oyf rnea18 vcolge. 

' High Low 
I water. i water. 

1, 1, S. R .  tide-gauge . Riveraiu 
etations. 

I / Per cent. 1 Per cent. 

1 ,  1 1  

and title-pole 
,, S. IC. tide-gauge 7 2  ( 74 

I 

Open coast 1 a t  which predictions were tested by S. R. tide-gnnge , 9 8 

slatiotis. ( 2  ,I 1, J J ,, tide-pole . 

COJIPARISONS OF THE PREDICTIONS FOR 1914 WITH THOSE FOR '1'HE 
PREVIOUS YEAR. 

93 

9 3 

The predictions for heights of high and low water at all the worliiug 
stations for the gear 1914 have been just as good 8s those for the prerious 
pear. The predictioos for times at Aden have become worse and at. Moulmein 
slightly better than those for 1913 : at the remaining seven stations the- are 
practically the same. 

The greatest clifference between the actual ancl pl-edicted heights of lorn 
water for 1914 at the riverain ports were as follows :- 

Kidderpore . . 3' 3" on 17th May 19 1-1, act~ials 1,eing higher. 
Raugoou . . 2' 6" on 6th and 2lst N o v e m b e ~  1914, actuals being lowel.. 
Moul~nein . . 3' 0" on 24th Ootober 1914, actnals being lower. 

I b 

81 

06 

J~ I ,, S. R. tide-gauge .. 1 92 
Riveraiu 

stations. 
J ,  ) I  ,, S. R, title-gauge 

and tide-pole 
95 
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The tide-tables for the year 1916 have been received from England and 
distributed to the various o5cers concerned. The tide-tables for the year 
1917 are being published in England and the data for the preparation of the 
tide-tables for 1918 were despatched to England in April 1915. 

The amount realised on the sale of the tide-tables during the gear ending 
Scpte~nber 1916 is Its. 2,159. 

Tida,l observations during the coming year will Be continued at the 9 ob~er- 
vatories now working. 



LEVELLING. 

LEVELLING. 

No. 17  PARTY. 

(Tide Index Map No. 14). 

BY MB. H. G. SHAW. 

Three detachments were employed on the new system of " fore and back 
double levelling " operations during the 

Psasolrh.sL. season. 
P~ovinc ia l  0flce1.s. 

M,.. H. G .  Shew, in charge. NO. 1 DETACHMENT. 
,, D. H .  Luxa. 
,, J. MoCreken, up to  31st ~ u g u s t .  This detachment was employed on the 
,, T. F. Kitohen. 
,, M. S. Ganesa Aiyar, up  t o  5th July .  

following lines of levels :- 
,, Jiya Ira1 Seh d. (1) Levelling from Bareilly to 
, Nnrendrr ~ . t %  c ~ ~ ~ o k e r b ~ u t t ~ .  

H&thras along tlie main road 
Gipper Sllbosdinnte Se,-vice. 

Mr. Kaiuna Kumer Das, B.A. 
vid Budaun, KBsganj and 

Loiuei- Suboniinate Service. Sikandra Rao, crossing the 
1 Computer. Raingangti near Bareilly and 
% Recorders. 
2 Clerks. the Ganges at, Soron by the 

railway bridges. 
(2) Levelling from Multfin t u  Bahan'alpur along the main road uid L5r 

and Lodhriin, tlie Sutlej river a t  Adamwlhan b e i ~ g  crossed by 
the railway bridge. 

(3) Revisionary levelling from Meerut to Bareilly along the main 
road, crossing by railway bridges the rivers Ganges, Rfimgangti 
and Kosi, at  Garhmuktesar, Mor5dibfid and Rampur, respectively. 

l'j'~e litbe Ba~*eilly-H&tlr~*us is an entirely new line and mas levelled hy 
two levellers, each working independently from opposjte ends of the line. This 
line breaks up the large circuit, Meerut-Bareilly-Luckno~v-Camnpore-Agra- 
Hiithras-Meerut (all of which were worked between 1861 and 1869, except 
the portion Meerut-Bareilly which was revised tbis season) into two parts, 
namlaly, (a) Bareilly-Hathras-Meerut-Bareilly, and (6) Bareilly-Lucknow- 
Cawnpore- Agra-HLithras-Bareilly. The closing errors being 0.064 and 0.202 
of a foot, respectively, as showa below :- 

Lilies. 

From G,. T. S. Staudarcl Bench-mark 
Bareillv 

(3. T. S. embedded at Htithras 107.6 
To 0 City Railway sta- 

B. M. tion. 

I 

Distauce 
in 

miles. 

O.  T. S. e~nbcdcled at Hitbras 
From 0 City Rai!way sta- 

n. M. tion 
To 

! 
G. T. S. Block-done I3. M. I 

Hiithras. J 

Obacrved diffcrence 
of lleigllt iu 

feet. 

I 
Tear 
of 

obs~rvntion. 

-- 
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Dietance 
in 

miles. 

Observed difference 
of height in 

feet. obeerration. 

I 

Liues. 

Circuit A-coot,d . -1 i i 
From G. T. S. Bloclr-stone Beuch- 

mark, Hithra? !I ' 102.6 
TO + a t  St. John's Church, 

Meerut. J I I 
From + a t  S t .  Jol~n's Church,] 

Meerut I 
131.6  - s 

To Q. T. S. Staudard Bench-mark, 1 
13areilly. 

J I 

a. T. S. Staudard Bench-mark,] 
Bareill y 

G. T. S. 
I 
k 

0 a t  Cantonment Church, I 
B. M. B:veill y . J 

From 

To 

a. T. s. 
0 a t  Cantonment Cllurch, I 

B. M. Bareilly 
1 1  

G. T. S .  stone Beuch-mark a t  
1867-68 aud 69, 

From 

To 

G .  T. S. stone Beuch-mark at] 
Luckuow I 1 From 

49'4 
Ci. T. S. otone Bench-mark a t  

Cawnpore. 

G. T. S. stone Beuch-mark at] 
Cam r. pore I 

From 

i 103.0 
x a t  Gmls Station plat- I 

form, Agra. J 

From 

TI-, 

From 

x at  Goocls Station plat-: . 
form, Agra 

G .  T. S. Block-stone B L ~ C I I -  11 
mark at Hitbras. J 

U .  T. S. Block-stone 
mark a t  Hfitbras I 

C i .  T. S. 

Bench-' I 
Z 1.2 

embedded a t  Hitbras  1 
B. If. City Railmny Sta-J 

tio~:. 
c;. T.  S. 7 

embedded r t  H i t h m s  I 
B. BI. City Hailvay Station ' 

107.3 
(5. T .  9. Stand:lrcI Bench- nark 

at l(areilly. 
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The litae H~tcltci~-Eah6waIpt~~~ is a new line and was oarried out by one 
leveller who levelled over the line twice, once in the forward and nnce in. the 
back direction. It closes two circuits, namely, ((6) Mu1 t5u-Khemwala-Murghai- 
~~mrani-Rah&walpur-JIIult5n, end ( b )  Multan-Bahiwalpur-Jamrani-Eerozepore- 
Lahore-Salegodha-MultBn. The closing errors being 0'309 and W196 of a foot, 
respectively, as shown below. The circuit. ( b )  will be broken into two smaller 
ones during the field season 7916-16 ;- 

Lines. 
1 Distance in 1 Observed difference Yesr 

of height 
miles. i n  fcet. obnervstion 

G. T. S. 
From x embedded at Multin 

B. M. ) I  I aS.1 

To . at .hem.,a G. .. s. 1 1 
From @ at Khemwila G. T. S. 

To Murghai Beuch-mark 

From Murghai Bench-mark 

To Jamrani Bench-mark 

I 

From Ja~nrani Bench-laark 1 
To G. T. S. Stendard Bench-mark at tl 15.4 

Bah%walpnr. 

I 

From G. T. S.  Standard Bench-mark at] 1 
Babiwalpur I 

Circuit  S. i I I 
I I 

To G .  T. S. Standard Bench-mnrlr at 
Bnha~alluir. 

From G .  T. S Stnndard Pcuc.11-mark at 
Dahi\valpur 

To Jamrani Br~lcll-mark 3 
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Lines. 

Circuit B-contd. 

From Jamrani Bench-mark ) I 
To G. T. S. stone Bench-mark a-t 1, 

Ferozepore. 

From G. T. S .  Standard Bench-mark at] 
Lahore Cantonment I 

226.4 

From G. T. S. stoue Bench-mark at,] 
Ferozepore 1 

k 
To G. T. S.  Standard Bench-mark at I 

Lahore Cantonment. J 

49.1 

G .  T. S. 'I 
From at N.-\Ir. Ry. Rest I 

B. M. House, Sargodhe Rail- 
way station. I 

G .  T. S. 
To x embedded at Rlultin. 

B. M. 
t 
J 

G. T. S. 1 To at N.-W. Railway Rest 
B. M. House, Sargodha Rail- 

9 way station. J 

Observed difference 
of height 

in feet. 

117.2 

1911-12 and 
13 

Reuisiorhcc~-y levelliwg, Xeerzct to Bareilly viS illovcicEcEbcic1.-The original 
levellilig from Mecrnt to Bareilly via' Moradsbsd was carried out in seasons 
1867-68-69. 'l'he present revision was worked in two parts, viz.:-Meerut to 
Moradabd and Bareilly to Moriidi%bad. The part Meerut to Moredabed was 
levelled twice over in opposite directions by one leveller only on widely different 
dates, commencing from Meerut and closing a t  MoradiibBd ancl then working 
back from Morsdahed to Meerut. The part Bareilly to Moredebad was also 
levelled twice over in opposite directions on widely different dates, but by two 
levellers starting from opposite ends of the line. 

The ncw height of the standard bench-mark a t  Bareilly as determined by 
the present revisionary levelling from Meerut, a distance of 138 miles, differs 
from the height published in G. T. 5. Volume XIX-B, by +Om268 of a foot. 
The nem height of the same bench-mark as deduced from thc new line Hit'hras- 
Bareilly, 108 miles in length, also differs froin the published height by +Os219 
of a foot. The height of the embedded bench-mark a t  Uiithras City as deter- 
mined by thc ?resent levelling from Meerut vil; Barcilly to Hithras, A distance 
of 216 miles, only differs from that published in  Volume XIX-B, by +Oe069 of 
a foot. It is, tlierefore, probable that tho abovc discrepancies between Bareilly- 
Sleerut and Bareilly-Hstlims, arc due to the unsatisfnctory connection, in 
1905-06, of the standard bench-mark at Bareilly. 



OE the old bench-marks on the Meerut-Bareilly line only 3 were found 
intact. Of the others some had been reconstructed so as not to be exactly 
identical with the old I)ench-marks, others had been disturbed or destroyed, and 
a good many could not be found st all owing to the vagueness of the descrip- 
tions. 

No. 2 DETACHMENT. 

This detachment carried out levelling operations from Bellal-es to Barcikar 
along the Grand Trunlr Road, crossing the Son river over the Causeway a t  
Dehri. 

Branch lines for irrigation purposes were also run along the  Patnrt Canal 
f~onb B a l . 2 ~  to Uelsccr ancl fr.om Balzkiipore to Bihln. 

It was intended to carry the Benares-Bariikar line on to Chimpdiini, 
distance ahout 20 miles from Howrah, and thus complete the line from Benares 
to IIowrah, but this had to  be postponetl until season 1915-16, as i t  was too 
late in the season, the hot weather having set in, to continue work any longer. 
The progress of work on this line of levels mas considerably retarded on account 
of the undulating nature of the country from near Shergh~t i  to a~rfilcar. 

I n  the above lines of levels ancl for those carried out by No. 3 Detachment, 
each section of the lines of levels was levelled twice over in  opposite directiona 
on the same day by two levellers. 

This detachment had for its programme : - 
(1) revisionary levelling from Bellary to Gooty, 
(2) to lcvel from Raichi~r to Ulgalkot, 
(3) to lei-el from Bii;p~ll i~t  to Bijlpur. 

Bevision of tlre lirle ft-out Bellcc,y to Goofy . -  l his line was originally 
levelled in 1873-74. It pn~ctically lollonrs thc main unmetslled road 
Qdekal aud Guntaka1 to Gooty. 

The present levelling shows sati4factory accordance with the 1873-74 irrork 
as also with thc levelling of 1907-08 as shown in Table 111. Seven old bench- 
marks only of 1873-74, mere lolund and connected, tlie others having eit l~er 
been reconstructed or destroyctl. 

Tile li?ze filowh ICniclr2r lo lkignlkot is a new one and completes the line 
from Belgaum to Raichi~r vin" Bagnlkot. It mas carried along the lnetalled 
road froin Haichur to Lingsugi~r, thencc along tt c ~ r t  track to H ~ u l g u ~ l d ,  and 
from thcrc along the metalled road to 13agalkot vi8 Siri~r. This section, Raichur 
to B~galk'ot, conlpietes tile circuit BZ~alkot-Belgamn-Ilubli-Bellary-Kosgi- 
Raichbr-Biigallrot, all lincs of recent, levelling. 

The closing crror being 0419 of n foot in a cli~tance of n19 miles, as given 
in the table below. 

The orthometric height of tlic rock cut  hench-mark a t  the P~tblic Works 
Department Office, Biignlkot, nr de(111ccd fro111 Uclgauln and published in 
G. T. 5. Volnmc XIX-A, is 1719.743 feet ; taking the obser\red cliffrrence of 
level now obtaincd bctwccn the Raiclli~r Standard and the above bench-mark 
a t  Bggalkot, and applying approximately the orthometric correction, me get 
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the height of the BBgallcot beuch-mark to I)e 1719'826 feet. Thus showing a 

discrppnllcy of +Oa083 of a foot in a distance of 121 miles :- 
t I I 

Distauce Observed diff~reucc Year 
Liucc. of hoigl~t 

mile<. observation. I Of 

From G .  T. S. Standard Bench-mark at] 
Belganm I I 

0. T. S. 
TO O a t  Hubli Traveller's bun- 

B. M. galow. 

(3. T. S. 
From t7 at  Hubli Traveller's bnc- 

7 
B. M. galow I 

I 
To G. T. S. Standard Bench-mark a t  I 

Bellary Cantonment. J 

From G. T. S. Standard Bench-marlc a t  ') 
Bellary Cantonment I I 

G. T. S. 
To 0 at M. and S. &I. Rail- 

B. M. way dispensary and i 
hospital, Guntakal. J 

G.  T. S. 
From ' 0 a t  Mil. and S. XI. Rail- ' 1 I 

B. M. way dispensary and 
hospital, Guntakal 

t ' I  
O.  T. S. 

To at Kosgi Railway station 
B. M. 

r 
J 

i 
To G. T. S. Standard Bench-mark a t  I 

Raichilr. J 

G .  T. S. 7 
From t7 at Kosgi Railway station ( 

B. M. I 

From G. T. S. Standard Bench-mark at' 
Raichfir I I 

28'3 

Q. T. S. 
To 0 on rock protected a t  P. 

B. M. TV. D. OfFice com- 
pound, Bagalkot. J 

I I I 

The line Brigalkot-Bi j~~ur,  a new line, was carried along the metalled 
mad, crossing the Krishna (Kistna) river near Kolhar. The levels mere carried 
ncross this river, which ir 250 yards in width, by ordinaq levelling. The 

a. T. 5. 
From 0 on rock protected a t  P. 7 

B. I. \.. D. Ofice com- 1 
I 

1310-11 pound, Bigallrot 87.0 

TO G. T. S. Standard Rench-mark a t  
Belgaum. 

TOTAL . 519.7 

+ 803.636 

+ 0.619 
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instruments were set up on three small rocky islands, the longest shot not 
exceeding 6 chains. This method of crossing this river is only possible during 
the dry season, when the water is low. During the monsoons the water rises 
about 20 or 30 feet and floods the surrounding country. 

It was intended to continue this Line, by revisionary levelling, from Bijg- 
pur to Bholapur originally lcrelled in 1879-80, but it \\.as not found possible to 
take it up. 

The published height given in G. T. S. Volume XIX-A for the bench-mark 
--- ,;fe,, at BijBpur Fort is 1957'124 feet as deduced from SholBpur, and that now 
obtained of this same bench-mark is 1957.596 feet by applying the obserrecl 
clifferen~e of level, 237'853 feet, to the publishecl height of the rock cut bench- 

mark at Bjplkot,  showing a discrepancy of + 0.472 of a foot in a distance 
of 54 miles. It is difficult to assign any reason for this large discrepancy until 
the line from BijBp~w to Sholapur has been revised. For the present that line 
must be loolied upon with suspicion, as me have no reason to doubt either the 
present levelling, or the height of the initial point at  Bagnlliot ; it holds good 
with both Belga~un and Kaichur. 

In addition to the abovc about 50 miles of single levelling mere carried out 
in thc Island of Bombay, a t  the request of the Local Government, in order to 
provide sufficient bench-marks for thc control of the large scale survey of the 
isiancl mliich was then in progress. 

The lines of levels comprise a main circuit, ~wnning right round the 
island along the principal roacls ncar the coast,, six cross lines and two branch 
lines, the whole forming a network of levelling which supplied numel-ous checlis 
atgainst errors at  short intervals : it was therefore uollsidered unnecessary to  
employ double-levelling. During the course of this levelling 13 old bench-marke 
of line Ifo. 33 were reconnected, &nd the heights above mean sea-level of 142 
new embedded and inscribed bench-marks were determinccl. 

The details of the outturn of work completed by each detachment during 
the scason under report are given in Table I attached. 

The outturn of the detachments amounted to 947 miles. In  the course of 
this levelling 145 miles mere relevellecl as the dif-ferences in height obtained 
betwecn consecutive bench-marks from the fore ancl back observations exceeded 
the assigned limits. 
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TABLE 11-CBEOK-LEVELLING. 

Di~erepancies between the old and new heights of bench-marba. 

Embedded, City Ry. 
station. 

Railway Culvert . 
Ditto 

Ditto I 

~ , , ~ ~ ~ - ~ ~ n n s  O F  TnE OBIOINAL 
LEvBI,Lllro T ~ A T  ~ V B B E  son- 

NECTED POB CBLOE- 

Stone prism - I  

Dlslnnoe 
f r o n ~  

stnrliug 
banch- 
mark' 

Miles. 

- 

a -- 

57 

56 

66 

64 

53 

584 

146 

146 

147 

148 

Platform, overhead 
stntion. 

Verandnh, City Ry. 
station. 

Rnilway drnin . 
Well . . . 
Rsilrny drain . 

LEVBLLINO. 

t. l 

Originrlly 
conneobd 
in i887.80. 

Ditto. 

Di Rereoee 
(cheek-orlgionl). 

The 8lg11 t 
denoten lhsl 
the helght was 

greater, and the 

ahell O~IP~~hle:h'i: orl loally 
levelkd. 

Feet. 

OB~SRVXD BEIQET ABOVE (+) 0 1  BlLOW 
(-) BTABTIHO nnncn-YAII A #  

D I T E B Y I I ~ E D  nx 

2 
g 
g 

53-p. 

,, 

,, 

,, 

,, 

,, 

,, 

,, 
,, 

,, 

Check-leuelling at Bareilly. 

33 

34 

36 

35 

Originally 
connected 
in 1866.87. 

Description. 

Standard Bench- 
mark. 

Culvert . . 

Well . . . 

Octagonal well . 
Step, Cantonment 

Church. 

Flooring, Commin- 
sioner's office. 

Platform, City Ry. 
station. 

Ditto . . 
R a i l m y  bridge . 
Well . - . 

0.0 

0.2 

0.2 

1.1 

1.4 

0.5 

1.6 

1% 

2.6 

2.9 

Chsek-levelling, 1914-16. 

Feet. 

levcl~lng. 011 lnnl 

Feet. 

39-37, 

Date. 

0.000 

-2.661 

-1.164 

-2999 

-4.875 

+le648 

-15'977 

-18'946 

-16.491 

-18262 

I Check-leuellitrg at MctllZn. 

--(~.001 

1906-06 

1905.06 

1906-06 

1905-05 

1905-06 

1905-06 

1909-10 

1909-10 

1809-10 

1909-10 

0.000 

-2.565 

-1'158 

-2.896 

-4'869 

+le667 

-16'990 

-16'951 

-16483 

-16220 

Emboddcd . . 

+2,;21 

0'000 

-0'0@h 

+ 0.006 

-0'007 

+DO06 

+0'019 

-0.013 

-0.006 

+0'008 

+0'022 

+oy~-~6 I 
+o.o05 

+ 0.006 

.. I S t a l d ~ r d  Bench. 

0'0 @OW j 1906-07 1 0.300 

I 

, +2.722 Flonriog, Bnrrnck 0'1 
No. 4. 

! 

I 

0.000 

190R-i17 , , 

I 

+2..112 0.1 

I 

4-2785 

+fj.S.lg 

+2401 
mark. .. 3Irwnry block . 1.1 

1906.07 

+2.780 

+6.94. ,, 

1906.()7 

1!106.(); W. end, main plat- 1.2 
f01.m. 
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TABLE 11-(contd.) -CHECK-LEV~LLINO. 

Discrepancies between the old cl~td new Reights of  bend-narks. 

I;nros-uAlr8 0, ?am o ~ I G I I I A L  Oaslarra al lesl  ~morm( t) 01 BlLow 
L I V I L L I ~ B  THAT WEBE con. (-) sTrarlma emlcn-MAU Aa DiUamnoe 

nnotmv 10. renor- DITIIIIIIED 1r (check-orlalnal). , 
LavncLIme. The n i p  + 

Dimlance - denote# that 
the height w u  starting 

i rreater. and Lba Bmruu.  
bench- I(yo - lesnin I 
mar'. Ori inal Check-l#vellln#, 1914-15 than ! 

Drsoriptlon. e v e n  I Data' 

2 a - -- 
j 

Flooiing, Barrnok 
No. I .  

Flooring, Steeple 
To~rcr. 

1 Chapl:lin'. Office .I 
Block KO. 26, Stn- 

tion Hoppital. 

Block No. 28, Sta- 
tion Hospital. 

I Main platform, op- 
posite Nain exit. 

E. end l a i n  plat- 
form. 

39-0. Stno(1ard Bench- 0.0 
mark. 

, Sadik Egerton Col- 0.4 

,, Muniaipal Office . 0'8 

,, Guest House , 1.7 

, Batliing Ohnt . 1.0 

,, Bridge . . 2.8 

, Godri Tower Stntion 2.9 

.. Stone aeat Gul~iir 1 0.6 / +2'617 / 1909:lO I +2*616 
Hahal. 

,, ,, Victorin 0.8 
Hospital. 

,, Verandah du. . 0.8 

,, N i x M s h n l l  2.3 
I 

., 1 Bridge . . / 4.3 1 +6,3n I 1009-lo 1 +5.350 I 



TABLE 11- ( c o r M . ) - C ~ ~ ~ ~ - u v a ~ r n ~ .  

D i ~ p a n c i c s  belween the old and new AeyACa of beech-mar&#. 

-- ..-- 
lam la 191+11 

I 1  I ;  
211 63-Q. Stone slab St. John'n 

I Church. i 
I ,, Standard bench-mark! 

, faantonmeltt). 

II I ,, Qenerd mite pillar I 
I 

89 1 ,, ; Somru Bridge . I 

8.; ,, w Chnmber'a ' 
buildings. 1 

Standard Bench- 
mark (civil linen). / 

2.' 53-H. Deputy CoUrctor'e 
' 

Kachnri. 

,, Divisional College 

- 7 , Commissioner's 
Office. 

I .  

u6 63-K. Stnndard Dench- 
I mnrk. 

96 ,, Well . . . 
94 1 ,, Bridget . . 
88 j ,, , Ptone prinmt . 

87 , Monnrncntt . 
89 ,, Well . . . 

I 
-3.03.' / 1906-06 , -9.048 

QO ,, ,, . . . -14.a20 i 1906-06 ( -14.1e'i 

I 91 ,, Stone prism . 2.7 -4.653 / 1906-01 , -4.641 

68 63-0. Bnrnhni T. 8. . 31.6 ; +17.631 ' 1869-70 , +17.632 
I I 

I I ' I 

* Temporary Iainc Form h'nmllers. Not pnlrllsll?d. 
t These three benah-mrrhs r e r e  o ~ ~ u l l ~ n l l ~  col~neoted In lR03-0:. The connevtiwt of the standard bench-mark nt Beoarem in 1- 

d e p n d s  on tho helght of the  atone Prism s l  tho Punt OfUrr. C!~erk-lrvelling wna rnn from thia mnrk tu thc  benol~.nrnrks s t  Geneml 
Alrlnndrr 's monement s o d  a t  the  brldse over the  Birlln river Tlro dlscrcpnncles belng -0.11-I end -0.021 of a ftmt n s p c t i r e l ~  
Aocordln8ly i t  an0 nmrnmed t h a t  the  benoh.mnrk a t  ~ e l l e r n l ' ~ l r x s n d e r b  rnannment was nnrelinblc. Bat. snch I. not 111s isle aa r l l l  d 
I M ~  fmm the  preaelrt check-lerelllng, i t  ngreos *Ith nnolher good broch-mark of lBB%T.), air.:-thnt s t  B a n h n i  T. 9. 
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19 / PO-G. j Plinth . . I 

Di8crepn,~L.ic~s brflepc.n the  old a& 1 1 . e ~  he igh t s  of bench-marks. 

10 I ,, 1 Stsndard Bench- 
mark. 

6 ( ., ( Step, Christ's I Church. 

REurax#, 

Staiidard Bench- 
mark. 

Diaeronee 
(ebccli-ori- 

ginnl). 'The 
0lgn + denotes 

that the 
hclsbt T 8 S  

greater. and 

l~ ," ," l~ f&~, , , ,  
thnn t~r-hen 
origi mlly 
levelled. 

B a s o n - n ~ n x s  or ran OIIGINIL I I O s s s n v ~ n  a s r e a t  ABOVE (+) on BELOW 

LPPBLL~XQ CHAT W E R E  OONXECTED (-) STABTlMO DBROn-MABK AS 
DBTEBYIRBD DY 901 OPYOX-LBSBLLINO. 

Bsee of Home 
signsl. 

Railway bridge . 

-r 

Upright stone . 
Ditto 

Check-levelling, 
101C15. N.. be.. 

Emhedded, Railwnj 
station. 

I I 

I .  1 Feet. I 1 Fret. 1 Fed .  

Platform ditto . 

Dislance 

1s12~g 1 

- 

Step, Xaehnri , 

,, Munro Civil 
dispensary. 

Step, Chattraru . 

Pyrnmirlnl stone . 

Rsilmsp culvert . 

De,c,i,,,,. 

Check-levelling at Bellary. 

0*000 1 1907-08 OnOOO 

henoh- I Original 
levelling. I 

Check-levelling at booty. 

Stnndn1.d Bench- 0.0 
mark. 

Embedded, Railway 1.J 
ststion. 

Plotform, Rnilwsy ' 1.5 
etation. 

Rrnt  . . . 1 1.7 

Railway bridge . 1 2.8 

Do. culvert . 3.6 

Do .  bridge . 1.1 

Do. do. . 2.6 

4 

Origi i~nl l~ 
connected 
in 1863-64. 

Probably 
distnrbed. 

1 



VOL. IX.] LEVELLING. 

TABLE 11- (conclJ.) -Clr  ECK-LEVELLING. 

Dhcvepancies be tweet^ the obd icrtd nezv heights o f  bejicd-nrnrks. 

OBBEBV D HRIGnT ABOFB (+ )  OP BELOW ~ ~ f l ~ ~ ~ ~ ~ ~  , 
(- :8TmTIUQ DEUCE-MARK AE 

DBTlBMINhD DT 
! .eheck-orl- 

#lnaI). The I 
slen + denotm 

I 
I that the 

hclgbt nse 

- 
B~nca-KrBE8 

& B v g & ~ ~ n ~  
POD 1 Originnl Cheek-lrvclling, leea greater, the in rlen l@l&16 nnd - 

OP T E E  OPIBIRA-L 
TEAT W E B E  COXIXOTID 

CEEOE-LIVlLL1NB. 

Dletonce 

slnrting 
bcnch- 

b e .  D-cflCi-. than when 
originally 
levelled. 

levelling. I 

I 

Probably 
disturbed. 

I 

1014-15. 

73 

74 

75 

76 

77 

78 

79 

80 

82 

83 

84 

14 

12 

11 

--- 

47-P. 

, 

,, 

,, 

,, 

,, 

,, 

,, 

I " 

,, 

,, 

147-P. 

,, 

,, 

Feet. 
1 1 ~ i l e ~ .  Feet. , Feet. 

19 

16 

21 

22 

2.1 

Embedded . . 
Culvert , . 
Rock . . . 

Do. . , . 
Do. . . . 

Well . . . 
Rock . . . 
Bridge , . 

,, 

,, 

,, 

,, 

,, 

C h e c k - l e u e l l i ~ ~ g  at BGglrlkot. 

0'0 

0'5 

1'4 

2.6 

3'6 

4.1 

4'6 

4.8 

Rock . . . i 5.5 

Bridge . . I  6.6 

Rock cut protected 6.0 

0'000 

-30.521 

-6$329 

-69'9'12 

-60'214 

-68.056 

-72'8.13 

-72.3207 

-69.3'26 

-71.941 

-67'632 

S tand~rd  Bench- 
mark. 

Assnr Mahal Tank. 

Bridge . . 

Mnlika Jahan's 
Maajid. 

Plntform, Coping 
Ry. stntion. 

Plinth, Tnj Bauli . 
Footing stone steps 

Step, Ibrihim 
Knuzn's Domea. 

1010-11 

1!)10-11 

1910-11 

1810-11 

1910-11 

1910-11 

1910-11 

1910-11 

1010-11 

1910-11 

1910-11 

Check-leuelling a t  Bz'jdyur. 

O?OO 

-30.521 

-54'333 

-60.9-12 

-60'206 

-68.038 

-72'821 

-72.273 

-G9.292 

-71.907 

-57 595 

0.000 

--0.003 

-0005 

0000 

+0008 

+0'01S 

+0'024 

+CP024 

, +0.034 

+ O.FaP 

+0'037 

0.0 

0'4 

0.2 

0'7 

1'3 

1.1 

1.2 

1.0 

0.000 

+ 12.699 

-8'662 

+17"268 

+3.444 

+27.170 

+31.805 

+37.047 

1908-09 

1879-80 

190s-09 

1879-80 

1879-80 

0000 

+ 12.609 

-S..168 

+I7261 

+3'.133 

0~000 

0'000 

+0'094 

-4 '007 

-0'011 

1908-09 ' f27.171 

1008-09 +31"iSO 

i 
1979-80 1 +37.038 

I 

-c)'OOS 

-0.tV26 

-0'000 
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TABLE 111-REVISION LEVRLLINQ. 

Discrepa~cr'cs bkttoeex the  old and aeeu l e ig l / t s  o f  bench-mark$. - 
Blnclr-UA.XO 0- 'TEE OiIIGlSAL I 

11vnLLINa T I L T  W I R E  COnNECTED 1 O ~ e r a v n ; ~  E E I G B . ~  ADOTB (t) OB BBLOW DlRercncc 1u 
DU1IIe T I E  BEVlBlONAUY 

(-) TI[. 6TABTIsG DBNOE-UAPP AS height, Rerlsion 
DITBBYINPD DY - Orighnl- OPIPATIO~S .  I lerelllng. The ' 

sign + dcuotes 
that tho height 
\van greater and 
the sign - loss 

lu 1814-16 
than when 
originally 
levelled. 

-.- 

Number. 

Bmu'n~@. 

-- 

I i 
-I I 

Date. 

-- 

I Mile.. Feet. I Feet. 

Revision, 
1014.16. :#:,' 

-- 
Feet. 

Dssarlption. 
mnrk. 

Ori inn1 
1cvo8ilig. 

... 

64 (iileerut-L?cckndru.) Meel-rct-MorZddbdd, p n ~ d  of 2i11e No. 

-4.576 I 186i-69 

I -16.780 1867-63 

I 
-14.480 1 1867-69 

-15.056 I 1667-69 

i 
-14669 1 1867-69 

I 

-17'002 1867-69 

-14.724 186 -63  

I 
I 

-14.893 1867-69 I 

-l.P54& 1867.69 

-13.956 1867-60 

1 
- 5  ! 1867-1;9 

-17.358 1867.69 

-16.Sl7 1867-69 

-1!).9i5 I 196i-69 

-21.314 1 1867-69 ! 

Retqisio~~ of line 

26 1 6 9 4 .  , Stone slab, St. John'e 0'0 0000 

-6'639 

-1.574 

-15.790 

-1l.636 

-15.021 

-15'11$ 

-17.493 

-14.792 

78 

0000 

+0'017 

+0'C02 

--0'010 : Inscription 
i cut in 

-0.1 16 Re-conatrd. 

+OS035 I Ilvcription 
I cut in 
' 1914-15. 

-0'446 Re-constrd., 
inscription 

1 cut in 
1914-15. 

-0'291 Ditto. 
I 

- 4 0 6 8  Inscription 
cut in 

I I inscription 
I 

" c r ~ t i n  
, 1914-15. 

I 

-2fi.FOI; 

1914.15. 
-27,454 ( IS67-60 -27.394 

-16.001, 

I 
inscription 

i 1 cnt in 
1914-15. 

1 3 . 7 0 6  1 i 8 , i l i )  l 3 . 6 8 4  + l o 2 2  111mription 
cut in 

I 

I I i 191615. 
i 

107 

108 

110 

' 101115. 
-14.594 +0'290 Re-conetrd., 

inscription 
, cut in 
1 1914.15. 
! 

-14.238 +0306 Ditto. 

-14.018 -0.062 i Inscription 
cut in 

I 1914-15. 
-1G.964 ! +OS195 Re-constrd., 

I inecription 
1 cut in 

1914-15. 

-17.414 1 -0.056 Inscription 
1 cut in I 191415. 

-16,798 +O.D19 Ditto. 
I 

-2O.ij64 , -0~010 Ditto. 

-11016 

,, 
, I Church. 

Stone slab, Qenerd 0.9 
Mile pillar. 

1 

29 ,, 
I 

I 
91  63-H. 

,, 

,. 

1 .. 

Stone dab, Somrn 1.3 
bridge. I 

Plinth of mile-post 5.1 

I 

I Ditto . . 16.2 

Bridge . . I 16.6 
i 

Miler to~~e  . . 1 18.2 
I 

114 ,, 
! 

Bridge . . 40.5 

92 

93 

, ' Stone slab on bridgei 5.4 
! 

, 1 Plinth of mile-post 6.1 

Ditto . ' 7.1 

i 

96 . 

57 

98 

99 

100 

101 

102 

103 

1% 

! 

,, ; Iron bar at  bridge 7'7 
1 

,, ' Plinth of mile-post .I 8.2 

,, Ditto . ' 9.2 

I 
,, 

,, 

,, 

,, 

Ditto . l o 2  

Ditto . , 11.2 

! Ditto . 12.3 

I 

Bridgo . 12.7 

,, , Nileetono . . 13.2 

.. I Ditto . . 14.4 

,, I ,)itto . . 1 5 1  
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TABLE 111-(contd.)-REVIEION LEVELLINO. 

Discrepancies betweeft the old and new heights of beach-maris. - 

R L m ~ ' X m '  

p- 

Reuision of line dleert~t-No,-ddebid,  pad of lilw iVo. 64 (Heerut-~ucknoru)-contd 

DiLre~leo i !~  
height, ReviaIo!~ 

-0llglnal- 
levelllug. Tile 
algn + denotea 
thmt the Ileigbt 
WBI ~ r ~ t l l e l  .lid 

t b ~  sign - 
lean in lftlCl5 

t l t ~ n  whrn 
nriyinnlly 
levelled. 

Feet. 

Bs~cn-MAnXs O P  THK OBlQINAL 
tnv~bLII0  TIIAT WEBB C O I I X C T l D  

~ ~ R l l l o  TBK PBVIB1OIA.X 
OIOBATIoNa. 

( OosmvsD HEIOIIT A B O V E  ( + I  on BPLow 

1867-69 1 -27.612 +0.308 I Re-constrd., 
I inscription 

! ' I 1 cnt in  
1914-15. 

115 ,53-B. Mile-poet . . 
! I 

116 ' ,, 1 Bridge . . 

118 , : Do. . . 

: i 
1 63-L. , Mile-post . . 
2 ,, Do. 

3 , Do- : . 

Dlslance 
from 

~ t n r t j ~ g  
bench- 

-- 

Niles. 

Description. 

I 

21.2 

21.8 

22.3 

2$.B 

25.2 

26.2 

27.2 

28.2 

29.2 

20.9 

1867-69 

1867.69 

4 

5 

I cut i n  
1011-15. 

11 ,, / Bridge . . 1 30.7 -76.107 1867-69 -76.073 +0'03Q Inscril~tior~ 

1 I cnt in 

i 1914-15. 

cut i n  
1914-15. 

+O'lill Ditto. 
I 1 

a . 4i3.4 -7l'tiGS 1867-69 -70.G3S . + l ' O Y O  Rc-col~strd., 
inscription 
cut in 
191415. 

~ ~ ~ b ~ ~ .  

-27.8'20 

-26,689 

-22.080 

-31.503 

-33,628 

-36.814 

-40-179 

--39.045 

-30.562 

-37.895 

I 

,, i Do. . . 
,, i Do. . . 

20 

21 

23 

3.1. 

(-) TEl sTABTII0 BBlOFl-YAlX A 0  
DETIBXIIMD BY 

%tile 

-- 

-26'668 

-23.048 

6 ,  99  ' Do. . . ' 
i I I 
Culvert . . 

Orlyinal 
levelling. 

Feet. 

,, j llileetone . . 
,, ! Do. 

i - 
,, : Bridge . 

I ,, 1 Milestone . . 
I 

inscription 
cut in 
191415. 

Ditto. 

I 
+O'OSl 1 Inscription 

i 

Date. 

.. 

-0968 

1867-69 

43.9 

44'0 

,b6'.1, 

46.9 

Revision. 
1014-16. 

Feet. 

cut in  
1914-15. 

Re-constrd., 

-38.076 

1867-69 

1867-69 

1867-69 

1867-69 

1867-69 

1867-ti!) 

-82.663 

-56.18'2 

-65.333 

-61.164 

-33.803 : Ditto. 

-37.Q22 1 -@608 Ditto. 

-40'196 

-38.747 

-30.4S3 

1867-69 

1867-60 

1867.69 

1867.69 

+0283 Ditto. 
i 

+0,29S Ditto. i 
+0.069 ( Inscription 

I cut in 

-39'076 -1'181 

-69.828 

-56.351 

-66'57S 

-50.731 

+2'83k 

-1.109 

-0.2.16 

+0..133 

Ditto. 

Ditto. 

Ditto, 

l)itto. 
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Discrepancies betruec~l the old and uew heights o f  6ench-~trnt.X.r 
I - 

BINOR-YAPXB OP TnE OBIGINAL 
LETILLIN0 TEAT WERE C O N N E C T I D  

DOPINO TEE BBVISlONABY 
O?IBATION8. 

I / 
Dlstnnc~ 

from 
stnrtiul 
beuch. 
murk. 

- 
Niles. 

Revision of line Mee~aut-lllojsidaibid, part of lixe No. 64 (Meerut-Lucknow)-contd. 

Milestone . . 

Dlffcreucc in I 
height, R-?rl;inn I 

-0riglnal- 
lerelling. The 1 
sigu + dcaotes 
thnt the bcight 1 
wns n e u t e r  n o d ,  Rnm~nze.  

t h e  sign - 
less in lBlCl6 

thnn orieinallg wheu 
lerelled. 

Feet. 

O s s s n r n o  E a r e n s  aaoTE (+) o n  o s r o w  
(-) Tan srAnrlNo n u n c n - u ~ n n  A S  

DBTIBMINBD BY 

Do. . a 

Do. . 9 

Do. . . 
Do. . . 

Culvert . . 

Ori inn1 
leveylilingg. 

Feet. 

Bridge . . 

Bridge . , 

Milestone . . 
Bridge . . 
Milestone . , 

Bridge . . 
Mileetone . . 

Dntc. 

-- 

Bridge . . 
Milestone . . 
Bridge . . 
Mileatone . . 
Bridge . . , Sirsn T. S. . . 

I 

Revhion 
1014-161 

Milestone . . 

Bridge . . 
Well . . . 

I 

Bridge . 

, cut in 
1914-15. 

I 1914-15. 
1 0  1 
+0920  

I 
Ditto. 

-0'921 

-4 970 

-0'226 Ditto. 

Ditto. 

Ditto. 

-0.565 / Ditto. 
I 

+0.989 ; Ditto. 

-1.733 Ditto. 

+Oe781 i Ditto. 

-1.036 1 Ditto. 

+1.144 1 Ditto. 

-1.077 Ditto. i 
+0.197 1 Ditto. 

-1.177 i Ditto. 

+0'762 Ditto. 

I 
+O'514 I Ditto. 

-0.067 Illscription 1 cut in  1 1914-15. 
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Di~crepnl~ciea betroeen t/re old and new heights oJ bench-marks. 
- - - -  - ~--  

Revision of line Meerut-Mwciddbad, p a r t  of line No. 64 (Mesrul-Lucknow)--conold. 

Bridge . 
. I 66.2 

Milestone . . 
Do. . a 

Bridge . . 
Milestone . - 
Bridge . 

D j A r e n ~ ~  in 
hel#bt, Revtalon 

--Orldnal- 
levelllog. The 
slgn + denotem 
that  the h e k h t  

w ~ e  rea te l  and 
the  slT - Ina 

In 014-16 
than  when 
orlginllly 
levelled. 

Feet. 

DEnon.ulBre 0, TEE OPIGIXAL 
LEv,bLIm~ TEAZ WEBB O O ~ ~ E O I B D  

DOslne T H B  sBvIe1ombSr 
0011MTIOAB. 

I ~ l u l a n e e  

Nilestone . . 
Bridge . . 

Do. . . 

B'Y'B~'* 

I O s a s n v e ~  a m e a r  ABOVE (+; OB B E ~ O W  
(-) r a g  s ~ ~ n r ~ n e  s a n c a - x ~ e r  

M DBTEBYIIIED BY 

rl,"fr 

Milestone . . 71.1 

E d g e  . . 7.1.3 

Do. . . 7&9 

Do. . . 756 

Do. . . 75.7 

Do. . . 77.2 

Orl Ins1 
leseflili.s#. I Date* 

-- 

Culvert . . 

Rerlelon. 
1014-16. 

Feet. 

- 
I lrom 

Well . . . 
Culvert . . 

Deecriptlon. 

Do. * .  
Bridge . . 

atarllnc 
bench. 
nark. 

St,. Fnol'e Church, 
Moredebfid. 

inw~iption 
cut in  
191445. 

-1090 1 Ditto. 

f1.138 ( Ditto. 

f1.653 1 Ditto. 

f0.169 ( Ditto. 

-1.019 1 Ditto. 

C1.617 I Ditto. 

+0'330 I Ditto. 

f 1 . 5 7 2  1 Ditto. 

-0'798 / Ditto. 

-1.146 Ditto. 

+0'771 1 Ditto. 

-0.824 I Ditto. 

+0.0.15 Lettere B. 
M. cnt in 
1911-15. 

-0'106 I Inscription 

R e u i s i o ~ r  of line Ba~~eilly-Mo~Zdciciba'd, p a ~ t  of l i ~ t e  ,Vo. 64 ( L l l e e ~ ~ t c l - L u c k ~ ~ o r o ) .  

-0'006 Inscription 
I cut in 

1014-15. 

-0.127 

-0.082 

-0.050 

cut in 
SOll-15. 

Inscription 
cnt in 
191,L-15. 

67 

61 

' 63-P. 

,, 

0'000 

-12.739 

1905-06 

1S6i-69 

Stnnd:lrd Eench- 0.0 
mark. 

Cul\.ert . . 1'4 

0'000 

-18,795 - 4 0 6 6  1 Inscl~iption 
cut in 
1914-I.?. 
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TABLE 111-(contd.) -REVISION LEVELLING. 

fliso.epnncic~a b~~lwi,en t l c  odd and new heights o f  bench-marho. 

Rsvivion of line Bareilly-Morciddb&?, part of line No. 64 (Meevud-Lucknoru)-contd. 

Dlffereneo in 
belgbt Heslelon 

-driginnl- 
levelling. The 
~ I ~ I I  + dnnotes 
that the l~eigllt 
r a n  greater nod 

l e b 2 o e i f i ~ l  
tbnn when 
oriylnnllg 
levcllcd. 

Feet. 
I 

- 
R ' ~ ~ n ~ ~ .  

Dintnnce 
horn 

stnrtlug 
bench- 
mnrk. 

Miles. 

Onsnnv~~ axrear aeovx (+) 0. BaLow 
(-) Tne LiTABTlNB B I N C B - U A B I  AS 

D I T I ~ U I N B D  DT 

B E ~ 0 8 - Y A l I I  01 T I I X  OBIeIUAL 
LIVILLIXG T H & T  \ l I n E  COnREOTID 

D P l l S O  T B l  I I Y I U I O X A l T  
0P.B l T 1 O X l .  

Nnmber. 

-0.096 

+0'030 

-0'078 

+Of151 

-0,054 

-0.061 

-0.062 

-0'071 

+0'263 

Revision, 
1014-16. 

Feel.  

--- 

Ori lnnl 
leyeiing. 

Feet. 

D~cripllon. 

1867-69 

1887-69 

1867-69 

1867-G9 

1867-63 

1867-69 

1867-69 

1867-69 

1867-69 

Inscription 
cut in 
1914-15. 

Ditto. 

Re-conetrd, 

, Rc.constr&, 

-16.663 

-13'503 

-15.383 

-11.855 

-18.219 

-17,587 

-16.200 

-16.510 

-9521 

JI i le~tone . . ' 1.6 

! I I 

30 , ,, Bridge . - 1 0 7  +0'110 Dittn. 

. 7.6 -9.927 : - 1 5 2  - ,635 Ditto. 

Date. 

-- 

-16'749 

-13'473 

-17'461 

-11.305 

--18.273 

-17.661 

-16.262 

-16'681 

-9'268 
inscription i C U ~  in 

49 

4; 

46 

46 

4-L 

, 1 I . 1'7 
-, 

,, Do. . . 1.5 

,, Nilesto~re . . 2.6 

, W e l l ,  . . 3.4 

,, JIilestone . 3.7 

. . : 7.7 

. 8.1 

i ! I 

91 j ,, : IIilestoue . 9.7 

-13.037 

-9,044 

-12.764 

I 43 ,, DO. . . 4'7 
I 

42 ' , DO. . . 6.7 

1867-61 

1867-69 

1867-G9 

1867-0  

1167-68 

1867.e9 

1867-6!J 

1867-09 

1167-1i9 

41 

-0.080 

+Oa876 

+YO61 

+O'L19 

-0-021 

-0.121 ' 

-14.017 

-9.069 

-12.816 

-9.66 

t 7 .661  

-2.590 

-11.181 

-3.767 

-?(lib 

53 , ,. Liridge . i 9'0 1 -9'50S 

,, Bridge . . 6.3 

I 

I 

Re-constrd., 
illscription 
cut i r ~  
1914.15. 

Re-constrd,, 
inscription 
cnt in 
1914-15. 

lS67-69 i +6*5lR 
I 

I 
-0.349 I Re.constrd. 

I 
-0.256 Re-con~trd., 

1 inscript ion 
I cut in 

2 Ditto. 

-0131 ' Ditto. 
1 

j i 
3! i ,. ; F n t ~ l ~ g ~ n j  T. 9. . 
a!) , ,, . Bridge . . 

, .. , i:ri&v . . , 19.0 
i ! 

I 

25 : , 

11-3 

Trijr~nction pillar . 

+i'lilif 1 

24 ' w Bridge . . 

21 .. C u l r e ~ t  . . 
10 

12.2 -2..k69 
I 

14.3 1 -11.1133 

15 .2  -3.111 

lli.8 1 -?.71R 
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TABLE 1 1 1 - ( C O ~ ~ ~ . ) - R E ~ V I E I O N  LEVELLING. 

D i a c r e p a n c i e ~  betzvee?t the o ld  n n d  new h e i g h t s e t  ! f e n d - m a r k s .  

Revision of line ~ a i e i l l ~ - ~ o r . d d d b i d ,  pad of  line No. 64 (Mewut-Lt~cknotu)-contd. 

,, / Culvert . . 20.7 

I 

Dlll.re~iee lo  
helght Revlslon 

-o;I@~.I- 

Dsnon.urlXR OW TAB OMI9IRAL 
L ~ ~ ~ L L I ~ Q T ~ A T  W B I K  OOBUBOTBD 

DDlIBe TAI PLVIIIIOnAIY 
0PlKATlORB. 

Inscription 
cot in 
191445. 

I 

O n s n ~ v B n  a a r e a T  anovn (+) on nabow 
(-) TAB a l ~ n ~ r m e  n a ~ a e . u ~ ~ r  AU 

DBTlPMIlllD BY 

Be-constrd., 
inscription 
cut in 
1914-15. 

- 

Nnmbcr. Jp;; Desorlplloo. I - 

I 
,, Bridge . . 23.1 4-13'580 

,, Culvert . . 25'3 $16'738 

r ,  DO. . . 25.7 +17'540 

,, Bridge . . 25.8 +19'709 

,, DO. . . 2G.3 +19.044 

,, Culvort . . 28'4 +23'061 

,, Bridge . . 37'6 +4.k276 

,, Do. , . 36.2 $46'001 

,, DO. . . 39'2 +49'585 

1, DO. . . 40.3 761.033 

63-L. Pillnr, Elloemping 4 3 1  +61'5.1..1 
ground. 

, Bridge . . 445 +XI208 

I, DO. . 45.3 +51e136 
0 

,, no.  . 46.5 +62%19 

r ,  DO. . . 46'4 +66'd54 

,, Do. . . 47.0 +65,308 

B*YA'xo. 

Dinlance 
from 

l tar t ing  
bench- 
mark' 

* -- 
Feet. 

1867-69 

1867-60 

1867-69 

1867-69 

1867-69 

1867-69 

1867-69 

1867-69 

1807-69 

1 1867-69 

1867-60 

1867-69 

1867-69 

1867-69 

1867-69 

1867-69 

levelllog. T h e  
-- 8lgn + denotes 

Feet. 

Origlnnl 
lerclllng. 

+13'200 

+16'635 

+17.346 

+18'876 

+ I A N 6  

+22.908 

+4.1'064 

+J6'761 

+4ga4J32 

+60'806 

+51.326 

+63'247 

+60'972 

+68'433 

+66'232 

+6Se0S6 

Date' 

-0'380 

-0'203 

-4.196 

-0.633 

-4.929 

-0.163 

-0.212 

-0.140 

--0*183 

-0.168 

-0.219 

+0.03E 

-0.164 

-0'186 

-0.222 

-0922 

! 
that the  helgbt 

wna grouter. and 
the sipn - 

~ ~ ~ l ~ l ~ ~ ,  lens In 1014-16 
101C16. tbnn when 

orlglnnlly 
lcrellcd. 

Ditto. 

Re-constrd. 

Ditto. 

Re-constrd., 
inscript ion 
cut in 
1914-15. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Top dam- 
aged. 

Inscription 
cnt in 
1914-16. 

Re.conatld., 
inecription 
cut i r ~  
1914-1 5. 

Ditto. 

ni t to .  

Dnlllnged, 
i n e c r ~ ~ t i o n  
cat in 
1914-15. 

M 
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T A B L E  1 1 I - ( c o a t d . ) - R ~ v 1 s r o ~  LEVELLING. 

Discrepancies betweea the old and new Ireighls o f  bmch-marks. 

Feet. 1 

Dlffcrence in 
helght, Revialon 

-0riflinal- 
lerelliug. The 
sign +denotes 

tha t  the  height 
was greutcr. pud 

tho  eign - 
lean in  IRICl6 

thau when 
origiunllg 
Icrellcd. 

Revision of line Bnreilly.iVo,*EdGbbd, part of l ine  No. 64 (Yeevnl-Lticknotu)-concld. 

BE MA*^^ 

Diatnnce 
lrom 

atartillg 
bench- 
u ~ n r k .  

OB~BBYED EKIGEr AnOTE ( -  ) On DELOW 
(-) T a a  srnnr lma n a r c s - M A B E  As 

DBTBBUINKD BY 

U a x c s - x ~ n x e  o x  T a z  omIa:xAL 
L B V B L L I I I ~  T E A T  W B B B  O ~ N N K C I E D  

DUBING TUB B B F I ~ I O N A B Y  
OPBBATIDN8. 

Re-constrd., 
inscription 
cut in 
1914-15. 

Doubtful 
point. 

Re-conetrd,, 
inscription 
cut in 
1914-15. 

Ditto. 

Doubtful 
point. 111s. 
cription cut 
in 191415. 

Re-constrd., 
inscription 
cut in 
1911-15. 

Ditto. 

I- Feet.' i 

Number. 

- 

Recision of line No. 15 (Bellnry-Cooty).  

Revlsion. 
lB14-16. 

Feet.  

Ori inn1 
leve\iog. ~~~~f 

-- 

Date' Description. 
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TABLE 111-(cmeld.)- REVI~ION LEVELLING. 

Discrepanczeu between the old and rew height8 o f  beach-rrrorke. 

Distance 
from 

starting 
bench- 
n ~ n r k .  

Miles. 

B ~ ~ c E - Y T I ~ X I  O? TEE OPIOIIIAL 
LKV.LLIIIG TEAT WEBE OONUBOIKD 

D U ~ I ~ B  TEE PBVIIIOIAIY 
OPPPATION8. 

B'YA'"' 

DllTercnce In 
helght. Hevlsion 

-Orl#i~al- 
Levelllog. The 
slgn + dsootes 
tImt t h e  belnht 
was greater and 

the slgn - 
10' In 1014-18 

than when 
or ig lnal~y 
levelled. 

Feet. 

O s s n a v g ~  s a r o a T  Aaovs (+) O B  BELOW 
(-) r a a  s r r ~ t ~ n c  B E U O E - x ~ n r  AB 

DBTEOYIIIKD B Y  

-- - 

3r.eedptlO0. 

-_ 

Nomber. 
Orlpinal 
lcvclllog. 

- 

:ttz ~ ~ ~ ~ ~ l ~ ~ ,  

I 

Feet. 1 Feet. 
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TABLE IV. 

Ji8t  o f  Orent Trigonometricnl Survey Stations connected by Spiri t- leveli i?~g,  aeaaon 1914-15, 

Esm~ans. 

Metal bolt fixed in mark. 
stone at ground floor. 

0 at  ground floor mark. 
stone. 

Ditto. 

Ditto. 

O on upper mark-stone at 
summit of tower. 

Ditto. 

Metal bolt on mark-stone 
a t  ground floor. 

Upper mark-stone. 

Ditto. 

Ditto. 
dionsl Serien). 

Difletenoc 

+9.609 

-3'624 

+OeO82 

.-0.379 

-0089 

+O 050 

+0'021 

-3.466 

+0099 

Nnme of Station. 

Jnujiri T. S. (Rengir Meridional 
Series.) 

Jarnirlpnr T. S. (Rudhon Meri- 
diol~nl Series). 

Snlirnp~ur T. S. (Budhon Meri- 
dional Series). 

Qodri T. S. (Sntlej Series) . 
Sirsa T. S. (Budlion Jleridionel 

Serlen). 

Bhatanli T. S. (Bndhon Meridio- 
nal Seriee). 

Fatehgnnj T. S. (Rangir Meri- 
dional Series). 

Sikri T. S. (Gora Meridionnl 
Seriea). 

B a r h h i  T. 6. (Gorn ~Ier idionrl  
Series). 

Parein H. 8. (Chendwar Neri- 

S E A . L X V ~ L .  

Trlmlgula- 
tion. 

6116'000 

571'000 

697'000 

... 
.. 

... 

293'000 

... 

H a r o n ~  

New splrit 
lcvellirg. 

636.491 

57.6624 

696'918 

379.371 

738'656 

688'441 

571.263 

296466 

273.678 

1574'905 

Anor. as** 

Old splrlt 
lerelllng. 

-- 

... 

... 

... 

378'092 

738.566 

688'491 

671'284 

... 

273.777 

... 



MAGNETIC SURVEY. 

No. 18 PARTY. 

( Vide I d e x  Map No. 16.) 

BY Ma. E. C. J. BOND. 

The present report on the work of tbe magnetic survey in 1914-15 com- 
prises :- 

Psa80,ussL. 
Ignverial ~ f i c e t - s .  I.-The account of the work during the - 

Captain R. H. Thomas, R.E., in charge op to field season and in recess quarters. 
20th October 1914. 

Lieutenant K. Nason, R.E., attached to %kt11 11.-A note on each of t'he observato- 
October 1914. ries. 

Proaincial OJTcej.6. 

Mr. E. C. J .  Bond, in charge from the 218t 
111.-Tables of results, including :-- 

October 1914. (a) Preliminary values of the 
Mr. H. P. D. Morton, up to 16th May 1916. 
,, R . P .  Ray,B.A.  

magnetic: elements a t  73 repeat 
.. N. R. Mazumdar. stations. 
,, R. B. bIat,hur, B.A. 

Uppe~.  St~bordinate Se~~vice. 

Mr. B. B .  Shome. 
Loluev Sulo~~ditrate Seruice. 

14 Computers, Recordere, etc. 

( b )  Hourly means and diurnal in- 
equalities of the magnetic ele- 
ments at  each of the four sur- 
vey base stations in 1914. 

4 Ysgnetic Observor~, one of whom retired An index showing the progress of 
from tho service on invalid pension on the 
20t.h J U I Y  1915. the magnetic survey is appended. 

I.-FIELD OPERATIONS AND RECESS WORK. 

I .  Field ope~.utiolzs.-'l'lie field season opened on the 26tb October 1914 
and closed a t  the end of April 1915. 

Tlle field progranllne comprised ob~ervat~ions for the comparisons of instru- 
ments at thc four survey base stations and at Alibsg magnetic observatory, and 
observations at 73 repent stations in India and Burma for the accurate deter- 
mination of the secular changes of the magnetic elements. 

Tlle Port Blair repeat station which mas perlnanently marked and observed 
at in l~re~ioiis years, mas not visited this season. 

Two detacllments, each undcr a Provincirtl Officer, were employed on the 
work thr"oug11out the field season. As onc of these detachments mas often de- 
layed from the irregular steamer service along the Burma coast, it mas found 
necessary to send out a' third detachment tomarcls the end of the season for two 
montlls to assist in thc coml~lction of the season's programme. 

The 73 repoat stations visited this season include the 22 original repeat 
stations, 50 selectod field stations scattered over India and Burnla at distances 
of 100 to 200 tniles apart, and a ncw repeat station established this season near 
the Barrackporc observatory which mas closed a t  the end of the season. The 
60 stations referred to above were markcd in 1910-11 by small masonry pillars, 
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With the upper surface flush wit11 the ground, as in the case of the previously 
marked 22 repeat stations. I t  was founcl however that Inany of these pillars 
Were lost or damaged, having been hrnl~erecl with or destroyed, ancl since obser. 
vetions at the stations are to be repeated once in every five years there would be 
some clificnlty in the future in identifying the exact position of the stations. 
In areas no sensible error would result in the magnetic elements, a t  any 
one time, froln a slight change of position, but in the many magnetically disturbed 
areas in Inclia ancl Burma the error may vary to a considerable extent, it is 
theref ore irn port ant  that the exact site is used when observations are repeated 
at a station to ensure that correct values of the magnetic elements are obtained 
for the satisfactory determination of the secular changes; for this reason, at 
the recolnmendation of the committeeY appointed by the Government of 
India in 1914 to discuss the position oE the magnetic survey, the 73 repeat 
stations \\-ere marked in a permanent manner this season by suitable concrete 
pillars, as described below, and vere  handed over for preservation to the care 
of the local a~~thorit ies so that there shall be no doubt in the future as to their 
exact position. 

Each of tlle detachment officers was supplied with a collapsible wooden 
moul(1 3 feet x 1 foot x 1 foot in dimensions and with this the pillars were 
constructed without the aicl of a mason in the following manner :-A hole 
was dug in the ground and the mould mas let into the centre of the hole wlrich 
corresponcled nith the position of the station site. Hal€ a cubic foot of Port- 
land cement, one cubic foot of sand and three cubic feet of rubble were then 
well mixed with just a suffioient quantity of water to moisten the whole and 
pressed into the moulcl ; this co~nposition mas allowed to set overnight. The 
next morning the moulcl was removed and earth filled into the hollow space 
round the pillar and well beaten down, leaving half a foot of the pillar above 
the surface of the gronnd. 

The top surface of the pillar mas plastered with a mixture of cement and 
fine sand and the impression " G.T.6. MAGNETIC STATION " was inscribed 
on i t  by means of an embossed plate pressecl into the moist cement. 

The material of which each pillar is composed was tested, before being 
used, to see that none of it had any magnetic properties and observations mere 
taken a t  the site before and after the pillar mas erected to ascertain whether 
any difference existed in the observed values. 

Each of the 23 repeat stations originally consisted of three sites about n 
mile t~ a mile and a l~alf distant from each other and the mean of the magnetic 
ralues ol~tained a t  each was used to represent the most pro1)al)le value for the 
mean geographical position oF the three sites. No distinct advantage was 
however gained in 01)scrring at the three sites and to save the aclclitioi~al 
time and labour involved, it was decidecl to obscrvc a t  one site only. The 
site \\llicll appeared, f r o ~ n  the results in the past, to give the ll~ort normal 
values for the locality was selected and this ma8 permanently marked as nlrcady 
described. 

The officer in charge was employed during the ficld season, with thc assist- 
ance of the head-quarters staff of tlre party, in carrying on the work of the 
final reduction of the field o1)servntions in lrorizontal force to the seleotecl epocll 
and in tlic revision of the preliminary values of the mcnn magnetic! declinatiotl 
from the additional data accumulated duriug the past few year?. 

T h p  co~olni t tec 's  rcllort m i l l  bc fou"'l i n  Pn~t  111 oE tho I<ec.orda for 1913-14. 
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,:?. Work during ?*eceea.-The computations of the field observations taken 
during the year under report and the reduction and tlbulation of tho magnetic 
elenlents lor the four survey base ststions (Dellra Diin, Barrackpore, K o W -  
h$nal, and Toungoo) for 1914 have been completed. The mean values of these 
el en lent^ for the year 1914 have been derived from measurements of all avail- 
able days, excluding those of great disturbances. 

The final reduction of the observations in horizontal force and declination 
s t  the repeat and field ~t~at ions  to the selected epoch 1909 is well in  hand. 'I'he 

metllod of reduction a9 advised by the committee on the magnetic survey up- 
by the Government of lndia i n  I914 is being followed. 

Good progress has been made with the reductions of the H. F. observa- 
tions. 

The revised base line values of the Dehra Diln and Barrackpore H. F. 
magnetographs have been computed from 

Red~~c t ion  of H. F. 
H as determined from the finally adjusted 

constants of the magnets 01 these observatories. The revised base line values 
of the Kodaikiinal observatory are in hancl. The corrected monthly mean 
values of H at the Dehra Diin observatory have been plotted on a chart and 
the lines of uniform secnlar variation derived. 

The measurements of the observatories' magnetograms a t  the times of all 
the field observations have been completed. 

The recomputation of the values of H at  the repeat and field st,ations, 
necessitated by the revised values of m and (l+ s+ $ etc.) of the field 
magnets, is in progress. 

The reduction of the declination clata of tlie survey was well advanced, but 
i n  order that there should Be uniformity 

Reductiou of decliuntiou. a ne- in the method of reduction of the in g 
tic elements and to conforln to the proceclure laid down by the committee on 
the magnetic survey it has been necessary to recompute the declination data of 
the field observations ; this is now being carrier1 on ant1 i t  is estimated will take 
up to the end of June 191.6 to complete. 

Tlle preparatiou of a suitable chart of India and Burma mill be taken in 
hand in  the lneantinle and when the recluctioiis are ready all that will 
be required is to enter the isogonals eud lines of equal seculay change 
on it. 

3. At the request of tlie Director of the Soutl~ Kensington Meteorologicai 
Office, London, the magnetic survey party co-operated with the Australasian 
Antarctic Expeclitiou in 1912 in taking simultaneous magnetic observations a t  
the survey observntorica in India and Burma, a t  prearranged times, to assist 
the expedition in the comparative study of magnetic disturbances. The results 
of these observations spread over a period of eight months mere submitted this 
season in aonrenieut form. 

Nagnetic data nrero also supplied to Commander A. Alessio of Dr. F. 
DeFilippi's Expedition for the fiual reduction of the magnetic observations 
talcen by the cxp~dition in the-Karakoram and Cbiuese Turkistiia. 

4. P)*ogrcrnmte for* 1916-16.-During the ensuing field season one detach- 
ment nil1 take tllc field for about two months, under the officer in charge, 
to inspect the magnetic observatories and to take the usual observations for the 
compmisons of instrurue~lts at the observatories. 

All the members of thc party will be employed througllout the season on 
tlie rednction of tlre survcy to the selected epoch. 
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11.-THE OBSERVATORIES IN 1514-15, 

1. The observatory remained in charge of tbe Magnetic Observer, ~~b~ 
Sri Dhar, throngllout the year. 

The H. F. and declination magnetographs have worked satisfactorily 
during the year. 

Therehas been some improvement in the V. F. iustrument by the replace- 
lnentof the agate plane by a new one but i t  has not been working quite 8s. 
satisfactorily as might have been expected. An attempt mill be made during 
the  inter to substitute the magnet system of the Barrackpore V. F. instru- 
rnent which is nvai1:ible since the Barrackporc observutory has been closed. 

The V. F. lamp has given trouble by frequently becoming dim at  night 
and there has i n  consequence been a loss of trace on several occasions. The 
fa111t appears to lie in the wick being too big for the small burner of the lamp 
and since there is a deficiency of oxygen in  the u l~dergrou~~d  room to feed the 
ligllt the wick becomes charred and the light fails. The observer has to trim 

adjust the wick very frequently but in  spite of this the lamp often smokes 
~ n d  the light goes out. 

The Officer in charge of the Mathematical Instrument Office, Calcutta, has 
bee11 a s k ~ d  to have a burner made with a small opening for a round wick and 
to adapt it, to take a tube shaped chimney : this alteration in the burner it is 
hoped will overcome the di5culty. 

I n  May 1912 the inner and onter ~valls of the underground room were 
plasterecl with cement to prevent the percolation of water. This is the first 
Fear of heavy rain since the plastering was done aud i t  is satisfactory to uote 
that, though there has been an nccumalation of five feet of water above the 

pipe in the open pit, the cement plastering has been successful ill pre- 
veliting the pel-colation of water into tllc room. 

2 .  Drlecrr~ vnlz~es ~f decl+tzotio~~ c1nc2 H. F. co~zstcozts.-lhe table below 
gives the moan molltl~ly values of magnetic collimatioo, the distribution 
co-efficients P and P ? .? and the observed values of m of the observatory 
maspet used in the computations for 1914. The values of m given in the table 
are all determined by using the chronograph for the vibration observations. 
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Mean values of the Constants of' Magnet No. 17 in  1914. 

3. Meon base line va1zies.-'fie table below gives the mean monthly observed 
and accepted values of the H. F. and declination hnse lines ; the accepted values 
have been used to compute the values of these elements for 1914. 

Base Zinc valr~es of Nngnctogmphs  in 1914. 

Bmnmr#. 

from 27th January. 

tdoaram. 

~ ~ ~ i l  , . . . 
M~~ . . . . 

J~~~ , , . . 
July . . . . 

~ u g u s t  . . . 

D e c ~ ~ n r r r o n .  

September , . . 
October , . . 
Norember . , . 
December . . 

D m o ~ ~ n r -  
T1on coa- 

RTAIICB. 

Menn 
mapneho 

collimat~on. 

-- 

I I ,  

-6 : 1 

-5 : 68 

-5 : 56 

-6 : 67 

-G  : 2 

HORIZOITAL F0101. 

-6 : 3 

-6 : 2 

--6 : 3 

. - 6 :  9 

H. F. CONBTANTB. 

Monms. 

J snun ly  . . 
February . . 
March . . 
April . . 
May , . 
J u n e  . t p  . 
JUIY . . 

Auguet . , 

September. 

Marn vaross  or P.m. 

'1-2. 
-- 

6 02 

8-04 

6'05 

608 

6'12 

6'11 

6'06 

6'12 

6'07 

MIAX V A L W ~ I  01 m. 

~ o n t b ~ y  
mean Acoepted 
m j .. 

I I -  

811.31 

I I 

Mean 
value 01 

Bnae Iluc. 

0 I 

1 : 31'1 

1 : 31.1 

1 : 31'0 

1 : 314 

1 : 31'2 

1 : 31'0 

1:31ao 

1 : 30.6 

1 : 30'6 

- 
Bnse line I 

R I Y A I . ~ .  
accepted. 1 

.32861 I 
i 

'12861 / 
'32863 1 
,32861 1 

I 

'32862 .32860 I , 
.32860 j 

( .32860 , Upto8th. 
I 
{ .31168 / 9th and 10L.  

[ .32866 Fmn 11th. 

[ '328513 Up to 13th. 

Pz-3. 

6.78 

6'70 

6'87 

7'09 

6.67 

6-69 

6'83 

6.76 

6.75 

1 

011.12 

811.19 

811.25 

811.29 

Dane llne 
~ecepted. 

$ 
a" 
M 

e 
f! 
9 
; 
H 

--- 

Mean 
volos of 

Base line. 

{ .32863 
1 

,32850 

~~~~~~~ 
P ~ - ~ ,  

e 

a ; 
L 

5 
01 

2 

811.19 

I 
811'30 1 I 

81Isi0 1 1 
I 

811.22 ) 811.26 

- - 

14th to 16th. 

' Froin 17th. 

I 
I 
1 

J 

.32861 

'33861 

'32863 

,32861 

'32862 .32860 

- 3 1 ~ 0  

-32856 

'32856 

6 
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B R X P  l i n t  r:alues of Magnetographe i n  1914. 

4, Mean sccrle oalrces nnd tencperatzcs*e ?*anye.-The mean scale values for 
1914 for an ordinate of :, inch were as follows :- 

H. F. 4.47-I. 
Decl. 1.03 minutes. 
V. F. 4'52 to 6.077. 

~ B C L I ~ A T I O ~ .  A a n l r o n ~ r ~  Fones, 

The mean temperature for the year was 27' C with maximum and mini- 
mum monthly vdues of 27"l C and 26"9 C. The temperature of reduction is 
27O C. 

5. Bean monthly ccsltres und secular changes.-The following table shows 
the monthly mean values of the magnetic elements for 1913 and 1914 and the 
wcular cl~enges during that period. 

Srculnr  chflngea n t  D e h m  Diin in 1913-1914. 

-- 
n l u ~ n x e .  

-- - 

Up t o  171 h. 

18th and 19th. 

20th to 29th. 

30th nnd 3lst. 

1st nnd 2nd. 

H o m l a o m ~ ~  F o n c l  Daccrn~rron V ~ ~ T I C L L  Foncn 
,39oa, C. G. 9. + E. 2. + N. 4 4 O +  I '82000 C. 0 .8 .  + 

Bnso lloc 
ncccpted. 

r '32849 

I .S28~47 
4 

I -32845 

.99943 

r -3'28.13 

YOm.8. Alrnn 
value of 

Bwe Ilnc. 

- 
1 

octobcr , . 

Norember . 

I)ecember . . 

I 

I 

1 : 90.9 
u 

n 
M 

0 

3 
1 : 31.0 

15 

, 
I 

1 : 31 1 

I 

e33e.17 

.32839 16th to 30th. 

r -35839 
I 
1 99836 

92934 ( 

Up to 7th. 

8 t h t o  12th. 
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B . - H A R R A ~ K P O ~ E  O B ~ ~ R V A T O R Y .  

1. The obdervatory remained in charge of Magnetic Observer K. N. 
~ukllarji ,  M.A., up to  the 26th April, after which date he was transferred to 
the head-quarters office of the party at  Dehra DGn. 

The declination and H. P. magnetographs worked well during the year. 
The V. P. magnetograph gave more satisfactory results than is usual with this 
c l ~ s  of instrument. 

2. Bean values of decli~zatio?t and H. 3'. comtant~.-The following table 
gives tho monthly mean villues of magnetic collimation, the distribution 
co-efficients P,, and P,., and the moment m of the observatory magnet in 
1914. 

The moment of the magnet has been consta~zt throughout the year. 

illenn cnlue .~  o f  the  C o n s l a ~ ~ t s  of  Magnet  N o .  20 i?l 1914. 
-- 

3. Menn values of  Bnsc Li.ltes.-The table below gives the mean montl~lp 

MoaTEs. 

Jsousry . . . . 
February , , . . 
b l s r c h .  . . . . 
April . , . . 
nlly . . . . . 
June . . . , . 
July . . . , . 
Angust. . . , . 
Septewber . . . . 
October , . . . 
Ioven~ber . . . . 

Decembn , . . . 

observed and accepted 1)ase line values of the decliuation and H. F. instru- 
ments; the accepted values have beell used to computa the values of these 
elements for 1914. 

H. F. CONSTANTS. 

Yrnn 
mBgnetic 

co l l i sat ioo .  

- 
hlo#~nn .  h l e m ~  Rnsc 

valoc of lino line 
R ~ R C  linr. ncocptrtl. RXYAUXU. 

Dnsc line. nc~rptcd.  

1- 

dannary . . . . 
Pehruury , . . . 
JIercll . . . . 
April . , 

>lay . . . . 

I 
Ynra vAroas o r  P's. 

R s n m a .  

Accepted ' I 
-- 

N 2 

0 I 

-0 : 3.9 

-0 : 3.9 

- 0 : & 3  

-0 : 4.6 

-0 : 4.6 

0 I ,  

-7 : 30 

-7 : 29 

- 7 : 2 2  

-7 : 25 

-7 : 24 

-7 : 23 

-7 : 28 

-7 : 26 

-7 : 26 

-7 : 26 

-7: 26 

-7 : 23 

I --- 

i 0 
C, - 
M 

$ 
5 
? 
9* 
.. , 

0 
I 

1 I i J 

I 

: I = Y 

.:r;ous ; p 
I 1 m >  / .370(19 

291 
> 0 

Acceptad ' 

6.73 

6.61 

6'74 

6.85 

7 1  

6'61 

6.iO 

6'68 

G.G1 

6'59 

7'41 

7'73 

748 

7.35 

7'46 

7'39 

5.52 

7'60 

7'69 

7.66 

6.68 7 4 1  1 1 937.12 

6.59 I 7.27 I 937.22 
I ) 937.21 

i 
937.22 7 ' 9 / 7 6  1 ,  

, 937.05 
I 

/ 
937.14 1 

B ; 
5 937-14 1 

I 

, 937.16 

* 
j 
1 t937.21 

B $ 937.22 , 

I 

' 

J ny cbrouoqrsph. 

93722 . 1 937.12 1 1 
I 937.04 
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Base l ine vnliies o f  iWuglcetogr.npks in 1914. 

- 

4. Meam scale valtces and tewz,pet.ature vuttge.--The mean scale values for 
the year for an ordinate of & inch mere :-- 

H .  I?. 4.867 
Decl. 1.03 minutes. 
V. F. 4.63y up t o  the end of May. 

4 . 4 4 ~  from t h e  1st June. 

The mean temperature for the gear was 31°'8 C with maximum and mini- 
m~ monthly values of 3 3 O . 2  and 30°.2 C. The temperature of reduction is 
31"-0 C. 

5. Meau n ~ o ~ t t l ~ l y  vaizces and secular clzn?zges.-l'he following table gives 
the monthly mear; values of the magnetic elements for 1913 and 1914 and the 
secular changes during that period. 

Seczclar changes a t  Barrackpore i n  1913-14. 

Xoama. 

Jane . . . 
July . . . 
Angost . , . . 

September . . 
October , . . . 
November . . . 
December . . . . 

Jann&ry . . 384 

Febronq . , ' I 387 

c . . . 1 318 

April . . . . 376 

May . . . I  380 
Jnns . . . . ' 389 

J O ~ J  . . . .I j60 

Anmet . . . I 
Svptember . . . 1 f 
1*10*1 . . . I  16?l 

Norember . . 305 

e m  . . 

: 1 - JIeaos 

- 
Honrzomrr~ Fonoa. 

Beculer 
change. 

Meall 
vnluc of 

Base llne. 

'37120 

.37112 

37114 

,3711: 

,37116 

97114 

37103 

D~oLrrrTron. 

6. The committee which assembled in March 1914 to discuss thc position 

- --- 

JIenll 
rnluc of 

Dnse line. 

0 I 

. - 0 : 4 4  

. - 0 : 4 . 5  

-0 : 4.3 

. - 0 : 4 5  

Closing of the Bnrrnckpore Observatory. 
of the magnetic survey and to advise as t o  
its future programme were of opinion that 

the maintenance of the observatories of Delira Dfilz, Kodaikanal, Toungoo and 
Alibgg in contini~ous operation shoulcl @vc adequate data for determining the 

Rase 
line 

accepted. -- 

5 

a .  mz s 
S a 
3. @* 

2 
0 w a 
8 2 
H 

linc 1 IXXA BE.. 
ncccptcd. 

G 
0 s M 

2 
f! 
?= 

Rx~rnxe.  - 

-0 : 4'5 1 5 

- 0 : 4 . 4  I $ : 4,.4 
i I 
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elements at any time at any place in India, a ~ ~ d  that thc Barrrtokpore 
observatory might thewfore be olosed. On the 26th April 1916 observations a t  
this observatory were discontinued after the repeat stations, whose values are 
dependent on the Barrackpore observatory for clisturba~lce corrections, had 
been permanently marked and observations a t  them completed. The magneto- 
gl.aphs were then asmantled by the officer in charge and the buildings raade 
over to the Bengal Publio Works Department on the 3rd May 1916. 

A11 the instruments, furniture etc., of the observatory were sent to Behra 
Din  to be stored away at the head-quarters of the party. 

This observatory wm built in July 1903. The declination and horizontal 
force magnetographs were installed in August of the same year and the verti- 
cal force magnetograph in April 1907. These instruments have been in 
operation up to the 25th April 1915. 

C.-Touseoo OBSERVATORY. 

1. Mr. B. B. Shome held charge of the observatory throughout the year. 
The H. F. and declination magnetographs haye worked well throughout 

the year ; the V. F. magnetograph behaved as well as could be expected of this 
class of instrument. 

2. Mearz onlzces of declinatio~z arzd A. P. consta1tts.-The table below gives 
tlie monthly mean values of magnetic ~ollima~tion, the distribution co-effi- 
cients P,, and P,, and the magnetic moment in of the observatory magnet 
in 1914. 

The normal fall of the momeilt of the magnet Iias previously been 2.0 
C. G. S. per annuin as mentioned in last year's I-eport. The fall (luring this 
year has been 1.0 C. G.  S.; this is still nluch higher than the average normal fall 
of the other observatory magnets. 

iWcnrl, cnlues o f  the Cons tnf t t s  o f  iWagwef ATo. 198 I ' ~ L  1914. 

Jnn~iary , . . 
Feh~asry , 

March . . . . 
April . , . . 
Nny . . . . 

Juire . . . -10: 2 

July . . . . - 9 : 47 I 
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3. B a n  bas8 line values.-The following table % V ~ S  the mean monthb 
and accepted base line values of the declination and H. F. magneto. 

graphs; the accepted values hal-e been used to compute the values of these 
elemellts for 1914. 

TIle observed values of the H. F. base line in this table have been corrected 
to reduce tllem to the value of Magnet No. 19, which was i n  use in the earlier 
years of the observatory. 

Base line vnlues of  ~ V a g n e l o g ~ ~ ~ p f i ~  in 1914. 

4. Mean scale vcclzbes and ten~pevatuve qlccnge.-The mean scale values 
throughout the year for an orcliilate of T'T inch were :- 

H. F. 5.3gY. 
Decl. 1.02 rniuutee. 
V. F. 5.667. 

Monlna. 

January . . 

Feb~unry . . 
March . . 

April . . 

May . . 

The mean temperature for the year was 89" F. with maximum aud mini- 
mum monthly values of 89'3 F and 88O.6 F. The temperature of reduction 
is 89" F. 

H o n ~ z o s ~ ~ c  Foaaa. 

Rxaranrs. 

6. Mean monthly values ctnd 8ectdnq1 cl~n.ngea.-Thc ailuesed tahlc gives the 
mean monthly values of H. F. and V. F. for 1912 and 1914, the declination 
and dip for 1913 and 1914 and thc secular chanoes during those periods. 
The values of H. P. in 1913 were unsatisfactory and appear to have heen 

,35661 

.38648 

-386.13 

-38646 

.38681 

98636 

DKOLINATIOB. 

0 : 50.8 

0 : 50'5 

0:507 

0 : 50.7 

0 : 50'9 

Zmne . . 0 : 50.8 

J u l y  

< ., 
m 

P, 
0 

5 
0 
B 

5 

i 

. . 

August . . 

September . 

October . . 

Kovemher . 

December . 

, .  

'38636 

-38629 0 : 50.0 

0 : 51'0 

0 : 61.2 

0 : 61.2 

0 : 51'3 

3 

2 

i 
I 

,38629 

'38639 ; 
I 

i 
38628 I 

I 
98624  / 

i 
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sffectecl by variable personal errors, these have therefore not been used in the 
tables in deriving the secular changes for the year for H. I?. and V. F. 

Secnlara changes a t  Tou~~goo  if^ 1912-14. 

1. Magnetic Observer Ramasvami dyyangnr held charge of the observatory 
for about 10; months of the year and during his absence on leave, from 1st 
October to 20th Novelnbor 1914, Computer Abclul Uajid was in  charge. 

Thanks are due to tb.e Director of the Solar Physics Observatory for 
cordial assistance in all nlatters connected with the magnetic work. 

The magnetographs worked satisfactorily throughodt the year. 
2. Mecclz valtiee of declinafiolt cc~acl  H. F. constants.-The table below 

gives the mean observed nlonthly values of magnetic collimation, the distribu- 
tion co-efficients P,., and P,., and the observed and accepted values of the 
magnetic moment in of the observatol*y magnet, used in  the computations of 
1914. 

All the valiles of in were determined 11y using the chronograph for the 
vibration observations. 
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Mean aalzces of the Cofistm~ta of Magnet No. 16 in 1914. 

3. Mealz Base liue vcc1zies.-The following table g i ~ e s  the mean nlonthly 
observed and accepted base line values of the 8. F. and declinatinn magneto- 
graphs ; the accepted values have been used to comp~lte the values of these two 
elements for 1914. 

Bnse l i f l e  vnlqtea oJ llngnetogr.np?is i u  1914. 

Rsu~mrs. 

-- - 

To September 28th. 

From Se tember 
29th to ~ c t o f e r  2nd. 

From Octobar 3rd. 

To December 1st. 

From December 3rd. 

MOXTES. 

D S C L I ~ A -  
TIOI con- 

BTAITI. 
-- 

n. F. CONSTANTS. 

Jnnusry, . . . 
February . , . 
Marc], . . . . 
A p i l  . . . . 
May . . . . 
June . . . . 
July . . . . 
A u g ~ a t  . . . . 
September . . . 

1, . . . 

October . . . 
h'orember , . . 
December . . . 

M E A ~  v ~ r v s e  o r  P'e. 

~ l o n r s s .  

. -. 

Jsni~ary . . . . 
February . . . . 
March . . . . . 
April . . . . . 

), . . . . 

MEAN T A L V ~ ~  o r  m. 

BollzonTAL Fonca. 
-- - 

Mean Bsec 
i 

value 01 line I Em._. 
Dose line. necepted. 
- - I 1- 

Maan 

Dac~ laar lon .  

1 
I 

I 
'35167 1 i 

, ; 
97161 % 

.35lfi3 
1 2 

.37349 ; 
,37346 

'3i346 1 
d 
z 

37345 1 $ 
35348 I 

I s 

- _  
I ,I 

-3 : 27 

-3 : 28 

-3 : 26 

-3 : 27 

-A : 29 

-3 : 25 

-3 : 2 

-3 : '28 

-3 : 30 

... 

-3 : 26 

-3 : 25 

-3 : 26 

Moan 1 h @ c  
liae 

i ncceptcd. 

1 :  58.4 

1 :  58.8 

1 : 58.4 1 
1 :  58.7 j 

. I  
g 

... 1 5 
m 

May . . . . . /  1 :  59.0 1 Or m e  
June . . . . . 1 :  58% np  

m 
July . . . . . 1 1 r 58.8 * 

I 

Aligllat . . . . / 1 : 69.4 1 P, 

September . . . . 1 : 5R.I I 
I 

Cctol,cr , . . . \ I : 57.5 

to 10 llonrs on 
16th April. e u  

From 11 bourn! on 
10ih April. 

- - 

Rxxmrs, 

- 

I 
.37346 I 
,37340 ; 

-87880 

6.20 

6-27 

6.30 

6-83 

6'12 

el7 

6.25 

6.17 

6.14 

... 

6.14 

6.10 

6.09 

Ko~embrr . . . . I  1 : 656 
i 

c . . . . I 1 : 57.6 i 
I 

533 

8'65 

9-51 

5.62 

8'29 

8.40 

8.52 

8.57 

8.59 

. . . 

8'51 

8.58 

8.86 

-_------- 

8 
F 

2 
5 
cn 

rn. 

i 

I I 

I :,:::: 1 886.30 
886'30 J 

I 

886'21 '1 
886.10 

) 886'24 
SS6-27 

886'29 
I 

, 885'79 
! 

885.39 885.39 

886.34 i 886'34 
I 

885.03 ' 885.03 
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4. Mean ecale valzcee and tentpeslature range.-The m a n  scale valuus for 
the year for an ordinate of & inch were :- 

H. F. 6.017 to 10 hours on 16th April 1911. 
5.937 from 11 hours ditto. 

Decl. 1.03 minutee. 
V. F. 4.80-1 to 5'46-1. 

The mean temperature for the year was 18'.1 C with maximum and mini- 
mum monthly values of 1 8 O . 7  C. and 17"'l C. The temperature of reduction is 
19" C .  

ii. Hean n~onthly values and seculrcr ct~artge8.-The table below gives the 
mean monthly values of the magnetic elelnents for 1913 and 1914 and the 
secular changes during that period. 

111.-TABLES OF RES'ULTS. 

n 1 0 N T E l .  

Jnoanry . . . 
lebronrf . . . 

Blnrrl~ . . . . 

Aprll . . . . 

Yay . . . . 

Jl lno  . . . . 

JUIY . . . . 

Aogusl . . . . 

@ r p l c ! ~ ~ b e r  . . . 
Orlobor . . . 

Novcmbor . . . 

Dorcmbcr . . . 

bD8118 . . . . 

A. Mean  value^ of tbe magnetic elemeuts at the observatories for 1914 
B. Classification of curves and dates of magnet,ic disturbaucce in 1914. 
C. Tablee oE results at Debra Dtin. 
D. , , ,, ,, ,, Barrackpore. 
1 .  ,, ,, ,, ,, Toangoo. 
.Q. ,, ,, ,, ,, Kodaikfinal. 

H o s l z o s r ~ ~  Fosos  
37000 c. 0.9. + DEOLIWITI~B Dlr ~ E U T I C A L  Foecn 

1013. ,She::::. 1013. 1014. 

-- 

W. lo 

1014. 

- 
I 

11'6 

11'0 

15'2 

15'7 

1 1 3  

10'7 

17.1 

17'5 

18'3 

10.3 

10'8 

20'Z 

664 

648 

547 

+ N. + 02000 c. a.  S. + 

- - -- --- 

7 7 7  

600 

675 

571 

663 

+16 

27 

24 

640 

640 

554 

653 

658 

657 

660 

600 

658 

I 

8'7 

0'2 

0'7 

t I I I 

$7 

5.5 

5'7 

6'7 

5'7 

7 

5.6 

6'0 

0'4 

0'5 

0'4 

+* 671 

10'0 

0 %  

11.0 

11'4 

11'0 

12'.1 

1a.o 

13'3 

2'5 

3'3 

4.2 

4'8 

6'7 

0.1 

0'5 

0.8 

7.8 

7'7 

s'0 

---- 

1 1 8  11'2 17.1 I + I 0  I 6'6 11'2 + 1 7  0E6 I 780 

2.1 

"O 

674 

600 

600 

507 

676 

672 

570 

67'2 

8'5 

0 ' 1  

0'8 

10'5 

11'7 

12.0 

1 2  

12.6 

12'7 

13'7 

13'5 

25 

15 

10 

0 

18 

16 

10 

B'O 

6'8 

6'0 

5'7 

0'0 

6.0 

0'0 

653 

2 

072 

078 

088 

ooa 

808 

04 

68 

08 

61  

I 

! 
720 1 67 

727 5 

734 1 03 

6.1 

0'0 

743 

750 

760 

704 

06 

80 

87 

MI 

710 

710 

7 m  

778 

6'6 714 716 
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For each observatory the followi~ig tables are given :- 

(a) Hourly mealls (corrected for temperatnre) of rleclination, H .  F., V .  F., and dip 
from nll nvnilablc days. 

(L) Diurnal inequality decluced Irom (a).  

G.  I'reliminary va111es of t,he' m:lgnetic elements at repeat statious iu 1914-15. 

Ohscrvntory . H. F. 

C. Q. S. 

'33165 

'37403 

.%I933 

.:37571 

I~atitodc nnd Longitode. V. F. 

- - - - 

c. 0 .  5. 

.31?4,5fj 

92459 

.I6628 

.03750 

-- 

I O 

: 19 : 19 N. 
D e b n  Dill] ' . I,[ I 78 : 3 : 19E.  oii22 : 46 : 29 N. Barrackpore 1 I H8 : 21 : 39 E. 

I 

{18 : 55 : 1 5 N .  
Toungoo . I : 27 : 3 E. 

: I3 : 50N. 
K odalkana I 

77 : 27 : 46 E. 

Dip. Declination. 

0 f 

S .  44. : 22.9 

N. 30 : 58.9 

N. 23 : 6.1 

N. 4 : 11'2 

0 

E. 2 : 18.8 

E. 0 : 32.2 

E. O : 2.6 

W.l : 17.1 
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-- 
Horlzoolnl 

Force. 
Deollu~11011. 

. , 
- 

E 1 9 

, , l  10 

,, 1 38 

,, 2 69 

,, 2 69 

,, 2 81 

,, 2 4% 

,, 3 32 

,, 3 31 

,, 1 39 

,. 1 39 

W 1 14 

, , 1  11 

,, 0 41 

,, 0 38 

E 1 2 

,, 0 58 

,, 1 19 

,, 1 21 

,, 0 13 

I O l3 

REPEAT STATIONS. 

I 
j l l  NO. * a m  of .tation. 

- 
1. Sita 9 : Ud.ipnr 

Ditto I Do. . . 
I 

11. Sits 2 Karkohi . . 
'111. Site 2 Qnetto . . 

I 

Ditto I . . 
3V. Bite 1 1 E)shrmlpur . 

I 

Ditto I Do. 

V. Site 3 I RRmlpindi . . 
Ditto I Do . . 

VI Site 3 1 Bhamtpur . . 

Dlp. 

0 1  

34 42 

34 43 

36 10 

44 0 

44 1 

43 3 

43 4 

49 4 

49 4 

99 31 

83 17 44 

85 16 66 

... 
84 69 47 

... 
1 8  28 1 

75 47 0 

78 67 I) 

I 
I 

98 12 14 

h t ~ ~ o d o .  

O , , ,  

----- - 

24 3?L 42 

... 
24 49 24 

30 12 21 

... 
29 24 23 

... 
33 36 26 

... 
27 13 63 

911. site 1 Waltnir . . 
Ditto , Do. . . 

X I I I . e i l e 2  Darjeeling . . 
Ditto Do. . . 

XIV. Site 1 Gnyi . . .  
n1tt.a I Do. . . 

xv. Slte 3 Seconderlbld . 
nt to  i 

XVI. site 1 B ~ U E A W B ~  . . 
Ditto Do. . 

I 
XVII. site 1 Jabbillpore . . 

D1tto Do. . .  
I 

XVIII. srte 1 Tavoy . . 

21 18 , W 0 17 
I 

21 17 ,, 0 16 

38 52 / I3 1 1 

38 4 1 , 1 0 

39 32 

10 40 

10 40 

16 16 

16 16 

29 37 

29 36 

38 52 

38 41 

25 27 

28 28 

Lonaltude. 
- - 

0 , )  

73 ,U 46  

... 
67 2 28 

66 69 66 

,.. 
71 40 36 

... 
73 9 6 

... 
77 29 24 

17 42 23 

... 
28 59 49 

... 
24 47 7 

... 
17 21 41 

. 
21 3 10 

23 8 2G 

..I 

14 6 3 

36 3 

36 2 

... 
77 36 26 

... 
75 0 10 

... 
69 36 39 

... 
82 8 6 

... 
83 58 35 

... 

Dtdtn no. 
I XIX. site Z Imhin I . 

Dittn Po. 

XX- 81tr 1 Akpb . 
I 

Ditto , Do. . .  I 
I 

VII. Site 1 Bangdore . 
I 

Ditto ' Do. . .  
VIII.  Site 1 I Dhkraer . . 

I 
'Iitt0 I Do. 

. . 
IS. Site 2 I Porbnndsr . . 

1 
Ditto 1 DO. . .  

X. Site 3 Fyzlbfid . . 
nitto 1 Do. . . 

XI.  S ~ t e  1 Sambalpur . . 
Ditto Do. . .  

I 

.. 0 40 

,, 0 41 

... I I 
I 

29 56 12 97 44 M 

... I 1 . .  
1 20 8 6 Y2 63 I7 

... 
12 68 43 

... 
16 96 36 

... 
21 37 43 

... 
26 48 6 

... 
21 27 52 

... 

21 8 I IV 0 I6 

21 8 

27 68 

27 67 

31 48 

31 46 

12 9 

la  9 

31 22 

31 18 

26 1E, 

,, 0 14 

E 0 19 

,, 0 21 

,, 0 35 

,, 0 36 

,, 0 0 

w o  0 

E 0 10 

,, 0 12 

,, n 7 
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Abstract 8horvisg a p p Y 0 ~ i m a t e  m~$gnetic vadlcc8 a t  atatiosn obaernoed a t  by No. 18 Y~r.ly drrrinf 
aeaaon 1914-16-contd. 

REPEAT STATIONE-COB~B. 

Berlal No. Namc of Btrtlon. 

- 
XX. Site 1 

X X I .  Sito 1 

Ditto 

XXII .  Bite 3 

Ditto 

46 

86 

71 

71 

88 

88 

W2 

92(a 

105 

105 

l2d 

12,4(a 

130 

130 

134 

134(n 

139 

189 

172 

172 

175 

175 

181 

181 

186 

186 

187 

187 

Inn 

ion 

Akyab . . 
Silchar or Clchlr . 

Ditto 

Dibrugorh . . 
Do. . .  

Ruk Junction . 
Ditto 

Lahore . . 
Do. . . 

Peshiwar . . 
Do. . .  

Kundiin . . 
Do. . .  

Sachin . . 
Do. . . 

Bikaner . . 
Do. . . 

Ajmer . . 
Do. . . 

Mirpur KhBs . 
Do. , . 

Viramggm . . 
Do. . 

Dhond . . 
Do. . . 

Hotgi . . 
Do. . . 

Quntnknl . . 
Do. a .  

Arkonam . . 
f Do. . . 
Porambnr . . 

I)o. . . 
Cnnnnnore . . 

no. . . 
Birtr . , . 

Do. . . .  
Mirkj . . 

Latitude. 

0 I I ,  

Longilode. Declination. H\?,:"D:!''l I Dip. 1 - - 1  I .nu A,.,. 
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l b s f r n c t  tbawtlrg npproxi~nnlc mcrglretic v n l i ~ e s  n l  s ta t ions  observed a t  by No. 18 Par ty  drcrifig 
sensors 1914-15-contd. 

RBPRAT S T A T I O N ~ - + O ~ ~ ~ .  

Berlnl KO. 

P .  DecNnation. PI Longltnde. i 
0 I 

i 
20 11 

26 44 

26 55 

41 58 

41 51 

43 10 

49 11 

1 20 

1 21 

1 58 

1 58 

6 9 

5 10 

26 15 

25 6 

, 18 20 

~ 0 2 : l  I TI BIYA~KB. 
O , ,  

... 
74 26 20 

74 26 20 

77 14 20 

... 
75 2 40 

... 
77 42 30 

... 
79 8 30 

... 
79 8 20 

79 6 U) 

76 46 50 

76 46 60 

80 36 50 

h'ntue 01 Slnlion. 

I 

E 0 %A 

,, 0 36 

,, 0 33 

E 1 46 

,, 1 47 

,, 2 2a 

,, 2 22 

W 2 2 

,, 2 1 

,, 1 60 

,, 1 60 

,, 1 46 

,, 1 44 

E 0 1 

W 0 3 

,, 0 62 

.- 

'3773 
I 

'3666 

'3715 

'339.1 

-3995 

.3328 

'3227 

-3506 

.a804 

'3838 

'3839 

'3137 

'3836 

9729 

9696 

-3828 

?I826 

'3589 

'3590 

'3633 

.9653 

'37A8 

'3751 

'3445 

'3445 . 
'3643 

'35.14 

-3522 

'3623 

'3572 

'3673 

-9679 

'9681 

'3527 

'3527 

'9371 

'3371 

'3773 

Lalilnm. 

O , , ,  

... 
20 14 40 

10 14 40 

28 40 20 

... 
29 32 10 

... 

8' 44 0 

... 
9 16 60 

... 
10 46 40 

10 46 40 

19 16 20 

19 15 20 

16 31 0 

16 31 0 

25 3 10 

... 
25 a3 10 

... 
22 47 0 

. . , 
28 19 50 

- 

& 

M 

Oc 

8 

8 
8. 
E 
2 rr 

P .- 
$ .,, .- 
E: 

I 
216 ( Mirej . . 
223 Mnllmid , . 
223(a), DO. , . 

. . .  232;a)'Dellri 

P32(a)' DO. . . .  

384(=) 

489 

483 

489 

489 

600 

6 

518 

,, 0 62 

E 0 68 

,, 0 69 

,, 0 47 

,, 0 47 

0 30 

0 30 

,, 1 42 

,, 1 43 

, 1 1 

, 1 1 

. 1 6 

,, 1 6 

,, 0 66 

,, 0 66 

,, 0 90 

,, 0 3 0  

,, 1 22 

,, 1 23 

,, 2 1 

,, 2 2 

,, 0 6 

283 

283 

. . .  Do. 

Mnnikpnr . . 
Do. . . .  

Nonghyr , . 
Do. . . .  

i i  . 
Do. . .  

. I  Knt~rninn Ghat . 

80 36 50 

81 6 20 

... 
86 27 60 

... 
05 66 60 

... 
81 7 60 

... 

85 31 30 

.., 
76 30 30 

... 
78 11 0 

... 
75 6a 40 

... 
80 21 0 

... 
79 32 60 

... 
86 64 40 

I 

. . .  Sinn 

Do. . . .  

618 

630 

530 

644 

5.11 

615 

5.15 

657 

657 

673 

673 

698 

618 

I 

18 20 

35 36 

35 35 

36 0 

36 0 

90 67 

30 66 

41 16 

41 11 

38 39 

38 40 

36 6 

36 6 

33 38 

33 41 

31 25 

31 24 

38 4 

38 4 

42 63 

42 53 

28 39 

928(a), TinnereUy . . 

Do. . .  
Bcttinh , . 

I 
328(a) 

332 

332 

339 

337(a!, 

375 

3 7 5 ( ~ )  

394 

... 
20 48 60 

Do. . . 
fi1nndnpnm . . 

Do. . . 
Tnnjore . . 

. . .  DO. 

Pnrbllaoi . . 
Do. . .  

Beznidn . . 

Do. . . .  ... 
Birnn . . 1 11 5 32 

Do. . . .  1 ... 
. . .  Bi~ln I 24 10 50 

Do. . .  . ) ... 
1ndo1.o . . ! 22 4% 8 

Do. 
i . .  . I ..- 

Cnwnporo . . 26 27 0 

Do. . . 1 ... 

Kntllgoditm . 
Do. . . 

Dn1:1tol.e . . 

28 16 19 

,.. 
21 30 30 
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~ b ~ / ~ . ~ c t  ehozui,bg nppro,cimntc mngttetic vtcllles a t  atations observed at by no. 19 Pnr1y during 
senson 191415-conold. 

NOTE. 

The f o r e ~ o i n g  vdoes  of Dip, Declination end Horizolitnl Force are tuncorrected for  secular change, 
dinrnnl vnrintion, ins tn~mentel  differences, eta., and are to  be considered preliminary values only. 

A11 longitudes ere refernble to that of tlto Mndrns obecrvntory taken a t  the  valneof 80" 14' 54" enst from 
qreenmich. 

I 

8erlal No. 

-I 

692 

699 

699 

710 

710 

746 

746 

765 

765 

779 

779 

831 

931 

571 

871 

961 

961 

975 

975 

977 

977 

1068 

1068 

1071 

1071 

1195 

1196 

1838 

E 2 19 3303 ,yam:, 1331 

At every stntion, except ICn~achi which had provioasly becn well marked, two vnloea of each element aru 
givon in the tnbles, the  up er values bein6 thoao obtained a t  tho sites Loforc they were permanently marked b y  
pillnra this aeason and t~reTowor vnlues bo~t lg  thoso obtai~lcd a t  tho sites af ter  the  pillars llod been built. 

" s " su5ixcd to  n s t o t i o ~ ~  number ngninst thc  upper value indicates tllnt i t  is a new site selected in  some 
grovioue senson nnd when suffixed to n station number against the  lowcr velnc indicates that  n fresll site 

een selccted for the pillar built th is  senson. 

D c c l l n ~ t l o ~ .  

0 ,  

~ - - 

E 0 6 

'A' 0 15 

Name of Station. 

Bdasore . . 
B e r h a m p u r 

(Ganjim). 

. .  Do. 

Cumbum . . 
Do. . .  

Cl~&nda . . 
Do. . . 

Raipur . . 
. . .  Do. 

Amrcoti . . 
Do. . . .  

Satnhi i r  . . 
Do. . . 

L&ks&m . . 
Do. . . 

Mandalsy , . 
Do. . . 

Nyitkyinii . . 
DO. . a 

Bhamo , . 
Do. . 'i 

Prome . . 
DO. . . 

Bsssein . 
Do. . . 

h!onlmein . . 
Do. . . 

Barmer . . 

REPEAT STATION#-COBC~~. 

Dip. 

I I I 10 denvcd 
from m a n  

I 

Muasmde . . 30 27 12 78 6 10 14 38 

The vnluca ngeinst atetion No. 1.102, Bnrrnckpore, are those obtmined or a now repeat rtatiotl established 
thia senson I!cm tho Barrackpore observatory n,hich has tlow been oloaed. 

1338 

1402 

--------- 

... 
M 18 10 

15 35 50 

... 
19 67 50 

... 
21  15 50 

... 
20 65 30 

... 
24 48 1.0 

... 
23 16 40 

... 
21 69 50 

... 
25 23 20 

... 

24 15 30 

... 
18 49 40 

111 

16 46 20 

... 
16 29 40 

... 
25 44 36 

Hi$::!a' 
-- 

C. 0.  8. 

- - 

,3774 

9824 

DO. . . 
Barrackpore . 

,.. 
22 46 29 

- 
Raulnxs. 

- 
... 

8.1, 48 40 

... 
79 6 40 

. . 

s 
g 
a 

OD 

2 
e - 

4s 

8 

a 

a 
8 

LU 

7 . - 
2 
.- m 

LC 

28 36 

24 8 

24 10 

16 48 

16 49 

.. 0 15 3823 

, 1 1 .3824 

79 17 40 25 43 

... 1 26 46 

81 38 20 28 31 

... 28 30 

77 46 50 28 13 

... 28 13 

88 59 20 34 66 

34 64 ... 
91 7 20 31 66 

... 31 66 

86 6 30 28 26 

... 29 26 

97 24 10 36 22 

,.. 36 17 

97 13 10 33 51  

... 33 53 

95 13 20 22 51  

... 22 52 

04 44 30 18 16 

... 18 18 

97 37 30 17 44 

... 17 43 

71 26 610 37 6 

,, 1 11 
E 0 .1 

, 0 5 

, 0 15 

,, 0 15 

W 0 2 

,, 0 3 

E 0 45 

,, 0 45 

,, 0 23 

,, 0 24 

,, 0 9 

,, 0 9 

,, 1 1 

,, 1 3 

,, 0 20 

,, 0 23 

W 0 3 

,, 0 3 

,, 0 8 

,, 0 8 
E 0 2 

,, 0 1 

,, 1 43 

$432 

-37-15 

, . . 
88 21 39 

9827 

.37-l8 

.3741 

' 3 i ~ 6  

.3723 

'36.16 

'3650 

.3683 

'368% 

.3763 

.1754 

9823 

-3823 

3361, 

'31334 

9748 

.37 $9 

.300S 

9904 

'39.17 

.3945 

.3954 

.a955 

.3.133 

37 6 1 , 1 11  

31  1 ,, 0 28 
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BASE LINE. 
No. 19 PARTY. 

PBRBONRBL. Progress was made with the erection of. 
- - 

Inrperiol ~flcer-s. the Comparators and a motor-generator 
Majar Ha L- Cro~th""~ R.E-J in charge to to tnnSfOrm the alternating current at 

23rd October 1914. 
CsDtsill W. E. P e r g ,  R.E., in charge from 220 volts of the public supply to con. 

24th October 191~4 to 31at August 1915. 
P~~~ l a t  to 7th September and again from 

tinuous current at 100 volts whjch is re- 
24th to 30th September cllnrge wm held by quired for the motors and heating ar. 
the Officer in cl~arge of NO. 16 l'arty 111 

addition to his other duties. rangements of the Bar Comparator was. 
~irutenant-Colonel C. H. D. R ~ d e r ,  C.1.E.t installed. 

D.S O., R.R., in charge from 8th to 23rd 
September 1915. NO Base Line work could be attempted 

Lower Svtdordinate Servuice. as no officers mere available. 
1 Computer. 

COMPUTING AND TECHNICAL OFFICES. 

BY Ma. J. DE GBAAFF HUXTEU. L1.A. 

Computing Office. 

PEESONSEL. Babu Hem Cbandra Banarji, B. A., mas 
Impe~l 'a l  0flcn.s. confimecl in the Computing Office on the ur. J. de Graaff Hunter, 31.A., in charge. 

'J'lle acrvices of Lieutennnt K. Maaon, R.E., were transfer 'of Babu Dhirendra Nat,h Saha 
lent for about one month. t , ~  the Upper Subordinate Service. 

Provi,rcial OjTcer. 
Mr. Hannrnn~l Prmad. Tbe present season has beell quite un- 
-- - 

Compirting Osee. usual on account of the curtailment of 
B R ~ U  Ishan Chn~idrn Deb, B.A., and eleven corn- field work in the parties. 

~ u t e r s .  
~i YO coniputers lent from the field parties for a T l~ i s  mused a number of computers 

portion of the year worked in tho Com1)nt- 
inf i  Office. from Nos. 13, 14 and 1 6  Parties to be 

P ~ . i ~ l t i ~ ~ g  OJice. \vithout full employment iu their respec- 
BIr. Swat  Knmnr Jlnlterji, Sub-Assistant Super- 

illtendent wit,, 1;) compoeitors, tive parties. The services of these corn- 
etc. 

T V O J . ~ S ~ ~ O ~ S .  
puters werc accorrlingly placed a t  my dis- 

1 Head Artiticer with 8 litters and cnrpe1itel.s. 1)09&1. 

Tviccugzclatio~~ Cl~avts.-The compilation and publication of triangulation 
charts were rccognised as a very important and also very long piece of work. 
Procoecling a t  thc rate of tbe previous season the publication of the 900 charts 

t o  extend over 20 years. Still i t  had not previously been poskble 
to employ n largcr number of computers on this work. Thc prcscnt season 
Save opportunities of remedying this and a prospect of getting out thc ~ ~ h o l c  
series in some two or three years, owing to the largcr number of men availsble 
for t l ~ e  work. The first necessity was to improvc the system on which thc 
charts were produced. The old plan mas to obtain all the topo. data from 
thc circles concerned and to complete the G. T. data and such topo. ~ o r k  
as mas given in the Synoptical volumes a t  Dehra. This led to great delay 
as the circlee could not always supply complete data at once, and constant 
rcferer~oe had to be made to them. Moreover, the data had to be set up in very 
largo pal;eu to print a t  the side or on the back of the 4 miles=l inch charts, 
This waa very troublesome for the Printing Office. The siee of type used had 
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to be varied according to the amount of data available, and in some cases 
sllflicient room was not available even when the slnallcst type mas used. 

Thcse difficulties have been largely overcome by'printing the data in the 
form of pamphlets, and in printing thc portion available at  Dellra independently 
of the modern topo. data available from the circles. The pamphlets recoynise 
three classes :-(1) Geodetic triangulation, (2) Minor triangulation, (3) Intcr- 
scctecl points. 

(1) Geodetic triangulation, comprising both principal and sccondary 
triangulation zohiclt ltas been conzputccl ~.igo~*ozisly. Some old triangulatiou 
observed as secondary, had been computed without taking account of spherical 
c~cess--a plan which inevitably leacls to accumulation of azimuthal errors and 
inconsistencies between azimuths and co-ordinates. Such triangulation could 
not rightly be classed as geodetic unless its recomputation mas effected. Priu- 
cipal and secondary triangulations werc classed together, beoause it was found 
that some good secondary was better than thc less accurate principal. I n  this 
connection it is to be rememberecl that thc triangulation series under review 
date from 1831. 

A criterion of strcngtli of triangulation lias been adopted from which all 
estimate of the relative strengths of tlie several series is- possible. This 
criterion takes account of the mean triangular error, the nature of thc figures 
(mhethcr simple triangles or braced figures) and the average length of side ; and 
tlie characteristic quantity M is proportional to thc probable clisplacement of a 
point from its true position after the triangulation has proceeded a given clislnncc. 
The following table gives thc values of M ancI some other particulars for the 
geodetic triangulation of India. 
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For simplification of reference and of the G. T. 8. index chart it bas been 
decided to refer to the several series by numbers. These nuolbers give the 
chronologkal order in which the series were oommenced. The values of M far 
the series occurring in each pamphlet are given after the preface. 

I n  addition to +ations of geodetic triangulation, all other geodetic sta- 
tions other than bench-marks are briefly referred to in  the pamphlets. I t  was 
thought that this would add to the usefulness of the pamphlets to Trigono- 
metrical parties without materially increasing their bulk. Moreover, any topo- 
graphical officer coming across a geodetic station of any kind mould have some 
particulars of it and be in a better position to report on its state of repair and 
advise any necessary action. 

(2) Minor triangulation, comprising the ordinary topographical trian- 
plation together wit3 work of a minor kind such as used to be esecutecl by the 
old trigononletrical parties in connection with the geodetic triangulation. 

(3) Intersected points. These are distinguished according as they have 
been fixed from geodetic or minor stations. If a point vas well marked by a 
heliotrope and observed with a large theodolite its accuracy of fixing may 
approximte to that of a geodetic station and exceed that of a topographical 
station. The co-ordinates of intersected points are accordingly given t,o such 
accuracy as appears justififible in each case. 

Of the above both geodetic and minor triangulations are given in one list 
and the geodetic stations precede the minor. I t  is intended, however, when 
further triangulation of either kind becomes available, to put this in at  the end 
of the list no matter whether it be geodetic or minor. Only the last page will 
be reprinted, the original data contained in i t  being followed by the new data 
available, for substitution for the last page of this portion of the existing 
pamphlet. The same applies to the intersected points n-hich occur in a 
fieparate list and with independent pagination. I n  this way it is hoped to keep 
the pamphlets up to date without constant reprints of whole pamphlets. 

The pamphlets are now provided with an index and it is proposed to re, 
print this and issue with each addendum. 

The present procedure is for the data to be compiled in Dehra and sent 
to the Printing Office. A fully corrected proof is then handed to the Drawing 
Office from which the chnrt is drawn. The development of what has been in- 
dicatcd above took some months and cannot be said to have come properly into 
force until July. The increase in rate of production is now beginning to be 
felt and it is hoped that an average rate of four or five pamphlets a week will 
be attained in the near future. 

Adjustment of Burma Triangulation.-A fact which appears only to have 
been recognised in the last year is that triangulation pamphlets crr,nnot be 
published until all triangulation, in the area wit11 whioh they deal, has been 
adjusted. ' If this has not been done two sets of values of co-ordinates for the 
samc point occur. This drew attention to the case of the Burma triangulation 
and the smaller cases of Baluchistfin and Knshmir. The Hurmn triangulation had 
not becn adjusted because the entire network contemplated had not been corn- 

plcted. The labour of adjustment on the plan on which the I ~ d i a n  lletwork 
was adjusted also proved a formidable obstacle. However, some preliminary 
adjustment seemed essential so as to arrive at  data everywhere consistent itate,. 

the bast methot1 of arriving at this was considered. In this way a 
llluch simplified mflthod of adjustment was arrived at. This method lacks sollle 



of the tileoretical rigidity of detail which characterised the old plan : but it is 
donbtful wl~etltller tlre results mill differ by an a m o ~ ~ n t  which is of any import- 
nllcc even for the most refined geodetic considerations. A t  least it supplies 
a working inethod which is practicable from the point of view of labour in- 
v o l ~ ~ d .  As further triangulation series arc completed it I\-ill be possible to re- 
open tlic work and give further corrections if this is then considered desirable, 
To test the method (which is founded on the theory of probability even as the 
older method was) tho Baluchistan triangulation was adjusted. Taking into 
nccoun t the ilovelty of the mcthod this mas effected by a pair of computers in a 
satisfactorily short time. A good deal 01 preliminary work for the Bwma 
triangulation llas been clone, but further progress with this is stopped for a few 

lllontks owing Bo the fact that one triangle in Burma has to be re-observed, ~t 
is expectecl that this mill be done .in December 1916 : and if so, the complete 
adjustment of the triangulation should be coinpleted by four computers within 
six or eight months. Until that time publication of Burlncl pamphlets nil1 l l c  
held up : but great progress with the Indian pamplilets will have been made, 
and the Burma pamphlets will then be able to be taken up with energy. 

Levelling.---Dynamic ancl orthometric llcights have been completed of 9 
lerelling lines, namely, (1) RiLwalpincli to Murree, (2) Srinagar to Isl&mgb&d, 
(3) Akhanrit to Dacca and P i c h u r i ~ ,  (4) Poriiclaha to Faridl)ur, (5) Comilla to 
Chittagong, (6) Fariclpur to Barisil, (7)  Meerut to Delhi, (8) Tliazi to Prome 
and Rangoon, (9) Elephant Point (Rangoon) to Pyinmanci and Thazi. All thc 
publisheel heights in  Burma have hitherto been referred to Elephant Point 
(Pilnkat Crcek) sea level ; but the lcvelling has recently becn carried to Am- 
hcrst, ancl shows that the Elephant Point sea level is higher than that at Am- 
herst by 0.785 foot. It has been decided to refer all heights in Burma to 
Amherst mcan sea level in future, since the Amherst Tidal Observatory is situa- 
ted on an  open coast, while that a t  Elephant Point is two miles up the Rangoon 
river. At  tlie same time the results have been expressed in orthometric heights. 

The Assam levelling circuit from Pirvatipur via Gauhsti, Karimganj, 
AkhauriL, Dacca, and Pachuria to Poriidaha has a closing error of 1.005 feet, 
which is being distributed among the four last river crossings. Another 
levelling circuit, namely, Rangoon, PyinmanzL, Thazi, Magme, Taungdwingyi, 
Prome and Rangoon, is found to have a closing error of 0.269 foot in a distance 
of 883 miles. 

P~sess zuork.-The Tibetan explorations ml~ich form Records of the Survey 
of India, Volume VIII ,  and extend to 411 pages have been prepared for press 
and all proofs read. 

All proofs of Professional Paper No. 16 of 190 pages have been read in the 
Computing Office. 

Reeec~rclr.-In 1912 an  attempt was made to solve the question of t l l ~  
effect on the triang~dation of India of cl~anging the spl~eroid of reference. Thc 
Everest spheroid differs from the sphcroicl dcrivablc from most recent work, 
the semi major and minor axes being too small by about 900 and 700 metres 
respectively. What was wanted was a reacly means of changing to any desired 
spheroid : or even of treating the ascs of the spheroid and the co-ordinates of 
tlie origin as unknovn and determining them so as Ilest to fit the geodetic 
results acculnulated by observations. This problem has now been solvcd satis- 
factorily, and the results are given in thc first four chaptcrs of ~rofersional 
IJapcr KO. 16 entitled " The Earth's Axcs and Triangulation." The Paper has 
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been printed to t,his extent,. A number of related matters remain to be dealt 
with in the later chapters. This paves the way for the general consideration of 
the Indian defleotions, a problem the solution of which will be much assisted 
by the use of an  instrument which has been rccently designed. This iustrumcnt 
performs the integrations 

Sin t$ dr Cos 4 dr S J~PW and S Jw 
(r, 4, being polar co-ordinates of any point referred to station and h the height) 
by simply running the pointcr round the contows of a map. If 4 is measured 
from the prime vertical thesc two integrals u~ultiplied by a suitable constant, - 

are the deflections in seconds of arc, in priine vertical and meridian respective- 
ly. They are recorded a t  one operat,ion on two druins similar to the recording 
arrangements on a planimeter. 

We have now reachecl a stage when the interpretation of the geodetic re- 
sults of observations in India on the direction of the plumb-line has become a 
matter of scientific urgency. The labour of calculating the effect of tlic attrac- 
tion of topographical features on thc plumb-line is of prodigious amount. To 
test a theory such as that of Hayford's isostasy, numerous heavy calculations 
have been necessary. Morcovcr, these calculations have liad to be made with 
serious limitations to make them practically possible. As an examplc i t  has 
been necessary to treat land and water masses together, though much advan- 
tage would accrue if thesc coulcl bc t.reatecl separately. The instrument solves 
this problem when its pointer is causecl t o  travel round the map-contouils in 
the same may that a planimeter is uscd for evaluating an area. By its means 
the earth may be diviclccl i n  any may clesired and the effects of each portion 
separately found without any 'additional labour. This llla,kes it possible to 
make different assumptions regarding the state of conlpcnsation of different 
districts. It seems a natural inFcrence that compensation mill occur to vary- 
iug extents and depths in clistricts whose mode of forrnatiou mas essentially dif- 
ferent geologically. A mouutaii~ formed by vertical uplift is not likely to be 
compensated in the same way or to the same dcgree ns one R-l-hich is the result 
of thc crumpling of the crust. Rlo~ullains of much earlier origin may date 
from the time of soliclification of the crnst and so diBer from both of these. I n  
fact i t  is advantageous to stucly the earth district by district. The instrument 
will allolv this to be doue and tables to be procluced which will give the effect 
of any such district a t  any point. When this has been done, the combiner1 
effect of all districts may be considerecl and the uulinomn quantities which are 
connectecl with each may be dcterminecl by thc help oE equations formed from 
the observatiou data. Thc problem mill still remain laborious enough, but i t  
mill be possible to cousidcr it in a form ~rh ich  was previously quite impracticn1,le 
on account of the vast amonat O F  coinl~utation labour involvecl. 

Acco~n'htodnlion c r ~ ~ c l  Bqicil~~~tet~t.-Aboub a year ago a large room was 
given up to thc Computing Officc which llacl been vacatecl by the Drawing 
OBicc. This has for the first time for years given space sufficient for the 
Computing Office and its largc bulk of records and stock. During the past 
year the racks have been iinproved and aclded to and a start rrill shortly be 
made with a card indcx for the whole of these. Owing to the cramped state 
previously existing no sort of order was possible and the discovery of a parti- 
cular book of records depended largely on the memory of the computelms. With 
good progress i t  mill be possible to report the conclusion of this work i n  the 
Records of next year. 
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9 gold blocking press has recently been acquired. This will enable pm. 

fessiolld Papers and Volumes to be publislied from Debra in mucli improved 

form. 

Type-Printing Office. 

During the year the volume of Tibetan explorations (Volume VIII of the 
Records) in two parts (411 pages) and Professionnl Paper No. 15 (190 
have been finished. Profess;onal Paper No. 16 has been printed up to pacre 68, 
~t 10 compositors are stead.ily engaged on triangulation pamplllets. A 
reprillt of tile gr~t icule  tables for maps has been bdsun. Tables of logarithmic 
sines, cosi~les, tangents and cotangents for every minute, to 6 places of deci- 
m a l ~ ,  have been printed ancl stereotyped. These mill be of use in traverse corn. 
putatioos. It is intended to revise and stereotype all tables of the Auxiliary 
Tables. 

Workshops. 

The increase in work in the Workshops has made some changes and ad&. 
tions immediately compulsory. A lean-to shed 36 X 18 feet l ~ a s  been addecl on 
the south mall to afford protection to the carpenters and to timber during the 
rains. This has proved most valuable. It mas also noticed that the arches and 
pillars wllicl~ vely much obstructed the existing building oould be removed. 
These arches supported the roof of the original buildings : but a roof which mas 
snbsequently built clid not rest on them. They have accordingly been removed. 
It is proposed to use tlie building as a godomn when the worksllops vacate it, 
and the clearance of these arches will much improve its capacity for this 
purpose. A 6 EC. P. electric motor has been acquired and installed. Electiic 
currant has only become available during this year, so that  previously nopower 
was available. A circular saw and emery wlieel have been obtained and 
these, as well as three lathes and a routing machine (specially for stereo-plates 
but also of general use), are now all driven by the motor. Altliough this 
ncm arrangement has only very recently been completed tlie great advantages 
of i t  are daily apparent,. il good deal of construction and general equipment 
work for the offices has been carried out. 

The construction of the integrator referred to under " Research " has 
been begun ancl it is hoped that i t  will be completed during the present year. 

A new optical device has been made and experimented with. This aims 
at  replacing heliotropes for certain purposes. h;xperiments up to date have 
resulted in this arrangement being visible up to 4; miles, and it is hoped that 
this distance will be considerably increased. 

A Traverse signal ( v i d e  photograph and drawing) of which several have 
been made in  the workshops inay 1)e described herc. It was primarily deigned 
for the Bombay City Survey, 1011, in which i t  was used successfully. I t  is 
the device referred to on page 47 of Records of the Survey India, Volume V. 
The marks defining the traverse stations were about one foot below ground 
level, and consequeutly i t  mas difficult to centre an instrulnent or signal 
accuratrly over them. 'l'hc signal is snpportcd I,y a three-legged stand about 
20 inches high, the top of which is a ring (shown in lIla11 ill the sketch 
a t  A A) whose inner diameter is 9". An iyon tube shown in section at 
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T T, whose lower end rests on the mark, passes through thc ring. The lower 
end of the tube is fitted wit11 n socket, the whole being turned up truo 
in lat l~e ; and the socket fits into the mark, which is made cup-shaped, and 

centres itself. I t  is accordirlgly necessary to arrange a means 
of ho!ding the tube and having adjustments for making i t  vertical. A b1 .n~~  
&eve, S 9 i n  section, with a clamping device slides on the rod. Thia sleeve 
is supported on two centres C C a t  the ends of one diameter of a brass ring 
R R. '1 he diameter of the ring a t  right angles to this is continued outwards 
by two iron rods I I turned up true, wliich slidc in trio 1)rass bearings B I3, 
and the rods can be clamped in any desired position. The bearings themselves 
are fixed on a plate D D nllich is pivoted a t  one end with a clamp at 
the other end. When unclamped this is frce to turn about a vertical axis PI 
giving a motion at right angles to that obtained by sliding the rods in their 
bearings. A combination of the two motions is sufficient to permit the 
tubc to be brought into a vertical position. This is readily effected with 
the belp of the indications of a spirit level attached to the tubc. T l ~ e  tube is 
free to rotate on its own axis, so that the level soon s1lon.s when verticality 
has been obtained. This accomplished, the clamp screws are made fast. It 
is not necessary for the ground on ~vhich the tripod stands to be approximately 
level. A small table is fitted to the top of the vertical tube and a vertical 
board is attached to this in such a position that  the axis of the tube just 
grazes its front face. I n  this board an o ~ c n i n g  is cut about 4 incl~es square, 
across which and in  line with the tube-axis a strip of brass $ iuch widc is 
mounted in such a manner that i t  can rotate on a vertical axis. It, is - painted 
black and forms a good object for intersection against a whitt: background 
of card-board. I ts  apparent widtll can bc variccl by rotating i t  until i t  forms 
a suitably fine line for the particular distaucc from which it is being observed. 
For night observation a lamp is placed behii?d the vertical board and the 
opening in the board is more or less obscured by a pair of wood strips connected 
11y two brass picces in the manner of the ordinary parallel rulers, the ceutre 
of cach I)rass piccr: being pivoted on scrcws fixed in the ve'rtical board. 
By this means tbc width of this slit can bc varied from nothiug to ahout 
3 inches, and its centre is nlmays in  the continuation of the axis of the vertical 
rod. Tlle table also carries tlic lcvel hy mcnns of which the tube is made 
truly vertical and the brass strip or wooden slit accordingly brought directfly 
over thc station mark. 

This suffices for the angular measures. For chain measurements n, -0- 
shnpcd piccc is fitted on the rod wit11 frecdom to slide up and down unless 
claml~ed, but oilly in such a plane that it, is a t  right angles to the line 
of sight, which is aligned on tlic ohscrring telescopes. This is brought 
to ground level and measurements are ~nntlc to the extensions on each 
side. ' 

A similar ccntreing dcvice is used to trnnsfcr thc marks to abovc ground 
lcvcl to pernlit ol the theodolitc being centred over the mark. 

I t  has lattcrly bcen found that tlie apparatas may be modified without 
difficulty to suit the casc of a r ~ y  station mark l~elonr, at, or abovc ground lovel. 
Thc only modification required is in the lcngth of the tubc and tripod. For 
some purposes the superst;ucturc may be replaced by a smaller arrangement 
carrying only the levcl, thc tube itself being uscd as the object for intersection. 
The lcngth may be added to by extra picccs scrcwod on to it. 

u 0 
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Omori Seirmograph. 

The Omori seismograph has been working throughout the year and the 
following table gives a statement of the earthquakes recorded. 

L i s t  of earthquakes recorded j r o m  the  1st October 1914 t o  30th September 1916. 

I L T B A @ I ~ x .  
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8 
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P A R T  111.-SPECIAL REPORTS 

Address deZive~*ed by COLONEL SIR SIDFEP BURRARD,  PRESIDENT,  at th.e 
Indian Science Congl-eus at Ltbcknozo ou January 13th 1916. 

THE P L A I N S  O F  N O R T H E R N  I N D I A ,  AND THEIR RELATIOI<- 
SHIP T O  THE HIMALAYA IIOUNTA'INS." 

When I learnt that the Committee of the Indian Science Congress had 
honoured me by electing me the President for the year and by asking me to 
give an address to this meeting, I decided to invite the attention of the 
Congress to the unsolved problems surrounding the formation of mountains. 
The scientific world is now divided into numerous branches of specialists 
following their own roads, but the study of mountains belon~s to no specialist 
branch; i t  is not a road, but a junction of many roads, and geologists and 
astronomers, physicists and mathematicians, ge~gra~phers and geodesists, all 
meet at that junction for discussion. I have approached the question from 
the roads of geo,rrraplly ancl geodesy, and I mill tell you the lessons I have 
learnt; I do not, however, ask you to believe that the problems are solved, for 
although I may be led lo place certain gzographical and geodetic  conclusion^ 
before you, I realise that no solution will be satisfactory, unless it proves 
accepta,ble to geologists, pllysicists and mathematicians. 

You may t,llink it peculiar tha't I shoulcl be speaking about mountains a t  
a place where only flat plains are to be seen, but I may remind you that to 
the north of these plains stand the greatest mountaius of the Earth, and one 
of the most interesting of the problems under consideration is, what is the 
relsltionsliip of these plains to those mountains ? 

This is an outline map of the United Provinces ; you will see that these 
Provinces have three geogra'phical divisions ; there is the Himalayan area to the 
north, there a,re the level plains in the centre, aucl there is the ancient table- 
land on the south. 

These great plains in the centre have beell formed of' loose sediment brought - 

down by the Ganges: Gogrii ancl other rivers : a borehole was sunk at  Lucknow 
1,500 feet deep, but no rock bottom mas reached. 

This is a section across the 'Jnitecl Provinces. If you compare the rocky 
area lying to the south of the plains with that lying to the north, you will find 
on the south a li~assive table-land ; the geologists have shown that this table-land 
belongs to a very remote past. The mountains on the north are totally 
different; here the rocks have undergone continued compression, elevation, 
and disturbance throughout the tertiary period, aud our earthquakes prove that 
these movements of the Earth's crust in tlle north of tlie United Provinces 
have not yet ceased. 

I ask you to consider l~ow does this ancient table-land join on to these 
younger mountains that are always suffering from movelnents in the crust ? 

The maps and c h n ~ t s  i e f e r ~ e d  to 111 the address mare in  the f o l ~ n  of lantc~n-slides a n d  have not beeu 
lep~oduced in this r ~ p o r t .  
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If we coultl dig orlt froni the Gangetic trough all the silt deposited by the 
Hinl,Zlayan rivers, what kind of rocky junction should :ve find under Lucknoly ? 

TIIE CONTRACTION THEORY. 

A hundred years ago tlie accepted idea was that mo~untain ranges mere due 
to the upwarcl pressure of liquid lava ancl that  their elevation hacl been caused 
by volcanic forces. But when geologists began to  stncly the structure of 
rocks, they founcl that mountains llacl suffered from great horizontal corn- 
lxession, ~vhich was el iclent from the folding of strata. This cliscovery led to 
the idea that mountains had been ele~-ated not by vertical forces, but by 
horizontal forces which squeezed the rock upward. The wrinkling of the 
Earth's crust into mountains by horizontal forces was esplainecl by tlie coolins 
of the Earth : this is the well-known Contraction theory illustrated in tllis 
diagram ; the Earth's interior is held to cool and to contract, and the outer 
crust is supposed to get too large for the shrinking core and to wrinkle. 

About 1860 the observations of the plumb-line in these Provinces. brought 
to light a most important and totally unexpected fact, namely, that the 
Hinljlaya were not exercising an attraction a t  all commensurate with their 
bulk. 

This instrument is a plumb-line. I1 is a simple weight suspended on n 
string, and i t  hangs under the influence of the attraction of the Enrth which 
pulls it clomnwardu : you know Prom mechanics, that  if one force pulls this 
I\ eight vertically and if another force pulls i t  horizontally, the weight will 
Lang in a resultant direction inclinecl to the vertical. Sixty years ago the 
question had to be considered, how will a n-eight hang near the foot of the 
Himilaya ? here there vil l  be two forces ; the Earth's mass will be pulling the 
n-eight ~ertically, and the mass of the Himalaya will pull it horizontally. You 
may think that the mass of the Himalaya is very small compared with that of 
the Earth ; that is true, but we can measure by the stars very small angles of 
latitude ancl longitude, and the question was, will the Himjlaya deflect tlie 
plumb-line sufficiently to affect the observations of the Survey ? 

The pl~unb-line mas observed a t  Kaliana, a village near lluzaffarnagar 
in the United Provinces, 60 miles from the foot of the mountains : the ob- 
servers found that the Himalaya were exercising no appreciable attraction. 
Archdeacon Pratt ,  the mathematician, then calculated from tlie known 
dimensions of the Himdayan mass the attraction that the Hin~i laya shoulcl 
exercise. Geographical exploration has taught us more about the dimensions 
of the Hirnjlaya and Tibet than Prat,t knew, and Major C~.osthmait has now 
revised his actual figures. Ry the theory of gravitation the plumb-line ought 
to be deflected a t  Kaliana 58 seco~lcls towards the hills ; i t  is not deflected at all. 
I t  hangs vertically. This discovery mas the first contribution made by geodesy 
to the study of mountaine. The discovery was this, that tlie Himjlaya be- 
haved as if they have no masa, as if they were an empty eqgshell ; they seemed 
to be made of rock, and yet they exercised no more attraction than air. From 
the Rnliana observations Pratt  decluced his famous theory of lnoulltain con- 
l~ensation : l ~ e  explained the Kaliana mystery by assuming tllat the P O C I ~ N  
underlying the mountains must be lighter and less dense t]lan those underlyillg 
plains and oceans. The visible mountain masses, lie said, are compensntcc1 
by deficiencies of rock underneath them. This is tile thcolT of Mountain 
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compensation. The colnpensation of the Himslaya is not believed now 
to be exactly complete and perfect : they seem to be compensated to the extent 
of about 80 per cent. ; their total resultant mass is thus about f t h  only of their 
visible mass standing above sea-level. The discovery of mountain compensa- 
tion struck a blow a t  all theories which attributed the elevation of mountains 
to any aclditional masses that had been pushed in from the sides. The elevation 
of mountains by subterranean lava squeezed in from the side had to be 
rejected because it gave to mountains additional mass ; the l~rinlcling of the 
Earth's surface by lateral horizontal forces had to be rejected because i t  save 
to mountains additional mass pushed in from the sides. As the Himalaya 
possess only 3th of their apparent visible mass, I am led to suggest that the 

cause of their elevation has been the vertical expansion of the roclcs 
unclerlyiug them, vertical expansiou due to physical or chemical change. Tlie 
name of Yratt and the name of Kaliana have now permanent places in the 
history of science, and in this city of the United Provinces it is only right that 
I should recall to you that the great theory of mountain compensation, since 
found true in every continent, had its origin in the United Provinces, and that 
its author lies buried in these Provinces a t  Ghazipur. 

You will understand from this diagram that if the Earth's interior shrinks 
and if the outer crust is squeezed up into wrinkles like this, the mountains 
must possess much additional inass : the theory of compensation forbids sucli 
adclitional mass. 

The coutractiou theory TI-as graclually becoming discreditecl under the 
attaclis of Fisller, Dutton ancl others, and i t  seem$ some years ago to be 
moribuud, when i t  \ \as giren a fresh lease of life by the publication and 
translation into several lauguages of Professor Suess's great ~vorli, The Puce 
of the Ewth. This workis a critical history of all past geographical, 
geological and geodetic research ; the wealth of its detail, tlie courtesy of its 
criticisms have won for Suess's work universal admiration. 

But from the geodetic poiut of view it is disappointing ; it accepts the 
colrtr,~ction theory in its entirety, ancl i t  rejects tlie theory of Mountain 
Compe~isatioa. Suess does not obscure the issue, as some writers do, by tlur. 
iuclcfinite adoption of coutraclictory theories ; being quite clear in his ow11 
mind lie is quite clear to his readers. He states that hc does not believe in 
tlie compeusatioll of mouutains by underlying deficiencies of mass. Now the 
comp~nsation theory has becn found to be true in India, Europe and America : 
nowhere do mountains attract the plumb-line as the law of gravitation moldt] 
lead us to expect. So you see that the geodesists are sharply opposed to the 
school of Sness. Now \\-hat is Suess's reason for rejecting the theory of 
mountain compensation ? I t  is this : he states quite clearly, "mountain corn- 
pensation is iuconsisteut with all geological observations." Whilst I admit 
t h t  rnouitain compensation is inconsistent ~vitll certain geologiC,rI tIleories, 
I do not l~elievt: that it is inconsistent with geological observations. 

If thc Himslaya h:rcl the ui~compeusaterl mass which they appear to have, 
aud ~r l i i c l~  tlre scllool of geulogists 1~110 follow Suess ascribes to them, they 
~voultl attract the watcrs of thc Indian Ocean over India ; the plains of 
Norther11 Iod~n  \roulrl l)e :r grcnt se:i ; this sea would I)e 300 fl-et deep above 
l a l d ,  400 feet dae l~  above L~:ckno~v a n d  Gornkhpu~: and SO0 feet (leep 
abovc l'jlibl~it ancl Bnllmich. Fortunatdy those mountains hare not the 
power of attracting the Indian Ocean. 
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MOUXTdIN FLOTATION ,4ND ISOSTASY. 

But if the theory of conlpensation has suffered at the ha~ids of its oppo. 
nents, it has s~8erecl also from its friends. Pratt's theory of compensation 
has been slretched into n theory of flotation : an iceberg floats, because ice 
is lighter than water ; an iceberg is compensated in  the water by its relative 
deficiency of density ; Sir George Airy, the A s b o ~ o m e r  Royal, suggested that 
lllountains mere compensated because they mere floating UFOn a heavy sub. 
terranean magma. Prat t  never went as far  as this ; he merely said, G G  the 
mountains are colnpensated" ; Airy went further;  he said, " the  mountains 
are floating." Distinguished geologists, Fisher, Dutton, Oldham, have [le. 
veloped the idea of flotation. 

The theory of flotation lays down that the mountains are supported in 
their 11resent positions by hydrostatic pressure, just as a n  iceberg Boats up011 

,rater. I have no time to cliscuss this theory a t  length, but I should like to 
p i n t  out to you that if a n  iceberg floats upon water, its weight must be con. 
Pensated by underlying deficiencies of density : the theory of flotation (lees 

llet state this vith regard to mountains ; i t  states the converse, viz., that as 
nlountains are colnpensated they must be floating. The principle of hydro. 
static IJrcssure demands that if any mass is floating it must be compensated ; it 
does not, however, follom that if a mass is compensated it must be floating, 
The theory of flotation is hased upon the assumption that the compensation 
of mou~ta ins  is conlplete and perfect ; but we have not fount1 complete corn. 
pensatlon in India ; the outer Himilaya are compensated to the extent of 80 
per cent. As iceberg would not float, unless its compensation were exactly 
complete ; the fact that mountain compensat ion is nowhere quite complete 
or perfect is a serious argument against flotation. This imperfection of 
compensation differentiates rock from mater: it denotes rigidity. What I 
hal-e becn calling the theory of flotation is frequently called the theory of 
Isostasy. I have llomever purposely avoicled using the word Isostasy, as its 
exact meaning is open to question. Isostasy is a conclition of approsilllate 
equilibrium, not perfect equilibrium like the condition of flotation. Isostasy 
is a condition of compensation in a solid crust ; i t  does not necessarily imply 
hydrostatic support, zs flotatioi~ cloes. I therefore hesitate to apply the word 
Isostasy to the flotation theory ; for Isostasy can exist ~vithout flotation." 

MOUNTAINS ORIGIFATE AT GREAT DEPTHS. 

A very important work has heen that of Mr. Ilayford wlio has recently 
discussecl the results of the plumb-line a t  a largc number of stations in 
America. H e  has confirmccl Pratt.  Hayford has investigated t,he depth to 
v-hich the deficiency of density underlying mountains goes clown, ancl hc has 
found that, that depth is bet~~-eeu 60 and 90 miles. That is to say, hc has 
ehon-n t,hat thc clcptll of subterr:~nenn cr~mpm"~t ion is very great compared 
n-it11 tlie height of mountaius. The discovery t11a.t mountains originatt from 
the great depth of 60 to 90 miles is the second important contributioi~ of 
geodesy to this study ; the first mas compensation, thc scconcl is great: depth. 

~ ~ . -- --- -. - - 
The idea of flotrtiou hns alisen becnu~e tbe lueation of mountsin.eupport llas been given plocedenre 

of the q ~ e s t i o ~ ~  of rnounta in-~ le~~t ion .  Qlle~tiorl~ of ~upp01.t n~rd r n a i t ~ t ~ ~ a u ~ ~  bo subs id iq  t o  
questions of formation and origiu. I f  u~ountaino are due to the vertical erpeusiou of rock, a theory of flotation 
in superfluone. 
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RIost b001is are mitten on the assumption t l~a t  mountains are surfnce 
wriukles ancl that their strncturc can be determined hy examining surface 
rocks. 

The ScLtpur& range runs east and west south of the Narbada; the 
plateaux of Haejribtigh and Chotti NcLgpore are the eastward contiuuation 
of the ScLtpmrt range. A high authority has stated that the HazzLribiigl~ :~nd 
ChotcL NcLgpore plateaux can have no real connection s i t h  the t35tpurl range, 
because they are formed of different rocks. Hut if n-e regard this range as 
rising from a clepth of 75 miles, it,s elevation will be seen to be clue to a deep- 
seated cause that has nothing to do with the surface rocks. One deep-seated 
cause has lifted up this range from the NarbadcL to Hax5rihiigh irrespective of 
the kind of rocks lying on tllc surface. 

THE GANGETIC TROUGH. 

I have now discussed the two principal theories of Himalayan elevation, 
tile Contilaction theory aucl the Flotation theory. Let us consider for one 
moment how this cleep Gangetic trough is explained by these two theories. 
For a great number of years Ihe Contraction theory ignored this trough ; 
it ~tras, I think, Professor Sness mllo first recognisecl that the trough had 
to be fitted into the Contraction theory. His explanation of i t  was this: 
as the Earth's interior contracts, the surface of ,his is wrinkled, the wrinkles 
get l~ushecl southnards agrainst thc Iltdiau table-land, and the rock surface of 
NoPtllern India gets colvpressccl into a don n~varcl beilcl between the mountains 

the table-lancl. This explanation is not satisfactory : if the surface of 
Asia is being pushecl south~~ards in 11-rinkles against thc table-land, it is 
(1ifficult to understand llom it  is that a cleep trough borders the table-land. 
l\-lly should the solid crust be bent clon llwarcls by n horizontal pressure from 
the north ? If the crust is being l)uslied against this table-land, it shoulcl I)e 
heaped up all round it. 

The exl~laualion of tlie Gangctic trough that is supplied by the Flotatioll 
tJleory is tllis : the Earth's crnst is likened to a, floating raft : the more weight 

yon npon a raft, the deeper it sinks into water. The Ganges and Jumni 
and other rivers are continually del~ositiuq fresh sediment upon these plains, 
and the crust accorcli~~g to this theory continually sinks do~vn~vards by the 
lleiqllt of tho sccliment. When we sec thc ~llassive rocks of Kaimur ancl 
$Iirz5pur supported easily 1)y the crust, it is clifficnlt to belic\.c that it can- 
not sup~or t  a thin layer of silt ~vithout yielcling. 

Yon will see from this chart, that the Ganges and Indus hare filleci up 
their troug1l with silt, but that the Tigris ancl Euphrates are bchincllland ; tile 
l'crsian Gulf is an unfilled troug1~ ~vllicl~ will bc filled iu time. 

Here is a chart ol Japan, showing the Tuscarora deep, n long submarine 
trouqh ; i t  is over 28,000 feet cleep, and it  is continuecl to the north-east 
hy further trongbs lying in front of the I<uriles ailcl ,[leutian Islands, 
and attaining deptl~s of 25,000 fest. How then can it  be argoecl that 
tllc Ganges trougll 11as been created by the wiqht  of its own silt, when TI-e see 
that the l3uplirates trough aacl the Japanese trough are unfilled ? These 
trouglls exist beforc the silt comes to them. The idea that the IT-eight of siit 
causes subsidence arose, I tl~irtk, frcm the fact that the places where silt is 
being cleposited are frequently fcuud to 1)c subsidin?. But the truth may be 

X 
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this: a river carries its silt to the lowest hole in the crust it can find; the 
lowest holes near continents a're those where the crust is subsiding; fivers 
thus deposit their loads in places of crustal subsiclence, but  their loads do not 
cause the subsidence. 

SOUTHERLY DEFLECTIONS P R E V d I L  OVER T H E  GANGES 
PLAINS. 

NOW let me tell you of the third discovery due to this plumb-line. The 
Sur1-e~ found that a t  60 miles from the hills this plumb-line hung vertically 
and Pratt  deduced the Theory of 31ountain Compensation. But  when the 
Survey beganhto extend tlieir ol~erations, a new phenomenon came to light 
\vhich cansecl great surprise. All 01-er the United Provinces a t  distances 

70 miles from the hills, this plumb-line was found to hang deci. 
n\yay from the mountaills ; a t  Fyzabad, Cawnpore, Benares the plumb- 

line is deflected southw.ards: here a t  Lucknow it is deflected 9" to the south, 
If tile Himalaya were simply compensated, this plumb-line should be hang- 
ing a t  Luclino\~ exactly vertical ; if the mountains mere not compensated, 
it should be deflected here about 50" tomarcls the north. But  it is deflected 9" 
towards the south. The observers were astonished to find that a t  places in 
sight of Himdayan peaks the plumb-line turned away from the mountain 
mass ; that a t  dmritsar in sight of the Dhaola Dh5r snows i t  was deflected 
towards the iow Punjab plains ; that a t  Multjn in sight of the Takht-i-Sulaiman 
mountains i t  Tyas deflected towards the desert; a t  Bombay i t  mas deflected 
sean-arc\s away from the Western Ghi~ts ;  on the east coast of India it mas 
deflected sea\varcls away from the Eastern Ghats. 

The nem lesson to be learnt from the plumb-line is this ; a hidden subter- 
ranean cllannel of deficient density must be skirting the mountains of India. 
Rere ill North India is a wide zone of deficient density, of crustal attenuation ; 
i t  is tile presence of this zone of deficieiicp that accounts for the southerly 
(leflection of the plumb-line. What is the meaning of this zone? How has 
it come into existence ? 

If vou look a t  this section (plate 2)  tlie Earth's crust ill these outer 
Himilaya llas been com1)ressed laterally : of this there is no doubt. The area 
Ijetrreen the s n o q  range and the footliills is a zone of crustal coml~ression. 
bud I suggest for your consicleration that tile Gangatic trough, this zone of 
deficiency, is n zone of tension in the crust. The crust has been stretched 
here nncl nttenunted. Here you llnve compression, and alonsaide is the 
tension. The tension is the complemeut of tlie compression. I ]lare pointed 
nut that the Him6lapa mountains are largely, but not completely, compensntecl 
by their ~unclerlying deficiencies of clensity : their coml~ensation iq  hon-el-er 
~.eu(lerecI coniplete by the presence of the Ganges trough ; if the Hillljlayall 
c-omlwession and the Gangetic tension are considerecl toycther, i t  lviII. hc Founrl 
that therc is no extra mass. 

C;eodesy thus teaches that the Gaugetic trouyh ancl tlie IIimjIaya IIoun- 
taius are parts of one \~-llole. The Contraction theory and the Plotatioll tlleory 
1)otll treat the Gaugetic trollgh as thouqh i t  were a seconclary effect of 
I l i l ~ i l l a ~ a n  elevation. But this Ganyetic trouqh may llave been the first and 
the c\ecisi\-e event ; the Himjlaya Mountains may have been a seconclary effect, 
n sequel t o  the o l ~ e n i n ~  of the trough. 
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HYPOTHESIS OF A RIFT. 
I showed you on the evidence of the plumb-line that the Gangetic trough 

was a zone of crustal attenuation, a zone in ~vhicll the Earth's crust was 
deficient in density. I then took one step for\varcl and suggested that it was a 
zone of tension. I will now take anotl~er step forward ancl suggcd to you that 
there has occurred an actual opening in the sub-crust, and that the outer crust 
has fallen in owing to the failure of its foundations. I sugqest that the Ganges 
plains cover a great rift in the Earth's crust. 

The Earth is a cooling globe; an increase of temperature occurs as x e  
descend into mines ; and this temperature graclient is a proof that the Earth is 
losing heat by conduction out~~ards .  The discovery of radium has not affected 
the argument. 

The smaller bodies of the solar system, the Moon and other satellites seem 
to be colcl ; the Earth has a colcl exterior ancl a hot interior ; the larger planets 
are believed still to clisplay heatecl surfaces, whilst the Snn is still a globe of 
fire. The inferences are warranted that ali tlle bodies of the solar system were 
hot at one time, ancl that the smaller haye lost their heat. So I say that the 
Earth is a cooling bocly. Tlle rock composing the rrust and sub-crust is 
howel-er a bad conductor, ant1 the interior of the Earth will not shrink away 
Gom its crust, as has been assumecl in the Contraction theory. The inner core 
of the Earth is in fact not losiny heat appreciably. The outer shell was the 
first to lose its heat, then tlle shell 11elolv it, and the sub-crust is now losing 
its heat more quickly than the interior core. ;Is the outer shells contract 
from cooling, they become too small for the core, and they crack. S~~pposing 
we had here a great globe of rock, red-hot throughout ; how would it cool ? 
Can you imagine it cooling in such a n-ay that the core became too small for 
the outer shell, ancl the onter shell became n-rinklecl ? No; the outer shell 
n-onlcl cool first, and wonlcl crack. 

The outer shell of the Earth was the first to crack millions of pears ago : 
now a lower shell, the sub-crustal shell, is cracking. \Then a crack occurs in 
the sub-crust, parts of the upper crust fall in. 

You nil1 see that this Indns-Ganges trough has the appearance of a 
crack. dncl there are reasons for belieling that these Himtllaya have been 
split off from this ancient table-lancl and ha\-e I~een ~nol-ecl north~vards aild 
crumplecl up into monntains. Thiq Assam plateau is stated by geologists 
to resemhle in its structure and rocks the Illclian table-lancl ; Assam has been 
split off and moved away. 

Here arc thc Bensal coal-fields, and just oppositc on the other sicle of the 
trough are the Sikkim coal-fieldc;; and tllc coal in the two places is similar. 
Tlle rocks of the outer HirnCilayn  ha^-e bee11 very nluch crushecl, but they still 
hear a rcnemblance to the roclcs of the T'inclllpn table-land. 

Here are the 1lr51-alli mountains which end now at the Dellli ridge ; 
Nr. Middlemiss has fotund signs of a transverse strike in the Hilllnlapa on a 
continuation of the ArtL~-alli alignment. 

Similarity also exists between the rocks in Cutch and those on the other 
sicle of the Indns in the hills of Sind. 

FROM THE BAY OF BENGiLL TO THE MEDITERR-WEAN 

Geologists have cliscovered that tlle ancient table-land of tlle 1-ind~yas 
and Deccan is ,z remnant of a much ,pater table-land that in very early 

x 2 
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ages included Africa and ' Arabia. Africa and Arabia ancl the Deccan 
table-land are in fact fragments of one extensive and ancient continent, 
Hitherto I have been consiclering the peculiar trough that skirts the northern 
edge of the Inclian tabl6land. Let us now consider whether this trougll is 
continued to the east or to the west. 

On the enst we find one of the great linear deeps off the coast of Java alld 
Sumztra. I t  is 24,000 feet cleep. I n  1593 the Kralcatoa eruption took placein 
the Sunda Straits. Great clepths have also been discovered off thk Nicobar 
Islands and earthquakes hal-e occurred on the Chittagong coast. I n  continuation 
of tile Gangetic trough we thus find in the Bay of Bengal a line of seismic 
activity, and of submarine cleeps. 

To the west of Rariichi we see the Persian Gulf, and the plains of the 
Tigris-Euphrates. The plains of the Tigris-Euphrates are very similar to tllose 
of the Ganges : they consist of mucl, sand and sediment lying in a long trou$Il 
betweeu the ancient table-lancl of Arabia and the mountains of Persia. 

Fiwther west me fincl the Euphrates trough is continued by the Mediter- 
ranean Sea, ancl the Xecliterranean is boundecl on the north by the Tannis 
mountains, by the Balkans, Carpathians, Appenines and Alps. 

Throughout the whole clistance from Calcutta to Sicily me see that tlie 
olcl table-lancl Inclia-Lirabia-dfrica is houllcled on the nortll by a long trou$lJ - 
and that this trougll is in its turn boundecl by tlie younger mountain ranges 
from the Hh,ilaya to the Alps. Geologists hal-e disco~erecl that all these 
mountain ranges mere eleratecl in the same era ; they are all of tlie same 
age. 

I submit for your consicleration that the Ganges-Inclus-Euphrates-Medi- 
terranean trough is an inclication at the Earth's surface of a rift in the 
sub-crust. 

Wlen  we get as far vest, as Sicily, n-e reach a region of active volcanoes, 
Etna and Stromboli. Italian geologists beliere that Sicily has been separated 
from Africa by recent subsidences. 

THE EARTHQUAKE RECORD. 

The whole zone from Java to Sicily has been visited by earthquakes 
throughout the historic period. And the recent earthquakes in Shillong, 
Dharms$l,ls and Nessina sllom that seismic activity is continuing in our time. 
This is in fact one of the zones of the Earth, along which earthquakes occur 
most frequently. 

In  the last 300 years 64 destructive eartllquakes are known h have occilrred 
in India :* there may have 1)een otllers of which tliere is no~v no rccorcl. Of 
tlie 61 1-iolent Ilicliali eart1iclaake.j 59 have occurred along the Indus-Ganges 
zone. These may be groupecl as follo~vs :- 

Assam-Bengal  . . 20 
Outer-Hinlilaya . . 1 1  
N o r t h e r n  P u n j a b  and Kaqhmir . . 1 7  
S-utheru margin of G a u g c l ~ c  plain . 4 
Cutch and S ~ n d  , 6 - 

Total . 5 j  
-- 

- - - - - - -- - - --- - -- - -- 
Milne'# Cntalogue of D e s t r u ~ t ~ v r  k:artllqonkes. 
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If me consider the whole zonb from Bengal to Yi'cily, we find from Milne's 
catalogue that the numbers of destructi\-e earthquakes since 1616 can be 
grouped as follows :- 

India . ._ , 58 
Mesopotamia and Syria . . 26 
Eastern hf editerrmean . . 110 
Italy . . 4S2 

I n  the last 303 yearn a clestractive earthquake has occurred in Northern 
India on an average once in every 5 or 6 years. 

FROM LOB NOR TO THE BLACK SEA. 

Let us now glance to the north of the long mouutain zone that extends 
from China to Prance. Yon will see north of Tibet there is the large inland 
basin of Lob Kor ; then here are the lom-lying plains of the Osus ; then come 
the Caspian and Black Seas. Now all fonr of these depressions are believed to 
be subsirlcnces of the Earth's crust. South of the line of mountains we see a 
long continuous trough : north of the line of mountains we find not a continu- 
ous trougll, but a series of separate depre3sions. Now these clepressions are 
separated from one another by fragments of mountain ranges which once ran 
parallel to thc Himdayan-Alpine trends. Here you see the P5mira. The high 
Pirnir plateau consists of parallel rangcs ~ ~ o n n i n g  east ancl west. The eastern 
and western continuations of the Piimir ranges seem to havc foundered into 
t!le abyss, those on the east have fallen into Lob Nor, those on the west into 
the Oxus depression. 

Here again you mill see that onc of the chains of the Caucasus lias fonn- 
dered into the Caspian, ancl the western extensions of the Caucasus have fallen 
into the Black Sca. 

Wl1y are these mountain ranges collapdng ? May it not be that the 
Earth's crust is cracking and these moulltajns are falling into the rifts ? 

THE BOMBAY COAST. 

I must now invite your attention to the Bombay Coast. From the 
Tjpti  to Capc Cornorin runs the range of mountniris known as the Western 
Ghiits. This rango is parallel to the coast 01 Inclia and nbont 40 miles 
inlaad; i t  riscs sndclenly with a steep scarp. The strata are almost as 
horizontal as 11-llcn first laid clown ; tlloy l r a ~ e  ncl-cr been compressed or folded. 

The Survey has ol~serrccl tllc plumb-line a t  ciiffcrent points along this 
coast ; it i;s al~vays dcfle~tccl strongly toa-ards tlre sea. To the vest of Bombay 
and Mangalore tliere is the deep sea ; and to the east there is a massive range 
over 4,000 J'ect lligll ; yct tlle plumb-linc will hang seamnrds. If the Westerll 
Ghjts possessed the m ~ s s  ~vllich they appear to possess and which the Suess 
school nscribcs to them, then tllc Bombay plumb-line sl~oulrl be deflected 15 
scconrls to~varcls thcm. If on the other lland tllc Wester11 Gliiits are conpen- 
sdcrl by deficiencies of moss uuderlyiug tllem in nccorrlance with the campen- 
satiou tliewier of Yratt and Hayford, then tlre plumb-line should hang vertically 
at J301ubay. But the plumll-line takes neither of these courses; i t  hanp 
towarch the sea. We hase been puzzler1 for years by the plumb-line a t  Bombsy ; 
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we used to think that tlie rock under the ocean must be so dense and 
that it W&S able to pull the plumb-lines towards the sea. Major Cowie, how. 
ever, observed in the south of K h t h i i ~ i r ,  and found that the plumb-line liere 
had a strong landward deflection. The seaward deflections occur throughout 
tlie Bolllbay coast bat  not round Kiithiimlr. It is only quite recently that 
n-e 1,av(~ realised me have here a t  Bombay the same phenomenon as at 
Luc knon-. 

I n  Sortliern India the plumb-line nil1 persist in hanging away frolu tile 
visible mountains and a t  Bombay it takes the same course, and when I con. 
sider its constant seaward deflection, I can only suggest to you tliat there 
lullst be, between Bombay and the 11-estern GhsLts, a zone of subterranean 
deficiency, a zone of fracture and subsidence like tliat of the Gangetic plains, 

The secret is hidden below the Earth's crust : you d l  see that the Ghats 
liave bcoil forced (possibly by underground fracture), into a decided curve 
just above Bombay harbour ; i t  is significant that a t  this curve the Deccan 
Trap rises to its highest point, Kalsiibai. 

I rnl~,pest to yon that a crack in tlie sub-crust has extended from Cape 
Comoriil to Cambay, and that as this crack lias occurred the Western Ghits 
bnve bee11 elevntecl. The crack has been filled by masses of fallen rock and 
by allul-in1 deposits brought dovn by r i ~ e r s .  

Geologists have slio~t n that this mnqe consists, from latitude 20" to 16', 
of tllr In!-ns of the Deccan, comparatively recent rocks, mllilst from latitude 16' 
to S the range consists of ancient metamorphic rocks. The rocks of tlie 
northern part of the range are of different age and structure a ~ l d  origin froln 
tlie sontlicrn. 

Ne~ertheless geoclesists contend that this is one ancl the same range : the 
rocks colnposing it lirrve had nothing to do \\-it11 its elemtion. The Western 
G11,its ha\-e been elel-atecl, after the Deccail lal-sls h t~d become soliclified into 
surface rocks. Tbeir elevation has taken place in the Tertiary age. 

Sow I nil1 turn tn the Enqtern Gl~iits ; at  Maclras and a t  T'izagapatam 
we lincl the plumb-line hanginq tonrtrrls the sea. Here we have tlie same 
phenorucnon, as 11-e n-itnessed at Luckno~l- and a t  Bombay, the plumb-line 
turns nn-n? from tllc ~nonntnins. I will not repent myself, but I suggest q a i n  
that this cnastal zo11e likc tlic western covers a sub-crustal crack. 

1 told you jiwt now that in the 1a.t 300 pears there had becn 64 clest~uc- 
tire earthqunkr~ in India : of these .iS had occurred along the Inclus-Gauges 
trou:h. \Vhcre did the ~.cmnininq six take place ? Three of them occurred 
on the Bom1,ny-Snrnt const ; the other three on the Madnts cc ast. KO 
ilestrl~cti~ c earthqualies nrp recnrdeil as ha\-inq occurred at Hgderibiid, or at 
Banzalnre or a t  Siqpore. 

The nncient table-land of India is in the shape of n triangle, but its trro 
~rinq., A s ~ m l  ant1 Cutch, have heen severed from the lllain I~ocly f thiq may 
ha\ I *  Iwen due to the coast-line crnckq. 

-4smm-Bengal has had 20 destructirc enrthquakcs in the last 800 pears, 
and t l r n i q l ~  only R have been recorcled in Crltch ancl Bind, yet this wester-, 
fragment of the table-land is a qeisiuic regiou. In  1819 Bhaj  mas destroyed 
nut1 r\ c q  town in Cntch was iu jrired ; nnmerous fiwures \\-ere seen through- 
out the 1a11d. Sorth of Yindlii a drnp 16 feet deep and 60 miles lonq, shonn 
h e v  on platc 4, s~tddenlp appearetl on the plains which had hitherto been aa 
level a.9 the sea. On account of itr sudden appearance across the old I~ed of 
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the Indus i t  was named by the inhabitants the Allah Bund, and by thie name 
it is now known in geography. It was due to the subsidence of a large area 
to the south. 

Many of the destructive earthquakes of Sind have not been recordecl in 
history, but the ruins of strong buildings with human bonee buried below them 
are evidence of sudden destruction by earthquake. 

T H E  DEPTH OF THE GANGETIC RIFT. 

I have been describing zones of cleficiency and have suggested that they 
are cracks in the sub-crust. I hare now the task of discussing tlie possible 
depths of these cracks. 

By the depth of the Gangetic rift I do not mean merely the depth of the 
loose sediment ; I do not mean the depth a t  which solid rock is first met with. 
If a rift has extendcd to a considerable depth, i t  may in its lower portion have 
become fillecl by solid rock tliat has fallen in from the sides, or by volcanic 
eruptions. Even if the Ganges sediment continues down to a depth of some 
miles, it may itself become consolidated by pressure and heat. 

I clefine tlie depth of the rift as follows : i t  is tliat depth a t  which the rocks 
under the Ganges plains are similar to rocks a t  the same depth under the table- 
land (plate 2). There may be a solid floor to the Gangetic trough a t  a depth 
of 6 miles under Gorakhpur, but if tlle rocks n~hich are deeper than G miles 
uncler Goralrhpur are diffcrent from and Ligliter than tlie rocks of tlle same 
d e ~ t h  under tlie Vindhyan plateau, tlie solid floor is not the bottom of the rift. 
When a crack occurs, volcanic eruptions are to 1)e expected, and altllougll there 
are no volcanic cones rising now from the trough of the Ganges, there probably 
were a t  one time. Dr. Pilgrim has cliscovered that there was great volcanic 
activity in the Persian Gulf a t  one time and that the islands now existiny in 
the Gulf are isolated volcanic peaks. Tllere exists also an old volcanic recion 
in the Syrian desert between Baghdad and Damascus. 

I11 considering tlie depth of the Ganyetic rift we must appcal firstly to 
geodesy, and then to seismology. Now qeodesy tells us that the conlpensation 
of the Himrilaya ( i .e . ,  tlie root of the Himfdaya) extends do~vn~vards to a great 
depth : Mr. Hayford estimates 76 milcs. I r e  clo not contt-nd, and Mr. Hayford 
does not contend that this I-nlue of del)th is l~rovecl. The cleptll may 1)e 60 
miles : it is I think of that order. Geodesy says that thc depth is qreat. I 
regard the Gangctic l~lains and tlie ICinliilayan ranqe to 1)e the two parts of one 
11-l-~lolc ; I believe that they have originated together, and if t l ~ e  (1el)tll of 
HimSlayan compensation extends down to G O  miles, then I thiuk that tlie 
Gnnqctic rift may cstencl do1v11 to that clcpth also. 

Now lct us turn to seismology : seislilologists are nl~lc to fonn r o ~ g h  
estiniatcs of the depths of eartliquakes. Thc earthquakes that visit Northern 
India secm qencrally to 1)c most I iolcnt a t  places in the outer liillb, such as 
Dl~armsala, Katnlindn, Shillong. But tlie line O F  fracture that occurs in the 
sub-crust at an cnrtliquako may not bc I erticnlly under tlic place n hich snffcrs 
most. If, for examplc, a fracturc in thc sub-crust occurrcd a t  GO milcs clel,th 
undcr Gorakhpur, the 11ills to the nortli might I)c raised, and this clevntion, 
t l~ougl~ a secondary cffcct , might do more darnage a t  IGitnlindu tllnll thc 
cartllquake itself could do a t  Gorakhpur, ullich is protectcd by some mile.; of soft 
blanket of sediment unclerncath it I n  the Dhnrms5ls earthquake Niddl:miss 
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estimated its depth to be between 18  ancl 40 miles. Middlemiss's maximum 
yalue is not \-Cry different from the geodetic valuc. 

I t  is an interesting question to consicler ~vhether a fissure in rocks 
pXtend clo~vn~\-ards to a great depth. From a place near the Indus in Rasllmiy 
it is possible to see a continuous wall of rock 4 miles in height, in the flank of 

xnnga Pnrbat. Jlonnt El-erest stands erect 5+ milcs above sea-le~e] ; its 
slllllmit stallds firm and rigid 11 miles abore the cle1)ths ol the Bay of Benga]. 
1 - e  ]lave tllerefore evidence that  the materials of the crust are strong enough 
to admit of the continuecl existence of great clifferences in altitude. 

But &unt Everest is stancling in air, lvhereas a crack in the sul)-crust 
becomes lilled ~ ~ i t h  rocks falling in anel with fluid rock magma from 1)elow; 
allcl the malls of the crack thus get a support that 3101ount ET-erest does not 
possess. It seeills to me quite possible that a crack such as I have described 
may ha1.e estendeci dolvn to a depth of 60 miles by successire fractures at 
increasing depths, thc openiug being filler1 by falling material. 

INTERSAL CAUSES OF MOUNTdIN ELEVATION. 

Il lal-c shown Son ho1v zones of subsidence in the crust are bordered by 
monutains, ancl I hare now to cliscnss the relationship of subsidence to elel-a- 
tion, of troii~lls to monntains. The Recl Sea is a zone of fracture, and it is 
horclcred on eacl~ siclo by a zone of eleration. But along the Bombay coast the 
zone of snbsiclence is bordered only on tho one sicle by a zone of elevation. 
The sub-crust.al crack from Surat to Cape Comorin has been accompaaied by 
:I rerticnl uplift of the Glliits, ancl I suggest for your consideration that the 
rcrtical force which eleratecl the Qhzlts was tlic expansion of the ui~clerlyinq 
tocli due to physical or chemical change. 

Mr. Hayclcn informs nle that the specific gral-ity of the roclt composing 
the Nilgiris T-nries from 2.67 to 3.03, that is 14 per cent., ancl that the rock 
of the Hax5rib5q11 platean varies from 2.5 to 3'1, 24  per cent. 

The Jl'estern Glli~ts appear to hare  risen about 4,000 feet. Now wc know 
that tlie Western GhBts are largely compensated by underlying deficiency of 
density ; i l  tlie compensation of the IF-estern.Gll~its extends dol~awards to n 
depth of 60 nlilcs, then an expansion of two per cent. T\-oulcl be morc than 
sufficient to acco~unt for the elevation of the GhAts. Mr. IIayden fincls T-aria- 
tions of 1-1 nnd of 24 per cent. in the densities of surface rocks, and yct an 
ezl)ansion of o n l ~  two per cent. ~voulcl account for 110th the elevation and the 
coillpensation of the Glists. Geocletic observations show that thc compen- 
sation is not perfect, an11 that tho GhBts contain an amount of rock in 
sliqlit excess 01' t l ~ c  normal crust : the vertical expal~sion of rock must thus 
h a w  been accompanied 1)y a sliglit horizontal compression insufficient to fold 
t l ~ e  surface strata, but sufficient to account for the imperfectio1i of tllc 
crlmpensation. 

The heteroqeneous rocks composing the Earth's crust are continuallg 
undergoing cllnuges of structure, ltnown to geclcgists as meta~orphism,  i l t  n 
del)t l~ of 30 milcs tllc tem1)crature is suEcicntlv llig-11 to melt all linown rocks; 
but illcrease of pressure raises the lllelting pok t ,  and tile increase of pressllre 
unclor,nround may be sufficiently great to countoract the erects of tlie increase 
01' temperature. 80 that a t  a depth of even 60 nli]es rocks may still be solid 
anel rigid, as geodesy lcads us to believe they are. 
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TVe have to imagine how deep-seated rocks, that have been buried for 
millions of years under high temperatures and enol3m9na pressures, how they 
~vonlcl behave, if a crack penetmtinq downwards from the Earth's surface 
reached and disturbed them. I suggest for your consideration that two 
cracks opening, one on the West Coast and one on the East Coast of India, 
have compressed the Incliai~ Peninsula between them. This lateral pressure 
was insufficient to crumple the table-lancl; but may it not have been the 
exciting cause that led deep an& ancient rocks to expand vertically and 
elel-ate the Deccaa ? Petrologists ~vill be better able to di~cuss this question 
tlian I am. 

The main ranges of the Eimiilaya are composed of granite ; this granite 
ha.s protruded upwards from below. I suggest that the protrusion of granitc 
is due to expansion of rocks in the sub-crust. The great Himilayan range ia 
5 miles high; and the compensation of this range, that is, its underlying 
deficiency of density, is estimated to extend domnvards to a depth of' perhaps 
75 miles. An  underground expansion of 7 iler cent. mould be sufficient t,o 
account for the elevation of the Him%laya.* 

Many of the faults mhicli intersect tho Himiilaya may, I think, be ascribed 
to the shearing, which must have ensued wheu cert,ain areas of the crust were 
forced vertically upwards by the metamorphism of sub-crustal rock. Nany 
distortions of surface strata may be ascribed to local variations in the vert,ical 
expansion of cleep-seated rocks. 

EXTERNAL CAUSES O F  MOUNTAIN ELEVATION. 

Tile TTestern Glliits are as mountains very small compared to the great 
ranges that stretch from China to France ; the former are an example of 
1-ertical elevation without any obvious horizontal compression of the surface ; 
the latter exhibit both vertical elevation ancl considerable compressioil by 
lateral thrust. I11 the Western Ghats expansion of the subterranean rock 
seems to 1m1-e uplifted the surface strata without disturbing the latter ; in the 
Himf~laya the subtermnean rock llas expanded to such an extent that i t  has 
burst through the surface rocks in the form of granitc, and in its protrusions i t  
has pushed asicle the surface strata ancl helped to crumple the latter. The 
troughs skirting the Western and Eastern G11;its may have been caused by the 
mere cracking of the sub-crust from cooling. But the Inclus-Ganges trough 
is t,o large, ancl the mountain8 to thc north of i t  constitute so i~nique a 
protuberance tllnt tile idea arises that somc external force must have pulled 
tlie Ilim%layn northwards from India, nncl iuust have torn inlo a great rent 
tlic original line of tension that hacl opened uncler the Ganges plains. 

The Earl11 possesses a figurc! of cquilibri~m. If the Earth was at rest, its 
fignre lvoulcl be that of a perfect sl~llerc ; as i t  is rotating, the velocity of 
rotation has causecl much extra rock to be heapcd 1111 round the equator : the 
dianleter a t  the equator is 27 miles longer tllan the polar diameter. 

Sir G. Darwin thought that the Barth's velocity of rotation was constantly 
I~cing dccrensecl I)y the Moon's attraction up011 our oceans; he thought thah 

. . -. - - .- - - - -- 

* I f  1111dcrlyi11:: delicirncy oE mass is grentur t11:r11 L ~ I C  ~~xuvss  ( % I '  Illnss i l l  n tl~onl~tnin, t l ~ u  plumb-line will 
l)v dcl\cctcd nwny fro111 t11c 111unnlnin. O ! . o r - c ~ ~ ~ n ~ ~ c ~ ~ s n [ i o ~ ~  would t l ~ c r c f o ~ c  n6:c~~1u1t for dollcctiolr~ arc1c.y fronl 
inou~ltnios. Unt it mould not accou~lt for tension U I  s u l s i d c ~ ~ c u  i n  tho Foro-deep. Pendulum o b s c r v a t i o ~ ~ s  in 
tho oulsr H i m ~ l n y n  R I I ~  s t  0,itncnmulld i~ldicnte not o v c ~ - c ~ ~ i ~ ~ ~ : u ~ r ~ ~ t i o ~ ~  b u t  imlrcrfrct r o ~ ~ ~ l ~ c n ~ a t i o ~ .  
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the tides were tending to stop our rotation, just as the Earth's attraction has 
entirely stopped the Xoon's rotation. If our rotation velocity is decreased, the 
fipre of the Earth changes and becomes nearer and nearer to a sphere: mater 
can flo~v from the equator to tlie poles a t  once, and the oceans can immediately 
assume the new form of surface suitable to the decreased rotation velocity, 
But a superflnity of rock would remain at the equator, and the straining of 
this towards the poles might cause cracks in the Earth's surface. I do not 
presume to say that tliis is the cause of t h ~ r e n t  in the Earth's crust llidden 
below the Ganges plains. dl1 1 wish to point out is that these mountains 
appear, as if they had been pulled northwards out of the G a ~ g e s - E u ~ l l ~ ~ t ~ ~ -  
Mediterranean rent, and I show you some reasons for believing that the Eartll's 
figure may have undergone deformations. The astronomical cause of these 
deformations is hidden in the past history of the Earth. In  the Permian era 
an  ice age occurred in equatorial regions; if tlie Earth's rotation velocity were 
to decrease considerably now, Southern India and equatorial Africa would 
stand out as rock protuberances high above the ocean, and would exhibit snow 
and glaciers. 

Every year the Earth is bombarded by swarms of small meteors ; is it not 
possible tliat a t  certain times in the distant past the Earth received larger 
meteoric masses than in the historic period, sufficiently large perhaps to upset 
the Earth's eqldlibrium by displacing its centre of gravity ? Its figure would 
then be forced to undergo readjustments. If the Earth meets a swarm of 
meteors in space, and if some of them approach within its attraction, it seelns 
possible that almost all the captured meteors may fall upon that hemisphere 
of the Earth which first meets the swarm, whilst the other hemisphere may 
receive vely few. This would interfere with the Earth's balance. 

Whilst something may occur in one age to cause movements of rock 
towarcIs the pole, another cause may arise at a later clate that will tend to 
oppose those movements. Not very long ago a great ice age occurred, and all 
Northern Europe and America mere huried under ice: an immense volume of 
sen-rrater must then have heen transferred from tlle equatorial oceans to the 

pole : this may have clisturbed the Earth's equilibrium and have displaced 
its centre of gravity. 

In  tlie same ice age the Himjlaya and Tibet became capped wit11 greater 
lllasses of snow ancl ice than they now carry. The glaciers that now encl at 
12,000 or 13,000 feet descendecl in the Ice -1qe to 5,000 feet. This increase in 
the ~veiyllt of the Himalaya was an additional cleformation of the Earth's figuse 
of equilil~iium. 

I suggest to you that tlie great mountains from China to France Iiave heen 
due, firstly, to n line of fracture fro111 Bellgal to Sicily, and, secondly, to 
adjustments of the Eartli's figure. 

The ;lndes trend north and south ; they are of tlie same age as tlie Himi- 
lapa. If the Earth's figure is undergoing deformation, ancl a rent is tor11 in 
the crmt along an east to mcst line under the influence of forces seeking to 
restore eqnilil~rium, it seems possil~le that secondary cracks miqlit occur and 
tliat tlie -Irides may be the result of one of tliem. The Llncles are shown to 
scale on this chart : you will see that in lenyth tlley are not very much less 
than the China to France r a n p ,  but in breadth nncl inas  they are relatively 
insignificant. 

You mill notice from this chart (8) tlie peculiar curve of the northern 
Til):tnu I)order, concave on the cast, collrsp on tile ,vest. This sinuous curve 
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is reproduced in the north of Persia, and again in the Carpatliians. The 
persian ranges all have a trend from south-east to north-west except that the 
Caspian subsidence seeins to have pushed rudely in from the north ancl forced 
the northern range into a sinuous curve. I t  is significant that at 111:: point 
of the Caspian push stands the peak of Demal-end, the highest point in all 
Persia. Elevation is the co~npnniorl of szcbsicle~ice.* Similarly the Lob Nor 
subsidence appears to have squeezecl Western Tibet into what resembles the 
neck of a bottle, ancl on the edqe of this subsiclence stand the hi~hest  peaks of 
the whole PImir region. Just as the Deccan table-land waisqueezecl betn-een 
the western and eastern coastal cracks, so has the Tibet table-land been squeezecl 
between the cracks of Lob Nor and the Ganges. 

The conclusions which I have T-enturecl to submit to this mecting may be 
summarised as follolvs :- 

(1) The fundamental cause of both elevation and subsidence is the 
occurrence ~f a crack in the sub-crust. 

(2) Mountains are compensated by unclerlying cleficiencies of matter. 
(3) Mountains have risen out of the crust froin a p e a t  depth, possibly 60 

miles. 
(4) Mountains owe their elevation mainly to the vertical expansion of 

subjacent rock. 
I hare now had the great privilege of placing certain problems before 

~ O L I .  My endeavour has been to point out to this Congress, and especially to 
its younger members, the many scientific secrets that are lying hicldeu under 
the plains of Northern India. 

-- - -- - - - 

* See "Sketch of the Geography and Geology of t h e  Hi~nalayn JIouutnine and Tibet, " psde lf~i). See 
also " Records of the  Survey of India, Vol. IV," page 3, " Notc O I I  the  discovery O F  the peak of Narncha 
Balm-n." 
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TURCO-PERSISN FRONTIER COMMISSION. 
REPORT BY LIBUTE~ANT-COLONEL C. H. L). RYDEB, C.1 E., D.S.O., RE. 

Many attempts have, in the past, been made to settle the froilticr betmeen 
Turkey aucl Persia ; extending as i t  does from the Persinn Gulf to Mount Ararat, 
thro~~gl i  very inaccessible country peopled by Amhs and Kurds wllo owe ody 
8, llominal allegiance to either side, it is not to be wondered a t  that tYlis proMem 
should have defied n solution for so long a time. 

Thc first serious effort, started in  the year 1849, camc to an  abrupt conclu- 
sion owing to the Crimean War, nnci evcr? after that war i t  mas many years 
before the results of the Commissio~l mere published in the sl~ape of a map of a 
strip of country about 30 or 40 milcs wicle, somewliere ~vithin whose limits 
the mediating, i .e. ,  British and Russian Commissioners, declared tlie frontier lay, 
Tliis map in 10 large sheets on thc scale of 1 inch=l  geographical milc kno\vn 
as the Iclentic Map formed hencefortli the basis of Euture discussions, and mas 
in fact acceptecl as such for the purposcs of this Commission. 

h further effort to settle the frontier was stifled by the Russo-Turkish 
ITar of 1878, aftcr which the subject hardly got beyond the cliscussion stage 
until after many delays the protocol of 14th Sovember 1913 was signed by the 
four Governments concernecl and an International Commission was formed to 
make one more attempt to settle the frontier. 

This protocol mas of value in that i t  placed a great part of the frontier 
hryond the regions of discussion, ancl, in cases where ttio 'l'urkish and Persian 
Commissioners might disagree, contained the invaluable proviso that they should 
withiu 48 llours place theis points of view and arguments before the Mediating 
Com~ilissioners nho nlould then aud there tlccide the question. I strongly 
3031mend this point to tl~osc who havc to settle frontiers in the future ; tlie 
parties chiefly concernccl often disagreeing on principle alld only wanting a 
third party to decide thc question for them. 

'l'he four Comnlissioners mere to meet a t  Muhammareh in  December 1913, 
3 ~ d  to accompany thc Britisli Coinmission a cletacliinent was formed from the 
Survey of India, consisting of Licutenant-Colonel C. 11. D. Rydcr, C.I.E., 
D.S.O., R.E., Blajor H. IIcC. Cowie, R. E., Mr. Haji Abdul Baliim, K,H., 
Xstrcl Assistant Superintendent, 31s. Sher Jang, K.B., Sub-Assistant Superin- 
teuclent, Surveyore IIamid Gul and Sijnwal Iclian and 12 klrulcisis. Leaving 
Karachi on 6th December the bulk of the party reached Muhammareh on 12th 
Deceuber 1313, Major Colvie rclnaiuing at Iji~shirc for a meek for longitude 
observations. 

Thc British Commissioner, X r .  A. C .  Wratislnw, C.B., C.M.G., and the 
Secretary to the Commission, Mr. G. E. Hubbard, who lind both comc out from 
England, ariived by the same steamer. Captain A. T. Wilson, Deputy Commis- 
sioner, was already a t  Muhammarch making preliminary arrangements, while 
Captail1 A. H. Brooke, 18th K. G. O. Lancers, cornmancling the escort of 30 
men of his regiment, and Captaiu 11. IV. l'icrpoint, I.M.S., Medical Officer, 
jo ind a fortuirht  latcr. Captain F. L. Dyer, 93rd Burma Infautry, who was 
then stndyinq Persian at JIul~ammarcli, mas alterwards attached as transport 
officer. 

W e  found a good camp pitched by Captain WiI~on  in readiness in the 
desert just outside the palm grorcs, tlic Russian Commission being located in a 
house in the town. 
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The personnel of the other Commissions mas as follows :- 

Rzusicwa Colnlwiasion. 

M. V. 11 inorsky, Cog12l~~issio1~e,*. 
M. D. ljilaiew, Del~zcty Contnzissio~ze~.. 
Captains Tshahakaya ancl Aliew, Survey staff, streugthened a t  a later 

stage by Lieutenan t-Colonel Krimlikoff, and Captains Yordanoff, 
Yemilianoff, aud Chernoff, also Licutenant-Colonel Andriewsky in 
charge of the survey and escort. 

They were accompauied by a medical officer, Dr. Volodyeuskp,  an^, 
various oficers in comnland of the Cossack escort. 

BIajor Aziz Sanlih Ucy, Couln~issione?~. 
Ca1)tain Abdul Hnmitl Bey, D e p ~ c t y  Contwissio~zet*. 
Bnsri Bey, Secrefcr~y. 
Captain hiel~nlet Effendi (replaced later by Captain Salih Effendi) anu 

Lieutenant Kadri Effendi, Snrrey Officers. 
A medical officer and cscorts of varying strength. 

Etela-ol-Mulk, . Conzn~issionev. 
Jiansur-es-Sultnlleli, Dcpqcty Co~1zt1lissio?le1.. 
Salar Jluzaffar, Xilitcrisy dcloiser.  
ilbclur Rezag11 Khan, Survey Officel., and two topogra1)hers. 

mcclical officer and escort ol Pcrsian Cossacks. 
Pencling tile arrival of the T ~ r k i s l l  and Pcrsiau Com~nissions, q e  01)tnined 

the lougitu(lr or F%o, a t  tllc mouth ol the Shatt-al-'Arab by telclgraphic connec- 
tion with I l~~shire,  a station of tlic longitncle operations of 1895 connectiug 
India ~ r i t h  Eugland. All attempts to carry up n, series of sinall triangles from 
Pie to ~inllammareli on tlle banks of the river were frustrated by the upsetting 
of a \)oat and loss of a good deal of tlic k?ttrl&is' liit, and a naval triangulation 
11ras accepted ill its place. Nasiri (Ahwiiz) was also connected with I\IuIiam- 
mar& by telegraphic longitude observations, the former place being the start. 
ing poiut for Major Cowie's triangulation. Thc Persian Commissioner had 
arrivctl v i th  the Russialls by sea in  a Russiml steamer, but the rest of liis staff 
came overlancl from Tehriin, via Baghclncl, and being delayed by a visit to Ker- 
bela (lit1 not arrive till the middle of January 1914 about the same time as the 
Turkish Commission. Further v,zluable time was spent in the necessarg 
formal exchange of calls, and serious business only commenced with the first 
full meeting of thc Comillissions on 21st January in a fine llouse belonging to 
the Chief I\iIinistcr to the Sllaikh of Jfullainmareh. 

Tlle Coln~nissioners ~ ~ ~ e r c  desirous tllat the Jdentir Nap, :11rendy referred 
to, should be used ns much as poshil)lc nucl For the first portion of tlie frontier, 
tllc Shatt-al-'Arnb itsclf, this was possil~le, tlic Persian banli of the rivel- forming 
here the Frontier, but ns we progressed the reputntioil of this map becalne less 
and less sacrctl, as qlnring errors were discovered, till finally i t  was a l ~ ~ l ~ d o l l e c ~  
and new maps of thc frontier and its neighbourhood were prepared. 

A more or less formal trip do11 n the river to Flio, ancl up river to t.be 
point wllere tlic frontier leaves tlic river, constituted our first work of Lne 
demarcation, tlie first pillar beinr built at this latter point, consecrated by the 
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slnu,o~~tPr of n &eel>, speeches of mdtual congi*atulation, and a lase lunch in 
Ar& style provided by the local Shaikh. Geniality and good fe\lowship per- 
T-n(led the air and continued with but f e ~  inteilruptions throughout the duration 

tlie Corllmission ; I doul~t very lnuch ~ ~ h c t l i e r  any Frontier Comlnission 
],as I,een carried through with SO little Irict'ion, taking into account the long 
stnndinS feud \\-hi& had existed I~etweon Turks and Persians over the frontier, 

TIle boundary after leaving the Shatt-al-'Arab disappeared into the desert, 
and all that mas necessary 11-as to build a few pillars to give its direction ancl 
tllell visit Knshk-i-Bassi in  the desert to pick np the line again. Tliis place, 
over 30 miles from Muhammareh, nTas somewliat difficult of access owing 
the lack of water, however by going up the Kariul river for a day hy steamel- 
~ v c  got within 20 miles and then marched across the desert. We here had our 
first esperience of desert work ; the long weary rnarch erer in  sight of cam,) 
but ncl-er gstting there, the heat in the daytime with its attendant mirage, 
the cold nt night, and on our return journey heavy raiu which turned the 
hard clry desert into a slippery marsh, making any progress a t  all a difficult 
matter, all formed an interesting first experience, but one n-hicli me had 
repeated too often cluing the nes t  three months to appreciate its real deligllts, 
Trnly llesopotamia is a difficult country to survey in ; the cold weather is the 
rainy season, and cluring tlie hot weather, after the encl of March, any obscrva- 
tions el-en of the roughest nature are i ~ e x t  cloor t o  impossible owing to tile 
uliraqe. 

On this trip 11-e noticed a curious feature in the othern-ise monotonous 
desert in a large number of parallel lines hal-irg tlie appearance of canals filled 
in containing evidently something different in their soil, as small bushes grew 
lllore frequently there than in the rest of the desert ; their width 11 as from two 
to four p * d s  and in places they converged wit11 all tlie appearance of disused 
railn-ay sidings; many theories were advance:! but these lines remained a 
mystery to us. 

Having put up our pillars uear Kushli-i-Basri and turned the frontier liue 
into the marshes we returced to Muhammareh to make prel)aratiotis for our 
further advance. 

On 14th February ne ma& our final start, each Commission marching 
separately. Three long marches up the right bank of the Kitrfin river and 
an cquallv long one across the clesert hrouglit us to Kut  Saiyid Ali on the 
Karkheh river which 11 e crossed the same afternoon, and called a very neces- 
sary halt for a day, prolollged for another clay on account of a storm of \rind 
and rain which \)rougbt down several of our tents and rendered marchiliq 
impossible owing to the mud. 

The Kqrkheh is n fine river 100 yards wide with a fast flow of fresh 
water which used to irrizate :i larpe tract of country; a suddeu chal~qe of its 
bed left the irrigated country high nud dry and thc greater part of its waters 
now flows into the huge marsh extendin: to the hanks of the 'l'igris and is lost 
therein. KO very eutensi~e arks coilld lion el-rr easily rcnder the tongue of 
land Ijetwrun the Knr i~n  ril-er and tlie Tigris once ulore fertilo and able to 
support a large population. The Aral~s 111 these parts illhabit the banks of r i~ers 
3 ~ ~ 1  m ~ r b h  during thc suuinier, their reed hutr extellcling for several milesaloug 
the banks turn the river at a I i l l q e  like Bibaitin into olle lollg street. 
Our nest two marches n-ere done Ily I~oat, I<ln(Iing oocasionally for partridge and 
8nil)~ bhoot111g, while OU~ '  c a r a ~ ; ~ ~  folio\\ 01 tile land route. At hisnitin on 
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21st February we caught up Major Cowie and the surveyors who had been 
working ahead andmarched a11 together to Umm Chir (tho mother of pitch), a 
desolate spot which had been agreed upon ns the next ~nccting place of the 
Commissioners, and a t  which thc frontier line issued from the marsh into 
which we had consigned it nrest of Kushk-i-Basri. 

A meek's halt here made us all the more anxious to get on, as our start 
had been very late in the season, and the weather was already beginning to 
r a r m  up. From here to the Danrairij river, a distance of 26 miles, the Identio 
map proved very unreliable and the old bed of the Shatt-al-Ammah which had 
beenJaid down as the frontier was in many places hardly visible having bcen 
filled up by moving sand dunes. 

Another week'w halt a t  t'he Dawairij river was necessitated by the river 
coming down in a heavy flood. The British Commission camped in tllc bed 
of the river, but fortunately crossed next morning through the rising water, 
though nre had to move our camp twice before we were safe from the ravapes 
of the flood. For several days the river amused itself by cutting away its 
hank, large masses of which fell constantly into the river with noises like the 
booming of heavy guns. 'l'he other Commissions were unable to cross the river 
for several days and then did so with difficulty having also to move their camps 
fnrtIier and further away from the original banks ; once in safety oneself i t  
was a source of amusenlent matclling another Commission hastily striking 
its tents and retiring before the rising flood. 

Once across, however, the work progressed with some rapidity as our 
surveyors had not been wasting their time. The Iclentic Map had fallen into 
marked disfavour and me had our surveyors on ahead mapping the country 
preparatory to the arrival of the Commissions. All these maps were based 
on the triangulation carried through with unflagging energy nod great accuracy 
by Jlajor Cowie, the necessity cf keeping up the computations pnri passzs wit11 
the obs~rvations to have this framework constantly ready for work of the 
surveyors, necessitated llis working far into the night ancl was the subjcct of 
much admiration on the part of our collen~ues in tho other Commissions. TVP 
had now reached the foot of a low range of foot-hills tl~rown out to the south 
of the Pusht-i-Ki~h range, the hills in Persia while thc plains 
inhabihted by Srabs were left to Turkey. The foot of this range was followcd 
for three clays, till we arrived at the Tyl) river ou 11th 3lnrcll. A meek's 11alt 
here, although nccesmry, mas rendered very unpleasant by the disgusting 
nature of the only water ~ v c  had to clriuk ; concentl.ated Epsom snlts was our 
verdict on its quality. 

Thc: increasing heat and lack of yotzble water rendcred the work of 
surveyiug and demarcation very arduous. AEtcr l c a ~ i n q  the Tyb river we 
had to lllnrcll away from tlle foot of tbo hills into tllc plain, camping n night a t  
Qnrs Tapah, a small ~nountl from which we could see passing boats and it 
steamer on the Tig~is, floating in the air owing to tllc mirage, on its way to 
Baglldad. We reacllcd Bigh-i-Shiihi (Balisai) on 19th March and again put in 
,z prolonged l~a l t  according to our usual and indeed unavoidablc custoul. At 
tlicsc halts sevoral meetings of tho Co~llmissioncrs mould be hcld at which tile 
imlncdiate frontier would be settlecl in detail while often a good stretch of 
frontier ahead of us was also fixed in general terms, ant1 Sub-Co~nmissions 
consisting of a representative of cacll nation were sent out to pat up the 
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necessary pillars while lime mas thus given for our surveyors to get 
their work ~vell ahead of the main body. 

Bakmi and t l ~ c  lands of Saiyed Rassan 30 miles clistnnt had loug been iu 
dispute bctmecn tho Turks and the V5li of P~sht-i-ICCh 011 the Persian si(lc, and 
finally a compromise had to be effected, disliked by 110th parties and therefore 
Ilrol,aI)ly fair. Our departure from Baksni was followed by a severe iiltertribal 
figllt amongst the '1'urliish Arabs, Inany being lrilled and mounded on lIoth 

tile fight taking place in the presence of some Russian and Persian 
officers ~vho hncl remained hebind but were not interferecl with. 

We arrivcd a t  Zurbatiyah, a small Turkish town, on 6th and Qlence 

iilarcllrd to 1Iauclali where \re arrivecl on 10th April, without iucide~lt except 
for a march through a dust storm the day me left Zurbatiyab. Mr. Wratislrtm 
left us here for a short stay in Baghdad on account of his lienlth, rejoining 
us a month later a t  Qasr-i-Shirin. 

Mandali is a prosperous little Turkish town surrounded by palm groves 
ancl fruit orcharcls, clepencling for their w t e r  and life on a stream issuing from 
Persian territory. Thc rights in this water llacl long been in dispute, the Vjli 
of Pusht-i-Kill1 often threatening to clivert it and thus bringing pressure to 
brnr on the Turks to admit his claims in otllcr directions. As usual a corn- 
promise was effected and me entered on 17th April an unpleasant region of 
low hills from which the nomads hnd already cleared out on account of the 
I~ent. Oil wells were liere i l l  dispute and had to be arbitrated on ; grazing was 
scarcae arid water bad, but me were relieved t)y a storm of mind one night, \\hioh 
levelled all our tents, followed by a very wclcome c1omnpou1- of rain which 
cooled Ihc air and gavc us some much appreciated drinking water. 

On 25th April assisted by this short \)out of cooler weather we arrived at 
Qasr-i-Sl~irin mlicre a, general halt had been decreed to give every one a well 
earned rcst, the neighbourhood of Baghdad enabling the Turks especially to 
elljoy a return to civilisation. Our time, hovever, was not wasted ; fair maps 
were as far as Manclali and clespatchecl for publication, descriptions of 
the frontier were compilecl and a general refit of kit, etc., was found very 
nccessary . 

Mr. Haji Abdul Rahim, K.B., with some kl~crlcisis and ten of the cscort 
returned from here to Inclia vicc Baghclacl. The ruins in the neigllbourhoocl of 
Qasr-i-Shirin I I - O L L ~ ~  n-ell repay a more careful examination than r e  were able 
to make. 

Leaving Qasr-i-Shirin ou 11th Yay ancl marching vicc the Zi~hiib plain IVO 

rencl~ed Bawisi, a small village a t  the foot of the B n u u  mountain, the following 
dqp, ond from there entered hilly country, and crossing the Sllirmiin rivcr on 
the 2'211~1 arrivcd n t  15alkel1 on the 26th May. Rain that, day and the fact of our 
hut  ing renclml an elevation of 4,700 feet Iwought the temperature dom'h 20" and 
r,>~lcl~rc(I t l ~ c  1)rolonged halt at this p1nco:ind Uiare oue of the plensantc~st we had. 
Tlie Avromin rmqe on ~ h i c l l  snow still linq~rcrl tomcred al~ovc us, \vhilc the 
narrow valleys were filled with walnut, mu1l)errp alld other fruit trces throng11 
wl~ich flowed sparkling brooks of cold water fresll from the lllallY ~11rinfis for 
wl~icll this range i s  famous. Our lialt hers was due partly to tile iutricatc 
11at ure or the fror~ticr which cut across those fertile and Ilnrtly to the 
l o c ~ l  Turkish oficers not hnvinq rcceivccl order.; for the evacLlatiou of n post 
they occupied nitliin P(1rsi.n territory. 
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These matters having becn satisfactorily adjusted we marclled once more 
on 11th June and clippin: down to a plain a t  a height of 1,900 fect (maximum 
temperature 106") crossecl the Avromiin range by a Ion- pass, Cllakan, and 
canlped a t  Piran, a pretty spot xnd a pleasant climate. Onr stay hers n-as 
llon-ever a disastrous one, as the Persiau Doctor, Eussain, met with an accident 
while out shooting, and had to havc his right hand amputated. This he bore 
rn-ith great pluclc and U - O ~  our admiration by his cheerfulness under dcpressillg 
conclitions; he accompailied us, in cliarge of Captain Pierpoint, as far as 
Vazneh. 

Major Cowie triangulating aud 0111' surveyors doing the detail survcy had 
~ o r k e d  so well ahead that iu the next week we were able to demarcate a lollg 
strip of the frontier, arrivil~g on 23rd June at tlie rilloge of Tchampar-av where 
tlic frontier left the watershed to include this village In Persia. 

From here onwards we were well amongst the Kurdish uplands aud only 
v.ent below an elevation of 4,000 Eeet to cross the Lesser Ziib river on 2ud July.  

It had been a great strain on cvery onc, owing to our latc start, in havinq 
thus to push on wit11 the work duriuq the heat of the summer, but we could 
nov- see ahead of us a probability of completing the demarcation of the frontier 
before winter set in, very much earlier in fact than had ever been thought of in 
previous estimates of the time required. 

We were no~v in  the neighbourhood of latitude 36" and the Russians after 
some dclays took over the main topographic work. The fine upland plain of 
Vazneh mas reached on 17th July, height 6,300 feet, and even there the maxi- 
mum temperature m-as always in tlie neighbourhood of 90". 

Here, to our great regret, Mr. TCTratislnm  as obliged to leave for England 
on sick leave, Captain Wilson succeeding him as Commissioner, and Lieuten- 
ant-Colonel Ryder beconling Deputy Commissioner in  addition tc~ his own 
duties. 

We left Vazneh on 24th July, and the following day entered the treeless 
tract mllich continues right up to Mount Srarat, and renders the scenery 
decidedly monotonous. Pronl here onwards the frontier follo~ved mitli a fen- 
exceptions a well marked TI-atersliecl, forming a n a t ~ u a l  boundary. It never has 
been ant1 never will ho~rever be n true international frontier as the Kurds from 
either side conlc up  into the hills for the summer and by mutual arrangenlent 
amongst each other, Turkish tribes graze tlicir flocks on the Persian side and 
aice ae~*sd.  'l'his watershed mas easy of demarc:~ tiou as i t  was only necesszry to 
~ l n c e  pillars on the inain !)asses, a worli carrictl out by small Sub-Commissions 
while tllc main body of the Coinmissio~l for conveilience of transport could keep 
to the main roads fwthcr away from tlle frontier, and thus reachecl the s~ilnll 
Persian town of Ushnit on 28th July. Our halt of four days mas enlivened 
1)y tllc genial hospitality of a detachnient of Russian troops stationed there. 

Leaving Ushnil on 2nd Sugast 11 e t u r u ~ d  again towards the frontier reach- 
ing Jclargamar next day ancl that afternoon recvived news of the outbreak ol' 
mar, although i t  was not till three clays later that we 11eal.d oE our being 
iilvolvetl therein. Thc morlr of clelliarcation llomever continued, but a move 
was made into Uri~mich ou 8th rluqust to be nearer a, telegraph oEce and to 
givc evory onc another well earned rest. Hcrc we mere again the recipients 
of warm-lleartcd l~ospitality from the Knssian gnrrisoo. 

The political l~orizon being now cloudy, tlir halt a t  Uritnlieh was cut short 
and the Conuuission leaving on 15th August moved out again in tno  marches 

z 
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to frontier where the bonndary had to be demarcated across two 
situated a m:trch a1)art. Each of these necessitated lialts of a fclv days, afier 
which the main body of the British Commission under L i s ~ t e n a i l t - ~ ~ l ~ ~ ~ ~  
Ry&r for Rotour, while Captain milso~l  accompanied the other corn- 
missions demarcatiug nloi~g the \\~atershrcl. Passing through the valley in 
\\-hi& Kuline S h a h  is situated we turned agaiu into tile mouutains to cross on 
to the Turkish side 

0 1 1  31st August Tve arrived a t  tlie small Kurdish village of Ushllak alld 
tllnt afternoon wl~ile out shooting were attaclted b;y 3, p:~rty of armed Kurds 

in Mr. Ilubbard bciny severely wo~uldecl. Arrestiug the guilty parties 
to give Mr. Hubbard's mound time to heal necessitated several days' halt ; 

Captain Wilson rcjoinccl and inovcd do\\ n to KIl.hoi with Captain l'ierpoint in 
charge of Nr .  Hubbard, who tlicn had to I;c invalided to England. The Con- 
lllissiolls mol-ccl on to Kotour, where we a r r i ~ e d  011 the 6th Septentbrr, e , ~  q30ute 
obtaining our first view of Mo~unt Ararat, n  isi ion which spurred every one to 

on with the work, the end of which was thus in sight. 
Thc cleliinitation of Kotour, whcrc the frontier line has to cross a valley, 

forms a liistory b! itself, many attempts hare  bee^ made all resulting in failure, 
and once more we llad to. ackno~\-ledye defeat, and leave i t  unclemarcated, a 
leligth of 40 miles in a frontier of over 1,100 miles forming the only portion of 
thc clclimitatioll which had to  be left incomplete. On 9th Septeml~cr the 
T~ukish  Cornmissioner announced t l ~ a t  he had received orders to cease work, 
and we all set to work to complete maps, description of the frontier, etc. 
These being completecl up to Kotour, our Turkish colleague announced that he 
l ~ e d  received ordcrs to omit Kotour and continue work to thc north. This 
being ag!eecl to v e  left Kotour on 18th September, not before having made a 
complete map of the district for future use, and crossed over on to the Turltish 
sicle. On 22ad September Major Cowie, Captain Brooke and the escort left to 
join Captain Wilson a t  Khoi, from whence they left for India. The two 
forlller officers with Captain Dyer proceeclcd zicc Julfii to Batoum where they 
caught up  Captain Picrpoint and Mi*. ITubbarcl and although tlie Dardanelles 
were closecl they werc able to reach Constantinople by sea, ancl thcnce by rail 
to Dedeagatch ancl by steamer to Port Said. The escort under Jemadar Tiwakli, 
with Surveyor Sija~val Khan nnd khccl&sis, marching via Kirmansh5h and 
Isfahiin, reached Mnhammareh in  January 1915. 

The Commissions continued up  the Turkish sidc demarcating the frontier 
as far as Razli-quenl, on the Persian side, ~vliich was reached on 27th Septem- 
ber 1914. A halt here was necessary for a rather intricate piece of demarcation, 
but a severe snowstorm on 2nd October drove tlie Turkish Commissiou into 
Bayezid, while the remainder moved down to Kalissa Kandi aud thence on Gth 
October to Bazirgan where Captain Wilson rejoined us. This was our last 
camp and one which we were not sorry to say good-bye to. t h e  Turkish 
Commissb~ler never rejoined from Bayezid and his place after some clelay lvas 
iaken by his Deputy ; however thrce mecks of paticnce and mc werc able to 
coillplete the work across the last vallcy and up the lava slopes of Mount 
Ararat to the neck joining i t  to Little Ararat ancl were able to have a final 
s6ance on 28th October and march into Malti~ that  cvcning. A ncek pre- 
viously Mr. S l~er  Jang and Hamid Gul had left with our fcw remaining lnen 
to march cia Tabriz to the Persian Gulf. Captain Wilson and Lieutenant- 
Colonel llyder ~ M T C  ou 29th October in pouring rain into Slljh Talthti, 35 
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the nearest railway station on fie Julfa line ; here next morning we 
heard of tllc Turlis having bombarclcd-thc Blaclc Sea ports, alld realising that  
this meant their joining in tho willm, and closing the Constantinople route, we 
sent our aervails wit11 Mr. Abdul Alim to catch up Mr. Sher Jsllg's party, 
who got through to Bishire towards the end of Jeuuary 1915 :\nd travellillg 
ourselves ii~ltler the good auspicco of Captain Tshabakaya reacllecl Tifliq olI lst 
~ovember,  1014. Staying there only a fenr hours we left the s:llne night after a 
recspt,i~n of great warmth from tllc crowd at t l ~ e  station, sod  reacllecl Baku on 
2nd. Wu then dccitled that it \\-a$ inaclvisnl~le to travel across Persia by our- 
selves, and that i t  would be best to go to Pc~trograd, so staying one night at 
Baku to avail ourselves of the company of Mr. Wilton, the King's messenger 
travelling from Tehrsu to Peirogmd, we left on-3rd and reached Yetrogl~ad 
011 6th Xovember. TVe were then advised to take the Archangel route and 
leaving the snmc night, arrivecl therc on 8th Noveml~el*, ancl after a delay of 
several days finally got starled, I~rokc our ~ v ~ r y  through the ice in the river, and 
got out to the opcn sen. 

Our route lay w-ell into tho Arctic Circle, passing the Korth Cape, lati- 
tude 70°, tlicn hugging the Sorwegian coast :rlld steaming donn the Fjords 
through mngnificent sccnery, but great cold, the wbole co1111 try then l ) r i~  ILJ 

under suo~v, IVO \Irere fortunate t:nough to see tllc Auror L Borsalis on two 
nights, and reachecl England wit,hout incident on 21st November. 

As regards the technical work of the Co~nmission, the greater part mas 
~unrlertaken by thc British up to latitude 3q" nnd tlic ltussians nftcr tlrat point, 
the Si~rvcy oficers of the l1tir1iisil anll IJcrsian Commissions not having tlie 
uecessnry expericncc, but I sl~ould aclcl tlrat they worked cordially with us and 
acccptcd our surveys without hcsitatiou, n fact in grent part cluc to the confi- 
dcllcr inspired by our India~l surveyors, all 4Taholr~cdans. 

As i t  11-ould have been impossible for any system of rigorous triangulation 
to keel) pace u i t h  tllu work of the Commission, the systclll atlol~ted for the 
triangulatiolr \\.;IS :IS f o l l o ~ ~ s  :- 

As tlic starting point Nasiri (All~-$2) mliicll had been connected in longi- 
tnde, as already described, vith Bi~shire, obselvations wcre talten lor Iati- 
tudc an11 azimuth, and a base \\-as measured with an Invar tape. NTith these 
data Xlajor Conit. carried on a regular scries of triangles as far as Ulvm Chir. 
Proln there to  the Tyb river trigouoluetrical conuection was maintainecl, 
partly by a rcgular series of triangles, partly by n short lcngth of theodolite 
travcrsc. From the Tyb rivcr onv-ards the regular scries of triangles was 
discontinued and the f o l l o ~ ~  ing metllods employed : from the aclvanced stations of 
the rcgular series two or more points iu thc diroctions in which ~ v c  merc moving 
were fixcd by ol~scrvations ; 11-11en tlic Colninissioll had marchc~cl to a suitable 
plnre in , advancc of these fixed points :\ basc mas measurecl, latitude and 
azimuth clctcrrniued astronomicnlly and a srvall nctmorli of triangulation 
carricd out ; from stations of the act\\ork ol)scr\-ntions 11-ere niacle to points 
fixed in renr perrl~itting of tlic determination of thc longituclc of the network 
and at thc samc timc f u t l ~ e r  advanced poillts were fixccl and used as descril)ed 
nl~ovc when tllc Commission had in dne course lnarchecl bcyond them. This 
process mas repeated as often as necessary, tlrc last occasion being a t  Urcmich, 
atter which the Russians ass~uncd responsibility for I'urtllcr work as they had 
already fixed many l~oints I)y gmpllic triaugulntion ou their large plane-tables. 
Thc results of thc triangulntioll will be pu1)lished on tvo slrcc ts. 

/. .2 
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It had been Inid clown in tlie protocol of 14th November 1913 that the Iden. 

tic Nap mas to serve as n basc for tlie topogrnpllical work, bllt i t  soon proved in. 
su6ciently scclrrnte for purposes of frontier demarcation. I t  m:is ho\vevcr 
decided to ndopt t l l ~  scale of t l~ i s  map 1 inch=l  geogmphical mile, or Sij- 
for our surveys, and this scale was retained with one exception for all lnaps up 
to Intitude 36" when the Russian scale 1 inch=2 versts (TJ&) mas ~dopte(1 as 
they had ulready priuted maps on this scale of the Persian side of the frontier, 

The exception above llnlnerl mas for " Carte Supplenlentaire No. 7 " where 
the scale of 1 incli=& Englisli miles had to be adopted omi11g principally to 
the lack of water. 

'Phe Identic Nap  was accepted for :- 

(1) The Shntt-al-'Arab. 
(2) The desert and march thence to Uinm Cllir. 
(3) Between tlie Tyb river and near Bnksai where the frontier silnply 

followed the foot of the hill. 
(4) The Shirmsln river. 
( 5 )  The Avrom,in ranse. 
(6) Tlie Kialou (Lesscr Zsb) river. 

I t  mill be noticed that these co~nprise in inost part in eaoh case a siilqle 
topogrnphicnl Feature ~vhich itself formed tlie frontier and of which an accu- 
rate map was not n necessity. The system adopted for carryin3 out the work 
did not vary greatly ; while wc were responsible for the survey one or two 
surveyors supplied with topograpl~ical points by Major Comie were sent on 
nhead and had tlieir inap ready 11y the time the Commissior! arrived. 

Fromblat,itude 36' the Russian 2 versts map was completed by surveys on 
the Turkish side, and mxle use of, mliile our surveyors were employed making 
larger scale surve!.s of those arcns which were under dispute, that is, of those 
places where the frontier left tlie materslied. 

The country traversed was throughout, except btbtween Alandali and Qasr- 
i-Shirin, of nu easy nature for surveying, especially in the absolutely treeless 
repion in the north ; the difficulties we had to contend with mere :- 

(1) The n-ant of water in tbe south and the great heat which resulted in 
haze aud an nbnorinai amount of refraction. 

(3) The tension in thc nortli owing to the war and the general lawless- 
ness amongst thc tribes, Arab, Persian and Kurdish, along tlie 
mliole frontier. 

(3) The rapidity with which the Colllmission worked necessitated very 
rapid work on the part of the surveyors which again encouraged 
the Colnmission to work fast. 

Tlie British Survey detachment surveyed 7,600 square miles on various 
$cdes. 

The length of the fronticr from F5o to Ilount Ararat i5 1,180 miles, of 
which 1,110 miles n-cre deinnrcatcd, 227 pillar3 1)cinZ erected, leaving only 40 
miles undemnrcatcd near Kotonr. 

I n  addition to tllc ficld work fair mapa slio~vin,o tlie frontier line have had 
to I),: dron-n and were approve(\ and signed by the Conlmissioners, 26 of such 
i n q ~  cntitlcd '' Cartcs Supplcmcutaires " wcrc required as well as 10 " Carte3 
Det3ii:ces " on larger scales to sliow difficult portions of the frontier. 
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Each nation had two maouscript. copies of each of these 36 maps. The 
publication of the sheets 1 to 8 was undertakenhy the Survey of India, Calcutta, 
the rapid and excellent printing of which enallled copies to 11c distributed 
before the close of the (:ommission ; the remaining sheets were reproduced 6 
to 15 by the War  Office, London, ancl the remainder by the Survey of India. 

The frontier line was also drawn in as nccuratcly as possiblc takillq into 
account inaccuracies on the map on 10 photographic copies of the Identic Map 
and on many copies of the reduced Identic Map. 

I cannot close this report withont referring once more to the energy, tact 
and skill displayed by the Survey detachment, Major Cowie, Mr. Sher Jang, K.B., 
and Surveyor Hnmid Gul bcing worthy of special mention. 

The sympathetic courtesy of Mr. Wratislam, the energy of Captain Wilson 
and the tactful frieoclly demeanour of M. Ninorsky, Aziz Bey, Etela-01-Mulk 
and the members of tlie various Co~nnlissions contributed in no small degree to 
the success of the Commission. 

All tlie officers of the British Commission were a t  various timcs willing 
victims to our demands for assistance in measuring bases and recording ob- 
servations, while M. Minorsky who was accompanied throughout by his charm- 
ing aud energetic wife assisted us greatly 11y checking the spelling of names. 

Of our technical collea,gues, especially Captain Tsliah:~kayn, tllc Persian 
Sartip dbdur Rezagh Khan aud Lieutenant Kadri Effendi who all three ac- 
companied the Co~n~nission from start to finish, I retain the warmest remem- 
brance of their tact allcl friendliness oftcn under difficult circumstances. 

NEPAL-PILIBHIT BOUNDARY SETTLEMENT. 

l iy  MAJOB E. -4. TASDY, R.E. 

1. ,I reference to pages 03 to 97 O F  Records of the Survey of India, 
Volume V, will show the coinmcnoemont of this work, which involved the 
alighment of straight links in place of the cnrvcd boundaries along the old 
course of the Sirclii river. -4s will be seen in tlic above report the straight 
links laid out for the Naini T i~ l  portion of the N e p ~ l  boundary, i.e., up to old 
Reference pillar No. 27 (new Bounc1:lry pillar 17), were accepted b y  the 
Governments concerned; but the proposals concerning the Pilibliit portion 
(east of old Refere~lce pillar No. 27) werc not accepted by the Kepi1 Durbnr. 

2. I t  mas thcreforc clecided to hold a fresh Boundary Colnmission to re- 
consider this portion during tlie winter of 1Dlb-15. 

Of this Pilibhit boundary t l~ore merc ollly two portions falling on or quite 
near to the Sird,i river, namely, between old Reference pillar No. 27 and old 
Boundary pillar No. 10, and further cast between old pillars Nos. 1 3  and 12. 
The intewal, betweell pillars 19 and 15, lay on higher ground and therefore 
was not included in the preliminary work. 

8. Pre2intinaj.y iuovk.-A small detachmeut, consisting of Mr. S. C. 
Ilukharji, Sub-Assistant Superiutendcnt,, together with one traverser and one 
computer, was sent out in December 1914 to traverse over the two rivcr scc tions 
~ncntiolled abovc, ant1 t o  correct tlic topoqrapliy of the special 8-inch boundary 
maps oE t,hc previous ycnr in rospcat of tllc lntcst nlovemcuts of thc rivcr iu t b c  
imuiediate vicinity of thc bountlaries. Thc junglc mas clcarcd and tho new 
traverses werc run, not only along the old curved boundnry, but 3190 along 
possiblc altcrnativc aliguments. 



174 RECORDS OF TUE SURVEY O F  INDIA, 19!.1-]5. [VOL. Ix. 

This \rfis fillished iu January 1915,  hen the results wc.re brought 
back t o  Dehm Dill, for finnl plotting and fair drawing, and arrangelnents weye 

for tllo BoLllldary Cornmissinn to meet on the ground. 

4, T/&c sett/elllerat. -Major E. A. 'randy, R.E., with the above drtacIllnent 
met the Comini~sion noted in tlie margin, 

If,.. G. Adnlnr, I.V.S., I'lngialinte nnd COllectol, 
PiIi bhit. together with Lieutenant-Colonel J. 

k.hnil I;nlindur hlnlig.rl Iillnn, Zcmindnr, Shrl -  b4annel.s-Smith, V.C., C.V.O., C.T,E,, 
Plll 

Licutrnnnt CIlnnlIm Sbekllnl T'l ndbgn, Hnklm Resiclent in xepj l ,  011 the 15th Pebruary 
of  tile Amini I<ncllcli, lini~.~\i-~i!ulcll~llp~~~. 1916. 7Vitll the itpsistance of the m : , ~ , ~  

~ i r ~ ~ t ~ ~ ~ ~ ~ ~  l:n~udern Slinr~nn. ~ l ~ n d h y n ,  Officer 
in cllnlge of tIlr Nepilrqe Stnte Yorest*. Nag% prcviou~ly prepared it dicl I I O ~  take long to 
lIIIll<. examine all the possibilities on the ground, - 
and a ~ ~ ' b k c t ? ~  d r a r n  up on the 21.st February recommending the foIloming 

settlement :- 
(a) Starting froin pillar No. 21 1 (the trijunction of RTep~1 \\.it11 tile 

b Klleri and Pilibhit; districts) i t  mas agreccl that the eastern poltion 
of the Nepiil-Pilibhit l~oundary as far as pillar No. 12, being on nrell- 
defined and hiqh ground, rcquired no alteration. 

( h )  Fro111 pillar No. 1% the boundary was to be aligned to a point distallt 
about 17 to 18 chains to the W. S. W., where a new pillar nras to be 
erected. From here the boundary uTas to run in a straight line to a 
similar point  bout 6 to 7 chains S. W. by S. of pillar NO. 16, where 
also a new pillar mas to be built. The remaining straigllt lines \Terp 
to be :-from this point to pillar KO. 19; from 19 to 21 ; from 21 
to a point S. of Bandar Bojh Gnuri so locatecl that tlie total loss of 

arca t o  Nepiil was not to exceed 200 acres ; and finally from thi6: 
poi~:t to pillar No. 17  of the Naini Til-NepB1 series. 

(c) '1t 11-35 f~l r thcr  agreed that the numbering of tlic pillars was to be 
chansecl in coiitinuatio~ of the R'ailli 1'51-Nep51 series, throughout 
the Pilibllit district up to its eastern limit (old pillar No. 211). 

( ~ 2 )  A cleariug of 60 feet throughout the bountlary was to be kept as a 
n e u t r ~ ~ l  strip. 

(e) After this bonndnry had been traced on the groulld the Survey 
Department mas to sul~ply 2 copies of the map to each side, one 
copy of nllich mas to be signed by the ~epresentative of each 
Government and gircn to thc othcr in token of their acceptance. 

6. Fit~rrl ctligrnn~nt.-Mr. 8. C. Mukliarji, mitli liis detachment, was then 
left to lay out the new boundary in  accordance nitli the abovc agreement, alld 
to fix i t  11y traverse. 

The boundary mas laic1 out by plane-table on the scale of 16 incl~es to 
1 mile, every peg being subsequently fixed by traverse. The field, work \\as 
co~lpleted 11y thc enrl of March. 

6. L,en&crilcntio?t.-Along tllc whole line a clcariag of 3 or 4 pards width 
was carried thl-ough tho jungle and I V O O ~ C ~  pegs nTerc put in a t  every furlong. 
These were of the nature of l a ~ g c  tent-pegs and their site was further inarked 
by 4 small " pointer " trrnchcs allout 1 foot dcep. No clernarcation of any 
kind mas made across the areas covrrcd with river ~ 2 n d  and water, wlierc 
marks mould be wa~hed away at oncc and thc land is of no value. 

7. Neto pillto s.-Thc proposed sites for new pillars mere mnrl<cd by large 
\~-ooderl stalics, nl~out G or 8 inches ill diameter, and standing 6 fuel  to 20 feet 
above qround. Tliey n-ere surroundrtl by n circular ?,-foot trench, the - 
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Pill(/,* No .  21.-Is situated on the high bank of a dry Ngla &bout 
29 chains N. W. E. of Andua Gn~ui,  V'. of track from Andna Qauri to shukla 
(old B 11. 19). 

Bor~c t ln?~y  24 t o  25.-Distance 44.28 chains and bearing 137"-19'. 
Pi l lo f*  No. ,%.-Is situated on track from Andua Gauri to  Setha-Khera. 
B O I C , L ~ O ~ J  26 to 26.-Distance 100-00 chains and bearing 137"-2'. 
Pilltrr ilTo. 26. -Stands in heavy j~ulgle about 3 cllains N. of a dry Nila. 
BOII)LI~CC?*IJ 2G t o  27.-Distancc 88.49 chains and bearing 137"211. 
PilInv N o .  27.-Is situated on high ground in an open forest. 
B o n ~ z d n r y  27 t o  23.-Distance 189.03 chains and bearing 12%"-25'. 
PiIlccr AVO. 28.-Stands at tlie eclge of a shisham grove in a gmss plain. 
Borl,~cln~*y 28 t o  29. -Distance 77'02 chains and bearing 124'-28'. 
Pillirj* ATo. 29. -Stands on high bank of Bsmhni NSla at the edge of dense 

Khair jungle about 12  chains N. of Dobhfinia Gauri. 
B o ~ ~ ~ r c l n r y  29 to 30.-Distance 17.36 chains and bearing 72'46'. 
P i l l n ~  ,Vo. 30.-Is situated on W. bank of a dry N&la in a bhair forest 

allout 24 chains N. W. of ~06115nia Gauri (old U. p. 12). 

Front pi21crrs 30 o~aic.cci~da.-The olcl boundary has remained unchanged, 
esceptinq that (lie pillars are to be renumberecl as follows : -. 

S o .  11 becomes 31. No. 7 becomes 35. No. 3 becomes 39. 
No. 10 becomes 3 2 .  No. 6 becomes 36. S o .  2 beco~nes 40. 
No. 9 I~ecoines 3:3. No. 5 1)ecomes 37. No. 1 becomes 41. 
KO. 3 I)ccomes 31. No. 1. 1 ecomes :38. 
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sllrvCy of tbc Sinihhnr Lnkc. Lntitudc Opcmtions. Tidnl nnd Lcvcllil~g. Nnguctic Survey. Introduction of tlle 

Contrnct Sy&nrn of Pnymcnt in Trnverae Surveys. Trnvcr iug  with tho Subtenso Bar. Courpil~~tiou nud Ruproductiou 

of  than^ Mnpa. Cnlcath, 1905. 
1903-1)4.-Afng11etic S u l ~ c y .  Pcudulom. Tidnl n l~d  Lcvclling. Astrouomicnl Azimuths. Utilizatioll of 

old Trnvemr b n t n  for Modcrn Sllrveys in tho Ullitctl Provincca. Identification of 811ow Pc:~ks in Xcyal. Top~gl.ep&~,,l 

h l l ~ . v c ~ a  in Siud. NoLes on Town n11(1 BIouicipal Snrvrys. Notes on ltivcrnin S ~ ~ r v c y s ,  Punjnb. CnlcutL?, 1906. 
1~0&06. - I fngnct ic  Survey. Pcndalr~lu Opcrntions. Tidnl and Levelling. Trinngulation in BaluchisGn. 

8u1vry Opcrntio~~m with the Somnlilnnd Ficld Forcc. Cnlcl~ttn, 1907. 

1906-06.-Magnetic Solrcy.  Pcndulr~m Opcrntious. Tidnl and Levelling. Topography, S l ~ s n  st,,tes. 

Onlct~tte, 1908. 
1906-07.-IIfngnctic S ~ ~ r v r y .  Pendululu Operntionr. Tidnl and Lcvolling. Trinngl~lation in Bolucbiat,in. 

Aetronomicnl Lntitudcu. Topography in Shan States. C:rlcotti, 1909. 
1Q07-08.--Mngnctic Survey. Tidnl s l ~ d  Lcvclling. Astro~~omicnl Lntitudea. Pcndulnm Operatious. 

Topogrnphy, S l~nn Stabs.  Calcutta. 1910. 
1908-09.-Megnetic Sur~oy .  Tidal end I ~ e v e l l i ~ ~ y .  Pan~lnluol Operntious. T r i n n ~ u l a t ~ o n .  CelcntCo, I I ) ~ ] .  

i A 2 



ii PUDLICATIONB-HIBTORY AND GENERAL REPORTB. 

ANNUAL BEPORT%(mntinusd). 
(6) " Reoords of the Survey  of India " a t  Ra. 4 Par voJume, except where otAerurks 

s ta ted  

V01. I.-I~OB-l0.-Annual R e p o h  of pnrtics nud offices . - . - . Calcutta, 1918. 

U.-19l&ll.-Annaal R e p o h  of pnrties and ofices . . . . . . Calcntta, 1912, 

JIL-1911-12.-Annunl R e p o r b  of pnrties and offices . . . - . . . Calcutta, 1913, 

IV.-IO11-1S.-E~p2oration~ om the  N o r t h - E a s t  F r o n t i e r  . . . . . Calcutta, 1914. 

V.-1012-IS.-Annual Reports of partics nnd offices . . . . . . CalcutCn, 1914. 

VI.-lQl2-18.-Link connecting the T r i a n g u l a t i o ~ a  of I n d i a  a n d  Buas ia  . . . Dehrn Dhn, 1914, 
VII.-l9lQ-l4.-Ann11nl Reporb  of pnrties and offices . . . . . . . Calcutta, 1915. 

1866-79. -Papt  I, 1)ehra Dln,  1915. 
V m . -  { 1879-02.-pa& 11, ] Ezplorcatio~is i n  Tibet a n d  neigbbouring region8 

P r i c e  of each P a r t  4. 
~ ~ . - ~ ~ ~ ~ l 6 . - ~ n u n l  Reports of pal-tics and officcrs . . . . . . Calcutta, 1916, 

SPECIAL REPORTS. 
f 

1. *Report  on the  Mussoorie nnd Lnndour, K ~ ~ m n u n  and Garha-il, Rnnikhet and  KosiVnlley Surveys extended 
t o  Pesbiwnr and Elbigin Triangnlntion during 1869-70. B y  H a j o r  T. 6, Montgomerie, B.E. (Out of print.) 

2. 'Account of the S ~ l ~ r e y  Oyerntions in counection with tho Mission to Yirkand mud Knshghar i n  1873.74, 
B y  Capta in  H e n r y  Trotter, R .E.  Calcoth,  1875. 

3. Report  on the Trans-Himilnynn Explorations during 1869. (Out of print.) 
4. Report  on t h e  Trans-HimMnynn Esylorntions dur ing  1870. Dehra D l n ,  1871. P r i c e  Re. 1. 

(Out of print.) 
6. Report on the Tmns-Himilnynu Esylorntions duriug 1878. Calcutta, 1880. (Out of print.) 

* ' N o ~ ~ s  Of tb8 SUPV~Y of I n d i a  " nrc issued monthly. 

B-GEODETIC WORKS OF REFERENCE. 

(Obtainable from the Superintendent of the Trigonomett*ical Survey, Dehva 
D Q ~ ,  U. P.) 

EVEREST'S GREAT ARC BOOKS. 
1. An account of the Mensurcment of on Arc of the Meridian between the parallels of 18" 3' nud 24" 7'. 

E a r t  I n d i a  Company . . . . . . . . . . . London, 1830. (Out of print.) 
2. An account of the Mcnsurement of two Sections of the Meridional Arc of India, bouudcd by the yarsllcls of 

lBO 3' 16"-24' 7' 11"-and 2g0 30' 48'. E a s t  I n d i a  Company . r . London, 1847. (Out of print.) 
3. Engravings to illnstrnte thc above. London, 1847. (Out of print.) 

6. T. S. VOLUMES-Describing the Operations of the Great Trigonometrical Survey. Price 
Hs. 10-9 per v o l f ~ m e ,  except where otherwise stated.  

Val. 1 . - S t a n d a r d s  of M e a s u r e  and B a s e - L i n e s ,  nlso nu Introductory Account of the enrly Opcrntions of 
the Survey, d r ~ r i n g  thc period of 1800.1830 . . . . Dchra D i n ,  1870. (Out of print.) 

11.-A H i s t o ~ y  and O e n e r a l  D e s c r i p t l o n  of the R e d u c t l o n  of tbc Principal Triangolation. 
Dchra Dhu, 1879. (Out of print.) 

111.-Nopth-West Q u a d ~ i l a t e ~ a 1 . - T l ~ c  Principal Triangulation, thc h s c - L i n e  Figures, the Karichi 
Longitndiunl, N. W. Himilnyo, nnd tbc Qrcnt Indus Series . . Dchra Dim, 1873. (Out of print.) 

m. -No&h-West  Q u a d d l a t e ~ a 1 . - T h e  Principnl Triangulation, thc Ctrcat Arc-Section 24°-30; 
Rabfin, Grlrbignrh and Jogl-Tlln J Ier id io~~nl  S e r i e ~  nnd the Sutlcj  Scrics . Dchra Dim, 1876. 

N A . - R o d h - W e s t  Q u a d ~ l l a t e ~ a 1 . - T h e  Principnl Trinliguletion, tho Joclhporc and the Eestcru Sind 
Meridionnl Scrics with tbc Details of tbeir Reduction n11d the Final Rcsults . Dchrn Dilli, 1886. 

V . - P e n d u l u m  O p e m t l o n s  of Cnptlios J. P .  Ihsevi nod W. J. Henvisidc, and thcir l~edr~ct iou .  Dchra 

Dhn and Cnlcoth, 1879. 

V1.-Sooth-Eas t  Q u a d ~ i l a t e r a 1 . - T h c  Principal Tr inng~~lnt ior~  nucl S i m u l b n c o ~ ~ s  Itedr-ti011 of the 
following Series :-orcat Arc-S~etion 18" to 24". thc East  Const, tho Cnlcuth nilel t l ~ c  Rider 

Longitudinal, the J n b n l p ~ ~ r  nnd thc n i l i s p r ~ r  JIcridiounls , . Dchrn Dill ,  1880. (Out of priut.) 

V I 1 . - N o ~ t h - E a s t  Quadpi la te ra l . -Oenernl  Dcscr ip t io~~ uud S i m ~ ~ l t n l r c o ~ ~ s  Rcdoctio~i. Also 1)ctnilg of 

the following tivc k r i c a  :-North-Enst Longitudinnl, the Dodhou Bferidionnl, the Icnugir nlcridioonl, 

the Am~in  hlcrirlionnl, nnd the Knrirn Jlcriclional . . . . . . 1)cbra Dbn, 1W2. 

VI11. -Nor th-Eas t  Q ~ a d ~ l l a t e P a 1 . - D c h i l ~  of tbc following clcvcn Scrics : - O ~ ~ r w i ~ i i  hfcridionnl, (lore 
Meridionnl, A n r i l b n g  Mcridiounl, Cbclldwir Mcridioual, North PO~*nsrrrith Mcridi"un1, North hfnlbncha 

Meridionel, C a l c ~ ~ t b  Meridionnl, East Cnlcntl% Longitudinal, Urahmnpntra Ncrie[ious], Eastern 

Fmnt icr -kc t ion  23' to 2e0, and Asnnn~ Lougitu~li~lnl  . . . . , Dchra DGn, 1882. 

' For Il~r~rlmcntaI ULO OUI~ .  



 PUBLICATION^-OEODDTIC WORK8 OF REFERENCE. iii 

6. T. S. VOLUMES-(continued). 

Val. I X . - 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 yeern 1876-77 and 1880.81 . . , Dehrn D t n ,  1888. 

X . - T e l e g ~ a p h l c  L o n g i t u d e s d u r i n g  the years 1881.82,1882-83, and 1883-84 . Dehra Dhn, 1887. 

X I . - A s t P o n o d e a l  L a t i t u d e s - d u r i ~ g  the period 1805 to 1886 . . . . Dehra Dtn ,  1890 

X 1 I . - S o u t h e ~ n  T~igOn-Genernl  Description and  Simnltaneous Reduction. Bleo d e t a b  of the tollowing 

two Scrics :-Great Arc-Section 8. to la0, and Bombay Longitudinnl . . Dehra Dii11, 1890. 

~111.-Southern TpigOn-Details of the following five Series :-South Konknn Coast, Mangalore Jferidional, 

hlndrns Mcridionnl and Coast, South-East Conat, and Madras Longitudinal . Dehrn D i n ,  1890. 

XIV.-South-West  Quadpi la tePal -Deta i l s  of Principal Triangulation nud Simulteneor~s Reduction of its 
c o m y o ~ ~ c n t  Scries . . . . . . . . . . . Dehrn DQn, 1890. 

X V . - T e l e g ~ a p h i c  L o n g i t u d e s - f r o m  1885 to 1892 nnd the Revised Resulta of Volumes I X  and X ; 

also thc Simultaneous Reduction and Finn1 Result4 of the whole Operations . Dehrn Diin, 1898. 

XV1.-Tidal O b s e r v a t l o n s - f r o m  1873 to 1892, nud the Yethods of Reduction . . Dehra Diin, 1901. 

XVI1. -TelegPaphle  L o n g i t u d e s - d u r i n g  the years 1894-95-96. The Indo-European Arcs from Knrichi to 
Greenwich . , . . . . . . . . . Dehrn D1n. 1901. 

X V I I 1 . - A e t p o n o d c a l  Lat i tudes- (1885 to 1905) and the Deduced Values of Plumb-line Deflections. 
Debra D i n ,  1906. 

xIX.-Level l ing  of Precision I n  India-(1858 to 1909) . . . . . Dchrr ~ h ,  1910. 
X1XA.-Bench-Marks  on tbc S o u t h e p n  Lines of Levelling . . . Dehra Diin, 1910. Pr ice  Rs. 6. 
X I X B . - B e n c h - M a r k s  on thc N o r t h e r n  Lines of Levelling . . . Dehrn Diin, 1910. P~eice RJ.  6. 

SYNOPTICAL VOLUMES-Giving charts, descriptions of stations, and ful l  synopses of 
co-ordinates and heights of all stations and points fixed by Principal and Secondary 
Triangulation." 

Price &. 2 p e r  vol.ume ccnless otherwise stated.  

Italicfigurer are in  chronological order and r d e r  to  the I n d e t  Chart of the (7. T. Survey 

North-West Q u a d r l l a t e ~ a l .  
Vol. I.-The Grcnt Indos Scries (32). Dchrn DGn, 1874. 

11.-The Grcnt Arc-Section 24' to 30' (6). Dehrn DEn, 1874. 
111,-Tho K a r b h i  Longitudiual Scries (!XI). Debrn D6n, 1874. 
1V.-Thc Gorhlgnrh Mcridionnl Serics (23). Dehrn D t u ,  1875. 
V.-Thc RnbOn Meridionnl Scries (33). Dehrn D i n ,  1875. 

V1.-Thc Jogi-Tila Ncridionnl Series (37) nnd tbe Sutlej  lfcridional Series (46). Dchrn D1n, l875.  
VI1.-The N. W. Himilnyn Series (22) nnd the  Triang~llntion of Knshmir (36). Debrn D i n ,  1879. 

\'IIA.-Thc Jodhporc Mcridionnl Scries (62) nud the Ensteru Sind Meridionnl Series (64). Dehrn Diin, 1887. 

: S o u t h - E a s t  Quadrilateral. 
Vol. \TIII.-Thc Qrent Arc-Scctiou 18' to  24' (8). Dcbrn Diiu 1978. 

1X.-The Jnbnlpnr Mcridionnl Scrics (63). Dchrn DGn, 1878. 
X.-The Uidcr Longitndinnl Serics (43). Dehrn Diin, 1880. 

XI.-The Bilispnr Ncridionnl Scrics (69). Debra Dim, 1880. 
XI1.-Thc Cnlcnth Lougitodinnl Scrics (6). Debra Dtn ,  1680. 

XII1.-The Enst Const Scrics (24). Dchrn DCu, 1880. 
X1IIA.-The Sor~th  Ptimsntitb (1) nnd the Sor~tb  Nnliinchn Mcridional Serica (17). Dchra Diin. 1885. 

N o r t h - E a s t  Q u a d r i l a t e r a l .  
1'01. XI\'.-Thc Budhou Mcridionnl Scrics (2). Dehrn Diin, 1883. 

SV.-Thc Rnngir Jfcridionnl Scrics (4). Dehrn Diin, 1893. 
XV1.-Thc Amun Mcriiliounl Scrics (3) nnd thc IZnriLrn Jfcridionnl Series (12). Debra DGn, 1883. 

XVI1.-Thc Qorwlni Mcridio~lnl Scrics (19) nnd tbc  Gorn 3feridionnl Serics (16). Debra DGu, 1883. 
XVII1.-Thc Huril long Ncridionnl Scries (21) nlid tbc Cheudwtir Meridionnl Series (14). Dehrn D t n ,  1893. 

XIS.-Tbc North P l r a s l ~ l t h  (27) nnd thc North Nnlinchn 3fericlionnl Series (13). Dehrn Diin, 1883. 
XX.-The CnlcnLtn Mcricliollnl (16) nnd t l ~ c  BrnbmnpGtro Jleridionnl Series (66). Debrn DGn, 1883. 

XS1.-The Enst Cnlcutto Longitnclinnl (49) nnd tbc Enstcru Frontier Scrics-(23' to 26") (44). Dcbrn Diir~, 
1883. 

SSI1.-Thc Asmm Vnllcy Trinng~~lntion,  E. of Mcridinn 92' (63). Dehrn D i n ,  1891. (Out of print.) 
SXSV.-'Yhc North-Enst Loagitucli~~nl Scrics (20). Debrn 1lGl1. 1909. Price Rs. 5. 

Southern Trigon. 
Vol. SSII1.-Tbc S o l ~ t l ~  Ko11kn11 Const Scrics (11). Dchrn D t n ,  1801. 

SS I\'.-Tl~c Mnngnlorc J lc r id io~~nl  Scrics (49). L)el~rn DGn, 1891. 
SSY.-Tbc So~itb-East  Const Sericn (63). Dchra Diin, 1601. 

XSY1.-The lbulbny 1.ongitndinnl Scrics (7). Dcl~rn  Dki ,  1892. 
SSY11.-The Mnclrns Loogitrrdilinl Scrics (64). 1)chrn T bn, 189.?. 

SXY I1 1 .-Tho Mndrns Mcridionnl aud Coast Scrics (46). Dc111a D i n ,  1892. 
SS1S.-Tbe Grcnt Arc Mcridiolinl Scrica-Section 8" to 16" (9).  Dehra Dhli, IPIlR. 

a 8peclmI rhnrts can bc auppllcd 01 t h o ~ ~  80118. lot which no Sy~optical Volnmea aro avnllnblc, dl. :-all Burma. Chitta~oug ntld 
Dnluchlsloo trlaogolntlon. lhc Aaanrn Lonpilndlonl. tbc Batnbalpur Meridlonol, and tho Qilgit Eerie#, with a law rcoenl Secot~darj Scrlev 
i u  Iudia~i. 



south-west Q u a d ~ i l a t e r a l .  
Val. XXX.-Tbc Abo Meridionnl Scrios (96) and the an jn r i t  Lon&dinnl Feries (29). ~l,,, leg2. 

XXXI.-Tho Kbill~piqilrn Neridionnl Series (19). Dehrn D i n ,  1893. 
SSXI1.-Tho S i ~ ~ g i  1\Ieridionnl Scrics (10). Dehrn D~III, 1893. 

XXXII1.-Tho Cutch C0a.t Serieq (35). Dehrn DBu, 1893. 
Addcndnm to the Catch Const Series, ( I d u s  delta) (sepernte pnmphlet). Drhra Ditn, 1902, 

SHXI\'.-Tho Iiiitbiiwir Alcridiol~nl Scrics (28). Dcllrn T)Bu, 1804. - 
TRIANGULATION PAMPHLETS, with charts, are now being issued for every square degree, 

giving the results of all minor triangulation, as well that  shown in Synoptical 
Volumes. Prrce IZc. 1 pc r pa,t~phlel.  Vide page ix. 

LEVELLING PAMPHLETS-Giving heights ant1 dcscriptions of a11 Bench-marks, fild by 
levelling of Precision in India and Burma. Each pamphlet embraces an area of 4 0 ~  40 

a d  thc numberiug is the same as that  of the  corresponding sheets of the 1 /M mal' of 

India. Each is illllstiated by a map of the  wen. Price Rs. 2 per pampllet, e.rcepl lujere 

otherwise stlaterl. 
p amphlet NO. Lntitudr. Longitnde. Published. Pamphlet NOS. Lntitude. Longitude. ~ ~ l b l i ~ h ~ d ,  

Iudin 35 24"-2S0 6'4°-680 Dchrn DBn, 1911. Iudia 57 12"-16' 76'-80' De11l.n 3tn, 1912, 
, 38 32"-36" 68O-72" , 1912. ,, 58 8"-12" 76"-80' ,, 1914. 

39 2b"-32' 68"-72' ,, 1913. ,, 63 24"-28" 80'-84" ,, 1911. 
,, 40 24"-28O 68'-72' , 1911. ,, 64 20"-24' 80"-M0 ,, 1912 
,, 41 20"-25" 68°-720 ,, 1913. ,, 65 16"-20" 80"-84" ,, 1913, 
,, 43 32"-36" 72'-76' ,, 1913. , 66 12"-16" 80"-84' ,, 1912, 

,, Addmdum , 1915. ,, 72 2Po-28O 84'-88' ,, 1912. 
, 44 28"-32' 72°-760 ,, 1912. ,, 73 20'-24' 84O-88O ,, 1913, 
, 45 24'-28' 72v-760 , 1911. ,, 74 16'-20" 84'-88' ,, 1913, 
,, 46 20°-24' 72O-76O ,, 1912. ,, 78 24'-28" 88'-92' ,, 1912 
,, 47 16°-205 72°-760 ,, 1912. ,, 79 20"-24' 88°-920 ,, 1912. 

,,f Adt l r~~d~~rn  ,, 1915. ,, ,, A d d c ~ ~ d ~ ~ r n  (at press.) 
, 48 12°-160 72'-76' ,, 1912. ,, 83 24'-28" 92O-96O ,, 1912. 
,, 49' 8"-12" 72'-76' ,, 1911. Rurn~e 84 Zoo-24' 92'-96' ,, 1911. 
,, 62' 33'-36" 76"-80' ,, 1912. ,, ,, Addendnm ,, 1914. 
,, 63 28'-32' 76°-800 , 1912. ,, 85 16"-20" 92'-96' , 1913. 
,, 64 24"-28'' 76"-80' ,, 1914.t ,, 92 24"-28' 96"-100" ,, 1911. 
,, 55 20'-2k" 76"-80' , 1912. ,, 93 20'-24' 96°-1000 ,, 1911. 
,, 56 16"-20° 76'-80" ,, 1912. ,, 94 lGO-20' 96°-1000 ,, 1911. 
Price Rr. 1.  t 211rl Erlition. 

TIDE TABLES- 
Since l'isl Ticlnl pedictions based on the ohserrations of the Survey of India have 

been publisl~ed annually by the Iflclia Ofice, London. The tables give the time and height of 

high and low water for every day in the year a t  each port, and are pnblished early in tlie 
previous pear. Current tables are available for the follo\ving 40 ports :- 

western Ports- 
Suez (Egypt)-Perim-Arlc11-i\Ia*kat-Bi~qhidnrichi-Okhn Point and Bct Harbour (Gulf of c11tc11)- 

Porhnodar-Port Alhert Victor (Kithiilw3r)-Rhn11nngnr-TbmI1ny (Apollo I3nuder)-Bornbny (Prince's Dock)- 
SIormugao (Go*)-Knrwnr-Tlcypore (uear Colic~~t)-Cocl~i~~-?lIi~~icoy (111dian Ocean)-Tuticorin-Pi1nbn11 Pnss 

( I s l a~~d  of R5rnewsrnm). 

E a s t e r n  Popts--  
Clnllc (Ccylot~) -Trinco~naIcc (Crylon)-Colombo (Ceylo~~)-Segapntnw-Mndms-Cocn~~~da--Vizagnpntnm- 

Fnl~e.PoinLDrtblnt (Sangor 1qlnnd)-DLmonrI Hnrhonr-I<idderporc (Cn1~11ttn)-Chittngong-Akynb-1)iamond 
I.lond (Uonnn)-Haq3ein-Elephent Poiut (l~r11~1nn)-Rangoon-Amherst-hf0111meiu-M~1i-Port Ulnir. 

The I'ddr 2'nble~ are issued i n  the,folioncli?ig fornu :- 
(I) Comblned Volume-inclr~ding nll the nbove ports-Price Rs. 4. 

(ii) Part I a n d  P a ~ t  11-incloding We,tern and Enstrrn portr reqpcctivcly-Each part B6. 2. 
(Hi) Pamphlets-giving separately the tables for individ~~nl pork or for smnll locnl group.; of 

port+- P1.ice8 varying from As. 8 t o  Ra. 1-Sperpnnlphlet. 

-- - - - -. . - -- -- - 

C-CATALOGUES AND INSTRUCTIONS. 

DEPARTMENTAL ORDERS. 
From 1875 to 1885 the Surveyor  general'^ orders were all issued as " Circular Ordcrs." 

Since then they 'narc been classified a~ follows :- 
1 . - ~ 0 ~ e r n m e n t  o f  I n d i a  O r d e r s  (called Circular Orders " up to 1898). 

From 1835 to ! 904 as 2.-Depaetmental  O r d e r s  ( A d m l n i s t ~ a t l v e ) .  
8 . -Depar tmenta l  O r d e r s  ( P r o f e s s l o n a l ~ .  



PUBLICATIONS -CATALOGUES AND INSTRUC'I'IONB. 

DEPARTMENTAL ORDERS-(corbtinued). 
I n  1904 the various orders issued since 1878 were reclassified as follows :- 

Number t o  dale. 
1 . -Qovernment  of India 0eders.- 664. 

2 . - C i r c u l a r  O r d e r s  ( A d m i n i s t ~ a t l v e ) . - . w .  
3 . - C i r c u l a ~  O r d e r s  (Frofessional1.- ' 188. - - -  

4 . - D e p a r t m e n t a l  O r d e r s  (nppoinhcnts,  promotioua, t ransfer~ ,  etc.). 

These are numbered serially and had reached the above numbers by December 1915. 
Gooer?tme?~t of Indin Orders  and Circular Orders (Admirristrat ive)  are bound up in volumes 
from time to time, as show11 below, while Circular Orders (Profcs8ional)  are gradually 
iucorporated in the Survey Haud-books. Besides the al~ove, temporary orders have been isslid - .  

si~ice 1910 in the form of " Circular  Memos." Theseeither lapse or become incorporated 
-in some more permanent form, and are therefore only numbered serially for each year. Bound 
volumes of orders are available as follows :- 

1. Oovern~neut of Illdin Orders (Dcpnrtmeutal) 1878-1903.-Calcutta, 190.4. 
Ditto ( ditto ) 1904-1908.-Cnlcuttn, 1909. (Out of print.) 
Ditto ( ditto ) 1909-1913.-Calcutta, 1915. 

2. Circular Orders (Administrative) 1878-1903.-Calc11tta, 1904. 
Ditto ( ditto ) 1904-1908.-Calc11tta, 1909. 
Ditto ( ditto ) 1909-1913.-Calcutta, 1915. 

3. Rcgolations on the subject of Lar~gunge Praminntious for Otficers of thc Survey of Iadia. Calcutta, 1914. 
4. Mnp Publication Orders 1908-1914 (Superintendent, M a p  Ptcblication's o r d e r # ) . - ~ a l c ~ r t h ,  1914. 
5. Specime~rs of papers set a t  Esaminatious for tbc Provincial Service.-Dehm Dill, 1903.- Cfratir. 

,CATALOGUES AND LISTS. 
1. C a t a l o g u e  of M a p s  yublirhed by the Survoy of Indin. Scco~rd editiou. Calcutta, 1915. P r i c e  Be. 1. 

No~u.-Lisb are issued quarterly of new mnpa publhhed'duriug ench quartor, nnd similar I h k  for  ench 
lnonth appear in the monthly NOTES O F  T H E  SURVEY O F  INDIA. 

2. C a t a l o g u e  of M a p s  of the Bombay Presideucy, Cnlcuttn, 1913. Pr;ce A*. 4. 

3. L i s t  of Survey Of I n d i a  p u b l i c a t i o n s  (ptrblishcd nnur~ally)-Gratis .  
4. Prlce List of M a t h e r n a t l c a l  I n s t p u m e n t  O W c e .  Calclltb, 1913. 
5. Catalogue of Books ill the Hentlquarters Library, Calcott;~, 1901. (Out of priut.) 
6. Cablog~rc  of Scicntitic l sook~ aud Sttbjcctj iu thc Library of the G. T. Office. Delrril Dim, 1908. Pr ice  

Re. I. 
7. Cat;rloguc of Dooka iir the Library of tho Trig~noructricol Snrvcy Olticc. Dcbra I)Gn, 1911. P r i c e  Re. I. 

8. O r e e n  Lis t s -PART I.-List of Oficery iu thc Survcy (half-yea1.1~ to rlntes 1st Janrtcarg a ~ f d  fa t  Ju lg) -  
C ~ l ~ ~ t t r l .  

PART 11.-History of Sc~r iccs  of Officers of tho Slrrvuy of India (annually to  da le  1s t  
Jtr1y)-Calcrrttn. 

9. B l u e  Lists-Jliuisteriol nud Subordiuntc Establisbmeut~ of tbc S t~rvcy  of Indin. 
PART 1.-Hcaddrloarters i ~ u d  Uehrn D i u ~  Offices (pr~blished a , ~ n ~ r a l l g  lo da te  1st  Apr i l ) -  

Cnlcnttn. 
PART 11.-Circlcs null parties (prtblished annrrallg lo  (late 1st  J a ~ r t f a ~ , y ) - C : ~ l c ~ ~ t t a .  

'TABLES AND STAR CHARTS. 
1. A u x i l l a p v  Tables- to  f.rcilit.lte tlrc c ~ l c n l ~ t i o n j  of thc Slrrvcy of India. E'ourth Rclitiou, revircd. Dchro 

1)i11, 190G. P r i c e  Rs. 4 irr cloth and  calf, o r  Rs. 2 irr p a p e r  a,td boards. 
2. T s b l c ~  for Gvnticnlca of .U:lp+. !lut?ncti f ~ r  tho rrie nf E x p l o r e r s .  1)chra D~LII .  1910. Price As.  4. 
3. 'JIetric IVcig11t.s n ~ l d  l\lenst~res nrld other Tnblci. (Photo-Li tho  Oflce). Calcutta, 1889. (Out of priut.) 
4. Lognritllluic Siuc.; nnd Coqincs to 5 1iI:rccs of dccim;tl,. Dchra DGu, 1886. P r i o e  AX. 4. 
5 .  Logarithmic Sines, Cosiue.*, Tnngcllti : ~ n d  C o t n ~ r g c u t ~  t3  5 lrlnccs of decimnl3. I )c l~rn  I)irt~, 1915. Pr ice  Be. 1. 
6. Comrno~r Lognr i thm to  5 plnces of dccimds. 
7. Tnblo for ~lctormiuiug Height* in T ~ n v e r s i ~ ~ g .  1)ehr.t D i n ,  1898. P r i c e  As. 8. 
8. Tables of divtauces iu C l ~ a i ~ r s  nud Liuks corrc<po~ldiug t, n 5ul1tuu.i~ of 20  feut. Dollra Din ,  1889. P r i c e  

Ar. 4. 
0. * Ditto cli t to 1 0  Fcet. C~tlcnttn, 1915. 

10. * 1)itto ditto 8 feet. Ditto. 
11. SLnr Ch:rrti for Intit~tde 20" N. Br, Color~el J. R. Hobdqy, Z.S.C. Colcutto, 1900. Pr ice  Rs. 1-8. (Out of 

prio!.) 
12. Stnr Cllnrts for l ; ~ t i t ~ t d c  30" N. By Lt.-Col.  B ~ t ~ ~ r , n r r l ,  It.B., F.R.S .  1)cllrn Ihin, 1006. Price 198. 1.8. 
13. *Cntalog~lc of 219 Stars for cyoch .Jnu. 1, 1802, from obicrvntion~ by tlrc Surrcy.  Dchra Diru, 1893. 
14. *Railif;lll from 1868 to 1903, mcasured nt tho 0. T. Survcy Ollice. 1)chrn D i n .  

OLD MANUALS. 
1. A JInn~ral  of S~rrvcying for Indin, dctailiug the rrlorlc of opcrntious 011 thc Rcvclllro S11rvcy3 i n  H*t~g.rl n r~d  

:lrc North.Wc*tern Province*. Coinpt l~d  by C a p t a r t ~ s  R. S ~ n g l h  a113 E. L. !l'hutll~er. Calcutta, 1851. 
2. Ditto ditto dittq ditto. Secoud Edition. Loudou, 1855. 
3 A J1nn11nl of Sr~rvcyi~rg for Iudin, (letailing the mode of opcr~tiou3 OII thc Trigo~~ourctricnl, Topographical 

an11 RCVCIIIIO S~lrveya of India. Compiled by Colowal L L Thrr~ll ter .  C.S.I., F.E.S., and Lieutenant-Colonel R. 
Smylh. Third Edition. rcvisccl nud cnln~~ged. Celcuth,  1875. (Out of priut.) 

4. H a n d - b o o k ,  R e v e n u e  B r a n c h .  C 0 1 ~ l l t t ~ ,  1893. P r ~ c s  R*. a-8. 

-- - - -  
* For Dtparlmeotnl me ooly. 



~i P U B L I C A T I O N S ~ C A T A L O G U E S  A N D  INSTRUCTIONS.  

SURVEY OF INDIA HAND-BOOKS. 
1. Hand-book  of G e n e r a l  fnst~uctlons, Fourth Edition. Calcatta. 1914. Price z a .  3, 
2. Hand-book ,  Trlgonometrlcal B r a n c h .  Seeond Edition. Cnlcatta, 1902. Price R,, 3, 
3. ~ m d - b o o k ,  Topographical Branch. Third Edition. Cn lcu th  1905. Price Rs .  3. (Oat 

print,), 
The following chapters of a revised edition of the Tope. Hand-book are available for 

. . 

issue in pamphlet form : - 
Chapter I.-Introductory. 

, 11.--Constitotion and Organizetion of a Sulrcy Psrtg, 
, 111.-Triangulation end it3 Computation. 
,, 1V.-Tmveming and its Cornpubtlon. 
, V.-Plane-tabling. 
, V1.-Fnir Mnpping. 
,, VI1.-Trans-frontier Reconnaissonce. 
, 1X.-Forest Surveys and Mn*. 
,, X.-Reproduction of the Sheet9 of the one-inch Map, 

4. P h o t o - U t h o .  Omce ,  Notes on Organization, Methods nnd Proccssm. Calcutta, 1914, 
5. T h e  R e p r o d u c t i o n  ( f o r  the guldance of other D e p a r t m e n t s ) ,  of Maps, Plans, p ~ , ~ b ~ ~ ~ ~ ~ ,  

Diagrams, and Line Illustratiou. Calcutta, 1914. Price Bs .  3. 

NOTES AND INSTRUCTIONS. 
D r a w l n g  and P a p e r .  

1. *Notes on the Drawing of Sew Standard Mops. By Majot  R'. M. Coldstream, R .E .  Calcutta, 1908, 
2. 'Sates on Printiig Papers suitable for Maps, nnd on Whntmnn Drawing Paper. By ~~j~ w, H, 

Coldttream, B.E. Cnkutta, 1911. 
Printing and Fleld L i tho .  p r o c e s s e s .  
3. *Report on Rubber Otfsct Priutiug for Maps. By Major v. H. Colds t r~am,  R.E.  Calcutta, 1911, 
4. *Notes on the " Vandyke " or Direct Zinc Printing Process, with details of Appnrntua and chemicals. 

rquired for a small scction. Compiled i n  the Photo and Litho O@e, Srirvey of India. Cnlcuttn, 1913. 
5. *Report on the Working of the Light Field Litho Press (Expcrimcntnl) in Novcmber nrld I)cccmIlcr 1910. 

Appendices. By Lieutenant A. A. Chase, R .E .  Calcutta, 1911. 
(1) Notes on some of the Metho& of Reproduction suitable for the Field. 
(2) Suggested Equipment Tnbles for the Light Field Litho Press (Experimentnl). 

6. *Eleyort on n trial of the equipment of the 1st (Prince of Walo~ '  Own) Snppers and Miners for reproducing 
maps in the field. By Lierrtenant A. A. Chase, B . E .  Calcuth, 1912. 

B a s e  L lnes  and M a g n e t i c .  
7. *Nutq.i on the use of the Jnderin nnw-line Apparatus. Debm Din,  1904. 
8. '3Ii+cellnneou~ Pnperr relating to the Measurement of Geodetic Ilnqcs hg Jaderin Invnr Appnratns. Dehr. 

Diin, 1912. 
9. *Inatr~~ctions for taking Jlagnctic Ohicmntione. By J .  Eccles, M.A. Dehrn DGn. 1896. 

10. R e c t a n g u l a r  CO-OPdhate~.-Ou n Simplification of the Computation* relating to. By J. Eocler, 
M.A. Debra Dii~l, 1911. 

11. For E x ~ ~ O P ~ P S . - X o t e s  on the Use of Thermometers, Ihrorneter~ and Hypnometcr~ with Tnblcs for the 
Comprrtntio~~ of Hrigbti. By J. de Oranff Hunter, M.A. Dehra Din, 1911. 

D-MISCELLANEOUS PAPERS. 
UNCLASSIFIED PAPERS. 

G e o g r a p h y .  
1. A Sketch of the Geography ond Geology of the Himilays Mountainq and Tihet. By Colonel 5. 0 .  

Bsrrard, B.E., F.R.S. ,  Sfrpdt., Trigonometricol Surveys, and Mr. 8. 8. Hayden, B.A., F.Q.S., Supdt.. 0eologicar 
Surooy of Ifidia. Calcutta, 190;-08. 

Part I.-The High Penk, of Asia. 
,, 11.-The Principal Mountain Ranges of Anin. 
,, 111.-The River, of the Himilaya ~ n d  Tibet. Price R8. a per par'. 

,, I\'.-The Geology of the Himilayn. 1 
2. *Report on the Ideutificatiot~ and Nomcnclnture of the Himilnynn Penks ns sccn from ~ ~ t h u d u ,  Nel'dl. 

Calcutta, 1904. 
3. Routes in the Western Himtilnya, Kashmir, etc. By Lieut..Colonel T. Q. Mo~rtgomerie, R.E., F.N.J'., 

F , R . Q . , ~ .  Third Editiou. Rerircd and corrcctrcd. Dehrn Din, 1909. (Oat of print.) 

Special R e p o r t s .  
4. Iteport on the Rcccnt Dcterminntior~ of the Longitr~clc of Mdrnn. Cnlcr~tta, 1897. 
6. mReport on thc Obrcrvation of tbc Total Solar Eclipse of 6th April 1876 nt Camorta, Nicollor Irlnuds. Dy 

Colonel J .  Waterhoure. Calcutta, 1875. (Out of print.) 
1;. *Tho Total Solar Eclip~e, Jnnnnry 22. 1898. Dehrn DBn, 1898. 

(1) Rcport on the observations nt Dumreon. 
(2) I<cport on the obserratio~~s a t  Pulgaon. 
(3) Rcvort on the ohscrvntions nt Sahdol. 

------ - 
For Ucpnrlmantol use oull. 



PUBLICATIONB-YI~CELLANEOUU PAPERU. 

UNCLASSIFIED PAYERS -(continued). 

Special R e p o r t s  -(contin&ed). 

7. *Report ou Locnl Attraction in India, 1803-94. B y  Capta in  8. Q. B w w d ,  R.E. Cslcuth,  1896. ( Q U ~  

of priut.) 
8, *Report on tho Trigouometrical Results of the Earthquake in Asssm. By C a p t a i r  Bmrrard. Cslc n th ,  

1808. (Out o f  print.) 
g. *Notes on the Topographicel Survey of the & Shceta of Algeria by tho Topogrspbicnl Section of the 

11 Service Gcograpbique do 1'8rmb." B y  Capta in  W. M. Coldatream, B.E. Cslcntta, 1806. 
10. *The Silnln Estates llouudary Survey OU the scale of 50 fect to 1 iuch. B y  Capta in  E. A. Tandy, B . 6 .  

Calcuttn, 1906. 

G e o d e s y .  
11. ~ ~ t e ~  on tho Thcory of Errors of Observation. By J. Ecclea, M.A. Debra Dtn ,  1903 Prica da.8 . 
12. * ~ ~ k  on 3 Chnugc of tho Axcs of tho Tcrrcstrial Sphcroid ill rclatiol~ to tbc Triang~rlntiou of the (;. T, 

Survey of Iudia. By J. de ffraaf Ecotte?; M.A. Uchrn D i u .  (Out of priut.) (Incorporated iu Pro-  
fcssional Paper NO. 16.) 

p p o j e e t i o n s .  
13. On the projection uscd for tllc Gencral M n ~ s  of Iudin. Dehra Din ,  1903. 
1.1.. *On thc deformntiou rcsr~ltiug from thc mcthod of constrnetiug tho lutoruatiounl Atlns of tllu World ou 

tllc scalc of ollc to orle milliou. By Ch. L ~ / ~ c I J I ~ I I ~ .  Trarrslated by J. Eccles, M.A., together with 
hblcs for the projcctiou of 1 /M JInps ou thc lutcrnntiou;~l syetcu~. Debra D i u ,  1912. 

M a p p i n g .  
15. *A Note ou thc diflcl-cut method3 by which hills can be rcprcscl~ted upon mnps. B y  Colone! 8. 0.  

B a r p r a ~ d ,  C.S.I. ,  R.E. ,  F.B.S.,  Surveyor General  oy I n d i a .  Siu~la,  1912. 
16. *A Noto on Lhc rcprc3cnt;ttiou of hills. B y  M a j o r  C. L. Bobertron, C.M.O., R.E. Dohrn Diu ,  1912. 
17. *A Note ou thc rcprcscutntiou of hiUs on the Naps of Iudin. B y  Major F. W. P i r ~ ~ i e ,  I .A. Debra D i n ,  

1912. 
18. *A considcrntiou of the Coutour Intervnls and Colonr Scnlcs best soitcd t o  Indi iu  1 / M  maps. By Captain 

H, O'C. Tandy, R . E .  Cnlcutb, 1913. 

PROFESSIONAL PAPERS-Pvice Rupee 1 per. vol?ot~s, except where otherwise stated.  
N ~ .  1.-ppoJeetion.-On the Projcctiol~ for n M a y  of Iudia nud ndjacent Couutrics on tho sealo of  

1: 10,00,000. B y  Colonel St.  G. C. ff OJ.P, R .E .  Second Edition, Dchrn D i o ,  1903. 
No. 2.-B&se Lines.-Method of mensl~ring Geodetic I3nscs by mcaus of Yctnllic Wires. B y  H. Jiderin, 

(Trnnslated from IIQmoircs Pl6seuUs par Divcrs Savants lJAccad6mie des Scieuccs d s  lJIusti tut  
de E'rance). Dehrn Dim, 1899. (Out of print.) a 

No. 3 . - B a ~ e  Lines.-Mcthod of measurillg ocodetic h s c s  by mcaus of Colby's Colnpeusabd Bars. 
Compiled by L i e u t e ~ r a ~ l t  H. McC. Coruie, R . E .  Dehra Diu ,  1900. (Out of priut.) 

No. .1.-Splpit-Ieve1s.-Notes on the Cnlibrntiou of Lsvcls. B y  Lieutenant E. A. Tandy, R.E. Debrn 
Din ,  1900. (Out of print.) 

No. 5.-Geodesy.-Thc Attrnction of thc Himilnya Nooutaills upotl tho Plumb-Liue iu India. Considerations 
of rcccllt d o h .  B y  Major  S.  Q. Btcrrard,  R . E .  Sccond Edition. 1)chra D i u ,  1901. Pviee Rs. 9. 

No. 6 . . -Base  Lines.-Accouut of n Dctcrminntion of tho Co-cRicicut3 of Expnusiou of tho Wires of the 
Jiidcriu h s c - L i l ~ o  Appnratos. B y  C a p t a i ~ ~  f f .  P. Le11o.c-Cony~yhatn, R.E. Dchnr W n ,  1902. 

NO. 7. - M i ~ o e l l a n e O ~ S .  Calcuth, 1903. 
(1) 011 tho vnlucs of Longitude cmploycd in maps of thc Survey of India. 
(2) Lcvelliug across thc Ctaugcs nt  Dimukdin. 
(3) Esperimont to test the iucreose iu the length of n Lcvclliug Staff due to moistulvl aud tempers. 

turo. 
(4) Description of n SIIII-din1 dcsigued for use with tidc gnrlgcs. ' 
(5) Nickel.stee1 nlloys nud their npplicntion to Geodcsy. (Tmuslated from tho Frcucb.) 
(6) Thcory of elcctric projectorr. (Trnnslnted from tho French.) 

No. 8,-Magn0tic.-.Experimeut~ mnde to determine the Tempernturc Co-offlcieuh of Wahou's M ~ g u e t o -  
grnphs. B y  CaptaiIr H. A. Ds~rholm Fva'l.nser, R . E .  Cnlc~~tL?, 1905. 

No. 9.-Geode~y.-An Accoaut of tho Scientific work of tho Survcy of Iudin nud n Compnrisou of its progrca.;, 
with tbnt of Foreign Surveys. P ~ ~ e p a r c d  for tho use of the Stcroey Cotnmittee, 1905. By 
L i c ~ r l e ~ ~ a ~ ~ l - C o l o n e l  S. Q. B t o r a r d ,  R.E. ,  E7.R.S. Cnlcuttn, 1905. 

No. 10.-Pendulums.-Tho Peudulum Operatious in Indir, 1903 to 1907. B y  M a j o ~ .  a. P. &nor- 
" Conynghatn, R . E .  Dehro Diln, 1908. Pvicc  RE. 2.5. 

No, 11,-Refra~ti~n.-Obscr~~~tions of Atrnoqphcric Refrnctioll, 1905-09. By H. Q. S h a ~ o ,  S ~ J - s e y  of I n d i a ,  
1)chra DCn, 1911. 

No. l2.-I3eode~y.-Ou tho Origin of the Himilnyn Mouutiting. B y  Colonel S. ff. Burvard,  C.S.I., 
R.E., F.R.S. Cnlcottn, 1912. 

No. 13.-I~0staSY.-Inventig~tion of the Thcory of Isosta3y io Iudi;~. B y  M a j o r  E. L. Crosthluait, R.E. 
Dohrn Diin, 1912. 

No. 14.-Ref~a~tlon.-l"ormllm for Atrnospboric Rcfruc t io~~ nr~d t l~c i r  npplication to Tclnrostrinl llefrnctiou 
and (tcodcliy. B y  J .  dc Grarzff Hrcnlcr, 1U.A. D c h r ; ~  l)i111, 1913. P r i c e  Re. 2. 

No. 1 5 . - P e n d u l ~ n ~ ~ . - T h o  Pcudul~lrn 0pcratio;s iu ludia aud Ilarmn, 1909.13. B y  Capta in  H.  J .  
Couchman, R . E .  (at preso). 

SO, 16.-I3eode~y.-Tho Earth's ASOJ 1\1ld ' I ' r i u r ~ g ~ ~ l ; ~ t i o ~ ~ .  By J ,  rle Grnaff K r ~ ~ l t e r ,  bf,d. (at  preas). 

- 
b'ot Dspsrlrnoatal 111s only. 



viii ~ U ~ L I C A T I O N ~ - M I ~ C E L L A ~ E O U ~  PAPEBS. 

DEPARTMENTAL PAPERS SERIES. ( F o r  r l e p a r t t t ~ e ~ ~ t a l  use o t ~ l y . )  

so, l.-Type.-~ co~~siderntion of the wost suitable ~ O I - I U S  of type for urc ou maps. By Capfail, H, O,C, 
~ ~ . d ~ ,  R.E. Dehrn 1)i11:, 1913. 

so. 2.-Symbols.-A rcview of the Uo~undnry Symbols nsed on the mnp3 of vnrioos C o ~ u ~ t r i c ~ ,  
B~ 

;V. O'C. Tarrdj, R . E .  Dehrn Dill. 1913. 
xo. 3,-Map~.-b:\tl.act from "Tbe  New hIap of I ta l r ,  Scale 1 : 100,000." B!/ L I ~ ; ~ ;  giaulr;f,.npan~, 

T,.nijsInted ~ , . o I , I  r l l c  Ztnlin~b by Major. W. M. Coldsirearn, R.E. Dcl~rn I)~III ,  1913, 
yo. .k.-Town S ~ p v e y s . - . i  rcport on thc practice of Town Sl~rvcys ill tllc [Juitcll I<illg(luln nll(l its 

:111pIicntion to Inili:~. B y  Mujoy C. L .  Roher.tson. C.M.G., R.E.  Dcl~ru D ~ I I I ,  1013, 
so, 5 , - S t e ~ e o - p l o t t ~ ~  -The Thoml~son Stcrco-plotter nrld it3 usc. ~ i t h  u o t o  ou thc licl(l sork. 

Lielrfennnt K. Masorr, R.E. I)chrn DGu, 1913. By 

so. ~, -Le~e l l ing . -Lcvc l l i~~g  of High  Prccision. B y  C6. Lnllcmatbd. Trans la ted  f1.0,~ tlhe F ~ ~ ~ ~ ~ , ,  *,,, 
J. de Grnaff Hurlfe~., 3f .A.  Dchrn Uiiu, 1914. 

so. T . - S t a n d a p d  B a r s .  l iar  Compariaous of 1907 and 1008. By M a j o r  H. McC. Cotvie, 1 1 , ~ .  bcbm 
1)iul. 1915. 

s,). 8,-Heli0-~in~0g~aphy,-l1cport on I h b b e r  Off-set Flnt-bcd Mncl~inc Priutiug. Bg Captain 8. W, 
Sackci l le  Hanrilton, R . E .  Calcuttn, 1916. 

PROFESSIONAL FORMS. 

A large r l u l n b e r  of forms for the  rccord aud rell1lctioll  01 Survey O l ~ e r a t i o n s  art .  bloclted 

a l  L)cI,ra. A list of t h o s e  c a n  I J ~  o b t a i u e d  from the S u p c r i n t e ~ ~ d e n t  o l  tllc Tr igol lvmetr ica l  

S u r v c y ,  D c h r a  DGn, U. P. 

PUBLICATIONS OF THE ROYAL SOCIETY. 

( O l l a i n n h l e  /'rot~r -1lessrs.  l h l l a u  ro. ,  31, SOLO Sp~lore, L o n d o n ,  IY., or. A / e s s ~ . ~ .  //nrl.isolr 

4 SL),LS, St. X u t . t l ' ~ ~ ' s  L(IILC, L o l l d o t t ,  or t h e  R O Y ~  S O C L ' ~ ~ ~  clt B / o , l i a g l a n  I l o r ~ ~ e ,  J,ot~rlon.) 

1. Philo.;ophicnl Traosactions, Series A, volomo 186. 1895. Iudin's Coutribution to Ocodc~y, by gorle,il J ,  T, 
Walker., R. E., C.B., F.B.S.,  LL.1). 

8. ~ l l i ] o ~ o ~ > l ~ i c a l  Trnoinction~, Series A. Volulne 205. pagcj 289-318, 1005. On tho Intcusity a ~ ~ d  Dircctioll of tllc 
I'orcc of Gravity in India, by Lieljtennnt-Colonel S. Q. Brirr,ard, X.E.,  F.B.S. 

3. Prorccrli~~gs, Scric. A, V U ~ ~ I U I ~  90, Pagcj 32-4,0, 191.k. 011 the cffcct of the Cfnngetic Allovir~m 011 tllc plllull,. 
Line ill Northern Iudia, hg R.  Y. Oldham, F.R.B. 

.i. r r w e c d i l ~ g .  Series A, Vollllnc 91. 220-238. 1915. Onithc or ig i l~  of t l ~ o  111tlo-Ctnugetic t ~ , , l l g ~ l ,  coulmoulp 
cnllctl the Himalnpn Vorcdeep. 

AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS. 

\V.C. 
p. S. 1irr;o Od SOY, 2 nml '4, Clrcat Smilb Strcct, \Vc,t 

rnil~.ikr, S.\V. 
1isaAn PAUL, TBENCO, TBUDNKII 8 Co., 68, C:~rtcr I,nuc, 

15.C. 
1:. QuAnrTcn, 11. (.:rafton Strcct, New 1 b u d  Strcct, W. 
1Ignnr  S. BrNo & Co., 65, Cornbill, E.C. 
CIUINDLAY 6; Co., Pnr\i;~lucllt Street, S.r\'. 
T. I.'renEn UNWIN, LTD., 1, Adclpl~i Tcrrncc, \V.C. 
\V. 'Turcunn L CO., 2. Crcccl L:IIIV, Ll~rIgi~tc Hill, E.C. 
1 , u z ~ c  S Co., 46, (.irc;~t Rr~sicll  Strcct, W.C. 
EDWABD STANFOBD, LTD. Cfor. r lapa orrly), 12-11, L o ~ g  

~lcrc ,  W.C. 

VLlVEB AND UOYD, T N C C ~ ~ R ~ C  Court. I 

U.  H, ULAQEWBLL, GO rind 51, IPoad Strcct. 1 

CAYIjKI I)CiJS. 

~ ) E ~ U U T O N ,  ~ L L  ct CO., LTD., T r i ~ ~ i l y  SLrc~t.  

UN T l I E  COSTLNEN'I'. 

I.:ILNBsT L s u o u x ,  KIIC I:o~lapartc, l'uri> ,,. I:rnl~c~, 
. \IABTISU~ SIJUOI~L., T l ~ c  Hnguc ,,. 11u1l:111~l, 

1XI)IA. 

'~'IIACKEB, S r r x ~ r  & CO., So*. 5 nntl 6, O O V C ~ I I I I I ~ I I ~  I'l:~er, 
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