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RECORDS O F  

THE SURVEY OF INDIA. 
PART I.-TOPOGRAPHICAL SURVEY. 

NORTHERN CIRCLE. 
(V ide  Index maps 1 and 6). 

Five field parties worked in this circle for the last time ; No. 9 Part.y 
having now been transferred to tho Eastern Circle, all three circles are now 
colnposed of four parties each. 

During the past field season 27,529 square miles were surveyed consisting 
of - 

15,594 miles of 1-inch Original survep. 
7,259 ,, ,, 1 ,, Re-sarvcy. 
3,584 ,, ,, 1 ,, Supplementary survep. 
1,026 ,, ,, 2 ,, Snrvey. 

66 ,, ,, 2 ,, Re-survey. 

The Riverain detachment carried out 436 linear miles of main and 1,984 
miles of minor traverse. 

The circle remained during the year under the superintendence of Colonel 
W. J. Bythell, R.E. 

No. 1 PARTY (KASHBIIB). 

The head-quarters of the party 
PEBBONNEL. 

Imperial OjTcers. 
Major C. H. D. Ryder, D.S.O., R.E., in chnrge 

from 10th April 1911. 
Brevt.-Msjor E. T. Rich, R.E., in chruge from 

8th Novembcr 1910 to 91h April 1911. 
Lieutenant J. D. Cnmpbell, R.E., in ohnrge up 

to 7th November 1911. 
Lieutennnt A. A. Chnse, RE, attached up to 

31st December 1910 nnd from le t  Mnrch to 24th 
Sc tembcr 1911. 

Eioutonnnt K. Maeon, R.E., sttnohed from l e t  
April 1911. 

Provincial Officers. 

D. RYDBB, D.S.O., R.E. 

remained at Srinagar (Kashmir) during 

the summer field season, the area under 

survey lying entirely in the Jhelum valley 

in Kashmir Provinco of Kashmir State 

varying from the level swampy valley to 

the high ranges of the Pir P a n j ~ l ,  Kazi- 
- 

Nr. T. W. Bnbonau up to 7th November 1910. 
Mr. H. H. B. H n n b ~ .  nsg, &c. 
MI.. D. R. Rennick from 13th Mnrch 1911. 
Mr. R. C. Hnnson. 
Mr. W. J. B. Miller. 
Mr. W. P.  Hnles up to 2nd Nnrch 1911. 

Operations in the field commenced 
Mr. Jiya Lnl from le t  Novcmber 191n to  19th 

BIOY 1911. in March 1911 and will continue tiu 
Upper Subordinate Service. -. 

Mr. Shcr Jnng, Klmn Bnhndur, fl.orn 10th De. 
comhor I010 to 10th Soptcmber 1911. 

Mr. Nathn Sing\>. Rni Snl~ib. 
Nr.  Lol Singh, Rni Babndur, from let  Novem- 

Ilnv imo. -. - - - - . 
Mr. Mnlrindor Singh, Probationor, up to  91et 

Mny 1911 
hlr. hlol~nrnmnd Husnin Kbnu, Probationer, 

up to  31et N I I ~  1911. 

middle of October. 
,> 

During the previous winter the 

remained at Mussooric doing map-draw; 

Loloor Subordinate Service. ing. 
26 Surveyors, etn. . 
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Topogrnp~ry.-The area surveyed on the scale of 1 inch =1 mile was. 
3,614 square miles, the party being divided a t  first into 3 camps e u ~ d e ~ .  
Lieutenant Chase, Messrs. Hanby and Elanson ; afterwards the latter two alone 
had mmps, there only being 20 plane-tablers a t  work. 

The following sheets were nearly completed and mill be finished in October 
1911 :- 

43 2 
11, 12, 16. I0 

43 9.4.7, 8,:l. le, 18 

43 6 3 -  
43 : 
43 ; 

in  all 15 sheets. Of these only 10 had been triangulated in  advance. 
Triungzc1atiolt.-Lieutenant Mason and Mr. Rennick commenced, and 

afterwards Lieutenant Chase and Mr. Miller were also started on triangulation, 
a total area of 3,079 square miles having been completed up to date. Of this 
1,829 square miles is in advance for next season. 

Fail. maupping.- During last winter the following sheets were submitted for 
publication :- 

No. 2 PARTY (PUNJAB). 

BY B ~ E V E T - M A J O ~  E. T. RICH, R.E. 

The head-quarters of the party remained a t  SiBlkot throughout the field 
PEBBONNBL. season. 

Imperial  Oflcers. 
Brevet-Major E. T. Rich, R.E., in charge from The a.rea under survey lay i n  the 

15th Aprii 1911. 
Captain 9 . N .  ManLeod, R.E., in charge up 

Attock, Jhelum, ShBhpur, Guj r~nwi la ,  
to 10th Marah 1911. GujrBt and Siilkot districts of the Punjab 

Lieutenant J. L). Campbell, R.E., attached 
from 8th November 1910 to lo th  March 1911 and i n  the Native State of Jammu. 
and from 15th April to14th J u l y  1911; inchnrge 
from 11th Dlnrcli 1911 to 14th April 1911. 

- 
1,ieutcnant C. M. Tllompson, I.A., attached up  

Tho country under survey in the 
t o  20th UnroL 1 ~ ~ 1 1 .  Attock and Jbelum districts comprised 

Provincial O#cn.s. 
I I r .  T. W. Bnbnnau f r o m  8 th  November 1910. 
Nr .  F. B. Pomcll. 
Mr. \V. J. Newland up to 15th April 1911. 
Mr. Kanak Singli. 
Mr. R. E. Ynubollc, horn 1s t  October 1910. 
I l r .  k:. C. O'Sullivan. 
bIr. J. UcC~.sken from 9th January 1911. 
N r .  J i y a  Lalfronl  20th May 1811. 

Uppel, S u l o ~ d i n a t e  Service. 

part of the salt range and mas hilly, 
interspersed with deep tavines. 

The country over the remaining area 
surveyed consisted of dead level plain in- 
tersected by the Jhelum. Chenib and Rivi 
rivers and numerous irrigation canals. - 

Mr. Clirrni Lsl  Kapur, Probationer, from 1 s t  
OctoI~er 1910 to 10th A U ~ U B ~  I B ~ L  Operations in the field colnmonced in 

Mr. JInllindnr Sin& Probationer, from 1st  
Jniic 1011. the beginhing of November 1910 and the 

Lourn. Suaordinale Service. Party returned to recess quarters at  Mus- 
42 Surver ..I ,  eta. soorie at  the end of April 1911. 

Topog?saphy.-The area surveyed on the two-inch scalc was 1,026 squaro 
rnilcs and on tho one-inch scale 4,971 squaro miles or a total area of 6,997 
gquaro rnilcs. 

Thc Party was divided into six camps under Lieutenant Thompson and 
Mcssrs. Babonau, Ncwknd, Ranak Bingh, Saubolle and O'Sullivan. 
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I n  the middle of January Mr. Babonau was sent baok to Mussoorie to the 
&&ing section and Mr McCraken, who had just joined the Party, took over 
his camp. 

The survey was based on triangulation completed by No. 4 Party during 
1909-10, and on old traverses done in previous years by No. 1 Party. I n  parts of 
two sheets, however, (43&), there were not sufficient points, so a supplementary 
traverse had to be undertaken i n  these sheets by Lieutenant Campbell and 
Surveyor Anwar Ali. 

This work took 1d months to complete and covered an  area of 71 square 
miles. The village maps of tho various districts falling in  the area to he sur- 
veyed were obtained from the Deputy Commissioners. They were pantograph- 
ed down to the scales of survey and were then given to the surveyors who 
transferred the detail on to their boards, making each village fit with its 
plotted trijunctions. 

I n  some districts the detail on these village maps mas found very accurate 
and a great help to the surveyor, in  others the detail was so incorrect that i t  
was of no help at  all. 

A report on these village maps mas sent to the Revenue Commissioner of 
the Punjab who had asked us to let him know as to their accuracy. 

The following sheets were completed on the two-inch scale 43 ,A and 

parts of 43 G4, while on the 1-inch scale 43 hU, H 
43 9. 4. 1. 8, 11. 12 ' 43 

L 
2, 0, 7,8, 11, 18, IU, 18 and parts of 43 &4 mere surveyed. 

Fair  mapping.-Sheets Nos. 43 a& and 43 $, have been submitted 
for publication during the year and the remaining 17 sheets are practically com- 
pleted and will be submitted before the party takes the field. 

No. 3 PARTY (PUNJAB). 

B Y  CAPTAIN A. A. MCHABO, R.E. 

The field ofice opened a t  Delhi i n  the Punjab on the 1st of November 
PEBSONNEL. 1910 and closed on the 20th of Aplil 

Zmperinl O8cer.v. 1911. 
Cnptnin A ,  A. BIcHarl;, R.E., in charge. 
Lieutuuxnt A .  A. Chase, R.E.. attached from Recess work started in  Mussoorie on 

1st dnnunry to 28th Fcbn~ary 1911. 
Lieutcnnnt R. S. JVahob, 1.A. the 24th of April 1911. 

P?.oui~~riul  O J T C ~ I . ~ .  The onttnrn of the party for tllc 
?,Ir, B. lf. Bcrrill. season is as follows :- 
Mr. A .  C. Bosc. 
MI.. P. A .  T. ICcnny. 1-inch revision 5955.227 sq. miles. 
Mr. II. C. W. Stotesb~~ry.  
Mr. 12. C. Nemla~~d .  survey. 
Blr. F. H. Grnnt. 
brr, P. J .  Grico. 

2-inch revision 66.334 ,, 
Nr. J. A .  Cnlvult. survey. 

Ujper  S ~ r h o r d i ~ ~ n t e  Scrvice. 1-inch supplement- 2G2.000 ,, 
Mr. I\luhnmmorl Lutf Ali, Probntioner. ary survey. 

Lo~ccr  S l ~ l o r d i ~ r a l c  Seruics. 

&h Surveyors, otc. 

,- 
(r 

Total 6262.561 sq. 1ni1t.s. 

This includcs tllc sistcon standard sheets falling in dcgree sheet 63 H and . 
thc eight in the mcstcrn half of dcgreo sheet 63 L, or n, t o t d  of twenty-four 
standard sliects. The two-inch survey co~llprised Dclhi and thc country it l  

its immcdiato vicinity as far south ~s the Kutb. This arcn was snrveyctl on o 

u :! 
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large scale owing to the difficulty of showing with any dcgree of accuracy all' 
the of archaeological interest and the suburbs of Delhi, on a small 
scale. 

n.ianguZation,.-An area of 326 square miles was triangulated. This tri. 
angulation was supplementary to that previously existing and was only required 
for obtaining heights over the BaUabgarh hills. 

All the 24 standard sheets surveyed during the year will be drawn and 
forwarded to the Superintendent, Northern Circle, for submission to the repro. 
ducing by about the end of November 1911. 

A guide map of Delhi and vicinity has also been drawn and will be sub. 
mitted in due course. 

The country surveyed comprised parts of the Delhi and Gurgaon districts 
of the Punjab and parts of the Meerut, Aligarh, MorAdhbAd and Budaun and 
the whole of the Bulandshahr districts of the United Provinces. 

With the exception of the ridge a t  Delhi and its continuation to the south 
in  the Delhi and Qurgaon districts, the whole of the country was flat. The 
c0unti.y between the Jumna and Ganges rivers is much cut u p  by canals. The 
slope of the ground which is roughly about 18 inches to the mile falls from 
north-west to south-east. 

With the exception of the hiUy portions of the country surveyed and the 
Jumna and Ganges khadars the whole area is practically under cultivation. 
'lhe average height of the flat area is about 650 feet above sea level. 

None of the area surveyed is particularly well wooded; but in  all the 
districts of the United Provinces mango and fruit groves are more or less 
common. 

The work consistcd chiefly of revision survey and a small amount of sup- 
plementary survey. 

Blue prints of the last published 1-inch maps were used in every case 
except for the 2-inch work in standard sheet 63 + and for the hilly portion 
oE ground in 53 + for which an  " aluminium mounted " board was used and 
on to which the outline from the old work was transferred in blue. 

This aluminium mounted board was found very satisfactory and the dis- 
tortion of the paper was very small indeed; but as blue prints are already 
diatorted, before they are mounted, aluminium plates for revision and supple- 
mentary work are useless. 

All the blue prints supplied from the map publication office were in new 
standard shect sized, and the extra strip of 2' 27" had to be super-imprinted on 
to thc adjoining old eastern standard shects. 

Owing to thc old sheets being unequally distorted, a ccrtain amount of 
difficulty was found in making the two sheets fit together correctly, but the 
majority were extremely good and i t  was only in one case that the surveyor 
found the trijunctions cast and west of the joining line to disagree inter se. 

Somo blue prints unfortunately were received with no trijunctions on thcm. 
Thc trl;;dnctions were thcrcfore plotted, but owing to the clistortion of the 
paper, and also to the original travcrsc work not having becn sufficiently 
connected with 0. 'l'. points, i t  was found very difficuli to plot t b ~ s e  trijunc- 

' tionv in thcir correct positions. I n  most cases these plotted trijunctions had 
to 110 rejacted, and tho survcy was carried out by making fixings from rccog- 
nihal~lc points. I t  is most important for this sort of rcvision and supplement- 
ary work that bluc print should have all tile trijllnctionn on them. 
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No. 4 PARTY (UNITED PROVINCES). 

The field head-quarters of the Party opened a t  Lucknow on the .1.7th of 
PEBEONN EL. 

ImperiaZ Ogicers. October and remained there thro~gllout 
Centain L. C. Tl~uillier. I.A., in charge. 
~ i iutenant  F. B. Scott, I.A. 

Pvouiaciul  Ogice1.8. tlie field senson. 'I'lle recess quarters con- 

Mr. Q..J. s. Rae. 
Mr. H .  Iv. Biggie. tinued at  Mussoorie. 
Mr. C. E. C. French. 
Mr. A. B. Hunter. 
Mr. G. E. L<. Cooper. Topogvaphy.-The area for survey 
Mr. F. E. R. Calvert. 
Mr. Moqimuddin. 

Upper. Subordinate Service. lay in  the districts of Lucknow, Unao, 
- - 

Mr. Vidya Nntll Suri, Probationer. 
Lorucv Si~bordinate Seruice. 

Cawnporo, and Etjwah ; and portions of 
60 Surveyors, etc. 

districts Hardoi, R&e Bareli, Farrukhjbid, Mainpuri, Agra, Hamirpur, J i lauu 
and Gwalior State. 

The area surveyed on the 1-inch scale mas 4,933 square miles new survey 
and 1,116 square miles supplomcntary survey. 

N- The were 54 h , 64 1, 2, 3, 5, O, 7, O,  10. 13. 14 J 63 1, , 6 , ,  7, O,,, l ? l ,  13, 14. 15.16 

and small areas in 63 +-,. Portions of some of these sheets needed supple- 

mentary survey only. 
Eield work coutinued till the second week in  April when the party pro- 

ceeded to recess quarters except a few surveyors who completed later. 
The work this season was entirely new to the majority of the surveyors. 

The country being flat and covered with high crops, and enclosed by groves of 
trees, i t  was found impossible to plane-table by interpolation only, and chain 

- 

traverse had to be resorted to. 
Three large rivers ran through portions of the work, viz., the Ganges, tlie 

Jumna and the Chambal; and the country mas intersected by numerous smaller 
rivers and streams. Near the Jumna and Chambal rivers the country was cut  
up by deep ravines. These two rivers flow i n  very deep beds, i n  places 150 
feet or more below the surrounding plains. 

TI-nvevai~q.-The area traversed comprised a, portion of the Lucknow, 
Bira Banki, and Partjbgarh districts and the whole of the Riie Bareli, Sultiin- 

pur and Fyzibid, in sheets 63 F, 63 Tim, 63 , :>-,, . The country was 
similar to last year, perfectly flat, well cultivated, and in parts covered with 
groves, and covered an  area of 6,236 square miles. 

Trnverse lines were run along graticules of half standard sheets, picking 
up trijunction pillars, and intersecting trccs and all couspicuous objects. Con- 
nections mere made with 21 (3. T. stations. The average daily outturn per 
man was 8 angles and 136 chains per working day. 

This detachment having completed its \roi,k has been broken up. 
Cantonment Swveys.-The following cantonments mere surveyed during 

the year under rcport : Dargai, Malakand, Chakdarra, Hyderibld (Sind) and 
Loralai, and alteratious and additions mere made to the previous editions of the , 
maps of Risltlpur and Allahjbtid. 

Maps ol 8 cnntonments were scnt for publications, viz., Dum-Durn, Meerut, 
Lucknow, Port Sanclcman, Dargai, Malalimnd, Chskdnrra, and Allahiibid, 
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The total cost of the section was Rs. 13,000 and the outturns and cost rat& 
are as follows :- 

Triangulation . . . 3,582 acres a t  Rs. 0.75 per acre. 
Traversing . . . . 10,153 ,, ,, ,, 0.36 ,, ,. 
Detail survey 16" 1o11j3 ,, ,, ,, 0.29 ,, ,, 

J ,1 64" . 92 1, ,, 1, 1.86 ,, ,, 
Mapping 16" . 9 6,300 ,, ,, 9, 0.51 1, I, 

1 I 
6 4" . 1uo ,, 1, 1, 3.75,, ,, 

Average outturn per working day per man- 
Traversing 11 angles . . . 100 chains. 
Detail 16" includinq contouring . . 24.7 acres. 

,, 64" I )  1.4 1,  

No. 9 PARTY (PUNJAB).  

B Y  NAJOB G. A. BEAZELEY, R.E. 

Work in Baluchistjn having been complcted, the Party took u p  work in 
PEBBONNEL. the Punjab i n  degree sheets 39M1 44A, 

Imperial OJTcers. and E, in  continuation of thc work of 
Major G. A. Denzeley, R.E., in charga 

Pvos,i~rcial Ogicers. No. 3 Party. 
Mr. J. A. Freeman. I n  all 5,687 square miles were surveyed 
Mr. W. J. Nemlnnd. 
Nr.  1)hani R N ~ .  on the 1-inch scale in  the districts of 
Mr. P. A. T. ICenny. 
311. H. C. W. Stotesbwy. 

J l~ang,  Mi8nwilil Shiihpur, Lyallpur, 
MT. D. K. Rennick. Gujranwila, Lahore and Montgomery ; 
Mr. J. BlcCrnlreu. 
Mr. A. K. Mitrn. of this area 2,176 square miles was new 
Alr. A .  J .  A. Drake. 
Mr. A ~ ~ U I  Aziz. survey, 1,304 square miles was re-survey 
Mr. H. H. P. Butterfield. 
iUr. F. Byrne. and 2,207 supplementary survey ; the 
N r .  F. J .  Grice. 
Mr. W. P. Males. 

field head-quarters being a t  Lyallpur. 

Upper Sulordinale Service. 
The party mas transferred to the Eastern 

Mr. Gopnl Singh, R u i  Bahndur. Circle from the 1st of April 1911, but 
Mr. Dalbir Rai. 

Lower Subordinate Service. 
continued to work in the Punjab till 

60 Surveyors, etc. it had completed its programme. 

Triangulation and a small amount of traverse work was taken up in 
Chotj Nigpnr in  view of next ficld season's programme. The country 
surveyed was absolutely flat, but differed considerably in  other respccts from 
the dreary couutry west of tho Jhclum. This consisted of rolling sancl-hills 
covered with scanty scrub and a few stunted trees, while the Cheniib Colony in 
the Lyallpur district is fertile, well watered, and closely cultivatcd. The 
country in  Jhang falls inidway between these two classes. 

The Chenab Colony is well timbercd and the trees obstruct the view a 
good dcal in conscqueace. Tho " square " system of irrigation givcs a very 
curious appearancc to thc field sheets, as all the field distributaries and villages 
arc'laid out in squares and give a chess-board appearance to the maps. 

Recess duties.-An arrears mapping section was maintained a t  Mussoorie 
and i sd i i l l  continuing its labours. Mr. Hales opened the rccess office at  
tjhillong about the middle of Nay  and hcld chargo till the officer in  charge 
~r r ivcd  on 1st of August after a very protracted ficld season. Shcets 39 

441,~~:. 151 441, ,,3,,,:, 12,13,,, are com~leted. 
I t  is proposcd to close the mapping scction a t  Shillong by tho end of 

December 1911 and send all work ml~ich cannot bo completed to the Northern 
Circle drawing office to bo finishcd thcre. Pming to lack of good draftsmen 
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sickness amongst the men in Shillong, the progress of mapping bas been 
rat he^ ~ 1 0 ~ .  

To carry out revision and supplementary survey mork to the best advan- 
tngc as rcga1.d~ outturn, quality and cheapness of cost, i t  is essential tha t  the 
field scctions should be conlplcte in every respect before the party takes the 
field ; and the pantograph detachments should be sent down early in the recess 
to the head-quarters of the districts i n  whose area the mork for the following 
field season falls, and these detachments inspected s t  least once by the officer 
in  charge of the party. 

 hi 05cers in  charge of these detachments should receive preliminary 
training in  pantograph work beforehand to ensure their tl~oroughly understand- 
ing exactly what is required of them, so that they may employ the men under 
tllem to the best, advantage. This preliminary instruction can easily be arran- 
ged for before the close of the field season if suitable arrangements are made. 

I n  some cases much labour may be saved by utiliving the 4-inch reductions 
by the looal authorities and adding d l  detail omitted by mcans of a speci- 

al gridiron on tracing paper showing the sq-mres on the full size village maps 
on the 4-inch scale ; this gridiron often allows of the additional detail being 
drawn in by cye on tho 4-inch reductions. The latter generally so the  village 
eite, principal roads, railways and canals, and this fgcilitntes all subsidiary 
detail being put in by eye ; by this mcans a trained pantograph detachment can 
reduce about 30 villages a day instead of only about 3. This was the outtul n 
of the detachments a t  Lyallpur and Gujrinw5la after a month's practice. 

The pantograph detachments should be organised as follows :-One provin- 
cial officer should be in  charge and under him should be 3 surveyors capable of 
managing a pantograph ; two of these pantographs should be 2$' and one 3;' or 
4+' ; 3 more surveyors should be employed in inking u p  the reductions in  the 
correct colours and symbols, and three more should be employed in  transferring 
these to the field sheets and inking them up. 

With regard to the latter i t  was found a good plan to ink these up stlsaight 
away in the correct colour ; one objeotion was raised to this, i t  being pointed out 
that i t  would lead to surveyors scamping their work ; but  this was not found to 
be the case. The advantages of inking up are two,-viz. ( a )  the paper is in  good 
condition and the inking up ca,n be done much neater and finer ; ( b )  the survey- 
or knows cxactly what the detail represents and does not run the risk of con- 
fusing roads with canals, etc. The colours used may be fighter than usual if 
considered neoessary, leaving i t  to the surveyor to colour up darker all detail 
found correct on the ground. 

RIVERAIN DETACI-IMENT. 

BY N r .  MAYA Das Punl. 

The field season commenced on 1st October 1910 with head-quarters at, 

P n n s o r ~ n ~ .  Wazirfibad and continued till the lniddle 
p I out ncial oficcrs. of April when the Party went to &1lore 

h ~ ~ .  U N ~ ~  L)RS Puri, in charge. 
nrr. Bloqi~uuddin. for ~CCCSS.  

ullpcp S ~ r b o ~ ~ ! i i ~ i ~ l c  S c ~ , i i r o .  The riverain area was as usual broken, 
a 111. Chani Lal lcnpur, Probstiouer, from 20th 

A U G U S ~  1011. shrubby, marshy, and sandy. Portiolls of 
X O , ~ U J ~  S u b o l . d ~ a a t e  Seruicc. villngcs situated abovc the high bank mere 

715 ~urvugore, oto. well cultivatcd. 
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Tile Lower Biri Dojb tract was plain, full of reserve foreqt8, unpopulated 
and nlostly waterless. 

Dusing recess the 4-inoh compilation of riverain boundarieq, traces for 
the settlement department, completion of computations, and drawing up 
instructions and various forms of return for the Lower Bari Dofib work, were 
carried out. 

The procedure adopted for the r i v e r a k  work was the same as reported 
last year. l'he original programme was considerably modified by the civil 
authorities. All minor traverses for the cadastral surveys were finished by end 
of February 1911, and 2,178 plotted and compiled " Masairs " (settlement 
mapping sheets) were supplied to the settlement officers concerned in time 
to enable them to complete their records before the rise of water. Base lines 
with permanent mark stones were fixed on both banks of the rivers about one 
mile apart for the future survey and demarcation of riverkin boundaries. 

Lower Bd9.i Doib.-Work was undertaken during February 1911 at the 
special request of the Punjab Government. The settlement staff was deputed 
by the 1st Financial Commissioner to do the work, and in addition several 
professional hands were employed. 

All of them had to be trained for a considerable time. 
The men were made to work from the whole to the part, allowing a maxi- 

mum error of 1 in 500. Big blocks of about 80 to 100 rectangles were first 
broken, and the patwaris had to work inside these. 

Dera Ismail E1~iin.-A special Indus survey (scale 4 inches = 1 mile) 
was undertaken during September 1910 a t  the request of the Assistant 
Commanding Royd Engineer, Dera Ismail KhLn, and was completed on the 
22nd of October with great difficulty. 

The following table shows the work done during the field season :- 

I 

The total expenditure of tho detaohment was Rs. 73,991. . 

Clus of work. 

Raverslng for (-inch 
Compilntion ol  Blver- 
nlo booudnrlea. 

Loebllty. 

Blver J n m n  (Dlstdcts 
Eahlmnpnr and Ambila) 
lndon (D. I. Khan 
nod Yhnwl l l ) .  

Ddsr LINER 
MAIU C~norrrrs. YIUOB Tarmnsns.  01 

Minor traserning lor 
csdnrtr.1 sorveys. 

Benles 2L Inches oud 
20.4 inches =1 milo. 

D e n  Ismnil KhaoIodan 
apcelal survop. Benle 
b Loches -1 mile, 

Lower Parl Dorb 21 
ncree. 

Rsetaoguinr earreg 

...-. 

101 

Cbenlb rlnwfila), 1 388 1 III 1 683 1 920 1 1,eIEO 1 7 0 3  1 260 I 410 1 162 1 1 1 0 1  
Beis l ~ o s i % p u r )  
SotleJ (Forozopw) 

Rlser lndos. 
Dislrlctr D. I. Ehlo 
and Milnwlll. 

Area commsodcd by tho 
Low D o a b c _ i /  .-- ( ..- I 1 ... I I U  I 708 I ... / ... 1418 .4  1 .. 
Iblontgomoq). 

81.19 ... 168 

400 8 IU 

107.28 

1 0  

... 

373 

187 

I . W O 8  I 141.1 

Rirarn In --- 

... ,,, 

i l l l l  

in 

l b  

U 

... 

I I 

118 

Rlrern - 
410'1 

Dlrl ne 
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SOU'L'IINRN CIICCLE. 
(Vide Tluilex maps 2 and 7 ) .  

Lieutenant-Colonel 1'. J. Gordon, I.A., was in  charge from 24th March till 
22nd September 1011 and Brevet-Colonel T. F. U. Renny-'Failyour, C.S.I., 
R.E., for the r e m a i ~ j e r  of the year. 

Thirteen thousand one hundred and seventy-one square miles were survey- 
ed during the year under report ; the smallness in  outturu is principally due to 
No. 8 Party which only surveyed 1,287 square miles in the season, owing to 
the abnormal difficulty of the country in wliicll i t  was working. 

The follonling is the detail of the country surveyed :- 
4,,7'11 milcs of 1-inch New survey. 

5,472 11 11 1 >I Revision survey. 

2,010 11 1 1 I f  1, Survey. 
393 ,> ,, 2 P, I* 

5 5 5  9 t $ 9  a ,, Revision sorvey. 

A new departure was the introcluction of 1;-inch survey for country 
which was too intricate to be shown on the 1-inch. It proved very successi'ul, 
and as may be seen from the table on page 23, the cost-rate comes to very 
little more than the 1-inch. 

NO. 5 PAItTY (CENTRAL PROVIXCES). 

BY H A J O U  C. L. Ronsuwos, C.N.G., R.II. 

The field head-quarters of the party were located a t  Pachmarhi as being 

PELSONNEL. fairly centrally situated, and as having a 
Imperial Ogicers. 

hI11jor C. L. Robertson, C.M.G., R.E., in 
charm. 

~ i k e n a n t  C. F. Nation, R.E. 
Proui~rcial 0 f i e 1 - s .  

. - - 
Mr. C. LitchGclc!. 
Mr. S. S.  ~ I c A ' F o J  Fielding. 
Mr. C. West. Mi. Nunahi Lnl. 
&Ir. F. C. Pilohrr. 
Nr. E. J .  Honby. 
Mr. F. C. Sniut. 

Cpper Sabordi~tafe Service. 
Mr. Elmnth Unttu. 

L o ~ u e ~ .  Sub01 dinate Service. 
32 Surveyors, etc. 

sub-treasury through which funds were 

procurable. 

As i t  was impossible to obtain any 

godown i n  Pach~narhi to store the party 

equipment during recess, i t  was decided 

to re-assemble the party a t  the close of 

the field scason at Jubbdpore and store 

the property there as had been done 

during the last two field seasons. 

Topogrnpl~y.-TO execute the detail snrrcys on the 1-inch and 1;-inch 
scales, the party was divided into three camps, each under nn officer of the 
~rovincinl Service. 1,373 milcs were surveyed on l&-inch scale comprihing 
sheets ~ 6 ~ ~ 3 ~ ~ ~  &+and parts of 65 ,:, , in districts Narsillglipur, 2.~1gor, 
Damoh, and Jubbulpore. 

The 1-iuch work comprised shcets 55 :,- and parts of 65 ,:,- in Hoshnn- 
giibiid and portion of Bhopal State. 

The Revision Survey work was over such a large ares and so far rc~~iorcd  
from most of tlm other work, that i t  was found impossible to rcqnirc thc officers 
in charye of other cnmps to supervise ft .  I t  was therefore carried out pmcti- 
cslly without snpcrvision, directly unclcr thc control of thc oficcr in chargc of 
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tile Party. The b a t  and most trustworthy SUrQCyOm were scl~cted, and wer; 
full instructions as to what was required of them before proceeding to 

- 55&, and parts of 64-t- were tllc ground. Sheets 65 &, 66 13, ,(. 15, s 

dealt with in  this manner. 
The Quarter blaster General of India having asked for a survey on the 

scale of 6 inchus=l luile, of the fields and fallow lands of Saugor Cantonment, 
the ground n7il.s examined with a vietv to commencing this work. I t  was then 
found that the traverse stations on which the existing cantonment survey had 
been based some 43 years ago, had disappeared, and as there were no othe;. fixed 
points on nbich the survey could be based, it had to be alalldoncd for the 
season. 

I h e  country surveyed comprised a section of the valley of the Narbadi 
Eiver and the hills to the north and south of it. For a width of some 10 or 
15 llliles each sidc 01 the river, there is s £tat plain about 1,000 feet above sea 
level, mostly cidtivated and covered mith scattered trees. The hills to the 
north of this are more or less wooded, and rarely reach a n  altitude of 2,000 
feet ; on the south side of the valley, however, they rise some 1,000-1,500 feet 
higher, culminating in tha D h ~ p b a r h  peak, 4,500 feet, on the Pachmarhi 
plateau. Here the forest is dense and the slopes steep, being scored i n  all 
directions with precipitous chasms 200 or 300 feet deep. 

Triangulation.-The proposed programme mas to complete net work t r im- 
gulation in  degree sheets 65 I and J. For this purpose the triangulating 
strength of the Party was fixed a t  2 provincial oacers, 1 upper subordinate 
aud 1 surveyor ; though i t  was anticipated that it would not be necessary t:, 
maintain this strength tliroughout the field season. Owing to the slo\vness of 
two 01 the observers, this programme was not carried out ; and the result of 
the season's work is that out oE 1 4  standard sheet a r e a  proposed for survey, 
li remain untriangulated. 

Recess duties.-rhe Party returned from the fizlcl with 19 sheets rcat1.y 
for  drawing-this number nas  however more than the drawing strength of 
the Party could possibly deal mith, and 4 Revision Shects nrerc handed over 
to the circle clranring office. Owing to the lack of gooll draftsmen, the 
l'rogress of the remaining 15 shects was very slow, and i t  is unlikely that moro 
than half will be conlpletcd bcforc the close of the recess season. 

The colnputatiou ol the triibngulation is complote. 
Tllis year, for the first time, tlic l'arty went through the Geld scason with. 

out h v i n g  a llospital as3istnnt attached, and thcre is no rcason to supposc t l ~ a t  
tho general health lla3 sufforcd in consequcoce. On g,ing into the field the  
])os~tioll of the nearmt dispensary was pointed out to each man ; but in  pract~co 
thcsc dihpcnbarics were so far apart as to be uselcss. The nlcn wcrc thcrcbfore 
clopendcnt on their incd~cine I~oxcu, ml~icli proved both in  the nature and 
clu:~utiticu of the drugs they contain, most ill-adaptud to thcir purpose. Kel t  
bcnsou a special ~clootion of tlrugs will Le packed in a box made lor the purl,oso 

B utldcr party arraugculcnts. 
lirith rzfcrcnco to thc out-turns (s11on.n in  Tablc I on pagc 21) i t  is in- 

Icrr:sti~~g to noto that the averayo pla~lo-tablcr ~vorlis ncarly as quicltly 011 tho 
li-iucll scale 110 docs 011 tJ~o l-inch bcalc. This pcr]lnps iu not a t  once 
: i l~l~'brcl l t  till tllo ftlct that ucr~rly all t l ~ c  work dollo on tho l-illch scale, nlld 
clnsucd Lq hUrv(:y, lay i n  tho  1)lai11 ul' lhc Narbntli, in a coulltry whic]l w:lg 
' I ' I ~ I ' ) I I I J ~ ( ' ~ I Y  l n ~ c h  ca5,1-r of bur\ c; tlrn~f t:lc: a\ cr;yc of tllat ddLc on the 1 a. 
i ~ r o h  w::~:. 
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No. 6 PARTY (BERAR). 
BY LIEUTENANT R. W. PYB, B.E. 

The field season opened a t  Chinda on the 1st of November. 1010, and closet1 

PEU@ONKEL. 
Imperial  O B e r a .  

on the 25th April 1011 ; the Part.y office 

Cnptnin H. WooJ, R.E., in cliarge np to 218t 
April 1911. reopening for the recess season a t  Banga- 

Lieutenant A.  H. Qwyn, I.&, in charge f rom 
22nd April 1911. 

Gpt i in  F. F. Hunter. I.A., i n  charge from lore On the 1st of May. 
17th blny 1911. 

Lieutonant K.  W. Pye, B.E., in charge from 
14th A U ~ U S ~  1!111. The field work carried out during the 

Provincial  Oficers .  
)Ir. Amar Sinrrh. year mas a.s follows :- 
hlr. . I .  11. 9. Wilson. 
>lr .  P. H. Andrr*on. 
hlr. E. A. ~bleyer. ( i )  Survey on the 2-inch scale of 
hlr. F. B. Kitchen. 
Mr. R. l3. (4ilden. 
N,. J .  O'C. Fitzpntrick. reserred forests falling in  the 
Nr.  A. J .  Moore. 

uppe l .  Subordinale Service. standarcl sheets 55 ,-&, -. 

Mr.  Dhnrmu. 
Lower Subordillate Seruice. 

51 Su~veyore, etc. 

part of 56 amountin? to 97 square miles. 
( i i )  Revision survey on the 1-inch scale of ~or t inns  of sheets 4G ,&, 55 4 

66 +, amounting to 770 square miles. 
( i i i )  Survey on the 1-inch scale of remainder of sheets 46 L, , ,  ,E ,", 

65 -, 65 +, 56 L, 5G+, totalling 2,223 square miles. 
(io) Triangulation of standard sheets 56 I ,u3Aed lo and 56 
(v) Theodolite traversing of boundaries of rescrvccl forest9 falling i a  

I )  , , ,, , and 56 5, and also t1.c sheets 65 %, 56 2- 56 
boundary of Sauta Cruz Cant ent, Bombay. 

The mork lay in the following districts :- 
Bombay.-East Khjndesh. 
HyderGd6d.-Aurang5b5d, Adili?b,id, Parbhaui. 
Cent]-a1 P~.ooilaces.-Wardhi, Chinda. 
Bel*civ.-Yeotnl51, Akola. 

Thc surveyors mcre dividcd into 3 camps under thc late Sirdnr Anlar Singl~, 
and Messrs. Wilson aud Kitcheu. Tho traverse camp mas under 311.. Ueyer, autl 
was occupied exclusively with traversing the boundaries of rescrved forests i l l  

Bcrir, falling in the programnle of the season under report and a portion of tlio 
nest season. At  the cnd of the scason, the traversing of Santa Crnz Cantonmelit 
mas h k c n  np, the survey of which mill be done dnring the coming season. 

Tho country under survey mas of s ~nritld natmc. Tllc rcscr~cd forests 
swvcyed on the 2-inch scalc, and a certain proportion of tllc 1-incli nark 
(principally in t l ~ c  Sonthcrn sheets) wcrc dcnscly woodcd and dificult to s u n ,  ;\..' 
On thc otllcr llnitd t l~erc wcro Inrgc arcns of orcn undulntilig coulitfp ,,!I~L' 
work proqrcsscd rapidly. 

Thc coll~llry untlcr triaugulntiou rnricrl from Iiilly to nntlulaling ; i t  n-- . 
on the mholc opc11, nut1 not nlucll clcnriilq was ncccscnry. 

D r l r i ~ ~ g  rcccss lllr party coi~lplctcd tlrc ulnppinq of tl!c IS shrcts surrec ,~l  
duriug tllc fioltl scgsu~l. 

c 2 
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I n  addition the following were also co~npleted :- 
* 

(1) Computations of trianDdulation of sheets 66 && and in 8 more sheeta 
the computations partially finished. 

(2) Computations of traverse work falling i n  66 and 56 r: r and 

the plotting of 4 inch forest boundary traces of 56 & and 66 +, 
(3) The completion of rou$ charts and manuscript tables of data for 

degree triangulation charts 55 H and L. 

No. 7 PARTY (MADRAS). 

BY ~ I B .  W. M. GOBMAN. 

The Party worked this year on the 1-inch and 1;-inch scales in  the 
PEBSONNBL. low country in  the South Kanara Dis- 

Imperial 0Jcers. trict of the 'DIadras Presidency, north of 
Cnptnin C .  P. Guoter, R.E , in cllnrgc I'roln 

30th Decemlier 1910. Mangalore, and a portion of North 
Lieutcnint A. H .  Gwyn, I .B . ,  in cliorge up t o  

291h December 1610. Kanara in  Bombay. 1-inch Revision 
P7,o~~incinl  Ogicers. Survey of Forest reserves was carried out 

Nr. 1'7. 11. G o r m ~ n .  
MI.. J. O'Y. Donnghcy. in  South Kanara end 2-inch Revision 
Mr. H. D. I\'. Stoteabury. 
111. A .  I<. IIitra. 

in Coorg. 
111. l r  H. P Uutterfiel,l. The triangulation i n  advance of Sur- 
Mr. J .  C. St. C. lJollr!t. 

G l ~ p e r  S~rI~urdit~ate Serricr. vey was situated i n  the Coilnbatore 
311. Abdul Hnkk. and Salem clis tricts. The following 

L o w o  Sabordina(e Srrcice. sheets were completely surveyed, viz . ,  
16 Sorreyors, etc. I(- 

&' O. 10. 1 1 ,  12. 13, 11. 15. 18 , 48 and part 
of 48 ,L, and 48 -& revised. Triangulation was carried out in  1 0  sheets of 
67 B. 

The country under snrvey cornpris~cl eYe1.y vasiety, ranging froin the open 
and bold hilly country of &lysorc mllich mas ideal for plane-tabling, to the 
lowlying and intricate ground of South Kanara It may be described as a 
succession of highly cult,ivnted volleys, covered with belts of jungle 10 to 20 
chains in width, fringing tile cultivated al-eas, and dotted with innumerable 
isolated lluts. There are no village sites, except the towns along the main 
roads. 

Distinguishable land-marks which were of use to surveyors were Mount 
Kudremukh, (3,207 fect above sea Icvel and t I ~ e  Ja1n%lSb5d Fort hill which 
has a 1,000 feet sheer drop of smooth granite beneath it. The Gomata R5ya 
a t  Kiirkala-a rock statue 41 fect high-mas also used as a trigonometrical 
point 

The rcrisinn of tho 1-inch Mysorr topographical work was dono the same 
a9 last ycar, by tmnqferrinq the old work from black prints on tracing paper 
as t l ~ c  work proq-rc-scd. That of the 4-inch Forcst Surveys was done bg 
transfcrrin7 picce.mea1 tllc 1-inch reductions of the original 4-inch survey 
on to l l ~ c  plane-tahl(*u. Tllo original work of botli of tllesc survey8 was found 
very, qnrld. 
I . I  

111 Youtll Knn Irn thc silrvey was grcatly facilitated by tho 1-inch village 
plofq colnpilctl \l)rci:illy by tho Mndrns Rovcnuo Survcy. Thcsc consisted of 
~kclcton maps tlrawn in 1-inch stnndnrtl sllccts with villngo and traverso 
1 rijl~nctions plottrtl, ns well as any Rurvcy of India tligonolnctrical stntiona 
tllnl c\islt:d wl~cn t l ~ c  Rovcnt~c 811rvoy nns dono. T l ~ c  po\it~on of   no st of 
LI1i85(* trijl~nclionu ngrccd with tho 1)lanc tal,lo work ; any dibcrcpancy M-sS 
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ueually due to the actual site of the trijunction being doubtful. These 

skeleton maps also gave the very greatest assistance in  the correct spelling 
and identification of village names. Next pear it is hoped that these maps 
will contain in addition Forest boundaries, roads, cultivation limits, streams 
that have been traversed, and other detail taken up by the Revenue Survey. 

Tlie field head-quarters of the party was in  Mangalore, and the recess 
office closed in  Bangalore on 7th November and reorened there on 9th of 
June ; thus giving a field season of 7 months. 

Zecess dl6ties.-It is hoped that twelve out of the thirteen completely 
surveyed sheets will be fair mapped by the end of recess ; 48 z- being left as 
arrears. 

An index degree map on the +-inch scale of 67 H is under preparation 
and will be sent to be vandyked as soon as completcd. 

The arrears of triangulation charts have been partly disposed of by 
transferring some of them to the Superintendent, Trigonometrical Surveys, 
and to No. 11 Party. The computations of this season's triangulation have 
been completed. 

No. 8 PARTY (MADRAS).  

BY CAPTAIN C. N. BROWSE, D.S.O., R.E. 

The operations of the party were carried ont i n  parts of the Malabar 
PEBSOLNEL. district of the Madras Presidency, and 

I r ~ ~ p e r i n l  OJ~CCI .~ .  in the Native States of Travancore and 
Captain C. BJ. Rrnw~io, D.S.O., R.E., in charge COC~,il,. ~ 1 : ~  work in Travancore in- 

fioun llith .Tun? 1911. 
Lieotcnnnt S. W. S. Hamilton, R.E., in c11:irgo eluded the survey on the 2-iuch scale of 

up to 16th J llnc i n l l .  
Liei~tennnt C. (;. Levis, R.E. the Periyiir catchment area and the 

Provincial Ogicers. comi~lellcclllent of the survey of the 
MI. W. F. E. A<lnma. 
hlr. E.  -1. I3iggic. 

Pambiynr catcl~mcitt area. Detail survey 
nrr. S. F. Nnr~nan. was cnrricd out in sl~eets 68 & and 
nlr.  31. AIali:~,lcva Dlod~~liur. 
Nr .  C. O. I1icnrrl. such portions of 69 ,* ZIS were in- 
Mr. I?;il.tji Dlio~ldibn. 
art. N. S. Gnncm Aiyl~r. cludecl in the Periyiir catchment area. 

lT/lp"a Subor.dillfllc S E ~ ~ . ~ C C .  Tmversing mas calsried out in  the Periyiir 
91r. Annntrno Dl~unclibn. 

Lorrev S~rbo~ .d i~ lo tc  Sr~.ricr. and along the backwater of the coast, and 
30 Survcgors, etc. triangulation in  sheet 68 +. 

Thc Party lcft Bnngalore on tlie 7th or" Norember for the field heacl- 
quarters at  Pirrncd aitd was delayed on the road for nine days by the Theni 
river bcing in flood and ilnpnssable. 

Rcccss qnartcrs were rc-opened a t  Bnngaloi*e on the 21st of June. 
fit1o.e of the ~oi~)~tvy.-Thc Periygr cotch~~tent arcn forllls a pnrt of the 

uncsplorcd portions of the Paudalail~ hills ; i t  is for the most pnrt corercd with 
evergreen forest and donse underg~.omth ; tllcrc arc little or no means of 
communicnlion, and transport and labour nro extremcly di5cudt to obtain. 
Tllo few hill mcn obtaiitable hnd to bo cn~ploycd for thc surycyors' nyd ns 
mpplies llnd to bo imported causing great dolay, the triangulntor had a dificult ' 
time. 

Tlrc oulturn of survcy is small nnd tho rates high, thc cnnso being tlrc 
extrnordina~~y clifficulty oE tlln corn~tl*y surrcyctl, wlricll citlrcr co~isistcd ol' 
denso fol'cst, or 01s~ of padtly nud cocoa~lut country sti~ddcd with inntullcmble 
1inl)ilnt ions. 
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~ ~ , . ~ ~ y  ntetlbods.-d~ it lim been found impossiblo to shorn all the intri. 

cate detail on tho coast on the 1-indl scale, one sheet 58: was surr6~cd on 

the la-inch ns a trial. Tho csperiment has provcd that this scale is 
the most suitsblc ; tllc cost-rate is but a little morc than the 1-inch while at 
the salne tilne all dctail c l n  be 5hon.n. I n  the coming field season, three ~1le~t.q 
Till be surveyed on this scalc. 

plots of the Stntc and T5luk boundaries mere obtained from thc proper 
authorities in lfalabar and Cochin ; but in  Travancore thcy do not exist, and 
the Taluk lnaps on tllc scale of 2 inchcs to one mile together with local infor. 
mation have bee11 taken as the authority. 

During the field season experiments werc made with special plaue-tablo 
sections t]le following is the brief result of the trials :- 

(i) D~.nwi~zg paper nzo!r?zted on a thin sheet of altcrniniun,.-Mo~thl~ 
measurement of the graticules mere taken and showed no ~ppreoiable differen. 
ces, but the paper did not lie flat on the aluminium and especially on damp 
mornings rosc up from the metal plate and was not a success. 

(ii) Mill-boards.-These proved no better than paper mounted in ordinary 
manner, and the ink mas very apt to run when the board mas damp. As 
Bristol boards have not been received in time for next season's work, these 
mill boards will be tried again with sheets of rag litho paper pasted over them 
to try and exclude the moisture. 

(iii) Bristol Boarc2s.-These mere a success and would have been largely 
elnploSed this season i f  they had arrived i n  time. The monthly measurements 
gave good results and the surface is nice to work on, while they do not seem t o  

be easily affected by the weather. 
Recess duties.-On the conclusion of the last survey year, the fair mapping 

of the party was badly in  arrears, 13 sl~eets being incomplete when thc party 
left for the field. 

To cope with this a drawing section was left in  Bangalore during the field 
season, and 7 of these arrears sheets were completed and submitted for 
publication ; one other sheet being drawn i n  the circle drawing office. 

During recess the whole of the arrears and the area newly surveyed mere 

fair clrawn with thc exception of 58 &, and a small portion of 58 ;-. 
As thc sheets will not be submitted for publication i n  the Survey year 

under report, a large portion have to be shown as arrears ; but as only some 
500 square miles remain to be fair mapped, the drawing is in  a much better 
state than the actual f i p e s  imply. 
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EAST ISRN CIRCLE. 

(1-it le Intlcx maps 3 and 8.) 

This circle rcmained under thc supcri~ltcndcnce of Brcvct-Colonel G. B. 
IIodgson, I.A., throughout the year. 

The circlc camc into esistcnce on tlic 1st April 1910, and t l ~ c n  consisted 
of only'three Parties, Nos. 10, 11 and 12. No. 9 Party was transferred to the 

c;rcle from 1st April 1911, but continued to be al~riost mllolly employed on the 
mapping of its mork in  the Punjab througl~out the year ; and a scction of the 
party \\rill rcmain so cmployed until thc cud of December, aftcr which all 
mxpping that rcsnains unhnishcd, will bc t~snsferred to thc Northcrn Circle 
~lrawing officc. 

9,218 square miles were surveyeil during tho year consisting of- 

F,564 miles of 1-inch survey. 
415 , . 1-inch Supplcmcntary suryey. 
209 ,, 2-iuch survey. 

No. 10 PARTY (UPPER BURMA). 

Tho p r t y  asscmblcrl for ficld mork a t  Bhamo on tho 18th November 1910, 
P E ~ E O N N E L .  and all sun-cyors had reached their ground 

Imperial oficers.  and commenced work by the 26t11, and 
Captain E. C. B.rker. R . E . ,  in clnrge. 
LieutennnL I\'. E. Perry, R.E. 

[ j lper  Sudurdinnte Scrvico. 

bIr. Lnahmnn l)aji Jndu. Iloi Sohib. 
nrr. H n y a t  \ lubamrn~~l.  
nlr. B. C, 11. Collins. 

Loruer Subordinate Seruioe. 
46 Su~voyora, ctc. 

continued to the end of May 1911; the 
fieid season having been unduly prolonged 
bccauss the programme mas so f ~ r  from 
completion a t  the usual time for closing 
ficld work. The programme was not cofii- 
pleted ; 3 full slicets and a small part of s 
fourth being left undone. This mas due 
to the retirement or discharge of five 
survcgors and the ilcpntatioll of three 
more with political missions after thc 
programme had been clmwn up. 

The total area surveyed within the limits of Burma mas 2,799 square milcs 
of ,vhich 2,615 were surveyed on the 1-inch, and 183 squnrc miles consisting of 
forest snrIreys, on the 2-inch sca!c. An area of 290 square miles was sketcIle(l 
beyond the frontier on the 1-indl scale, and rcconllaissance sllrveys were cnrri- 
ed out by three Surveyors attached to polltical ~uissions knowu as tllv HJ,inmn 
and bInliwaro ~nissions. The forlncr surveyed an area of 1,S90 s<unl$ 
lllilcs on thc $-illch, 4 square rnilcs on the 4-inch ancl 2; sqtlarc nlilc.s 
on the G-inch scale, and tho latter 1,Sd.j square miles on t h ~ .  +-inc.ll , 
scillc. 

~,.ina~tclnti~ia.-Thc triangulation mas carried out by one Provincid oficicor 
and the travcraing by tlirec traversqrs who also carried out the tri1rcrjiUg of 
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forest boundaries. The triangulation was connected with the Upper I r r a \ r a d ~ l ~  
Secondary Series, emanating from the Great Salmeen Series and running north- 
wards between the meridians 97" and 98", which was bcing observed during 
the season under report. 

Nojul-e of cozcllt~.y.-The countiy under survey fell almost entirely in Che 
Bhamo district, but included in  the south a vcry small part of Mdngmit State 
and a smau portion of Myitkyinii district in  the north-east. TO the east of 
Bhamo there is a strip of flat country about 1 3  miles wide and bcyond that 
broken, heavily woodcd hills. The south-eastern portion of the work was also 
hilly and wooded ; but although attaining in  places a height of 8,000 feet 
above the sea, this part was the easiest to survey. The valleys of the 
Irrawaddy and Taping rivers were in parts marshy and covered with thick 
jungle. Roads and paths were fairly plentiful exceptiug to the west of 
the Irramaddy. 

The cost-rates for the detail survey are much higher than those of last 
season which is due to the appointment to the party of a second Imperial 
officer who mas enlployed on 1-inch plane-tabling ; and i n  the case of the 2-inch 
forest survey, to the fact that the survey of a similar nature done last season 
was revision work. 

$'ot.est s1crvey.-The following forest reserves fell into the area uncler 
survey, and not haling been previously surveyed were mapped on the 2-inch 
scale :-Taungl~alaung of the Myitkyinii division and Bumsawn, Teintllam, 
M o m a d ,  Sinlurn, Lnngja, Kadamtaung, Si-u, Namik and Namkao of the 
Bhamo division ; also the forests of Nauughu and Namme of the latter 
division which i t  is proposed to reserve. The reserves of Simaw, Muasin, 
Nanhan, Mohlaing and Mosit had been previously surveyed. The survey of the 
Namme reserve mas not completcd, but mill be done next season when the sur- 
vey of all the forests in  the Bhamo division will have been done. No 4-inch 
boundary surveys \sere done this season. 

Recese zoor1c.-The mapping was well advanced a t  the close of the season, 
and it is espccted that i t  mill be completed before the party takes the field 
again: 13 sheets were cornplctely surveyed and mapped, viz., Nos. 92 
1l- _- 
Z, 3. 4. 0 ,  7.8, 10 11. 12, IS. 10 and 93 ,,:- 

The ;-inch reconnaissance survey done by R. S. Lachman Jadu while 
attachcd to the Makware mission, and that drawn by Captain Cotter nrho 
worked from the Assam side, was fair drawn for inclusion in  sheets 14 S. E. and 
15  N. E. of the S. E. Transfrontier Series. The $-inch survey done by 
Mr. Hayat Muhammad and Surveyor Sheikh Mullammad Salik ~v i th  t l ~ c  
Hpinma mission was sent to tho Sirnla drawing office for fair mappil~g. 

Three triangulation charts of sllcets 8h M, 93 A and 93 E, wllicll were 
reported as in hand last scnson, were cornplcted, while tllosc of 92 L and 03 1 
are now in hand and will bc complcted nes t  season aftcr which no more cl~arts 
will bc drawn hy thc party. 

Cnntpn?t~enl 81~rury0.-The S U ~ V C Y  of the cnntonmellt of Rangoon n as 
C~~nplclctl and also tllc mapping, which, together wit11 that of thc cnntonrncnts 
O F  l3ha1110, llandalay, IIaymyo, and Mciktila, and of thc remaining bazaru 
of Bccunclc~lit~lid and Bolilum, mas forwarded to the 'l'rigonon~otrical Omcc for 
~~ublicatic~n. 

Tl~is scc~ion wns dishanclcd in May 1911 I~aving complctcd tho Eurvcy and 
ma111~i11g of all the cantonment8 allotted to it. 



TOPOGR1PHICAL S U R V E Y .  

No. 1 1  PARTY (KARENNI  A N D  SOUTHERN SHAN STATES). 

The party commenced work this season in the area allotted to i t  in thc 

PEBBONNBL. reorganimtion of the Department. The 
Tnrpejicrl 0f lce1-s .  usual long journey to the field only per- 

Captnin R. H .  Phillin:ore, R.E., in charge from 
27th November 1910. mitted of a field season of just over 4 

Lleutcnnnt J. A. Field, R.E, in charge UP to months. One section left Maymy0 a t  the 
PGtli Noymber 1910. 

Provi~iriul  Of icers .  
end of October and did not reach its field 

Mr. V. W .  nIolton. head-quarters till the 18th December, and 
Mr. T. P. Deear. 
Mr. A. A.  Ginham. some of tlie surveyors did not start work 
Jlr. H .  St. J .  I<euny. 
i\lr. A. J Booth. 

till the 26th December. The rest of the 
311. H. JI. W y a t t .  surveyors left ilIaymyo on the 15th 

Lowe,. Srbo~dtnule  Serurce. November and had all commenced work 
29 Snrveyors, etc. 

by the 20th December. Field work closed 
between the 20th Aprilancl 3rd May, and the majority of the surveyors were 
back in recess quarters by the 16th May, but some did not arrive till the 2nd 
June. The programme mas completecl as usual in  this party. 

Tlie triangulation awing to unnvoidal)le circumstances mas carried out by 
two inexperienced observers who did not mork to the best advantage. A lot of 
time was lost in waiting for the haze to clcar and conseqnently the cost-rate 
is higher than usual. 

Contours mere inserted with a vertical interval of 100 feet except in  sheet 

91 which inclncled tlic midc plain ro~tnd the market town of Loikaw where 
the 60 feet interval was employed. l'he country surveyed mas sparsely inhabit- 
ed, the hills were generally open though steep, and in most parts broken and 
rocky ; coillmunicatioils were very bad, and supplies and labour presented many 
difficulties. Tho cost.rate for detail survey is high this season owing to the 
great distance from the railway and the wild ancl uninhabited nature of the 
country. Escorts of Military police mere provicled to several of the surveyors 
working along thc Sinmcse frontier. 

i ls  a large part of the area under survey lay close along the Salmeen river, 
work was much interrupted by nlorning mists in  December and January, mllilst 
the sinolte haze in March was tliick ancl persistent. Many surveyors had to 
stop work for tnro or three days at  a time when hills only n mile distant were 
blotted oat by hazc. No rain fell from the beginninq of December till tile 
1nidcUe of April and the heat mas intcnse in the river valleys. Nearly all the 
trees are deciduous, and tlie hills n-ere pmctically bttrc during February and 
March. Burning of tho jungle commcnced in February aud the whole country 
then becamc dly and burnt up and hill climbing was marc like mork in  
Balnchiatin than Burma. I n  the tra~ls-Salwecn nrca of tlle Southern Shall 
Statcs t l ~ c  villagcs ntunbcrcd t ~ l ~ o u t  1 to 20 square llliles and tllesc mere by no , 
lncans cvcnly distributed. I n  Sllcct 91  there mas n tract ovcr. 180 milcs 
s q ~ w o  n.it,ll but 2 villaqcs. I n  Knreuili villngcs mero lnoro nnmcrons brlt  tll6 
l~col)le wcrc nsclcss. Tl~cre nns grcnl scarcity of ricc tllru~ghont and it llnd to 
110 scnt out from tllc Sllnn ccntrcs to t l ~ c  surveyors. Non-lrcrc \\-as it so rs- , 
~)cnsiro as in thc prosperous Iiarcu city O F  Ynnt l~i t  wllc>rc it I\ as orcr o11c rllpcc: 
for -h vi\s, a viss 1)ciug cqnnl to 3; pounds. Hcrc nll ricw is brougl~t bullocks 
from Loiliaw or I)y 11ont froui i l ~ c  dircctiou of Jlni\-kul:li iu t l ~ o  Shmn 
sl:lLe~. 

D 
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Some difficulty mas found in  following thc boundaries between the smau 
Knrcnni States, and the Assishnt Political Officer, Mr. Carey, went round and 
pointed them out thus ensuring their being correctly surveyed. 

About 2G0 miles of tlie bountlarg between Rurlna and S i a ~ n  were surveyed. 
The sur\.eyors were forbidden to cross the frontier into Siam, ancl rw tile 
boundary runs along a matershecl the mliole way and the hills wcrc heavily 
wooded, Trery little grouud bcyond the boundary was sketched in, with thc ex- 
ception of that part lying i n  Shect 94 : . Tl1e greater part of this shcct had 

been snrvcyed in 1909-10 ill connection with a dispute as to the boundary, and 
here a consicl~~rable amount of the country bcyond the boundary line llas becn 
mapped. All pillars mentioned in tllc Boundary Comlllission Repolat of 1893 
mere found except one a t  a spot where thc boundary crosses the R I B  Pai river. 

KO forests fell into the area under surrrcy, but a theodolite traverse was 
done of tllc Lounc1ary of tllc l'amllpalr rcserre of tllc So~~t l l e rn  Shan States 
division in Sheet 94 C, amountin? to 76 linear miles, and the reserve will be 
surveyed on the 2 inch scalc next season. 

Becess duties.-All the 17 slleets surveyed were fair mappcd clnring the 
recess and forlvarded to the Circle Ofice for ~ublication. Tlleir nuulbcrs are 
94 "- 94 -- I - and 94 5. 

2. 0. 10, 11. 12. 13 11. 15, 16' ,1. 2. 6. 0 .  0. 10, 13 

Small areas previously omitted in  Sheets 93 4 and 94 % mere also sur- - 
veyed and mapped. 

The computations of the season's triangulation and traversing were com- 
pleted and the charts and general reports of Shects 93 0 ,  93 P, and 93 L were 
completed and despatched to head-quarters. Charts of Sheets 93 J, 94 E, and 
94 I still remain to be drawn, but will be done in the Trigonouletrical Office at 
Uehra Ditn. 

No. 12 PAR'L'Y (ASSAM). 

The operations of former seasons were continued in  the Sylhet and Khisi 

P B ~ E O N N B L .  and JaintiB Hills districts of Assam ; the 
~rnperial  Oflcers. survey being carried out on the 1-inch 

Major A .  Mears, I.A., in charne. 
Lieutenant G .  P. T. Oalres, R.E. 

scale, and consisting partly of original 

ProainciaZ O f l c e r ~ .  and partly of supplementary survey. 
Mr. W. Skilling. 
Mr. C. C. B rne. 

I'hc Nongkyllem reserved forest, 26 square 
Mr. ~ r a m : l J i  Hnnjnn nay. miles in area, which fell into the area 
Blr. J .  IT. Williams. 
Ur .  Arnj:td Ali. under survey and had not been previously 
3 1 ~ .  1,. 1ViIli;arne. 
Mr. P. C. Rlit~o.  surveycd on a large scale, was surveycd on 
Mr. H. 11. Creed. the %-inch scale. 

Upper Subordinate Service. 
Mr. Nar~ok Chnnd Puri. 

Field work was commenced on the 1st 

Lotuev Srbudinale &,vice. November 1910 and closed a t  the end of 
41 Sursc!or~, etc. April when constant rain nTas experienced 

and it was impossiblo to continue it any longer. The programme was not '.,... ' 

completed either of triangulation, traversing or detail survey. Of the latter, 
all but one standard sheet was completed and the defect was partly due to an 
outbreak of cliolcra which necessitated the removal of the surveyors temporarily 
from that locality, and partly to the fact that few of the surveyors had llad 
any previous experience of survey by interpolation in  open hilly country, 

and their progresn was at f i r ~ t  very slow. This is the first scason for many 
Ymra that country of this type has been met with by this party. 
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. T,-ianllzllotiorL.-The triangulation was executed by t\vo Provincial oBcera 
Was based on a secondary series which had bccn 011b~rvcd tllc prcvious 

fieason by No. 15 palsty, emanating from the Assam Valley Series a t  rhhout 
longitude 90" alld running eastwards just north of latitude 23" 30' to 

longitutle 93". 
The heigllts of tlle scaso11's triangulation mere based on the Chllayaaon and 

Pal js]],ijri bcnch-marks of the pgrvatipur-Gauhsti line of levelling of tl1e Great 

Trigonometrical Survey, and agree very well with tlie original values of tile 
Great Trigonometrical triangulation, but diffcr by some 5 to 7 fcct from tllose 
O F  Mr. Bond's revisionary triangulation of 1897-08. This is  roba ably due to the 
fact that nangsonobo H. S. which was Mr. Uond's starting point, was affected 
hy the eartllqualic ol' 1807, b11t was apparently assumed to be unaffected. * 
connection made by thc C;reat Trigonomelrical Levelliug Party this season with 
8onlollon 11. S. gives a cliifercnce of only 1 foot fro111 the trigonometricsl 
height, nhcreas Mr. Bond's triangulation differs b j  5.5 i'cet fro111 the original 
height. 

Triangulation being impossible over a large part of the arca rcqoircd to be 
prepared for detail survey, traversing had to be resorted to. Two traversers 
were employed on this for the whole field season and a third for about 4 
months, and an  area of 1,600 square miles was thus prepared for detail survey. 
The greater part of the area traversed consisted of open cultivated coulitry 
which had been cadastrally swveged i n  1892-95, and only a few traverses were 
necessary in  this part to provide heights. Adjoining the Bhutan frontier, how- 
ever, where there is much dense jungle, the traverses had to be run close to- 
gether, and tlie work was very slow. T l ~ e  stations were only temporarily 
markcd by wooden posts in the jungle and wooden pegs in tlie open cultivated 
lands, three consccutive stations every two miles or so, being marked by galva- 
nised iron cylinders embedded in  the ground and a mound of earth raised over 
them. There were 415 cylinders embcdcled and 480 linear miles of travcrsing. 

The area surveyed i n  detail comprised very varied country, a wrrom strip 
of country a t  the foot of the IChiisi hills being flat and open, while the hills 
themselves were precipitous and densely moodcd in  placcs and open rolling 
downs in  others. 

The supplmcntary survey was mainly based on the traversing of the 
cadastral survey of 1892-96 ; but the dctails of the cadastral maps mere found 
to have altered so much o~ving to the length of time that has elapsed since 
thc cadastral survcy was carricd out, and to the fact that alu~ost tlle whole 
country is submerged annually during tlie rainy season, that the work pmcti- 
cally amounted to a new survcy. 

Cost-~.ates.-The cost-rates are all affected by the &fficultg experienced in 
obtaining labow for jungle clearing, and lor transport purposes in  the hills, 

where carts were impracticable and tlle wages paid vcry high. In  tile part of 
the Kh5si hills which was triangulated, villages were few and far between and , 
the communications very bad. , 

The cost-rate for triangulation and traversing is low tllis season for t,,2 
reason given above, that the travcrsing of the cadastrrtl suyvey was found 
sufficient very little fresh traversing was required in that area. T ~ ~ C  cost- , 
rate fa' original l-inch dctail survey is slightly higher than last s c a s ~ n ' ~ ,  n71,1ch 
considering the nature of the countiy and the lnl*ger outturn of this senson 
should not have been the oase ; but $he increaso must bc ascribed to tile causes 
etailcd above, to which tho failure to accou~plish tlle progmmme was duo. 
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The cost-rate for 2-inch original forest survey is considerably less than Iabt 
scnson's, but this vas  due to the easy nature of the small area surveyed on that  
scale this season. The cost-rate of the supplementary survey is somewhat lo\ver 
than that of last season, due also to the easier nature of the country. 

Recess w0l.k.- The mapping this season was almost completed wl~eil tile 
party took the field agnin and the follo~ving sheets were submitted to the circle 
office for completion and publication 78 ,, ,, ,,,,,: ,,,, iQrla,lo and 83 q . The 
triangulation chart of Sheet 83 D which was commenced the previous season 
was completed, and also the general report thereof, and both forwarded to the 
Trigonometrical Office. This is the last cliart that will be drawn by the party. 

Tlie boundaries of the varioub petty States in the Kh8si and Jaintia Hills 
are not defined, but at  the request of the Local Government, the names of the 
Statc.5 have been entered on the fair maps. 
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TABLE I. 

(c) 1ualudiu8 b. T. ~ r n ~ d r e o  B X ~ I I ~ L I .  

~:EE: 
of fixings 

per 
square 

mile. 

0.4 
41-6 
19.0(a) 

12'7 

22.0 

26.0 

24'8(c) 

11'4(a) 

13'0 

6 

l l ( c )  

13,0(a) 

2 5 

1kO 

7.0 

OUT-TURNS 

Farty. 

No. 1 
No. 2 
No. 4 

No. 6 

No. 6 

No. 7 

No. 8 

No. 9 

Xo. 10 

No. 11 

NO. 12 

No. 3 

No. 6 

No. 6 

No. 7 

No. 9 

No. 3 

No. 4 
No. 9 

No. 12 

No. 5 

No. 7 

No. 8 

No. 2 

No. 0 

OF DETAIL SURVEY. 

gcale. 

l-incb . 

I-iuch . 

I-inch . 
1-inch . 

It-inch . 

2.itlcl1 . 

OOT-TORN. 

~ ~ t ~ l  
square 
miles. 

9,614 
4.971 
4.933 

874 

5223 

434 

910 

2,176 

2.615 

8,229 

2,720 

6,965 

2,919 

770 

1,783 

Looality. 

Knshmir . . 
Pnnjnb . 
United Provinces 

Central Provin- 
ces and Central 
India. 

Bombny. Central 
Pro\'inces, Berrr 
and Hyderrbrd. 

Bombay, Madlaa, 
Mysore and 
Coorg. 

Mndrns . . 
Punjab . . 
Upper Bunna . 
Southern Shnn 

States and 
Karenni. 

Assnm . . 
Punjnb nnd 

United Provin- 
ces. 

Central Provinces 

Arersge 

pTey 
"':$' 
,qnare 
miles. 

( 5 ) .  

330 
60.5 
26-9(a) 

21.4 

21.2 

18'8 

1 4 2  

23'8 

26'7 

91'8 

216(a) 

30'l(a) 

128'3 

24.7 

38.2 

nnd Hvdcmbad. 
No. 8 ~llulrne.  . . Plr l  n:~t mclnsed. a r t  

j billy alcnsc fored. 
KO. 10 I Uppcr Durma . , I)c'II.*cIJ \ V O J ~ O ~  . 
NO. la Aasnm . . 1)cllse hilly forest . 

I .  
No. 3 : Pnn]%h . . ncl l~ i  city and ridge 

Class of Country. 

Hilly • . . 
Level plains . . 
Level plains and 

broken g o a n d .  
Open cultivated 

plains. 

Vnried . . . 
Part  open, part hilly 

and wooded. 

Par t  flat, enclosed, 
part hilly forest. 

Flat, open, part 
desert. 

Densely wooded and 
gene~ally hilly. 

Steep rocky hills, 
lightly wooded. 

Wooded hills . . 

Flat open country . 

I Cultivated lains and 

I 
2.it1rl1 . , I{?\ ision , 

CB]z:$[ 

- 

Survey . 

Revision . 

Re-surrt g 

Snpple. 
merit:-rv 
Survey. 

Survey . 

Survc). . 

2;207 , 23.8 11'J(o) 

546 

1,373 

i NU. 7 1 .lIadn~s, hlrroro Ilillg foket . . 
I i 

(0 )  luolutlsa nll killtlr of I.inoll morrcr. 
( " 1  Tl~n svc,my@ u~!ltnrn pvr month I n &  honu tnkcn assuuriug 24 nortiup dnrs par 

that Lllc ~liffcr~mt mrllon mnv bo c,)ulpnrml topother. 

S 

E 
E 

Cirolo. 

-- 

N 
N 
N 

S 

S 

S 

8 

K 

E 

E 

E 

N 

S 

S 

S 

N 

N 

N 
N 

E 

S 

S 

S 

N 

S 

and Centmd 1 worded h i e .  
Indin. 

29.0 

6G7(e) 

34 4 

79 

9lr) 

7!V8[rf 

17.7 
7.0 

666 i 13 6 
I 

81 : 6'8 

1,026 / 17.2 
I 

97 i 6 7 

296 7.7 
! * 

18:) 9 6 
PO 6.5 

06 1 21.1 

Bombny, Ber&r 
ond Hyderrbid. 

Nadrns, nlysore 
and Coorg. 

Punjab . , 

Funjab nnd 

month. Thir h u  born dona n, 

666 

Varied . . . 

Bold forest-clad hilla 

... 
Flat open country . 

dti.1 

United Provin- , 
CvB. 

United Prc~vil~ces 
I . . . 

Punjnb . , Flat, open, part 
, desert. 

Assam . . Open pinins . . 
I 

Centnl P ~ o v i n r n  Cultirnted ylnins end 
11nd C e ~ ~ t n l  aoodcd 11111s. 
lntlin. 

hlndrna. llysore Flat open with tidnl 
aud Coorg.. rrrckr. 

hJndrns . . Flnt enclosed . 
Puujnb . . Hilly with deep I Ylll-10es. 
Bombay, l Io16r  1)cusc scrub-junglo . 
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DETAILS OF, TRIANGULATION AND TRAVERSINQ. 



TABLE 111. 

COST-RATES OF SURVEY 

Class of coantry. 

. . . .  Hilly 

. . .  Level plains 

Flat and open 

Level plains and broken 
ground. 

Cultivatedplaine and wood. 
ed hi!ls. 

Plains and s c r d  jungle . 
. . .  Varione 

Flat onrlosed and dense 
forest. 

Flat, open end partly desert 

. Partly 5 t .  partly hills 

. .  Steep, rocky hills 

Plaina and partly forest- 
clad hille. 

Circle. 

p 
N 

N 

N 

9 

s 
6 

S 

W 

E 

E 

E 

P-. 

-- 

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No. 6 

No. 7 

No. 8 

No. 9 

No. 10 

No. 11 

No. 12 

COST-RATES, 

DETAIL SUBV-ET PEE 80UAPO XILE. 

J 
g, 5 

5 . f  ~ 8 . 5 ;  
.g $! .- 7 

m ~4 2 

B s r ~ a x s .  Locality. 

. .  Kasbmir 

. .  Punjab 

Punjab and United 
Provinces. . United Provinces 

Central Provinces 
and Central India. 

Bombay, Berm and 
Hyder ibd .  

Madras. Mysore and 
Coorg. 

Madras . 
Punjab . 

. Upper B u r p s  

Southern Shan 
Etates., 

Amam . .  

RUPEES. 

TRIANOULA- 
T l O N  P E K  

BQUABE bll1.E. 

DIinorand 
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(6) Cost- ra te for  work. 
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S u l ~ e y  of Den 
 mail K h a .  
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( f ) Cost-rste for all 
kinds of 1" 

(9) Excludin Rs 113,901 
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on reconn&mnos 
and 10c.l snrreyr. 
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PART 11.-GEODETIC SURVEY. 

li ST11ONOMICAL LATITUDES. - NO. 13 PARTY. 

(Vide Index map 10). 

BY IJIEUTENANT-COLONEL G .  P. LBROX-CONYNGHAY, R.E. 

Thc programme of observations for the season 1910-11 consisted of 
two separate parts. The first part includ- 

PERSONNEL. 
InhperioZ OEcer. ed the observation of six astronomical 

Nnjol. H. L. Crosth~vait, RE., in charge. latitudes i n  Sind and Baluchistin, and 
the second part consisted of the addition of four latitudes i n  the Siw~liks ; it 
had been intended to include two more stations in  the latter region, but the 
abnormally met and cloudy weather of March 1911, and the fact that the 
officer in charge had to go to Simla a t  the beginning of April to take over the 
Simla Drawing Office prevented the completion of the original plan. 

2. Major H. L. Crosthmait, R.E., held charge of the Party tllroughout 
the year and made all the astronomical observations. During the recess season, 
though Major Crosthmait continued to be i n  nominal cha~ge,  the work of the 
party was supervised by Lieutenant-Colonel G. P. Lenos-Cony ngham, R.E. 

3. The instrument used was the zenith telescope by Messrs. Troughton 
and Simms, which has been in regular use as the chief latitude instrumen: of 
the department since 1880. 

4. The constants of the instrument and ~ e s u l t s  of the opevntions.-The 
levels mounted on the zenith telescope were Nos. 9 and 10 by Bolmes. 

Determinations of their scale values were made on the bubble tester both 
before and after the field observations. 

The results mere not very satisfactory, as there is a good deal of difference 
between the values obtained before the field work and those obtained after it. 

As there mas no means of saying which of the two values was the more 
trustworthy, the mean has been used for the reduction of the observations. 

The values obtained were- 

Tllcrc is clearly an ur~ccrtainty of a t  l c a t  2 per ccnt. in the level correc- 
tions dcduccd from these mean values ; but as thc mcan magnitude of the 
lcvcl colmrcction is lcss than 1 inch, and as  there is no tcndency for it to bc 
of pwsihtcnt ~ i g n ,  tllc crror in  thc final latitudes due to this uncertainty is pro- 
bably cxtrcmcly m mall. 

Mean value of 1 divieion before field work , 

,, ,, ,, ,, after ,, ,, 

Mean oscd in reduction . 

Level No. 9. 

Of'.935 

0 ~ ~ 9 1 6  

ON.!)35 

Level No. 10. 

0".820 

0".805 

OU,817 
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5. The micrometer vdue was determined by means of measurement of 
the tlifferences between the declinations of well known couples of stars. Yome- 

times these observations were fitted in  among the latitude observations, and 
sometimes a special night, or more than one, was devoted to the business. 

The results obtained were as follows :- 

Value of 1 revolution of micrometer at Quetta . . . 69"'177 
81 3 ,  Mach . 69".1,90 

, I  

$ 9  Dasti . 69".176 9, ,I  

)I  ) I  Dumb . . . 69".177 , 
J, # I  Sultiu ka Got . . 69''.1DE ,, 

GENI a,iL MEAN . 80".181 

No observations mere made a t  the other stations. Tliese results are very 

satisfactory, and give great confidence in  the t luth of the value obtained : 
nevertheless in  order to test i t  still further, abstracts were prepared of the 
observed latitudes according as positive or negative micrometer corrections 
entered into their formation, in  order to see whether there was any sign of a 
systematic difference. 

The results are shown in the following table :- 

The mean of the dcduced apparent errors a t  the six Baluchist%n and Sind 
stations is + O"'003. ' 

This quantity hardly excecds the probable error of thc adopted -an value 
and our co~lfidence in the latter is therefore increased. 9 

The mean apparcnt error deduced from the obscrl-ntions a t  the Simclik 
stations is +OV'009 : this qunatity, thoug1;ll larger t l ln~l that dcrivcd froln tlre 
Sind stations, is still not escessive ; and any ill effects will be easily cancelled 
by procl~~ciug a balance betmcc,n the positive and llegative microllleter corrcc- 

- tions before taking a final mean. . 

STATION. 

Quettn , . . 
Khojak , . . 
nfnch. . . . 
Danti . . . . 
Dumb . . . 
Sultan kn Got . . 
Shorpur . . . 
Bulla\~alln . . . 
Locbkua . . . 
Hntni . . . 

Mean 
oolatitnde 

from observa- 
tions giving 

negative mioro- 
meter oorreotiooa 

-02. 

3.66 

39.47 

39.28 

32.32 

41.61 

61'94 

8434 

37.41 

6448 

27.49 

Menn I 
value 

mean 
neptive miorcr 

meter eorreotion 
-Ml. 

20i8 

2634 

1770 

2223 

1939 

2649 

2174 

1830 

1711 

2749 

colatitlide 
from obaervationa 

giving positive 
micrometer 
aorrections 

-CI. 

400  

39.40 

39.50 

32'50 

41.80 

51.94 

44'67 

37.83 

66.65 

28 28 

Appwent error 
of vnlne 
revolotion 

micrometer 
== CI-C? 

100 (MI + MI) 

I 

+0,0085 

4 0 0 1 6  

+ 0.0065 

+OM27 

$0'0042 

& 0 

$00079 

+09089 

+00097 

+00168 

Valne of 

oorreo. 
ti on-^,, 

PP 

1908 

2 2 6  

221 1 

2606 

2534 

2106 

1980 

2893 

2898 

'1237 
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6. The results of the season's operations are as follows :- 

A ncgativa value of (A-Q) denote0 a nortl~erly attmction of the plumb line. 

The topography of the stcctiom- 
(i) Kl~ojak is on one of the peaks of the Khwtija Am&n range which 

runs from N.N.E. to S.S.W. i n  a n  almost draight line. 
The distribution of the mountain masses within a radius of 
60 miles is such as to lead one to expect no marked deflec- 
tion of the plumb line. 

STATION. 

(i) Khojak . 

(ii) Quetta . 
(iii) Mach . . 
( i v )  Dssti . . 

(v)  Dumb . . 
(pi) Sultin kaGot 

(vii) Lachkua . 

(riii) Hatni . . 
( is)  Bullawalle . 

(I) Shorpur . 

( i i )  Queltcc-Here again there is an  apparent balance of masses to the 
north and south, and no cause lor a deflection of the plumb 
line can be found. 

( i i i )  Mach is situatedion the Bohn valley about half way down from the 
point mhere the descent from the Dasht begins. Therc is a 
notable excess of mountain masses to the north of this station. 
To the south-east, the hills fade away into the plains, the foot 
being about 20 miles distant to the south, and the hills are 
much less lofty than to the north. A northerly attraction is 
therefore to be expected at  this station. 

( i u )  Dagti is in  tho plains ; the nearest hills are about 26 miles distant 
in a north-west direction. To the north tho foot of the hills is 
about 40 milca distant. If we consider a belt lying betmeon 
circlos of 40 and 80 miles radius respectively, me may estimato 
that the portion of i t  from west to north-enst (clockmise) is 
occupicd I)y hills, the average height of wbich is 6,000 fcot 
grcatcr than that ol the land occupyillg the remaining 

Scoonda of 
Lntitude 

end probable error 
= A. 

20.81 &0.061 

55.91 *0,098 

20'46 &@058 

27'61 f 0,068 

18.30 &C'048 

8-05 k0.025 

5.34 &@050 

31'93 &@096 

22.82 *@058 

18.30 *0073 

1-0. 

% 

- 4.64 
- 1.46 

- 11'06 
- 233 

- 2.19 

- 1.96 

-2890 

-29.59 

-28'97 

-29.13 

Height 
/ongitude. 1 mbovd 1codetio Latitude 

M. S. L. = Q. 

0 1 

66 37 

67 3 

67 21 

67 66 

68 17 

69 39 

78 2 

77 59 

77 59 

77 58 

Six Heluchist~n Stntions. 

feet 

7861 

5500 

3522 

316 

183 

213 

e , ,, 

90 51 24.85 

11 57.37 

29 62 31.51 

0 29.93 

28 15 21.09 

4 9.41 

Four Siwilik Stations. 

2674 

3096 

2432 

2916 

30 4 34.24 

13 1.52 

6 51.29 

~ 13 44-63 
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five-eighths. The attraction in the plane of the meridian will 
then be- 

0".000742 x 6000 x 1.766=6"*6 * 
This may be taken to be a rough approximation to the effect of the 

visible masses within a radius of 80 miles of the station. I f  

the investigation were extended, a larger attraction to the 
north mould undoubtedly be indicated, for the country to the 
north is all elevated while that to the south is lom-lying. 

. (a)  Dumb is in  the plains a few miles to the west of Jacobabad ; the 
nearest hills lie about 30 miles to the north-east and 60 miles 
to the west, indi~at~ing that a northerly attraction might be 
expected. 

(vi)  Sult~%~ ka Got is similar to Dumb, but the hills are now more 
remote. 

(oii) Of the four Siwilik stations, Lachkua, Hatni, and Bullawalla are 
on the southern slopes of the Siwalik range (that is on the side 
remote from D e h a  Diin and the Himdaya),  while Shorpur 
is on the main ridge of the range close to the Mohan Pass by 
which the Sahiranpur road enters the Diin. 

7. The deJEections of the plumb line.-The deflections found at the stations 
i n  Baluchistan and Sind are remarkable in the first place for their smallness.t 
The hills of Baluchistdn and Afghanistan, though they do not rival the Hima- 
laya in  height, are nevertheless a mighty mass, and i n  one respect have an 
advantage over the Eastern ranges as a source of attraction on the plumb line. 
The Himalaya are annually subjected to an  extremely heavy rainfall, and in  
consequence great and numerous rivers have cut deep valleys for themselves, 
and left but a remnant of what the mass would have been but for the action 
of denudation and erosion. I t  is only beyond the great wall of the main 
Himilayan range, which h a l l y  exhausts the monsoon current of its moisture, 
that an  elevated plateau of any considerable extent is to be found ; the 
latitude stations of the submontane tracts and of the outer range are therefore 
within close touch of ridgcs only, not of high plateaus. 

I n  the arid regions of Sind ancl Ualuchistbn, however, the action of 
water has been much less, and within a distance ~o~respondillg only to that, 
for instance, of Simla from the plains, we come to wide expanses of elevated 

land, with p a k s  and ranges rising above them, but without cleep valleys. I n  
a computation of the effccts of visible lnasses by the zolle system i t  n-ould he 
found that the mcan height of the nearer, and therefore more important, zones 

Pido Profossionnl pnper No. 6, page 60. 

t I f ,  ns thero is rcnson to bolicve ( d o  Phil. Trnos. Sorios A, Vol. 205, pngo 313)  the pluub line ~ \ t  
Knlionpur, tho station of origin of tllc triangulation, is subjcct to R southc.ily dellcotion of about 6", thon 
all tho geodetic lntitudcs must be diminishcd by this qu:rntity, nod tllc \ - n l ~ ~ a ~  of (-4-G) 6ivr.u on p.~gr. (26) 
r i l l  become 

Khojnk . . . . . . . .  + 1.3f i .  
Qucttn . . . .  + 4.: L 

9 
III11ch . . . . . . . . . . .  - 6115 
1)nhti . . . . . . . . . . .  + 3 , G Y  
Dri~nb . $ 9.21 . . . . . . . . .  
S u l t ~ n  ICIL Qot . . . . . . . .  4. 414 

thnt in to  my, southerly doflrctiol~s will be in~licatcd nt nll the st;rlions rxcrpt Jf:~oh. Tlris emphmiscs the dis-  
cord botwoen Lhe obscrvcd rcsulk :\nd those whioh a cnlculotion of tho cfftwt~ of tho viaibld wnas,5s would 
lesd to. 

N 2  
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surroundiug the Baluchist5n stations, would not fall far short of that found at. 
sinlilar distances in the case of Himalayan stations. 

8. The uniformity of the deflections a t  the three southelmmost stations, 
Sultjn ko Got, Dumb and Dasti, seems to indicate that the mountains to the 
north exert no effective influence. Tlie form of these ranges however is not 
so simple as that of the Uim&laya ; the lobe of mountainous cour~try whicll 
has the appearance of having been squeezed tllrougll a n  aperture lying between 
Dera Ghazi Khan and Sibi, and the tongue of flat land which extends from tho 

of Sind up to the latter ])lace, are remltrliablc features, and may point to 
a more complicated substructure than the ditch and hiddcn chain, parallel to 
the mountain range, which the defleclions of the plumb line and the variations 
of ,gravity hal-e revealed in  the region that lies under the shadow of tlie 
Himilaya. 

9. I t  has been suggested with much plausibility that the whole of tlie 
mountains extending from Burma to Sistan are due to a surface flom or creep 
from the north-east which has encountered an obstacle in  the continent of 
India. This obstacle has arrested the flow all along the line of the Himilayas 
from Sadiyi to Peshiiwar, but there came to a n  end, so that the flom proceeded 
all along the Indus Valley forming the Sulaiman ~Monntains, the lobe alluded to 
above, and the ranges of Sistin and M a k r ~ n .  It seems clear that a projection 
oE the obstacle runs up to Sibi and that the mountain tide has flowed round it 
on two sides. What is the nature of the obstacle ? If a t  the foot oC the ranges 
there was a mass of archiean rocks, it might be readily conceded thal i t  would 
offer the opposition postul;~ted, but instead of a mass of ancient rock, there are 
vide plains of alluvial deposits the depth of which is known to be very great, 
perhaps as great as the height of the highest peaks that stand above them. 

If the theory of the flow from north-east is correct, i t  seems clear that re- 
sistance must have been encountered a t  a great depth, and that the action may 
resemble that which causes breakers to rise, curl over and fall on the sea-shore 
We do not, it is true, see the mountains taking the precise form of curling 
waves, but it must be recollected that the movements in the case of mountains 
are extremely slow, and that the uplifted mass is at  all times suffering denu- 
dation by the action of rain, frost and wind, so that the softer portions, a t  any 
rate, are cut away almost as fast as they are raised. 

10. The tongue of land that runs up from Sirikirpur to Sibi and the 
line of the Indus are regions which deserve careful study. A t  Jacobibid, the 
pendulums shewed an excess of density, a t  Sibi a defect. More pendulum 
stations are required, or it is possible that the investigation could be more satis- 
factorily made by means of Baron Eotvos's gravity balance, if me were equipped 
with one. I n  comparison with the sub-Him&layan tracts this region is a1 
provided with stations of triangulation a t  which latitude observations rnight be 
made with advantage, but if a good portable pendulum room could be devised 
lliere is no reason why a number of gravity determinations should not be made. 
Up  the Inrlus Valley, the north and south lie of the mountain ranges deprives 
-r,.casurements of the dcflection of the plumb-line in the lneridian of their 
value, but herc again the pendulum mould yield useful information. 

11. The results of the observations in  the Similiks are remarkable for 
thcir uniformity. It  does not Eeem to make any difference whether the station 
is on the southern slope, on the crest, or on the northern slope of this range. 
the deflection appears to be always about the same. The mavs of the Biwjliks 
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is, homcver, small, and analysis may show that the observed deflections are 
s:rt,isfbctorily accounted for by known causes ; the greater distance of the 
stations on the southern Siwslik slope from the Hirnjlaya, and the greater 
l~roximity to the hidden chain, being sufficient cause for the slightly smaller 
~~orther ly  attractions of the plumb-line found there. I t  is doubtful whethcr 
we possess sufficiently detailed maps of the Sin,iliks to permit of a n  analyeis 
of such refinement as to explain differences of fractions of a seoond, but it 
will be possible a t  any rate to indicate limits within which the effects of the 
visible.masses must lie, and to say, therefore, whether any special and invisible 
cause nlust be postulated to account for the observed phenomena. 

No. 14 PllRTY. 

( Tide Index map 10). 

During the season 1910-11 pendulum observations were made in Burma, 
PEBSONNRL. where gravity was determined a t  eleven 

I ~ ~ r p e r i a t  Ogicers. stations fairly evenly distributed between 
C;lpIni~l H .  M. Cowir. 11.E.. in cliargc u p  to 

Z ~ C I  hlug 1911. Mogok in the north and Bassein and 
3lnjor E. A .  Tandy, R.E., iu  chnrge from I G ~ ~ ~ ~ ~ ~  in the south, Brd Mny 1911. 
Captnin H. J .  IVoualiman, R.E., attaahed from The whole of the field work was done by 

26th Sept~mbcr 1911. 
P,s,ri,rrial Oficer .  Captain B. M. Cowie, R.E., assisted by 

Mr. >I;lnnrnan Pmsod. Mr. Hanuman Prasad who took the time 
observations, and also did the pendulum computations during recess. 

The following table gives the position and height of the stations visited :- 

TABLE I. 

Station. I Lntit ude. I Longitude. I above 
mean sea level. 

5. Toungoo . . 13 55 50 

6. Pyinmsu2 . . . . I  19 44 26 

7 .  Meilitila . . . ZO 5 1  %6 

96 27 3 169 

9 6 1 1 5 0  409 

96 51 58 , 799 

\ blandslay . . . . '  21 59 14 

DRIaymyo  . . . . I  i t  I I 3  
I 

10. Rlogok . . . . . I  22 54 6 1  

96 6 29 244 " 

96 29 14 9,495 

96 28 61 9,686 
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pucm buildings were provided at all stations, and conditions for controlbof 
temperature, etc., were quite satisfaotory, with the following exceptions :- 

At Bass& and Toungoo the floors were bad, and the rooms rather un&. 
able and in bad repair, so that temperatwo control was very difficult ; at 

Prome Meiktila t.he temperature control also presented some clifficultie8 
on account of insufficient protection from the sun. 

The average temperatures and their hourly variations ere given in the 
following bble :- 

TABLE 11. 

STATIONE. 

Dehra Dim, October 1910 . . 
Rangoon , . . 

Prome . . . . 

Henzada . . . 

Bassein . , . 

Toungoo . . . , a 

Pyinmani . . 

Meilitila . . - 
Mandalay . . . 
Msymyo . . 
Mogok . 

Myingyan . . . 

Dehra Diin, April 1911 . 
< 

U .C 

NIGHT. 

Average 
t e l l l ~ e r a -  

tu10. 

O C  
24.00 

85.96 

26'36 

26.23 

24'74 

23.11 

241.56 

24.92 

22,Gl 

13-52 

16.85 

30.44 

26'37 

DAY. 

Average 

turo. 

------ 

O C  
2 3 4 5  

25.35 

23'06 

2 4 3 3  

22-95 

20.34 

29.05 

21.39 

22.61 

13.03 

15.91, 

30-65 

26.00 

~~~~l~ 

O C  
+0.07 

+0'03 

+Oe01 

+0 ,01  

-0'10 

-0.12 

+0.04 

-0'13 

+Oe08 

+O,Ob 

-0.17 

+Oa12 

+0'08 

liourly 
ch;lnge. 

O C  
+0.14  

+OS09 

+Oa2O 

+0.03 

+0.20 

+Oa60 

+O-16 

+0.4.1 

+0.06 

+0.27 

+ 0.08 

.+0.15 

NBAN. 

Avrrnge 
 temper.^. 

ture. 

O C  
23.73 

25.65 

26'71 

'25.28 

23.59 

21.73 

23.80 

23.16 

22.56 

13.28 

16-40 

30.54 

Pfl'19 

Hourly 
ohmge. 

O C  
+ O n l l  

$0'06 

+0'10 

$0.02 

$0.05 

$0'24 

$0-10 

S0.14 

+0.07 

$0'16 

+ 0.10 

+0,12 
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' 0,bservations for flextire were made a t  the commencement and close 
of work a t  each station. The following table gives the obrrerved flexure 
oori~ections and tho mean adopted for each station. The amounts range from 
33'.6 x lo-' to 5'2.3 x lo-'. 

TABLE 111. 

STATION. 

Dchra DGn . . 

Elangoon . . . 

Prome , . . 

Henzada . . 

Bassein . . . 

Toungoo . . , 

Pyinman& . . 

Meiktila . . . 

Mandalay . , 

Mayrnyo . . . 

Mogok . . . 

Myingynn , . 

Del~ra Dtn  . . 

Obscrved flexurn 
correctitm. 

Sec. 
3 7 . 7 ~  10-1 

37.4 

63.1 

61'4 

41.5 

40'5 

3 8 3  

37.6 

60.6 

49'4 

42'7 

42.9 

34.7 

33.5 

34.9 

35.1 

3S.3 

36.8 

34.9 

33.9 

42.2 

41-7 

33.6 

33.5 

35.9 

36'3 

Date. 

17th October 1910 . . 
93rd ,, ,, . 
18th November 1910 . . 
23rd ,, II . . 
28th ,, 11 . 
3rd December ,, . , 

10th ,, 81 . . 
14th ,, 11 • . 
17th ,, I, . 
21st ,, ,, . . 
Znd January 1911 . 
7th ,J JJ ' . 

14th ,, IJ . . 

18th ,, ,, . . 
2Erd ,, II . 
27th ,, ,I . . 
2nd February 1911 . . 
6th ,, . . 

11th ,, ,, a . 
14th ,, II  . . 
1st Marah ,, . . 
5th ,, ,, . . 

19th ,, ) I  . 
23I-a I,  JI . 
16th April ,, , . 
22nd ,, ,, . . 

Adopted flernre 
correotion. 

Sec. 

87.6 x lo-' 

62.3 

41.0 

37.9 

60'0 

42.8 

34-1 

36'0 

3 4 5  

34.4 

42.0 

33'6 

36.1 
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2. Talllo I V  shorn-s the t i n a e ~  of vibratiot8 of the four pendulums a t  Debra 
Dfin in October and April. 

TABLE IV.  

I n  the Narrative Report for 1908-09 a diagram was given showing the 
variations in the time of vibration of each pendulum, as observed a t  Dehra 
Dan at the commencement and close of each field season, from the time of the 
first observations in January 1904. 

These curves have been carried on to date, and i t  is interesting to note 
that, whereas the mean pendulum showed a change which would correspond 
wit,h a decrease in gravity a t  Dehra DGn of nearly -02 dynes between January 
1904 and November 1909, since the latter date there has been a steady rise 
amounting to '01 dyne up to April 1911. While individual pendulums have 
their own fluctuations from the mean of the four, it is rather remarkal~le that 
in every one of them the curve is a t  its highest in January 1904 and at its 
]o\\rest in  November 1909, v i t h  a distinct rise since ; even the ]cast conformable 
pendulum, NO. 140, falls .01 dynes between January 1904 and R'overl~ber 1909 
and has rism -006 dynes since the latter date. 

Gravity units have been used in the above discussion, not in order to sug- 
gest that changes in the force oC gravity a t  Dehra D i ~ n  are the true cause of 
those fluctuations, but to show thc kind of significance they bear in relation to 
our general results. 

I n  the present state of knowledge on the subject these variations are treated 
as being due to changes in length of the pendulums-(a change of lcngldl of ,,:m 

Date. 

1910. 

Ort. 17-18 

1Y-19 

19-20 

21-22 

Means . 

1911. 

Apl. 17-18 

18-19 

19-20 

20-21 

. 

130 1 110 hlran. 137 

08.5072582 

2562 

2568 

2579 

O"5072673 

08.6072567 

2657 

2574 

2545 

I 
Ob5O72661 

09~5071601 

1572 

1586 

1590 

O"6071597 

08'5071608 

1696 

1630 

1601 

Ob5O71606 

O"5071597 

+I9 

133 

---- 

Ob6074973 

4977 

4959 

4976 

O0'6074Y71 

08.5074994 

4976 

6007 

4,988 

0°%074991 

Ob5074981 

+ 20 

O'r1070872 

0865 

0860 

0874 

O"5070868 

On'6070872 

0867 

0884 

0867 

0°~5070873 

08.5070870 

St 

General means adopted 
for season. 

O"5072504 

' 2494 

2499 

%LO1 

O"5072500 

09.5072510 

2499 

2521 

2500 

Oq.5O72508 

OY.507?504 

+ 8 

08.5072567 

Differences, April-Oct. 1 -12 
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May 06 

Novr. 06 

May 07 

Novr. 07 

Novr. Od 

May 09 

Now. 09 

Mny d l 0  

Nnvr .  10 

April 1 1  



of-an inch in the mean pendulum ~vonld cause a difference of -01 dynes in  the 
result') ; and the gravity observed a t  all other stations is deduced on the assnmp- 
tion that gravity a t  Dehra Dun is invariable, and that the fluctuations found 
there are due to instrumental changes which must be allowed for each season. 

When however all the pendulums begin to sholv an  accordance snmewhat 
greater than one would expect from such obscnre individual causes of fluctua- 
tion, i t  becomes desirable to consider the possibility of their all being similarly 
affected by some other exterior cause. 

T4e above noted accordance seems sufficiently remarkable to deserve 
watching. The question has been referred to Captain H. M. Cowie, R.E., 
who has done all the observations of the last three years ; but he was only able 
to say that he knew of no change in procedure, or in dealing with temperature 
or other conditions, ~vhich could account for the curve reaching a minimum in 
November 1909 or indeed for any change whatever during the whole period of 
his work ; and that in such foreign records as he had seen, no further grounds 
had been suggesbed for such changes. A diagram showing the curves of the 
mean pendulum and the separate pendulums up to date is attached. 

3. I n  Table V are shown the values of " g " deduced for all stations, 
taking that a t  Dehra Dim as 979.063 dynes, together with the observed times 
of vibration of the mean pendulum from which these values are deduced. 

Dehra Dan . 0.5072504 1 ... 1 979.063 

TABLE I-. 

I 
Stnt~on. i Time of 

Viblntion. 

- 

1 See. 

I 
Henzada . . , 0.5071013 1 0.0001509 / 915.451 

Rangoon . , a  ' 05071015 
' I  

Prome . . . . . 0.5073S50 

Bsssein . . . . . . 0'5O74021 I 0.0001523 1 9 i S l 7 5  

DiRurc~~re from 
D c l ~ ~ a  Lli~n. 

Sec. 

Toungoo . . . . 0'5073S!l 1 0.000130S / 0iS.555 

Obaerved 
value of g. 

Dynes. 

0'0001544 

0.0001346 

Mogok . 

975.467 

9i8.543 

I I .  - 
Thcsc rcsnlts nrc saurmnrisccl in Table 1-1, nntl compnred wit11 tlrc, tbcwrct- 

icnl force of gravity at thc various stations ill tho u s ~ ~ n l  maul~cr ; tllc mcthod 
l~uing as follows :- 

Tlrr obuo~.vcd vnluc " g " is corrcctc3d first For hc i~ l l t  to rctlucc it to sc3 

lcl-cl ; then lor " ~nnss," \vllicl~ conhists of snbtmcting fro111 it tllc clTcc( O F  t l ~ .  
I:r!.cr ol earth betacen tho stntion onil sea-lcvcl, nss~uling that 1:lj.m to ccmsi.;b 

Y 
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of an indefinite table-land of normal density equal in  height to the statioo ; 
finally this correction for mass is modified by a correction for " termin " ,,v~,-J, 
auows for actual irregularities of tho ground within 36 miles of the station, 
which of course is usually not a level table-land. 

We t,hus get a value go" which shows what we may suppose the observed 
value nrould have been if taken in an open plain a t  sea-level ; this is then m. 
pared with yo, which is the theoretical value of gravity a t  sea-level as compum 
for the latitude of the station. 

The differences go"--yo shown in the last column, give the d i f f e r e ~ ~  
between theory and obsei~ation which we have to consider. 



VOL. 11.1 GEODETIC SURVEY. 25 

w' 
3 

la 
m 
f 
E 

, ; 
*I 
& 

i 
di 

. ; 

+ + + I ? " ,  

h 

S b  0 + + + + + + + + + + +  

% d S A . % S Z ! Z Z 4 6 8  
z z  2 z z g 9  g z +  
1 3 %  h h h 

$ g m m m s E s b ; b , ,  

a " ' ? " g g p $ s 2 " "  
% ~ ~ g s s s - h A E  m m m m  

J e m m m m e t ~ m m  2 ~ ~ d m m ~ m d m m d  - d l b m q z m  wa 

e .u 
42 

'4 
S 

"3 

u .- * 
cl 

2 .- * 
t; 

i ~ s z ~ s g a a z z a  
a 7 -' ? " ; p d D  2 z s ,- & g g g s g g s s , , ,  

-- 

: 03 S S " " S % " , I , P E , O  
- O m h d h H d W m m m  

r l D U e m - m  D U S V m  

o ( D I ~ - ~ ~ c o " ~ ( D ~ . o ~ J  m ~ m r n m m m a ~ m m  

: L.3 0 h - m e - - % S % G W Z E  
- h * 8 8 % S 3 Z l  - I - m  10 N 

O ( D  m h - - A , Z Z ~ S R K ; ~ : Z  
- 

. . . . 
- .  . . . . 
. . . . . . .  
. . . . . . .  . . . I 

. . . .  . . 

h 

-- 
I .,. 
Y d 
P E P  

v 

." g Li 
Y u s  P 0 .  

r -  E ia s 
8 

1: 2 

g ~ g g g m g ~ ~ g ~ g  
$ 2  e g g z g g g g g g  + + + + + + + + + + +  

a 
$ % Z m m m  m h m , l ; P , $ 1 8  



36 RECORDS OF THE SURVEY OF INCIA, 1910.11. [VOL. 11. 

The practice of previous seasons, which accords with that of other couh. 
tries, has been followed in  this matter ; but, now that we are beginnin'g to 
compare our results with various theories on the subject, it would perhaps make 
things aln-ays to leave our observed result, g, alone, and to apply our 
various theoretical corrections to our theoretical yo, distinguishing the gammas 
resultilyg from different theories by suitable suffixes, and then comparing them 
wit11 the obserrecl g. 

I n  auy broad comparison of different hypotheses this would appear to be 
the most straightforward plan, but of course the figures resulting fron the 
comparisons will be the same in  either case, and the objections to a break in 
the continuity of procedure have to be considered. 

Uudcr the present system i t  is hard to say what go" really is, as it consiits 
of an observed quantity modified by theoretical corrections. 

4. The time observations, by Mr. Hanuman Prasad, mere mado with the bent 
tra,llsit instrument by 31essrs. Troughton and Simms ; the probable error of the 
clock rate deter~nined from observations on two successive nights was f W.012, 
the mean of the probable errors by single stars observed on two successive 
nights being f W.048. 

5. The chief theoretical enquiry before the party lay in  a consideration of 
how our pend~dum results mould fit i n  with the isostatic theories put forward 
by Mr. Hayford after a comprehensive analysis of the results of the U. 8. 
Coast and Geodetic Survey. 

A preliminary study made i t  clear that the effect on gravity stations in 
India must be computed for the whole surface of the earth, as indicated bg 
Mr. Hayford, before the results of his hypothesis could be adequately dealt with. 

This mork was therefore done, using the zones, compartments and method 
devised by Mr. Hayford for his own work. 

The principle of interpolation was very freely used, and as a result three 
maps of India have been prepared, cach showing by contours the resultant 
effccts of certain zones on any required point. 

Sinall scale orographical maps i n  the Harmsworth Atlas were used 
for the outer zones 1-6, i.e., from the Antipodes to 27" from the station. 
For the remaining zones Captain Cowie's Bathy-orographicd Charts of Asia 
and the Indian Ocean werc used up to zone 11 inclusive, bringing the work 
up to a distance of 400 miles from the station. 

Iudependent estimations of the masses made by Lieutenant-Colonel Lonox- 
Cony~gham and Captain Couchman shewed that the original estimation for 
each point in each map mas probably correct within -0001 dynes ; and suffi- 
cient points were employed in  each case to keep the errors arising from interpola- 
tion within about .0003 dynes. It is therefore estimated that the total resultant 
effect of these 11 zones as estimated from the three maps will generally be 
correct within .001  dyne^, and even in extreme cascs the error could hardly 
ppprolch '002 *nos. The accuracy of results is tllererore quite op to require- 
monts ; and, considering our ignorance of the mean heigllts to  ollr north 2nd 
the meall dcplll to our south, thc methods employed are dislinctly mnro tl'mt. 
worthy than the data on wllich they arc based. 

It i~ not proposcrl to carry this gcncral mork for all India beyond zone 111 
nq the rcrllainirlg zones within 400 milts can be morc conveniently dcalt lvitll 
illdividmlly lor any rcquircd atation, using largcr m;lps, 
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!t will now be a comparatively slight labour to get out complete Bayford 
corrections for a.ny required station. 

Captain Cowie computed out "Hayford" corrections for the ground 
within 100 miles of each of 42 pendulum stations last recess, and made some 
examinabion of the results on the assumption that, as all the stations lay within 
latitudes of 20" and 30°, the effect of the outer zones would everywhere be 
minus in sign and would not vary very greatly in amount. The first assump- 
tion is correct, but a very rough attempt, in the case of 4 selected stations, to 
fill up-the gap between the first 11 zones, computed this season, and 100 miles 
computed by Captain Cowie, seems to indicate that these outer corrections will 
amount to from -'010 to -*050 dynes. 

Until these quantities are exactly worked out any discussion would be 
premature ; but it seems probable that the general result for most parts of India, 
taking observed gravity minus gravity computed on Hayford's hypothesis, may 
be something like +.050 ; though in troughs of defective gravity such as at the 
foot of the Himiilayas, the two quantities may agree pretty well. 

This statement does not include the southern parts of the Peninsula, which 
have not yet been considered. 

I n  connection with this rough estimate of +*050, i t  is interesting to note 
that this is exactly the mean residual obtained by Mr. Hayford in applying hie 
hypothesis to 16 stations scattered over various parts of the earth, as given in 
his preliminary pamphlet on this subject. 
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PART Ill. -TRIANGULATION. 

NO. 1.5 PARTY. 

( l i ' de  Index m a p  9 and 10). 

BY Maron H. 11. l ' u o ~ s n ,  R.E. 

The work of tliis party has for solnu years bccn on the increase. I n  1901 

PEPGONSBL. 
the party consistecl of pcrsonnel for em. 
ployment on one principal series. In tlie 

I~nj~e~nio 1 0Qiee1.a. season under review, three detachments 
hlajcr 11. H. Turner, R.E. ,  in cllarge. have becn employed on principal, three 
Lieotennnt E. R. Cardew, B.N. 
Lieutenant F. J. 31. Kinz, R.E. on secondary triang~dation and three more 
L~eutenndt M G. Bell, U.E. on q ~ e d a l  work, consisting of thc revision 
Lieutennl~t I< Nuson, R E , attzchud up LO 

3 1 ~ t  M ~ I C ~  1911. of heiqlitv on the great arc series, the 
selcctlon of sites for base lines, and miuor 

Pro~ i~ lc in l  Of leers .  triangulation worlr i n  Kashmir to deter. 
Mr. H B S ~ ~ n o n - ,  up to 3 1 ~ t  Nay 1911. 
111, C H TreaLrrlo. mine definitely the  position and height 
BI . ~ b d d  Hai. of the peak Tersm Kangri. The minor 
Nr.  V. D. B. Collins. 
Jlr. F. \V. Smith. 
M r .  V. P .  Wainrigllt. 
Mr. G. A. Sormao. 
Mr. B T. Wyatt. 
hlr. C .  S. 3IcInnes. 
Mr. Abclul Karim. 
IIr. K. S. Go~alachori. 

triangulation for topographical purposes 
i n  Kaslimir mas also includccl in this 
year's party programme, but the detach- 
ment currvinz out this work mas trans- " - 
ferred on the 1st April 1911. 

I n  order that the work oE the party 
may be properly controllecl, the officer 

in  charge now rcmains permanently a t  head-quarters instead of as formerly 
taking charge of one OF tlie detachments. 

The secondary triangulation mas in i t i~ ted  in 1903. Tlie object aimed at 
wag to give more frequent chccks to the minor triangulation than mere 
afforded by thc principal work, and to providc secondary permanent marks, 
which will be available in future years for resurveys OF the country. Present 
b y  experience has shown that it is essential that other marks in  addition to 
those of the principal triangulation shoulcl be permanently preserved. Dis- 
tricts which wero surveyed 60 ycars ago are nolv being resurveyed, and owing 
to all traccs of the old triaugulation marks having vanished, the areas have to 
be re-triangulated. Tho ideal systcm would be to run secondary series alon: 
parallels one degree apart, closing thcm on principal meridional scries two 
rlegrees apart. For the present it must howcver suace to run thesc longitudinfil 

I hccondary ,series according to tllc r c q ~ i r c r n ~ ~ ~ t ~  of the topogmphical worlc ; 
folnmencement is to be made during the coming season in  the Southcrn and 
xastcrn Circles by running sccoildary series along parallels 18", lgO, and 23'. 

The secondary stations havc been mado square in sectioll in  order to clis- 
' tin:uiqh t h u l  Emln principal stations, and tlley mill 1)e placed a t  distances fro1" 
10 to 20 mileg apart. 

When l)os~iI)l(' 0paq.e si:ual.ls will hc and iu order to facilitate 
"lc pole being maintain(:.l i a  n prpcn(licular a llolloa core, froin 41 t o  
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6.inches in diameter and 1 foot deep, will be loft in tlie centre of the pilbr in 
which tlre signal post wi!l be inserted and supported by wooden struts. There 
will be a markstone v-iLh tlie usual @ a t  the base of this core. Should i t  be 
necessary to use a, heliotrope or theodolite a t  any of these stations, i t  would be 
sufficiently accurate for topographical work to centre the heliotrope over the 
centre of the circle formed by thc top of the core. 

Of the three principal detachments one under Lieutenant Cardew contin- 
uccl the Upper Irrawaddy series in  Upper Burma ; the expectation of connect- 
ing tl~is series with the Mandalay meridional series this season has not been 
fudfillkd ; but all stations that arc likely to be utilized, have been built and 
provisionally fixed, and are available for use for topographical work. The 
actual connection must now be delayed until there is a prospect of the seties 
being extended to the north-west to form a junction in  Assaln with the Indian 
triangulation. As there are some very large triangular errors in  the two figures 
included between the sides Kumtung Bum-Longre Bum and Singleng Bum- 
Kauhto Bum, re-observations of these figures should if possible be undertaken. 
Five of the triangles have a n  error exceeding I", and in one case i t  is nearly 3" 
Tlie corrcspondence relating to the errors has been bound with the computa- 
tions of this season for easy reference, when the continuation of the series is 
undertaken. As the rays at the station Kauhto Bum are grazing ones, it will 
be advisable in a revision to reject this station and build a new one to the 
west of it. Some notes as to the proposed connection with the Mandalay series 
have also been bound with the computations of 1910-11. 

The second principal detachment under Lieutenant E ing  continued the 
Great Sal\reen series in  the Southern Shan States. As the work on this series 
lias been stopped for the coming season, it should be noted that the best way 
of reaching Keagtung is by rail to Hsipaw and thence by road using mule 
transport. 

The third principal detachment continued the new Kashmir series. 
Lieutenant Bell, who was in  charge, had instructions to complete the triangu- 
lation as far as Qilgit only. This entailed observations a t  foiw stations and, 
although their average height reaches close on 16,000 feet and he had to de- 
scend to 3,000 feet between his ascents, he accomplished the work in  a little 
under six weeks. On completion of the triangulation work, Messrs. Bell and 
Wainright were employed on reconnoitring to the north of Gilgit. 

Their reconnaissances were undertaken for the purpose of selecting a route 
to cany the principal ti~inng~dation up to the Pamirs and effect a junction with 
the Russian triangulation. 

The results of their work prove that the extension of the prinoipd work 
to the north mill be ilnpossiblo and that, if thc Russian connectiou is ulnde, i t  
will have to be by means of seoondary triangi~lntioll wrried up the Himztl, 
valley. 

Of tho secondary dctachineuts onc under Mr. Collins completed tl12 
Manllimai Scrim in thc Southcrn Sllan States. The other two ~ 8 r o  employed 
in  Aesam. Thc one to tlie wcst, under Mr. Smith, trinngnlntcd throngh ;he 
Giro Hills and the othcr to the cast, under Mr. Bbc11d Hrri, ostenclcd tlie Khfisi 
IIiUs series thouqh tho Ja in t i j  IIi11s. 

During thc surnlucr of 1911 Nessrs. Colli~ls and T y n t t  were ernldoyrd i l l  

locating thc position and Bxiug tbo height of the peak Teram Pangri  which 
was thou6.llt by Dr. Lo11ptaff to be nn csceptionnlly liigh poali. 
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A description of the detail work of each detachment is given below : - 

Abstl.act of work done. 

DETAILS OF PRINCIPAL TRIANGULATION. 
I.-Upper 11-razuuddy Series.-This detachment, under Lieuteuant Cardew, 

arrived in Myitkyine on the 30th October 1910. After a week's halt spent in 
making preparations Lieutcnant Cardew crossed to the east bank of the 
Irrawaddy and reached Matu Bum, his first station, on November 16th. 

A t  the second station Singleng Bum, some difficulty was experienced in 
building a station on this hill, as the highest point consisted of a large rock, on 
the top of which there was not ,qufficient room to pitch the observatory tent. 
Eventually, the station pillar was built on the highest point of the rock and a 
wooden platform was constructed round it. 

A t  the next station Marau Bum, the ray to Rauhto Bum was a grazing 
one. I n  order to improve i t  the signal Kauhto Bum was raised by erecting a 
wooden trestle 1 6  feet high and placing the lamp on the top of it. 

Burndaw Bum, the seventh station was reached on the 4th of March. 
This was to have formed the north-west corner of the figure by which a junc- 
tion was to be made with the Mandalay Meridional series. However, Mr. Abdul 
Karim on visiting Taungthonlon, one of the Mandalay series stations, 
found that pagodas had been erected to the north of thc station effectually 
bloclring out'the ray to Bumclaw. As the question of demolishing these pagodaq 
had to be referred to the Civil authorities, the completion of the junction of thc 
two series had to be postponed to a future season. 

No. 111 12" Micrometer theodolite by Troughton and Simms was uscd for 
all observations. 

II.-The Gveat S(tlu:een Ser.ies.-This detachment undor Lieutonan t 
King, R.E., arrived a t  Thazi on the 21st October, 
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The march to Loi Lung, the stat,ion where Captain Browne had ceased 
operations in 1909-09, was made viii Taunggyi and Takaw and occupied six 
wceks. Along the routo lamp squads were detached to occupy the stations to 
tho ~vcst  of Loi Lung. 

On tlie 14th of February, Lieutenant King arrived a t  the fifth station Loi 
Hsaln Hsum. From this time onwards, great difficult'y was experienced owing 

to t l ~ e  ]laze which llad set in. 
Escorts \yere recluirecl for all work cast of tho Salwecn River and these 

were supl~licd by tllc Officcr Comnlanding Military Police a t  Loimne. 
Nb. 11 12" Micrometer tl~eodolitc by Troughton and Simms was used 

througlrout the work. 
I T I . - T ~ A ~  Enshmi~.  Set.ics.-The clctachment assernblcd a t  Ramalpindi on 

the 27th of April 1911 and theu ~narclicd to Baramilln, fro111 thence proceeding 
to Bandil,ur by boat. Lieutenant Bell, who was in charge of the work, mxle 
Bandipur the head-quartcrs of his office. As it would have been di5cult  to 
obtain suficient local transport, the Rashmir authorities had been asked to 
obtain Balti coolies from Skjrdu ; 70 of these were assenlbled a t  Bandipur and 
50 morc met Mr. Wainwright in  Gilgit. 

Lieutenant Bell left Bandipnr on 21st May and marched via' Randmara and 
the Laclarman pass into the Rishcugangn Valley and thcn on to Rutha Pahar, 
snow lying thcre as low as 8,000 fcet. As the hill is 14,800 feet high, great 
di5culty was experienced in  establislling the lamp-sqnacl on it. Chatiwala 
H. S. was the next objective and after placing the lamp-sqnad on this hill 
Lieutenant Bell procecded v16 Niat to Liowi H. S., his first observation station. 

Last year's report accounted for operations np to the end of August 1910 ; 
during September and October both forward and back observations were obtain- 
ed at  Rutha Pahar and the forward rays from Chatiwala were observed. These 
latter, owing to the cli5culty of getting the 12" theodolite to the top of the hill, 
were observed with an 8" micrometer theodolite. At  the time, i t  appeared that 
the 8" theodolite mould have to be used at  other forward stations but so far, the 
1 2  thcodolitc has been carried to the tops of all the other stations and i t  is a 
matter for rcgret that the continuity of the work with this instrument has been 
broken by the work a t  Chati\vala. 

Lio\rri, which is 17,480 feet high, is so far the highest station of the series. 
After establishing a base camp a t  13,000 feet on June  12th, Lieutenant Bell 
reached the top the next day and comlncnced observations the sane  evening. 
The the] molnctcr at  this station shower1 a minimum temperature of 20 degrees 
Fahrenheit, and the strain of observing in  this temperature and a t  this altitude 
was considcrnble. 

Owing to bad weather tllc observations mere not completed till the 21st 
June. The dcscent of thc hill was madc thc same day and Zinghi Shish, the next 
station, TI':IS ?ached on the 23rd Jnne. h PCIV angles were observed the same 
clay and t h c l ~  snow fell continuously till the 29tli. The observations were how- , 
ever completed on tlie 22nd Jnly. Thc portable lightning concln&or, mhicll 
mas ercctcd ovcr the observatory tent was strnck on one occasion a t  this stntio~i. 
011 tho m y  to Chamuri, Ilie ncxt station, a severe earthqualie shock n-as ea- 
pericnccd at  Gidc, in tlie Induu vallcy, causing a cia close by to bc precipitate(1 , 
into thc river. As a contrast to thc estreme colcl so lately cspcricnc.ct1 on tbc: 
I~ills, thc hcnt in  tllc Indus Valley mas so grcnt that nlarchiilg nns only possible 

lu thc carly lnorning and late ovonipg. Chamuri mas reached on the 8th J ~ d y  
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and observations weye a t  once commenccd and wit11 a slight interrnption by 
snow on the l l t h ,  mrere carried on uninterl'uptedly up to the 12th. On that day, 
the observations were completed and the clcscent to the base camp made. The 
detachment then marched vili Damot and the Pahote Nala to Qasllu Shisb, 
arriving there on the 19th July. Up to tlie 23rd, cloudy and snowy ~vcather 
\pert: experienced during the day, tl!ough the nights were clear, rendering obser- 
vations to lamps possible. The work mas completed on the 26th. This con- 
cluded the programme of triangulation operations for the season, and Lieute- 
nant Bell arrived at  Gilgit with his detachment on the 28th July. 

Mr. Wainright, who had been employed on building the forward stations 
of Bijhoo (on the slopes of Dubanni) and Dinaur, mct Lieutenant Bell 
in  Gilgit. 

On the 1st August neaTly a11 the khalasis under Babu Blaliesha Nand started 
on their return journey to India. Lieutenant Bell and Mr. Wainright st,arted 
the same day to carry out, respectively, reconnaissances or the Sakiz Jarab range 
and the Hunza valley with a view to the triaugulation being carried by one of 
these routes to a junction with the Russian Triangulation. After completing 
their reconnaissances the two officers returned to Mussoorie arriving there on 
the 6th October. 

IV.-Revision of Eeights on the Qreat Arc Meridional Se~,ies.-It 
having been decided that a revision of the heights on this series south of parallel 
HB0was necessary, the work was ent,rusted to Mr. Bidhu Bhusan Shome. 

The detachment arrived at  the south end of the Sironj base line on the 
20th January 1911 and observations mere immediately started. 

Observations were carried out a t  1 2  principal stations and the heights of 
10 old stations mere revised. Tlle revised heights are in  all cases less than the 
old heights, the differences varying from 3 to 7 feet. 

Three stations, which were found to have been destroyed, were rebuilt. 

DETAILS OF SECONDARY TRIANGULATIOFI. 
7.-The Marokmai Sel*iea.-The detachment under Mr. Collins arrived at 

Pyinmani on the 21st October 1910. Mr. Collins left the detachment to march 
to Loi-Kaw and, himself, proceeded to  Taunggyi to interview the Superinten- 
dent, Southern Shan States, and rejoined his detachment at Loi-Kaw. 

Mr. Collins first visited Suletaung H. S. to observe the angles left unobserv- 
ed the previous season ; he was however unsuccessful i n  calling up the heliotrop- 
em posted at the stations Letpathaung and Le-Hpa-Antaung, and had to give 
up the observations of these stations; the work was carried out later i n  the 
season by Mr. Gopalachari, who was detachcd from the base line detachment 
for that purpose. 

&lr. Collins then proceeded to i2l in  the gap in  the series between the sides 
Lei-ME-6-yam-Loi Ungson and Loi Mawng-Loi Kang Mong. On comple- 
tion of this Mr. Collins proceeded to the eastern extremity of the series and 
joined up the series with the side Loi Pakhan-Loi Turn of the Monghsat 
series. 

An adjustment of the Mawkmai series triangulation between the M andalny 
and lfonghsat series has not been mado, as the average triangular error of the 
latter scries is grcater than that of the Mawkmai series. The average triangular 
crror of the Monghsat series is given in Annual Report of 1892-93 as l"'0, 
whcrcas, if tho computations are consulted, it will be found to excecd 3". 



V G T T A  0fil.o Hills Set,i~a.-This detachment under Mr. Brnith arrived 
in mlubri on the 14th October 1910. 

The scries emanates from tlie side Samding-Rangira of the Brahmaputrs 
meridional series, and running east, was to make a junction with the Khisi 
Hills scrics which had been observed in the prcvious season. It was hoped that 
the junction would givo further data as to tho amount of movement of the ste- 
tions of the Eastern Frontier Series caused by the earthquake in  1807. Unfor- 
tunately Mr. Smith had to close work without efecting the junction. 

Great delay was cxperienccd in  commencing observation work owing to 
Mr. Norman, who was detailcd to bnild the advanccd stations, falling ill. 
Mr. Smith had thereforc to build the first few stations himself and then return 
and observe a t  them. 

Mr. Smith commenced observations a t  Samrling on the 8th January. 
At tlie succeeding stations frequent delays were caused by the inclement 

weather, aud towards the end of April nearly the whole of the detachment were 
ill with fever. Mr. Smith struggled on in  the attempt to complete the junction 
with the KhLlsi Hills series, but owing to the sickness and continued bad 
weather, he mas obliged to give up the attempt. 

A gap of some 20 miles between the two series consequently remains 
unobserved and this should be observed a t  the earliest opportunity. 

PI1.-The Jaintici Hills Series.-Mr. Abdul Hai, who was in  charge of 
this detachment, was employed during the hot weather i n  work in  Kashmir, 
so that the detachment did not arrive a t  Gauhiiti till November 18th, 1910. 

The series was an extension to the east of the Khjsi  Hills series, and as the 
stations had been built in  season 1909-10, Mr. Abdul Hai  had only the observ- 
ing work to do. 

The series is based on the side Laidera-Dinghei of the Eastern Frontier 
meridional serics and extends along parallel 26" 30' from meridian 91" 60' to 
meridian 93". Up to the Kiipili river, the country consists of hills covered 
with trces from 80 to 100 feet high; after this, dense bamboo jungle is 
encountered. 

TI~IANGI~LATION TO FIX THE POSITION A N D  HEIGHT OF TERAM KANQBI. 
Dr. Longstaff, in his explorations in  Kashmir in  1909, discovered what he 

considerctl lo be a very high peak ; he located this peak approximately in  lati- 
tude 38" 38' 30" and in  longitude 77" 7' 30". 

A detacli~~ient under Mr. Collins was sent to Leh with instructions to see 
if the peak was visible from any of Montgomerie's stations i n  that neighbow- 
hood ; and if nol, to run a short series of triangulation, northwards, based on a 
~ i d e  of Montgomerie's series until the peak became visible. 

Mr. Collins arrived in  Leh early in June and proceeded to visit the sta- 
tions Tay%r and ArzG of Montgomerie's scries, while Mr. Wyatt went to 
l'acli~~splia, Himis, Parchskanri and Lasirmau, but neither officer s'ucceeded in  
obtaining a view of Teram Kangri. Mr. Collins consequently dccided to maie 
a reconnaissance up tho Nubra Valley, leaving Mr. Wyatt  to bring up the trian- 
gulation. 

MI.. Collins first atlcmpted to climb Skaupuk H. S., 20,268 fcct, butominfr 
to recent falls of heavy snow, he could not rcnch the top, though later in tile 
soason, hc nladc tho ascent and took obserrations from it. H e  then proceeded 

a 2 



441 RECORDS OF THE SURVEY OF INDIA, 1910-11. [ V ~ L .  11. 

up the Nubra Valley, visiting peaks on both sides of the river. The first siglt 
of Teram Kangri mas obtained from Wnsak station,'and observations mere 
later on obtained from Ningstet, Strongstet and Tiggur. The distances of these 
&ations horn Teraln Kangri vary from 39 to 69 miles. 

The work has been finally based on Skanpuk-Peak 3 (Shyok Watershed)- 
See Synoptical Volume VII. These two peaks are intersected points of trian- 
gulation executed in the year 1861. It is unfortunatc that the triang.ulation 
could not be based on Jlontgomerie's series but, owing to Peak 3 being in. 
accessible and the intersections to i t  having been made by two separate obser- 
vers, it has been thought better to accept the old values for that peak, rather 
than that obtained from the present triang~~lation. If possible, Mr. Collins 
mill close his work on Montgomerie's series next year. The work is sufficiently 
accurate to establish without doubt the position and height of Terarrl Kangri. 

The position of Teram Hangri computed from Mr. Collins' observations is 
Latitude 35" 34' 37", Longitude 77' 07' 31" and its mean height 24,489 feet, 
using a coeficient of refraction of 0'038. 

The following are the results of the heights obtained from the vertical 
angles taken from the four stations of observation :- 

feet. 
From Ningstet . , . 24,4'73 

,, Tiggur . . 24,51.4 
,, Strongstet . . 24,443 
,, Wasak . . . 24,496 

Mean . . 24,489 

I n  executing the work Air. Collins climbed to the top of 16 pcaks OF over 
19,000 feet and Mr. Wyatt  climbcd 7 pealts of over 19,000 feet. 

BASE-LINE RECONSAISSANCE. 
The detachment arrivcd in  Myitkyna on the 28th Octobcr 1910, but 

Mr. McInnes, mllo was in  c1ia)rge of the work, did not arrive till the 7th Nov- 
ember, having been employed ou ~vorlc in  Kashmir during the hot weather. 

On thc 12th November Jlr .  RIcInncs commenced reconnoitring the 
surrounding plain, but owing to the numerous large swamps no suitable site 
could be found. 

On the 1st Decemher the detachment moved on to Bhamo and a site was 
finally selectcd between the Taping Chaunq and the i\.Co!c Chaung. 

Thc lcngth of tllc linc sclcctcrl is about 8 miles. Thc forest has bcen 
clcarcrl along the lino to s width of 10 fcct and pillars 1; lcct square and 1 loot 
t~iyll, havc been built along 111c lilm a t  intervals ol nbont 1 milc. A dot on tlu. 
tc~p ol' cncli pillar marlts tlic actual linc. Tho pillars arc so placed tllat from 
c.acli of thc itltcrlncdiatc pillars a t  lcnst one forward and onc back pillar is 
visil~lc. Tlro cnds as at  prc\cnt sitl~atod arc not intcrvisible. Thc linc can 

' cbnl~ily I)c corlncclcd to thc surrouniling principal triangulation. 
On tlic co~nl)lotion of tllc work a t  Bliatno, Mr. Gopalaclia~i, wllo had nssi~t- 

uil Mr.  JLCIII~ICR, ~ ) I ' o c c ( ~ ~ I : ~  to t11c S o ~ t l l c r i ~  S11a11 Stntcs to cnrry out n1)scrva- 
lions at a hlntion or1 t l ~ o  R1:~wklnni scrics wlrlcll had unsvoidally I)CL'U omitted. 
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v r .  McTnnes, with thc other half of the detacllment, proceeded t o ' ~ o u n ~ o o  
on the 21st February and after reconnoitring the country there, went on to 
Promc. 

At Prome he selected a line about 1 3  miles long and prepared i t  in  the same 
nlanner as that at  Bhamo. The ends of this line, as set out, are intervisible. 

It is probable that the line prepared a t  Bhamo will not be suitable, and a 
further reconnaissance in Upper Burma will have to be made to select a more 
favo~wable site. 

@ INDO-RUSSIAN TRIANGULATION. 

The question of the connection of the Indian and Russian triangulation 
was first discussed a t  the International Geodetic Conference sitting in  London 
in the year 1909. The route suggested for thc connection mas through 
liashmir and the Russian Pamirs. The actual request for the work to be 
initiated by Indian triangulators mas not received by the Surveyor General of 
India until the early part of the year 1011. 

On the Russian side, the work of bringing their triangulation south was 
commenced in  June 1910 by Lieutenant-Colonel Tchekine from the base 
~urtak-Tchoucour-Machali-Goudour, approximately in  latitude 39'33' situated 
on the northern slope of the Trans-Alai chain of mountains. During 1910, 
11e carried his triangulation down to the P ~ m i r  post, approximately to latitude 
3$"13'. During the summer of 1911, thc triangulation has been extended to 
the Russian frontier, and two stations Beyik, 15,079 feet, approximate lati- 
tude 3v018', approximate longitude 76'7' and Taghramansu, approximate lati- 
tude 3776', approximate longitude 74'6b', have been fixed ; i t  now remains 
for the Indian triangulators to close their mork on these two stations. 

Owing to the necessity of first making a reconnaissance towards the 
Plmirs, the work on the actual Kashmir principal trian~gulation was curtailed 
during 1911 but nevertheless, Lieutenant Bell has extended the mork north- 
wards to just south of parallel 36'. 

The Surveyor General had aslied that Concord Peak and Salisbury Peak 
on the 1Cusso-Afghin Frontier might be fixed by thc Russian t r iangulatol~~ SO 

tllat they might be observed from stations selected on the Sakiz Jarab range. 
Lieutenant Bell, llomcver, reports in  his reconnaissnncc that the peaks of the 
Sakiz Jarab range are inaccessible, and on the Russian side a report has been 
rcceived tllat Concord Pcak, owing to the vicm to tlle south being entircly sllut 
off by higher rauges, is unsuitable. This being the cnsc this metl~ocl of forfiling 
tho junction of the two trinnplations has been nbnnclonetl. 

htr. Wainright who ulade n rcconnnissn~~cc up illc ETunz:~ T-alley reports 
that it mill be possible by means of short-sidcd triangles to carry thc tritlngnIa- 
lion from parallcl 36" up the Hnnza Valley to the Rilik Pnss. Thc t ~ o  most 
northerly stations snggcstcd by Gencrnl Licutcnnnt Ponlcrn~ltzeff (of the 
Enssiau Gcncral StaE) for the Indinu trinngnlntors, are tllc Kilili pass 15,600 
1'ec.t). approx i~~ntc  Intitudo 37"5', npl~roxiinntc lonqitutlc 7A013' ' nntl the , 
1Iint;~lin pass, 15, C30 Icct, npprosi~nntc lntiludc 37"3', apl)roniulnto longitude 
7-J''S7'. Judging from tlic work cnrrictl out by 3Ir. WninrigIlt, tllc,rc slloul,j 
bc no dilliculty in I~r ingi i~g tllc I i ~ d i a ~ l  trinllrulntion up to tllcbc. stntiol~s. 

Tllo I l~t l ia l~ triaugulnlio~l up to pnmllcl :36' is oC tllc l ~ i ~ l l c s t  tlcgrcc 
nccl~~acy ; nl l  s(nlions, wit11 tllcb t.sccl~tion of tho foru-:~rd rays a t  one, I ~ n r i ~ ~ g  
been obscr\ cd \\ill1 n 13" luicrolllclcr thcodolito. I n  c;lrrj ills i t  ou I I ~  tkU 
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Hunza Valley the sides of the triangles will have to be considerably shol.tmd 
and the work mill probably have to be done with an  8" micrometer the'odolite 
and the accuracy of the ~vork considerably reduced. Observations will be taken 
on six zeros with four measures on each zero, and whether luminous or opaque 
signah are used in  the work, t,he assurance can be given that the work will be 
of the very best secondary class, and will equal i n  quality that of the Russian 
triangulation, as extended from their base north of the Trans-Alai Mountains. 

The question arises, will this secondary work be of sufficient geodetic value 
o satisfy the International Geodetic Conference, and if not, is there any possibi- 

lity of making a better connection between the Russian and Indian triangula- 
tions. Afghanistin extending all along the North-West Frontier of India 
presents at present an impassable barrier. W e  have therefore to turn to the far 
western corner, where the Indian triangulation extends to the Persian frontier. 
By carrying the triaugulation over this frontier along parallel 29", it might be 
brought to a point south of the Russian Caspian triangulation, and i t  mould be 
a simple matter, provided the country is favourable, for the Russians to run a 
series due south to meet this proposed western extension of the Indian triangu- 
lation. 

BEPORT OF RECOXNAISSANCE FOR THE PROPOSED CONNECTION WITH RUSSIA. 

BY LIEUT. H.  G .  BELL, R E .  

The Darkot pass was first visited by way of the Yisin Valley, with a view 
to examining the peaks in its vicinity. The pass itself consists of a formidable 
glacier much intersected by crevasses and is only passable early i n  the morning. 
It was hoped that peak 19,369 feet, west of the pass, might prove suitable for a 
station ; but it was found to be quite inaccessible for survey purposes. The 
surrounding and lomcr peaks, in  addition to being practically inaccessible, 
would have been useless owing to higher and inaccessible peaks to the south 
and south-east. 

From Darkot, the valley leading to Oarmush 20,664 feet was visited ; all the 
valleys leading to the foot of this mountain are blocked by dangerous glaciers, 
and the slopes of the mountain are so precipitous that the snow does not remain 
on them, hence i t  was considered impracticable for a station. Then the Darkot- 
Asknman Pass was crossed and a peak to the soutli ascended and a further 
view of the Garlnusll and other peaks of the Sakiz Jarab range obtained. The 
whole range consists of nothing but extremely sharp and precipitous peaks, 
while south of it between the Y5sjn and Karumbar Valleys there are many 
high peaks unmarked on the existing map. 

Since the physical features of the country made it impossible to select 
euitable stations for a principal series east of the Darkot Pass, a move was 
made to the Karumbar Valley in  the llopes of being able to find a may through 

' in this direction. The valley is wide and bordered by moderately high and 
,, rcceasi1,lk peaks as far as Imit or Harmst, but from here northwards, the valley 

closes in  and the mountains rise precipitously from the river bed ; tbcre is 
no vay  along the western hank anrl progress in that direction is further barred 

* hy a landslip which discharges rocks and earth into tho river night and day. 
It was impossil~lc a t  thc timc of ycar to penetrate further up tlie valley than 
tho KarumGar ~~~~~~~~, for t l ~ c  road wllich crosscs ancl re-crosses the river was 
irnpwsa1)lc owing to the rivcr being in  flvsod. However, as thewllolc valley 



no$ been reconnoitred, it was decided to make a second attempt when tho river 
subsided ; in the lneanwhilc news was received that a feasible route had been 
found up the Hunza river, so as it was getting lato in  the season, further recon- 
naissance was abandoned. 

Owing to the high and inaccessible peaks that border the valley on either 
side, it 'was found necessary to keep as close as possible to the main water- 
oourse ; the whole length of the river was thus followed from Gilgit to the 
Kilik pass, approximately 170 miles. 

The base a t  the pass was first selected from where the view was extensive, 
especially northwards towards Russia, where peaks 160 miles off were visible. 
This part being uninhabited except for shepherds, it was impossible to obtain 
coolies, and consequently the next four stations were not visited ; but being 
prominent peaks were fixed from surrounding stations. Owing to this difficulty 
it would be advisable not to follow the Hunza river further than Misgar, 
the last village met with on the Gilgit-Pamir route, but continue up the 
Khungarah river towards the Kharchanai pass, which appeared to be easy 
country in comparison to that between Misgar and the Kilik pass. 

All the peaks that have been fixed are easy and lie between 8,000 and 
17,000 fect. The two highest being those of the Kilik base. 

The road between Hunza and Misgar is extremely bad and it would be 
practically impossible to take ally large instrument along i t  ; the worst bit is 
between Attabad and Gulmit where sheer cliffs have to be crossed on wooden 
beams placed along the face of cliffs and supported by iron pegs driven into the 
rock. 
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PART 1V.-TIDAL OPERATIONS. I 

N o .  16 PARTY. 

(T ide  Index map 10). 

BY ~ I A J O B  J. n1. B o n ~ ,  R.E. 
During the past year tidal registrations by self-registering tide-gauges 

PEBSONNEL. were recorded a t  the ports of Aden, 
Imper ia l  Oficers.  Karichi, A pol10 Balldar (Bombay), 

J l r .  C. F. Erskine, in cllalge up to 14th Octo- PrillCe3s Dock (Bombay), Madras, Kid- 
ber 1910, 

Major J. N. n w n ,  R e ,  In oIlnrse f ~ o m  15th  del.pore, Rangoon, l!foulmein and Port 
to 26th October 1910, and ngnin Erou 27th Nov- 
ember 1910. Blair. I n  addition, tide-pole readings of 

Prouincinl  Ofirers. high and low water mere taken clurina - " " 
Mr. H. G. Sl~nw, in cllnrge from 27th October ,jaylight at the ports of Bhavnagar, Akyab 

t o  26th Novvmber 1910. 
MI. Syed ZilIe Hrrsnain. and Chittagong, with the object of corn- 

paring the actual times and heights with the predictions. From 1st January 
1911 the tide-pole readings a t  the port of Chiltagong werc discontinued, and 
in  their place the readings of the diagrams recorded on a small self-registering 
tide-gauge erected by the port authorities have been utilised. 

All the observations were made under the direction of this department 
and under the immediate control of thc Port Officers concerned. 

The reduction by harmonic analysis of the observations for 1910 of the 9 
stations named above has been completed. The tide-tables for 1912 have arriv- 
ed in India and have been distributed. Tlle work of publication of the tide- 
tables for 40 ports for the year 1914 is in progress in  England. Data for these 
predictions were despatched from this office in January 1911. 

LIST OF TIDAL STATIONS. 
The following table gives a list of the 42 ports a t  which tidal observations 

have been registered, together with the periods of observation from 1874, 
when tidal operations werc commenced, up to the present time. The stations 
shown in  italics are permanent; the others are minor stations which mere 
closed on the completion of the requisite rcgistrations. 

Serial 
NO. 

1 

2 

3 

4 

6 

G 

7 

0 

I 0  

N"mbor 
5'OnrR i R ~ n ~ n a s .  

of 
tiunu. 

7 

5 

32 

5 

0 

*a 44' 
1 

1 

2 
1 'I 
2 '  

Smnll Tide-Gauge 
morLing. 

Tidc.1'ables not pub- 
lished. 

Ditto. 

Ycnr 1004-06 is cr- 
cludod. 

I Automntic 
stations. ur pcmvnnl 

ubscnntions. 

I - 

Suez . . . I Automatic . 

Datr of 
oommenac- 

~ n e l r t  01 
obacrva- 
tiol~s. 
- 

1897 

1898 

1879 

1893 

1892 

1868 
1031 

1874 

187L 

1874 
Rc-nln~ tcd 

10114 

1803 

Perim . . . 
Aden . . , 

Jlaslut  . . . 
Duuhiro . . . 
K~frrichi . . 

t 

' IIanstnl . . . 

l b ~ v i n n l  

, . 
Okha Puint , . 

Porl,andsr a 

Dnte d 
d o - i n n  of 

obsorvafions. 

1903 

1902 

Still morhiog 

1800 

1901 

198n 
Still working 

1876 

1876 

1876 

1!)00 

189.4 

Ditto . 
Ditto . 
Ditto , 

Ditto . 
Ditto , 

Ditto . 

Ditto . 
Ditto . 

Personal . 
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I 
1 . 1898 10A Porbnndar . . Automatic 

11 Fort Albeit Victor 
(Kithifiwrr). 

Date of 
oommenre- 

ment of 
observe- 
tiooa. 

l lA  1 Pdr t  Albe1.t Viotor Automatic I (Krthirwsr) .  I I 1900 

Aatornntio 
o r  personal 

observations. 
Serial 
No. 

12 1 Bhiirongnr . . 1 Ditto . 1 1889 

a 

~tet ione.  

14 Bombay (Prince's Ditto 
Dock). 

13 

16 1 hlnrmugao (Goa) . I Ditto 1 1884 

Bornboy (Apo!p.n 1 Ditto . I  iare 
Lla~rdar). 

19 1 Tuticorin. . . I Ditto . I 1888 

16 

17 

18 

23 1 Trincomolee . . 1 Ditto . I 1890 

Krrwrr  . . . 
Begpore . . 
Cochin . . . 

20 

21 

22 

Piroban Pars . Ditto 1878 

h'ignp~tam , : 1 Ditto :I 1111 

Ditto . 
Ditto . 
Ditto . 

Minicoy . . . 
Gnlle . . . 
Colombo , . 

1678 

l8 i8  

l88C 

Xadras . . 

Cocnnidn . . 

30 1 Dnblnt (Sfignr Islnnd) 1 Ditto . 1 1881 

Ditto . 
Ditto . 
Ditto 

28 

9 

31 I Diamond Flarbour . I Ditto . I 1881 

1891 

1684 

1884 

Dit to . 

Ditto . 
Vizngal~ntam . Ditto 1879 

e o n  . 1 D i t h  : 1 1881 

1k80 
Re-started 

1896 

1886 

37 Elaphant Point . I  ."itto . I  : ~ l  
Re-stnrted 

32 

33 

34 

I 
38 Rangoon . . I Ditto . I 1880 

I 
39 1 Aml~erst  . , I Ditto . I  1880 

Kidderpore . . 
Chittngong . . 
Akynb . . 

35 I Dian~oud I n n d  , 

Dnte of 
olosing of 

observations. 

Ditto . 
Ditto . 
Ditto . 

40 

41 

1894 

Still working 

1881 

1886 

1887 

Ditto . 

Still warking 

1P95 

N o u l ~ n n ' n  . , 

hIorgui . . . 

1889 

1883 

1884 

1892 

1893 

1896 

1890 

1890 

1896 

1882 

I Ed8 

1890 

Still working 

1891 

1R85 

1885 

1886 

1886 

Still working 

1891 

i ~ g a  

1899 

1003 

188 1 

1888 

Still working 

1886 

1886 

Still working 

1894 

Still working 

Number 
of ycnra 

of observ- 
ations. 

-- 

2 

1 

4 

5 

33 

23 

6 

6 

6 

6 

6 

6 

6 

6 

6 

4 

0 

lo] 26 
16 

6 

6 

4 

6 

6 

30 

6 

6 

6 

a 

I 
31 

6 

6 

31 

Ditlo , 

Ditto 

Years 1898, 1899 sod  
1902 a m  e re lndd .  

1880 
Rr-started 

ID09 

1889 

Property of P o r t 
Tmst.  

Yenrs 1883-1834, 1886 
are excluded. 

Year 1880-81 is er- 
oluded. 
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~ O R K I N Q  O F  TEE OBSEBVATORIES. 

The nine tidal observatories now working wore inspected during t l ~ c  Sear 
by Ur.  Sycd Zille Easnnin. 

Adclz.-As lilcntiolled in  last year's rcport thc cominunication llole 
at  the bottom of the float cylindcr had becolne too large. I t  was thcreforc 
removed dwiag this year's inspection, and a new cylinder wl~ich was inadc by 
the Port Engineer was fixed in  its placc. Thc tide-gauge was found to h ~ v c  
worked satisfactorily since the last inspootion. It mas thoroughly clcaued and 
o~erhauled. 

liar6clri.--lhis observatory was found i n  good order. The communi- 
cation hole a t  the bottom of the cylinder was partially blookcd by barnacles. 
It was thoroughly cleaned and the tide-gauge mas overhauled and left in work- 
ing order. There hare been uo breaks in  the tidal registrations during the 
year. 

Apo2lo Bandwr (Bonabay).-This observatory has worlced well tllrough- 
out the year. There was one lninor interruption i n  the registration of thc tide- 
gauge. 

Pvhce's Doclc (Bombfly).-There have been a few short interruptions 
i n  the registration of the tidc-gauge a t  this observatory owing to the pencil 
wire breaking. 

A2advas.-As the sluice at  tlle bottom of the well of this observatory 
through which con~mur,icntion between thc sea and the well is regulated had 
not been worliing satisfactorily for tlie past tnro years, steps were taken during 
this year's inspection to have i t  removed and replaced by a new one. This 
work took some days, and the registrations of the tide-gauge were consequenily 
stopped from the 10th to tlic 21st Fcbruary 1911. Opportunity mas also taken 
to have the ~vell  thorougllly cleaned and repaired. With the exception of the 
above break, there have been no interruptions i n  the tidal resistrations during 
the year. The old entrance to tlie harbour which was iln~nediately south of the 
observatory has now been closed, and a new entrance has been m d e  in the 
north arm of the harbour. 

3iddevpo~e.-The tide-gauge a t  this observatory has worked well 
throughout the year. There was only one interruption of a few hours in the 
registrations owing to the stopl~ago of the driving clock. The inspecting officer 
found that a good deal of mud had collected near the bottom of the cylinder 
which was liltely to interfore with free comnlunication between the sea and the 
cylinder. Thc inatter having hcen brought to the noticc of the Deputy Couscr. 
vator of the Port, the necessary dredging was oarried out. 

Rungoow.-There have been no brcaks in the registrations of the tide-gauge 
at  this observatory during the year. T i e  tide-@uge and the auxiliary instru- 
ments mere thoroughly cleaned and put in older. 

Z~~zll~neiri.-Thc tide-gaugc a t  this obscrvato~y has worked nrcll during the 
@ year, cxccpt for a few lnillor interruptions in  its registrations onring to ill!: 

htoppagc of the driving clock. The inspecting officer found thc graduatctl staff 
inaccurntcly dividcd. It was tl~crcforc removed and a new graduated staff mas 
prepared and fixed in placc of the old one. 

Port Bluiv.-There has brcn only onc interruption of s few 11om~ in the 
rcyistl.;rtions GI thc t ide-pugc a t  this 01,scrvatory owing to tllc stop1)nge of lllc 
hiving clock. During tllc iuspcctiofi 1 L c  zcro of t b  g r d u t e d  staff w r w f o u ~ ~ d  



TIDAL OPERATIONB. 

to.dilfer by 0.1 of a foot from tlie zcro of tlie tidc-gauye. The staff mas removed 
and rhfixerl in its proper position so that its sera is now identicd wit11 the zero 
of the gauge. 

TIDAL DIAGRAMS AND DAILY ~IEPOBTS. 

The tidal diagrams and daily reports liave been submitted reg~darly to the 
office of this party by the various port officials concerned. 

TIDAL C O ~ ~ S T A N T J .  

Tlie tidal observations at  the nine working clt~tiond fof the year 1010 have 
been reduced, and the tabulated values of the tidal constnnts thue determined 
are appended. There are no arrears. 

The following tables give tlie empliludee (R)  and the epoohs ({) deduced 
fmm the 1910 observations a t  the various stations ; they also give t l ~ c  value8 
of H and K which arc connected with R and 5 in sucll a may, through the 
various astronomical quantitiea involved in the povitions of the sun and moon, 
bbat if the tidal observations were consistent from ycar to gear EI and K 

mould comu out tlie same from eaoh year's reduotions. 
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Short Period Tides. 

A,=5'836 feet. 

Long Period Tides. 

Lunar Monthly Tide . . . 

,, Fortnightly ,, . . 

Euni-Solas ,, J I  . , 

Solar-Annual 1 ,  . . 

,, Gerni-Annual ,, . . 

R K 

'023 

,076 

.009 

-309 

,086 

4,40a35 

16O.59 

102°~00 

6O.78 

122".00 

263'46 

69O.57 

336O.15 

85O.65 

281°.73 

-025 

,059 

.009 

.309 

,086 
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Short Period Tirles. 

A, = 7.233 feet. 

Long Period Tides. 

Lunar hionthly Tide . . 

,, Fortnightly ,, . . 
)I Luni-Solar ,, . . .  

Solar-Annual I I . . .  

,, Semi-Annus1 ,, . . .  

u, 

138°.97 

7b0.61 

36G0.43 

16b0.26 

329".Y6 

R 

,018 

.046 

.011 

.137 

'137 

I1 

-019 

-036 

.011 

-137 

1 

K 

270O.07 

20°.91 
, 

120O.79 ' 

88O.33 

170°.00 
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Short Period Tides. 

Jong Period Tides. 

A,=10 204 feet. 

,169 
' 4h0'97 

,183 
4€1~.31 

- 

-0G2 R = ,016 R = a139 

K = 14O.66 K = 60°'82 

Lunar Monthly Tide . . . 
,, Fortnightly ,, , .  

Luni-Solar ,, II 

R = 
5 = 
H =  
K =  

R =. .016 
5 = 332O.77 
H = .019 

K = 338O.70 K = 14B0.07 

.009 

,043 

'024 

JLO*Ok 

367O.13 

Solar-Annual 19 . . 

,, Semi-Awns1 ,, . . 

R = ,086 
5 = 1JGc'35 

( M S ) b  

K = 22O.38 

334O.26 

73O.05 

251'-94 

'057 

-1% 

,721 R =  '94'9 R I ,036 
ll$": ol[i 352O.78 6 4 5  < = 21S0.Y7 5 - 334O.00 

N2[ 

I r  = .9G9 t2SM), 
K =  48O.31 K = 314O.52 K = 97O.97 

R = ... R = ,118 
< ... 3 = 334-O 56 

H = ... H = -120 
K = 81°'50 K = 45O.00 K = ... K = 290°'82 

R = .A81 R = '240 R = -017 
5 = 17lc.6Y 3 = 230°'91 

K = 357O.73 K r 276O.82 

R = ,0741 R = .404 R = -205 R = .087 t < = 234O.98 < = 3 = 148",61 181°.08 
(hIaK1'd H e .083 

K = 17O.16 K = 44O.92 K = 2930m14 K = 207O.96 

R = '082 R = .080 R = ... R = .O6J 
88O.64 

, @  J l i L f  0 7 2  . . .  
N = 299O.41 K = 49O.03 K = ... 

l a  
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Iloarnay (??nlxc~'s DOCK), 1010. 

Short Period Tides. 

Josg Period Tidea. 
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~ I A D ~ A S ,  1910. 

SAOI'~ Period Tides. 

A, = 2'412 feet. 

L o ~ g  Period Tides. 

Lunar Monthly Tide , . . 
,, Fortnightly ,, . a . 

huni-Solar ,, II • . 

Solar-Annual I I  . e 4  

,, Scmi-Annual ,, . . .  

K 

358O.19 

351O.43 

14~~l~0.61 

198O.49 

107O'S5 

1-1 

,063 

.043 

.035 

- 5 0 4  

-235 

.Ob8 

'055 

,024 

.504 

'235 

218O.58 

4,$'.0$ 

21O.15 

278O.J6 

2G7°*78 
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L ~ I I ! J  Period Tides. 

-- .. 

Lut~ar Moutl~ly l'iclc 1 3 1 233@36 

,, Fortnightly ,, 

Luni-Solar ,, I ,  

Solar-Annual 1 1  

- ,, Semi-Annual ,, 

I 

.296 

,872 

2,762 

1.107 
, 

104°~37 

278O.59 

236O.99 

147O.26 

,251 

,890 

2.762 

1.107 

48O.22 

3 

413.51 

157O.00 

347O.29 
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R ~ G O O N ,  1910. 

Short Period !l'i(Ies. 

A,,=10.378 feet. 

Long Periorl Tides. 

Lunar Monthly Tidc , 

,, Fortnightly ,, 

1,uni-Solar ,, , 

Suler-An~iual t~ . . 

-- 

,183 

,173 

4 0 4  

1,235 

238O.83 

98O.33 

286O.80 

231O.63 
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MOULYEIN, 1910. 

Short Period Tides. 

A, = 8.623 feet. 

K 

-- 

l9o .> .>  - - 

j1".13 

~.C'.(!GJ 

15,>as51 

3.?u2~05 

I 9 

H 

.sg,j 

I 

, 
1.201 

I - -  

Lunar hIoutlllv Tide . . . I  3l:; 

,, Fol.tiiiglrtly ,, a I , 6 
~ 

Lulli-SO~SY ,, >) 1.176 

. . I  
Ira.?;l 

D i O . 9 ;  

" 2 O . 3 7  

Solor-Anl~u:~l B) ?.?b,j ' 1  
, S ~ i - \ ~ a l  ,, . . 'Sti l  

59.10 - - . J  1 ?.:?$(; 
1 

I 
0 i ,561 

I 
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A,= 4877 feet. 

Long Perio(l l'irles. 



TIDAL OPERATIONS. 

4 

OTEZR COXPUTATLONS. 

Tlle actual times and heights of high and low water for 1910 a t  12 port8 
halve been compared with the predicted values published in the tide-tables, and 
the rcsults tabulated. 

SALE O F  TIDE-TABCEB. 

Tlre amount realized on the sale of tide-tables during the year ending 
September 1911 is Rs. 2,550-9. 

The following data were supplied to the Director, National Physical 
Laboratory, Teddington, England : - 

(i) Values of tlle tidal constants for the tide-tables for 1914, ready 
for use in the tide predicting machine. 

(ii) Actual values during 1909 of every high and low ~ a t e r ,  measured 
in  duplicate froin the tidal diagrams a t  9 stations, ancl of tide- 
pole observations takcn during daylight a t  3 stations, the latter 
uncler the supervision of the Port  Officers, and suppliccl by 
them to this of6cc. 

(iii) Comparisons of the above with predicted values for  1909, the 
errors being tabulated in  such form as to be of use in improv- 
ing the predictions. 

ERRORS IN PREDICTIONS. 

The five tabular statements which are appended, shorn the percentage 
and amount of error in the predicted times and heights of high and low water 
for the year 1910 a t  12 stations, as determined by comparisons of the preclic- 
tions given in the tide-tables with the actual values measured from tlle tidal 
diagra~us at  9 stations, and from the tide-poles a t  3 stations ; the formcr arc 
macle in  this office, and the latter by the port officials concerned. 

No. 1 .  

S t u t r n z e ~ t  shozoing the pevcelttage atrd the amorcnt o f  the  evr-ors ita the predicted 
fiuaes of high u-ate?. a t  the various l'idal Stcitiolzs f o ~  the year 1910. 

Errorn 
of 

5 minntce 
and 

under. 

-- 
Per cen t .  

36 

32 

Number 
of 

compniiaon~ 
Lctwecn 

nctnnl nnd 
predlotcd 

vslnotr. 
- 

670 

FOG 

Stations. 

Aden . . . . 
I < t u a c l ~ i .  . . . 

Automntic 
or 

T~dc.pulc 
obsorsn- 

tiuns. 

Auto. 

Anto. 

Errora over 
5 minlltes 

and 
nndcr 

15 miunten. 

- 

366 ' 68 

696 96 

705 i 36 

18 

3G9 , 
3G.l 98 

37 :Rt / 2, 

6 30 

Ul~itrfnngor . . . 
Ayollo D1111dnr 

Bonlbsg ( I'rincc's Dock . 
hIwlrns . . . . 
I<idOrrporo . . . 
C h i l t ~ ~ g o ~ ~ y  . . . 
A y  . . . . 
Rnngoon . , . 
Mnnl~ncin . . . 
l ' o r t l l l ~ ~ ~ r  . . . 

42 
46 

JJ 

62 

30 

26 

2 

39 

92 

40 

Erroraovor 

T.1'. 
Anto. 

Auto. 

Allto. 

Auto. 

T. P.  
T. l'. 
Anto. 

Allto. 

Auto. 

0 

2 

3 

S 1 
> 

15 
411 

c i  

16 

Errors over 

Par cent. Per cent. Per cent. 
4 4 1  1 0 1  7 ,  

Prr  cpnt. 
Y 

15 minlltcs I 20 minuter 
and nod 

n ~ ~ d o r  undcr 
20 minntee. 30 miuutos. 

-- - - .  

46 

O P < ' I  
30 miuotrn. 

1 I 10 2 
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No. 2. 

No. 3. 

StcctejIte~t ekotoing the pelmcetztage alld the alnount of the e1'1'0l.8 in the p?'edicted 
times of low touter at the val.io?ca Tidal Stationa for the yeat* 1910. 

Ytotement showing the percentage and the amount of the evrors in the pvedicted 
heights of high wate?' a t  the various Tidal Stations for* the year 1910. 

Stations. 

Stntions. 

- 

Aden . . . 
K a r w h i  , . . 
B i l ~ v n r g r  . . . 

( Apollo Bandsr . 

Bon'bay Prince's Dock . 
Madran . . . . 
Kidderpare . . . 
Chittngoag . . . 
Akynb . . . . 
Kangoon , . . 
Noulrnein . . . 
Por t  Blair . . . 

Number 
of 

oOmpnXi80n~ 
botween 

uctoaland 
pred~otod 

values. 

667 

706 

365 

705 

698 

706 

706 

361 

386 

706 

706 

703 

Automatio 
or 

Tide-pole 
observa- 

tione. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

T. P. 

Anto. 

Anto. 

Auto. 

I - '  I- 
Aden . . . . I Auto. 

Ycen 
range 

sp%tugs 
iu feat. 

Number 

or cornparleone 

Karachi . . . 
Bhrvnager . . . T. P .  . I 

Errors 
of 

5 minutee 
and 

under. 

I 

Per  oont. 

36 

8 i  

65 

3C 

38 

44 

16 

26 

97 

' 26 

17 

44 

Tide-pob 
observa- 

tione. 

Errors ovar 
15 mnutcs  

and 
under 

20 minutes. 

P e r  cent. 

10 

9 

o 

10 

10 

6 

I3 

1% 

0 

15 

12 

7 

Errors over 
5 minutcs 

nod 
nuder 

15 minutes. 

Pe r  cent. 

50 

46 

a6 

4r 

43 

47 

33 

28 

3 

38 

38 

46 

between 
actual nnd 
predicted 
mluee. 

Madrae . . . . I Auto. 

Apollo Bandar . 
Bumbsg 

Prince's Dock . 

Errora over 
PO ~ninutes 

and 
under 

30 minutos. 

-- 
Por ccnt. 

9 

9 

1 

8 

7 

3 

21 

16 

0 

17 

10 

3 

Auto. 

Auto. 

Rmgoon . , . I Auto. 

Errors 
Over 

$0 mionbe. 

Per cent. 

6 

3 

o 

3 

a 

1 

11 

19 

0 

6 

26 

1 

Kidderpore , . . 
< 

Chittagong . . . 

Akyab . . . 

3Ioulrnein . . . 1 Auto. 

Auto. 

T. P. 

T. P. 

Port Rluir , . . 1 Auto. 

Errors 
of 1 

inolma 
and 

nuder. 

P e r  cent. 

98 

78 

81 

68 

70 

72 

34 

34 

85 

61 

30 

80 

Per  cent. ( Per aent. 

Errors over 
4 ioal~es 

and 
under 8 
iuohee. 

Errore 
ovor 12 
inohee. 

Errors ove~ 
8 inol~es 

and 
under 12 

iuchea. 

Per  cent. 
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No. 4. . 

No. 6 .  

# ta te;ne~ ehotvir~g the percentage and t8e an,outat of the etsrora in the predicted 
heigl~te of low watev at the vcsrioue Tidal Slatio,rs fol. the year 1910. 

Table of avevage errors in, tAe predicted times alzd heights of high and loeo 
watev at the seue9.al Tidal atations Jbr the year 1910. 

Errore ovor 
8 lnuhoa 

and 
nndrr 12 
inohos. 

-- 

P c r  cent. 

n a b  

1 

0 

4 

4 

1 

16 

20 

... 

1 6  

15 

... 

Bktionu. 

Aden . . . .  
Rariabi  . . . .  

. . .  Bhlvnegar 

I Apollo Bnndnr , 
Bombay 

Prince's Dock . 
Dladrns . . . .  
Kidderpore . 
Chittngong . 
Akynb . 
Rangoon . .  
Moulmein . , . 
Port Blnir . 

+ 
Stdions. 

Open coast. 

. . . .  Aden 

Knrichi . .  
Bbemagar , , . 

Apollo Bnndnr . 
13ombay 

Prince's Dock . 
Madras . 
Akyeb . . . .  
Port Blnir . . , 

General Mean 

aiverain.  

Kiddeqore . . , 

Chittngong . , . 
Rsngoou . 
bIoulmoin . . .  

Gcnernl Mono 

Error# 
uvrr la 
inolles. 

Per  aenb. 

,.. 

... 
1 

... 
1 

... 
14 

18 

... - 
13 

13 

... 

Nun~bcr 
uf 

oomparinons 
betworn 

aotual and 
prediotod 
values. 

687 

706 

366 

706 

698 

706 

706 

361 

365 

706 

706 

703 

Automalio 
or 

'Tido-pole 
obacrva- 

tiona. 

.-- 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Aulo. 

Auto. 

T. P. 

T. P. 

Auto. 

Auto. 

Auto. 

Mcan 
rungu 

4t npl.lngs, 
iu foot, 

- 

G.7 

9.3 

31.4 

19.9 

13'9 

3.5 

11'7 

13'3 

8.3 

16.4. 

12.7 

6.6 

Automatia 
or tide 
pole 

obaerva- 
tione. 

Moan range 
a t  epringa. 

iu feet. 

A V E R A ~ E  ERROEG. 

Errors 
of 4 

incllca 
R I I ~  

under, 

Pe r  cent. 

06 

8 ,i 

57 

76 

70 

76 

43 

36 

88 

48 

48 

97 

Of time in 
minutos. 

Errora oror 
4 inallen 

and 
under 8 
inollos. 

pp 

Per  cent. 

6 

16 

33 

21 

25 

23 

28 

26 

12 

28 

24 

3 

Auto. 

Auto. 

T. P. 91.4 6 6 

Auto. 3 

Auto. 13.9 10 9 '021 '018 4 3 

Auto. 3.6 3 3 

T. P. 8.3 2 

Auto. 

. . . .  

Auto. 

T. P. 

Auto. 

Auto. ----- 6 

. . . .  ... ... 

Of hei 11t in terme 
of t&o range. 

Of height in 
inahen. 

6.7 

9 3 

H.W. 

'026 

.027 

H . W .  

Z 

3 

L . W .  

,026 

.027 

H.W. 

10 

10 

L . W .  

2 

3 

L . W .  

11 

10 
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The foregoing statements for the year 1910 lnny be t l ~ u s  sumrnnriscd :, , 

Pet-ce~~tc~gc I$ ti~tLe predictions rr: i , t l~i la 1.7 alint~tes of (ictzbrt/s. 

1 I 

j, , I  IJ S. R .  rille gange . Iiiverain 
stations. 

)) )I II  tide pole . . I  :: 1 jj 

5 a t  \~11 ic l1  pleilictions were tested I)y S. R, tide gauge . 
01wn roast ( 

statio~ls. 1 
> I  1 I I  tide pole . • 

Pei*cetatccge of height predictions zoitl~ith 8 inches o f  actr~nls, 

water. satcr. I I 

S1 

100 

l'er ce l~t .  I'er wit. I I -  

SJ 

100 

Hivemi. I3  JJ I> 1, S. R.  tidc gauge . 03 7 1 

stations. 
JJ I 1 I J  tide pole . . 1 6'3 1 62 

6 a t  which predictions were tested Ly S. R. tide gauge . ( 01 
Open coast 

stations. 
,) > I  tide pole . . 1 00 

I 

- 

Percent~ge o f  1ieQht predictions within one-teotli of '  rireun 1 . n 1 ~ ~ e  at springs. 

98 

9 5 

1 Per cent. I per cent. 
I 

6 a t  which predictions mere tested by S. R. tide gauge Open coast 
96 

stations. 
I)  11 tidc pole . 

High 
water. 

IJ I) I #  S. R. t ide gauge . 89 94 Riverain 
stations. {: 1 )  

) I  21 tide pole . . 1 91 1 95 

Low 
aster. 

The predictions for the riverain stations for the year 1910 mere compared 
with tllose for the previous year, with following results :- 

The predictions for high and low water times for 1910 are worse for 
Jfoulmein and Chittagong and about the same for Kidderpore and Rangoon ; 
for high aqd low water heights the predictions for 1910 are worse for Kidder- 
pore and about the same for the other threo stations. The greatest difference 
between the actual and predicted heights of low water for 1910 a t  the riverain 
mtations was as follows :- 

Kiddcrpore . 2' 10" on 19th October 1910, aotuals being higher. 
.CLit tagong . 1' 11" on 6th Ju ly  1010, actuslv being highor. 
Rangoon . . 2' 7" on 22nd Ju ly  1910, actuals being lower. 
Moldmuin , 6" on 22nd Ju ly  1910, actuals being higher. 



LEVELLING. 

PART V.-LEVELLINO. . 

LEVELLING OF PRECISION. 

BY COLO\I -L  S a. L l u u l . ~ a ~ ,  C.S.I., 11.E, F.RS. 

The three volumes, numbcrcd XIX,  XIXA, and SIXB respectively, 
Kllich contain tho completc account of the levelling of precision exccoted from 
1858 down to the end of the survey yoar 1908-09, have now been publislied. 

~ o i t u n e  X I X  contains a history of the work, a description of the methods 
a discussion of the results, while the descriptions and heights of the bench- 

marks are contained in Volunies XIXA and 13, the formcr dealing wit11 the 
southern parts of India and the latter with the nortlicrn parts. 

Tlle most noi.therly lines included in  Volume XIXA are those that join 
Bombay to Sironj vib Nindgaon, and Njndgaon to False Point vid Raipur, 
Bilispm, and Cuttack. 

The heights contained in  these volumes are those obtained after the final 
simultaneous adjustment of all thelines of lcvels to the mean level of tho sea a t  
nine selected tidal observatories. Thcsc values supersecle those contained i n  
the various levclling pamphlets that have been issucd from time to time. All  
levelling pamphlets, published prior to 1911 are now obsolete, and data should 
not be taken from thcm. 

I n  Vol~unes XIXA and B, each bcnch-mark is given two numbers, a 
geodetic numbcr which rcfers to its position on the line to which it belongs, 
and a topograpl~ical number which refers it to the degree sheet in  which it 
lies. Tithin the limits of each dcgree sheet the bench-marks are numbered 
cansecutivcly, so that its serial number, with the distinguishing number and 
letter of the dcgree sheet, completely defines a bench-mark. These reference 
numbcrs are written thus, ':$, that is to say, the 25th bench-mark in  degree 
shect C of millionth sheet 40. 

I n  Volumes XIXA and XIXB, two values of the height of each bench- 
mark are given, namely, the dynamic height and the orthometric height. The 
difference between them and the meaning of both are explained on pages 
99-108 of Volume XIX.  

The orthometric height is that which should be used by engineers, and 
should therefore be given on maps. 

The number of bench-marks enumeratecl in  the volumes is very large, but 
i t  is to bc feared that many are no longer in existence, or are now untraceable, 
owing to the objects with reference to which their positions were described 
having been altered or removed. 

Officers should inform the Superintendent, Trigonometrical Surveys, of the 
condition of all the important bench-marks which they come across. 

The primary bench-marks should always be reportcd upon, nnmeJp, Rock. 
cut, Engmved, Interred, Standard, aud Principal stations of triangulntion , 
(vide Volumc XIX, pages GG-(36). Other lcss important marlis necd not lie 
reported upon unless they are found to have becn dauiaged, or cnunot be found 
at all, or if there is reason to suspect that they have s ~ a c r e d  a change in 
altitude. 

Tidal officcrs should report to the Sopcrintendent, Trigonometrical Sun-cys, 
whether the  bench-marlis at  ports regviro renovation. 

K 



T I ~ C  lillcs of levelling tllat arc now being run are partly to cover new 
ground, sl~ch as Assam and Burma, and partly to provide additio~lal points 

tho large areas which are not crossed by any of the old lines. 
Tile new lines of levelling mill bc so designed that thcy may, whea 

cornplcte, form an  independent level net, connected to sea level a t  a greater 
nunlber of points than the old one, and capable of a n  indepcnclent simul. 
taneous adjustment. I n  the meantime, and until such time as they are 
complete, the new lines will, whenever possible, start from and close on bench- 
marks of the old net, and a11 published heights mill be in  the  same terms 
those contained in Volunles XIX A and B. 

No. 1 7  PARTY. 

( V i d e  Index Map 10). 

Er LIEUTENANT-COLONEL G .  P. LENOX-CONYNGIIAY, R.E. 

~~~~i~~ the year a n o ~ e l .  binocular levcl, vis., NO. 6728 by Mcssrs. Bausch, 
PLUSUNNCL. 1,omb and Saegmnller, mas received. 

I~npersal Uficers. The party now possesses 9 of these 
nr-,j01 J 17 Burn, R E, in cba~ge f ~ o m  1 s t  

to 18th UctoLe~ 1910. instruments. They all are very similar 
&[r J. Eccles, in cha~ge from 19th October in appearance, but they are not all 

to 13th Novon~be~ 1910. 
~ientenent-colonel P J. Gordon,lI.i\, in cha~ge equally satisfactory. The object glasses 

from 14th November 1910 to 13th Naloh 1911. 
Lieutenant-Colonel G .  P. Lenos-Cunyngh3m, of two, namely Nos. 2625 and 6v28, are 

R.E, ln ch?lge flom 14th &rch to 30th See- very in&fferent; they have such large te~ubel 1911. 
(The personnel of  t h e  detochnlpnts agrd the spherical aberration that i t  is impossible deiarls of the work done areg l zes  In the separate 

9 eports ) to find any state of focus in which 

parallax is wholly eliminated. Most of the instruments also have a serious 
defect in  that the eye end cannot be raclred out far enough to allow of objects 
nearer than about 40 feet being focussed. On steep slopes i t  is frequently 
nccessary to take shorter sliots than this, and consequently i t  has been neces- 
sary to equip each detachment with another instr~ument of different make for 
use on steep ground. 

Lcvel No. 3 by Messrs. T. Cooke and Sons is much superior to the othas 
i n  both the above respects. 

The question of the bcliaviour of the levelling staves under changes of the 
atmospheric conditions has been cloqely matched, but no satisfactory result has 
bcen obtained. The staves undo~~l~ ted ly  expand ~vlien the air becomes moist, 
but the action is slow ancl it is impossible to find any relation between thc 
moisture a t  any instant anrl the length of tllc staff. It would bc a great 
advantage if a staff could bc constructed nliich vould be free from tlie effects 
of moisture. Experiments on aluminium and stcel have hecn institutecl, and 
i t  is llopcd that something satisfactory may be clcvisccl. I n  the mcantime the 
coml?a~iso>ls with t l ~ c  standard slccl bars are being made as far as possible 

~durillg the course of the field work, and not only after returning to camp, 
so as to obtain as near an  approximation as possiblc to the actual length 
during the levelling. Y 

A noteworthy point of the work of the past year is that the hills to the 
wc\t of tlic Indus are now connected to tlie levcl net, so that means now cxist 
of ictccting any changc iri thc rclativc hcights of tlle IIin15layas and an 

oll'~l1oot ol tllc Sulaiman Mountains. The connection witll tlle ~vcstern l l ih  
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is as yet meagre, but that of the Himalayas is satiefaotory being effected by 
mven lines of levels, namely :- 

1. Siliguri to Tinclh~ria. 
2. Barcilly to Naini 'U. 
3. IIardw5r to Lansdomne. 
4. Sahsranpur to Mussoorie. 
6. Ambsla to Solon. 
6. Lahore to Dharmkot. 
7. R5walpindi to Murree. 

I t  is desirable that the levelling should be extended f r o ~ n  Jacohabad into 
the Baluchistan Bills when an opportunity occurs. 

The following S t m d u d  Bench-marks were connected during the year :- 
Ahmednagm. 
Dhnbri. 
GauLiti. 
Dibrupnrh. 

No. 1 LEVELLING DETACIIMENT. 

The following programme of work was allotted to the detach~ncnt :- 

nrr. E. IT. Corl.idon. 
nrr 1). H .  LUXU. 

Mr. T. F. ICitchen. 

(1) Levelling to coilnect a number of 

sup~lemcntary rock-cut pro- 

Lorcer Subo,,di,lnle Seraice. tectecll bench-inarks :- 
3 Recorders. 

( a )  On the Thnl Ghat on the Kalyin-Naudgnon line of 
levels. 

( b )  At Bombay. 

(c) On the Uor-Ghst on the Kalyan-Kedgaon line of levels. 
(2) Levelling from Poona to Ahmednagar along the roar1 vili Sirhr. 
(3) Levelling from Marmagao along the railway line wid Londa Junc- 

tion to Bclgaum. 
(4) Revisionary levelling from Belgaum to Hubli by road vid Dh5rwLir. 
(6) Levelling from Belgaum to Bagalkot by road vib  Kalaclgi. 

Tab:le I shows the discrepancies between the old and the new values of 
the heigl~ts of those bench-marks which are common to the lincs of this season 
and to previous operations. Discrepancics which call for remark are to be 
found in  the neighbourhood of Igntpuri and a t  Marmagao. A t  the latter 
place there is a set of four bench-marks which seem to have sunk by amounts 
varying from 0.8 of an inoh to 2.2 inches. The ngrecnlent betmcon the old 
and now values of the remaining twclvc bench-marks bet,wecn Mnrmngao and ' 
Margeo is so good that it may be concluded with coasidernble confidence that 
these four bench-marks have proved uutrustn-orthy. 

On the Ig~tpuri~IKLisbra lino the case is different. Elcro n7c Ilnvo fivc 
bonoh-marlis ncar K;zsira wllicll agree mcll and giro us confitlenoo that no 
movernent has tskcn plnco siuco the, levelling of 1S77-78. Tho next l ' o ~ ~ r  
b~noh-marks are not altogother trustworthy as their idontiiy is o:lcu to solno 

h 2 



68 RECORDS OF THE SURVEY OF INDIA, 1010-11. [VOL. 11. 

; the l,cmaining three are satisfactorily identificd ; they are r c s p e c ~ t i ~ ~ l ~  
813, 927 and 970 fcet above Kiis5ra and shorn discrepancies of OelG$, 0,186, 
0.225 feet. The fairly good agreemeat of these three quantities inter eel 
and the progressive incrcase in the differences, do not point to accidental move. 
ments of the bench-marlts ; the evidence is rather that the marks havc retained 
their positions, but that there is a systematic difference between the old and 
the new levelling. The appearance of the discrepancies leads one to suspect 
an crror in staff lcngth, and if this be accepted as the cause, preference must 
be given to the modern work, as much greater attention is now  give^ to the 
comparisons of the staves wit11 the standard than formerly. Furtl~errnore, since 
the error of the height of any point, due to this cause, will be directly pro. 
portional to the elevation above sea-level, the error at K5s;ra mill be less than 
that a t  Igatpuri, and the heights of the new rock-cut bench-marks have 
therefore been deduced froin the old value of that of Kisira,  though the line 
was actually run from Igatpuri. 

Line Har~~zagno to Re1gazanz.-The line Marmagao to Belgaum closes a 
levelled c i rc~~i t ,  viz., Marinagao, Belgaum, Hubli, Karwiir, Marlnngao ; all tlie 
parts of which, except thc line Ksrwar-RIarmagao (1 886-87), have been con- 
nected or revised recently. 'l'he length of the circuit is 322 miles, and the 
closing error, using the observed differences of level throughout, is 0.3U8 of a 
foot, as shown below : 

Lines of elevution I D u e .  
ill feet. I 

From G. T. S. A t  Tidal observatory 7 
0 Marmagao to G. 1'. S. 

B. M. 
B. RI. 

at Railway 
Belgaum. 

From Q. T. 9. At Railway Station 
0 Belgaum to G. T. S. 

B. M. 
1 

o 
B. M. I 

at FIubli. J 

+ 2439.024 

From G. T. S. At Rubli to G. T. S. 
0 

B. M. 
at K B ~ w B ~ .  

I 

Until however the dynamic or the orthometric heights of the stations have 
beon decluced, no conclusion call bc drawn from this apparcnt closing error, 
for an crrorlcss circuit of observcd differences of level will not in general close. 

Tlle orthomctl'ic he i~hts  of the Maqmazao and Belcaum bencli-marks, 
givcn in G .  'I'., Volume XIXA, diffcr by 2607.6GG feet ; applying an approxi- 

1910-11 

60'3 

From G. T. S. At  Kirmir to G .  T. S. 7 
0 

B. )I. 
0 I 

B. 11. 
s t  Tidal Observatory 1 
Marrnagao. J 

102.7 

- 394'72% 

56.7 

1910-11 

- 204$Y'893 1907-08 

+ 4,-293 is%-S7 
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rnately computcd correction to the difference of level betwcen these bench- 
marks as now observed, we obtain 2607~190 as the difference between their 
orthometric heights, showing a discrepancy of -0'376 betwcen the old and the 
new values. The length of the new line Marmagao-Belgaum is 102 milell, 
80 that, if the old values wliich are the result of the simultaneous reduction 
are considered crrorlcss, an  error of 0,0037 per mile has been generated in this 
new work. 

Revision of lifie Belgnz~m t o  Hub1i.-The result of the revisionary levelling 
from Belgaum to Hubli is also given in  Table I. It was decided to have this 
portion of thc line revised, as the revisionary levelling of the line Kiirwsr to 
Hubli had shown a big discrepancy, via,  0.68 of a foot, between the old and 
new values of two bench-marks, one at  Hubli and one 40 miles therefrom (vide 
page 336, G. T., Vol. XIX). The present levelling shows satisfactory accor- 
dance with the 1878 work, and proves that the embedded bench-mark a t  Hubli 
has not been disturbed since its original connection in  that year. 

Tlie revision of the line Belgaum-Hubli also assists i n  settling the contro- 
versy which arose between thc levelling officers and the Computing Office 
about the connection between the levelling of 1873-74 and that of 1907-08 
(vide para. 12, page 335, G. T., Vol. XIX.) 

The present levelling shows that the arrow B. M. * a t  Hubli is 2.390 feet 
above the cmbedded bench-mark t. fixed in 1878 ; i n  that year this difference 
was found to be 2,366, but the stone on which the arrow is cut is neither 
smooth nor level, and tlie exact spot on which the staff should be held is not 
defined, so this agrceinent is as good as could be expected. 

Referring to the records of 1873-74 we find that the arrow B. M. was 
2061.18 feet above mean sea-level. The operations of 1878-79 made this height 
2062.34, and the present levelling gives 2062.83. These values are all un- 
adjusted observed values, not orthometric heights. The evidence is now con- 
clusive that the arrow B. M. suffcred displnccmont between 1873 and 1878, and 
that there is no link betlreen the work of 1873-74 and that of 1907-08. 

No. 2. LEVELLING DETACHMENT. 

This detachment had for its programme - 
PE~SONNEL.  (1) To level from Gauhjti to Dibrumrh. - 

Proui~~ricrl 0gico.s. 
Mr. O. N. P~lsliong. (2) To connect the standard bench-marks 
Mr. D. 11. Lusn, until 1st llnrch 1011. a t  Dhubri, Gauhslti and Dibrugarh. 

Li,pel. S~rLordi~rnte Seruice. 
Mr. K. K. Dns. 

L o l u e ~ ~  Siihovd~~~nte Struice. 
(3) To commence a line of levels from 

3 Rccordors. Gauhati to Chittagong. 

This scnson 2 l~cuch-marks of the embedded type which mere Jaid down 
were moddcd of stono cement concrete. The lettering on these bench-marksj 
in ordcr to lunlie tllcm conform to the usual design, mas done by the detach- 
ment, and tllc material appeared ~musnally soft undcr thc chisel. It remains 
to be scen nhctlicr bcnch-marks so composcd are ns durable as those made of 
stone. 

-"_ ,,, or l ino a!). 

t 236 of line 20. 
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No. 3. LHV~LLINQ DETAOHMBNT. 
4 

The following programme of work mas allotted to the detachment :- 

PBBSONNEL. ( i )  Levelling from rlmbiila, alonq the 
Prouincinl 0ficej.s. 

Mr. A,  M. Tnloti. Delhi-Amb5l+-KSlka Railway, to 
Mr. 0. D. Jalkson. 

Loree~. SaBoj.dr note Sevuice. 
Kiilka, aud thence along the 

3 Recorders. Simh road to Solon. 

(i i)  Levelling from Dera Ismail K h i n  along the Bannu road to 
Chundn, a t  foot of the Marut range. 

(iii) Levelling from h r y a  K h i n  to R5walpindi along tlie Ksclia road 
vi6 Jandanwila, Khushib, Kathwai, Jaba and Talagang, with 
a branch line from Ehush%b to Shiihpur, crossing the Jhelum. 

( iu)  Levelling from Nowshera to Rishalpur Cantonment along the 
Mardin road. 

( 8 )  Levelling from Rttwalpindi to Murree d o n g  the Kashmit. road. 

The seven proposcd lines of precise levelling to connect the Hilnjlayan 
range with the main lines of levels have all been completed, now tliat the 
connections of Ambila to Solon and Riwalpindi to Murree have beell made. 
The line from Dera Ismail K h j n  to Chunda connects tlie roclry range \vest 
of the Indus to the main lines of levels, as well as to the Ililniilaynn range 
direct, vici Darya K h i n  and Riiwalpindi. 

The line Daryii KhLn to R jwalpindi vi6 Khushib breaks u1) the large 
circuit Murghai-Chach-Lahore-Ferozepore-Murghai (parts of which were 
worked as early as in 1859) into two parts, namely, Darya K h i n  Cliacli- 
Rswalpindi Daryj  K h j n  and Dary j  Khiin Riwalpincli Laliore Ferozcpore- 
Murghai D a r y ~  K h j n  ; the sccond of thcse mill be further broken up into 
three smaller circuits next field season. 

Closing erroj*.-The height of Riwalpindi above Daryii Klijn deduced 
from the corrected orthometric heights given i n  G .  T., Volumc XIXB, is 
4-1101.682 feet; the observed value of this height given by the ncm line of 
levelling is +1101~817 feet ; this reduced to orthometric terms is approximately 
1101.772. Thus showing a discrepancy of 0.190 foot in  212 miles. AS the 
heights of all bench-marks connected up to 1909 have been adjusted and 
published i n  Volumcs XIXA and XIXB, this discrepancy mill, for the 
present, be dispersed betmecn Dary5 Kh5n and Rjwalpindi. 

Table I shows the discrepancies between the old and new heigllts of the 
bench-marks of the oi.igina1 levcuing which Tere connected this season. The 
check-lepelling a t  Bmbiila sb~)ws a certain peculiarity ; all thc bencli-marks at 
the railyay station an3 a t  tlke Royal Horse Artillcry lines agree well together, 
but show a discrepancy with the standard, while the latter agrees well with 
the two bench-marks a t  thc Church. This will bc investigatcd by n re-check 
levelling of all thcse bench-marks, when an opportunity occurs. 



TABLE I.-No. 1 DETACHMBNT. 

Di~c repa l l c i e s  belwedn lAe o2d a n d  traw  value^ of bench-marka. 
---. - 

Deecription of bench marks of tlre 
oripuol Irvelliog t l~nt  rcTe conneoted 

for oheok lovullmg. 

~ i l ~ ~ ~ ~ ~ ~  
(Cheok-~rigi- 

riel). rfhO 
sign + 

denotes that 
tho height *be 

greatcr and 
the sign - leea 

in 1910.11. 
than when 
originally 
levelled. 

Feet. 

RrrrB'xa.  

Dis- 
tance 
from 
$art- 
i n 8  

bcncli- 
~ ~ m l t s .  

Miles. 

(Ea lgdn  lo 
0'000 

-6023 

-0'ble 

-0'010 

+0014 

,-0'067 

-0.df4 

+0.036 

+fVO'd6 

+0'164 

+@I86 

Cherk levelliirg belloeelt 
G. T. S. At Kiiskra Ry. Station . 
0 

B, M. 

G. T. S. At Dhnramsah, Krsira . 
0 

I(. M. 

G .  T. S. At bridge No. 275, rit mile 
0 76, Bombay-Nisik Road. 

B. I. 

O .  T. S. At &rain No. 278 near fur- 
0 

R. 11. long stone No. -75 Bombay 
2 

C. T. S. At bridge No. 290.1 forlong 
0 south of mile plnte No. 76, 

B. N. Bornbnx-Niisilr Rodd. 

G. T. S. At pnrapet wnll 2 chs. south 
0 ol' mile 49 Llo~rr bay. 

B. R I .  

G. T. S. At drain No. 318 new fur- 
0 

B. bl. long post 79 , Bombay. 
4 

G.  T. S. At Toll House, milo 
0 Bombay. G 

11. M. 

0 At drain No. 184 . . 
B. N, 

B. 0. hl. At drain No. 27, 97 ohs. 
west of milo 83, Bbmby. 

0 At bridge No. 30 . . 
B. M. 

(I. T. S. At  Igatpuri Railway Station 

I17andgaon), 1877-78. 

*Seemed t o  be iJenti- 
c$ with B.M. No. 60 
shown ns destroyed 
in leveHing, Volume 
XlXA.  

t Enme remark ae 
above, but identical 
with No. 63  

f Sime remark as 
above, but identical 
mith No. 63. 

8 Same remark aa 
above.. bnt identical 
with No. 64. 

11 Same remark0 a.3 
nbsve, bnt idedtical 
with No. 66. 

Igatptwi-BZsdva, 
0'0 

0.3 

1.2 

1.4 

*2,2 

t 6 . 2  

$6.7 

$6.0 

110.3 

8'8 

9.8 

12.0 

part of maia  line 33 

OBOBRVRD nEIclI3T A B O V I  
(t) O R  BELOW (-) 8TABT- 

INa D E N C E - I A B K  As 
D E T E R ~ I N E D  DT - - 

U. nr. 

0000 

-9'628 

- 185.632 

- 130252 

+22.640 

+163'867 

+290.364 

+361.439 

+416.313 

+819.196 

+937.699 

+989.861 

, 

original 
levcllinC. 

Feet. 

+0226 

[ 0'000 

-9'661 

11'6F661 

-124'262 

+22664 

+I63790 

$390.280 

+361.476 

+4168368 

+R13?69 

+027.785 

+970'086 I 

Check 
levellidg, 

1910.11. 

- -- 

Feet. 

Check levelling bctlocen Ka~jnt -Palasdhnvi ,  part of main l i ~ l e  31 ( X a f y d n  to XEJ,~(IROI!), 1906.07. 
G. T. 8. At liorjat lly. Station . 
B. N. 

G .  T. S. At. bridge near Telegraph 
0 

B. M. p a t  NO. '1 
I '  

G -  T. S. At Palnsdhnri Rp. Station . 
0 

J3. M. 

O0 I 0000  

CBccl.-loveIli~~g nt lihopoli, p a r t  pl r1ai11 l i~ to  31 (IZalyZn l o  Kcdgaon), 1906;07. 

0'000 

-9.210 

+36.056 

O'D 

1.7 

G 7'. S. At Rhopoli Ry. Station . 
0 
H. M. 

0'000 

-t.B028 

+0.010 

-9.247 

+3S.O48 

0.0 

. -- . 

0'(KK, 0'000 

. . . . . . . . 

0000 1 
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TABLE 1-NO. 1 D ~ ~ a c t r ~ ~ x ~ - e o s ~ i n u e d .  
L 

Cheek-levelling between Khanddla-Lonavla, part of main line 31 (BnlyJn t o  Kedguon), 1906-07. 

Diseyepallcien be'ween the  old nnd nezo talrre8 of  betbch-~nflrbs- C O U ~ ~ .  

0. T. 9. At  Pnmi Dharemsala Khan- 0.0 
0 dola. 

B. bI. 

Q. T. S. At  Khandda Ry. Station 

B. At. 

Beurrnp,, 

Check-levelling bdzueen Poona and Kirkee, part of main line 31 (Halya'n to Iedgaon),  1906-07. 

Differcnco 
(C11e0k-0ri8i. 

nal). The 
eigu + 

denotes thnt 
the hoigl~t a u a  

pcatrr  nn$l 
tllc in Ricn 1910-11, - lcss 

tllau mhvn 
orikfinally 
levallad. 

Q. T. 8. Standard Bench-mark at  
Aasi.tnnt, . Commanding 
Royal Engineer's office, 
Po~ma.  

Deenriptian of bench-markr of the 
origins1 levclling that were oonneoted 

for cheok-levollin~. 

G. T. 9. A t  reservoir of old water 
0 worka tower near Arsenal, 

B. M. Poona. 

- 4 ' O O L  

4 0 0 7  

=is. 
tnuoe 
from 

~ n g  
bcuch- 

OBBERVED A L I B E T  A B O V E  
(+ )  OR BELOW (-) BTART. 

I N 0  B E N C E - M A B K  AB 
D E T E B ~ N E D  BY 

Q. T. S. Standard Bench-mark at  A11 
Sainta' Church, Kirkee. 

Q. T. S. At Goode platform, Khopoli 
0 Ry. Statton. 

B. I. 

Q. T. S. At bridge, 17 chs. north of 
0 Khopoli Ry. Stntion. 

B, M. 

OriFinal 
loveIIing. 

--- 

Check-levelling at Marmagao Branch line 17A(K~rwdr -Marmagno) ,  
1886-87. 

Niics. 

0'1 

0'3 

Check 

l ~ ~ d j ~ ~  

Feet. 

+3'07'3 

-2106 

O. T. S. At Yarmagno Tide1 Obaer- 1 0.0 1 0.000 ( 0.000 1 0,000 , 

Feet. 

+3'069 

-2'113 

0 vntory. 
B.M. 

0. T. 5. At b r i d p  No. 4,. 1-9 miln  3.3 / +79.870 1 +70.883 1 + 0.013 1 
0 eavt of Vusca-dn.Oama, 

B,  nl. Railway Stnlion. 

Q. T. S. Ditto ditto . 1 0.1 

Q. T. 0. At masonry plinth, Vnsco- / 1.4 ( 4- 0046 
El. 0. M. da-Game Ruilway Sta- 

tion. 

Q. T. 9. At railway bridge, + mile : + 6,769 
8.0. I. n n t  of V ~ c o - L - ~ n m a  I l" 1 

Rajlaay Station. 

G.  T. 8. At ilrnin 12 chn. east of mile 
' B. 0. M. 7 Marmuguo.* 

- 3.537 

B. M. 

Q. !J!. 9. At platform copingoppoeito 

0. At brillgo 10  chs. cnst of  
0. T. H. C~r~~aaulim Roilany 
U. M. Stuliun. 

- 3.719 

1.6 

- 0.023 

+ 6'809 

0 Booking Office. Vnsco.da- 
B. M. auma Railway Station. I 

+ 0'810 

- 0,068 

- 0'080 

G'4 

0'6 

Probably slink. 

i 
J 

+38'822 

+18.745 

* Secms to t o  idonti- 
CIII wit11 ~ 3 .  M. 36 
of brurtch line 
17-A. 

t38 '016 

$16.736 

- 0.000 

- 0~010 



G. T. S. At Belgeum Railway Sta- 
0 tion. 

B. M. 

TABLE I.-No. 1 D w ~ o t ~ ~ ~ n ~ - - c o n l i ~ ~ ~ d .  

G. T. S. At Post Office, Belgaulu . 1 03 1 n 
B ~ N .  

B. @ DI. At UI~imrt~o l'n~el's Rouse 
i n  Bnzor, Ilelgnuu, 

. 

- - - - . .- - - 

t Scems to be identi- 
cal with No. 31 of 
bronoh line 17-8. 

* 
f l i~c repa~ lc i e s  between the  old and new v a l u e .  of bench-marks-rontd. 

Q. T. S. A t  drnin a t  junction of 
0 Fort  and Stntiou road 
Jj. M. rr i t l~ Dhirwir-Uelguam 

Ruad. 

a. T. S. At drnin a t  ji~nction of 
0 Fort  nod Station rood 

B ,  . wit11 thn t  t o  Race-courac. 

Desorlption of benoh-marks of the 
levelling that were conneoted 

for oheok-levelling. 

a. T. 9. At brid e near telegraph 
B. 0. M. post !To. f6. 

G. T. S. At bridge near telegraph 
B. 0 .  &I. post NO. y t  

G .  T. S. At bridge between telegraph 
0 posts Nos. it and +g. 

R. I. 

G. T. S. At  Mnrgao Railway station 

B. M. 

G .  T. S. At Navelim . . . 

B. M. 

Q .  T. S. AL Margoo-Mnsnn (Hindu 
burning place.) 

EM. 

Q. T. S. On plntform coping op. 
0 po~i td  bookil~g 0fficr. 

B. N. Margao Rnilmag Sta- 
tion. 

G .  T. S. A t  plinth of iron oolumn, 
0 Kargao Railway Stn- 

B. M. tion. 

Check-leuelli~~g at Belgaurn n~ain  li,re 29 ( N i r a  l o  Hqcbli), connection o j  standard 
bench-mark, 1908.09. 

Dis- 
tance 
from 
start- 
ing 

henoh- 
mark. 

- 
Miles. 

10.7 

11'6 

16.1 

16'1 

17'1 

16 7 

16.2 

16'3 

Differenoe 
(qheak- 

Ongind). 
The sign + 
denotes that 
the height 
was greater 

and the sign - 
loss In 1910.11 

thzi",";; 
levelled. 

Feet. 

- 0002 

- 0.009 
- 0.026 

- 0.019 

- 0.024 
- 0.001 

- 0'018 

- 0.011 

OBBPBVDD HEIGHT ADOVP 
(+ ) os naLon (-) ~ T A ~ ~ -  

ISQ ~ E N C E - M A ~ E  A B  
DETPBMINED 

Original 
levelling. 

Feet. 

+22'103 

+ 18347 
- 0'700 

+11'056 

+ 9'638 

+54368 

+11'500 

+10.611 

BY 

cheek- 
levelling, 
1910-11. 

Feet. 

+22.101 

+18'939 

- 0.725 

+11'937 

+ 9.808 

+6&367 

+11'484 

+10.600 
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TABLE I.-No. 1 D E T A C H M M N T - C O ~ ~ ~ ~ ~ ~ ~ ~ .  

Discrepancies Belweeu the ol(l awl  sew val tce~ of b e n ~ h - n 2 a r k s - ~ ~ ~ ~ l d ,  ' 

Deeoription of benoh-mrka of the 
original levelling that were eonneated 

doring the reviaionnrg operstiona. 

Die- 

t::: 
polnt. 

Num- 

qr 
A. 

-- 
1 ~ i l e s .  

- 

E B P ~ ~ ~ ~ .  

OBBBRVED BEIOET A B O V E  
(+ )  OR BELOW (-) .TART- I D,flemnoo, 

INO P O I N T  A B  DETER- l(Rev~sed-Or~- 
XINED IR s~ual ) .  Tho + 

1 sign denotes 

Feet. I Feet. 

Q. T. S. At Belganm . . . 
B. Jb. 

O. T. S. At bridge 261 near F. S. 
O 926 B. M. - 

7 
0. T. S. At Bigevidi . . . 
B. I. 

G. T. S. At  Mugat-Khin Rubli . 
B. M. 

B. 0. M. At bridge 272 between 
231 

F. S. Nos. fiax. 
B. 0. M. At bridge 273,4 ohe. north 

of mile 18, Bolgaum. 

G. T. S. At Hnlikoti . . . 
0 

B. M. 
Culvert No. 3r6  near mile 26, 

Belgaum. 

Culvert No. 323 between F. S. 
Zgl 

Nos. - 2 and 3. 

G.  T. S. At ICittur . . , 

U. M. 

1877-78-79. 

Feet. 

1010-11. 

* Prol,nblg dim. 
turbed. 

t Probably 
sunk. 

l t l~nt the height 
Goater 

and the -sign 
less in 1910- 

11, tllan i t  
when ori inal- 

IJ levelfed. 

line 

@000 

-0.0.27 

-0.036 

-0.069 

-0.086 

-43.18'  

-0.111 

-0.020 

-0~-j06 

-0.200t 

ie attributal~lc to the unfavourable atmosphere conditions which ~revailod 
when this linc was run. The weat,her was hot and the rea&ngs of the staves 

were at tirncia rendorcd uncertain by the boiling of the air, even though the 
Ion~dhn of tho shots wcro reduced. 

-0013 

-0'018 

-0'012 

+Om069 

t 0 . 0 2 4  

--0'016 

-0.040 

Bolgaum-Bsgalkot 

29-Belgaum-Hulli, 
0.000 

-263'388 

-272846 

-309.167 

-367,317 

--388'698 

-214.594 

-131'777 

- 92.012 

- 61.638 

Revisio?l 
212 

216 

216 

217 

218 

219 

221 

222 

223 

224 

- 96,128 

-201.681 

-171'613 

- 88'127 

-170'938 

-JlO'714 

4 1 3 1 0 4  

on the 

line 
0'0 

12.2 

1 2 2  

17'0 

17'8 

18'3 

23'5 

26.4 

27'9 

28'2 

G. T. S. At Tegur , , a 1 226 

U. BI. 
Culvclt NO. 33, l a  ehs. north-west of, 228 

263 
5'. S. - 1. I 

KO. 
0.000 

-963.361 

-172010 

-309088 

-367.231 

-388'260 

-214483 

-132767 

- 9 2 ~ 0 6  

- 61.438 

3 /0  

39.7 

41.9 

47.1 

63.6 

60.0 

O. T. 8. At illumigato . . 
13. AI. 

G. T. 9. DhrrwAr . , . 

t). nr. 
G .  T. Y. nayepur , . . 
B .  nr .  

A At Bun- 
B. i\I. g,alow. 

- l lO65  

-201.666 

-171'607 

- 88'186 

-170963 

-410699 

229 

231 

232 

-&- 
-413114 , ,Q. T. Y. At liubli . . 

0 
H M. 

The larger differcncc between the levellers 

236 1 600  



TABLE I.-No. 2 DETACHMENT. 3 
P 
u 

Discrepancies between the old and new values o f  bench-marks. - !? 
u 

R E M A E ~ ~ .  

E 
* This hench-mark was hilt aa the levelling a p p m -  2 

ched Gauhtti and the connection wae effected soon 
after. The Officer in charge of this piece of IeveU- 
ing stated. before the check-levelling of season 
1910-11 was taken up, that the B. N. won16 he 
found t o  hare sunk, more especially as i t  was a 
the platform of the Railway Station. The check- 
levelling indicates that i t  has sank slightly. 

t N o  mark was originally inscribed so that the point 
of reference is uncertain and the comparison there- 
fore of little value. The surface of culvert is very 
rough and not very suitable for a benoh-mark so 
no letters were added. 

4 
01 

Dracription of bench-marks of the original 
Ierelling that were reconnected for 

check-levelling. 

Di$erence (~h~~,-~~i- 
ginal). The + sign 

denotes that the h e ~ g h t  
wes greater and the - 

sign less in 1910-11 
than it was when 
origi~ally levelled. 

I 1 1495 / At Gaulit i  Railray Sintion . 

* G.T.S. 
0 At ,, )> > J  . 

B.M. 
At culvert near T. P. No.  +T . 

t G.T.S. 
At Khanamukh . 

B.N. 

G.T.S. 
0 At Dhutrri P o s t  Office . . 

B.M. 
G.T.S. 

@ Near Government Ganja Shop 
B.M. 

G.T.S. 
r 9  

@ Opposite Police Lines, Dhuhri . 
B.M. 

Number 
UL 

Vol. XIXB. 

-- 

OBBEEVED HEIOET ABOVE (+) OE 
BELOW (-) STABTINO POlNT 

a8 DETBBMlNED BY 

Dietance 
from 

starting point. 

Mls. Chs. Lks. 

Ori inal 
l e v h u g .  

. .- 
73 

74 

72 

b - 
70 

44 

dr 

2T 

Cheek- 
levelling. 

Brat le i  L i n e  No. 77.4 ( P i r v a t i p u r  t o  Gal ihib i ) .  

. . . 

-0.029 

-0.015 

-0.015 

... 

0 6 76 

2 9 16 

7 74 0 

... 

- 0,423 

- 3.593 
-11.556 

Cheek-levelling a t  Dherbri. 

... 

- 0.452 
- 3.608 
-11.571 

. . . 

0 41 54 

0 62 0 

... 

-17,687 

-18.823 

.. . I . . . , 

-17,677 -0.010 

-18.820 + 0.002 
I 
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TABLE I.-No. 3 DETACHMENT. 

Uiscrepaucies betweell tlre old and new values of'bench-anrHs. 

I Miles. I Fcet. I Feet. I Feot. 
Check-leuelling at Ambdla-Main L i ~ e  61 (Ferozepore t o  Mcerut), 1906-07. I 

Standud Bench-mark a t  St. Paul's 
Chulxh. I 

RBPARPB. 

+ a t  Memorial St .  Paul'e Church I 

Dieerrno' 
(Cl'eck-Ori- 
enal). 
mgn+ denote8 
that the I~cigl~l 

wee greater 
and tho s i p -  
less in 1910-11 

::,"a," :A 
ly levofid. ' 

Desoription of bencll-marks of thc 
original levelling that were conneoted 

for check-levelling. 

901'6 A a t  St. Paul's Church I 
G. T. S. At N. W. end of 13. platform 

0 of Ambila Cantonment 
B. Y. Railway Station. 

Dis- 
tance 
Irom 'tart- 
mg 

benolr- 

- 

G. T. S. At A. platform of AmbiJe 
0 Cantonment Railway 

B. Al. Station. 

G. T. S. A t  Wealeyan Church . 
0 

B. M. 

I ) B @ E R ? E D  HEIGHT A B O V I  
(+)  O R  BELOW (-) ETABT' 

I N 0  BENCH-HARK AE 
DETEBITINED B Y  

G. T. S. At  block No. 3, Section 
0 Hospital. 

B. bl. 

Ori@nal 
IeveUing. 

G. T. S. At block No. 2, Sectlon 
0 Hospital. 

B. M. 

, - ~ h ~ ~ h - , ~ ~ ~ l -  
ling, 1910-11. 

G. T. 5. At block 42, Royal Horae 
0 Artillery Lines. 

B. M. 

G. T. 5. At block 43, Royal Horse 
0 Artillery Lines. 

B. M. 

Check-levelling at Dera Ismail Khdn 

Btadard Bench-mark a t  Dera Ismail 
Ichin. I 

592.40 At St. Thomas Church . 
67452 

G. T. S. Embedded a t  St .  Tbomas 
Church. 

B. I. 

+ At Tomb, St. Thoman Church I 
Q. T. 9. At Brigade Office . 

0 

G. T. 5. At A. C. R. E.'s Office . 
0 

',B. bI. 

Q. T. 8. At District Looal Board's 
0 Office. 

a. hl. 

-Main Line 55 (Murghai to Chacl), 1906-07-0E 

+C.Olt im * Thls bench-mnrk 
appnare to linvo been 
dreturbed and tlle 
ncw vnl~ie should 
now be ncceptcd. 



LEVELLINQ. 

TABLE I.-No. 3 DETAOAMENT-concld. 
a 

a Discrepancica l e twren  t d e  o ld  a*d new valrles of  bench-nrorka-conclc1. 

Doeuri tion of bencll-marks of the 
originsl !erellmg that wero conneoted 

for ollrct-levelling. 

Din- 
tanco 
from 
stsrt- 

ODBERVED BUIOHT A B O V E  
( +  ) OW BULOW (-) ETART- 

I N 0  BENCB-IIABE A E  
D B T B R Y I N U D  BT 

.- 

I Piles. I F o r t  i L e t .  

Differenoo 
(Cl~eoh-Ori- 
ginrl). The 

sign + denotes 

aae greater 

lees in 191U-11 
t l ~ m  it  waa 

when ori 'nal 
~y levelfa. - 

Feet. t 
Check-leuelling at Daryd Kh#n-Xuin Line55 (~ll?rvglini lo ChacA). I 

G. T, S. At south end of platform of 
0 Darye Khan Railway 

U. N. Station. 

Check-leuelling at Rdwalpiadi-Main Line 56 (Fsrorepore lo Chach), 1905-06. 1 

G. T. S, At north cnd of platform of 
0 DnryH Khau Railway 

B. M. Ststion. 

0.1 

Standard Bench-mark a t  Rlwnlpindi 

G. T. S. At Christ Church . . 
0 

B. M. 

G. T. S. A t  Government Telegraph 
0 Office. 

B. I. 

G. T. 9. At Lockhsrt Nemolial . 
0 

B. Dl. 

G T. 9. At Distlict T~nffio Supelin- 
0 tendent's 0fEce. 

B. M. 

G. T. S. Embedded a t  Rntvalpindi 
Railway Station. 

B. M. 

O. T. S. At latform of Rawalpindi 
0 Zailwny Stntion. 

B. M. 

G. 1'. S. At platform opposite north- 
0 east aolner of Rawalpindi 

B. M. Railway Stntion. 

a. T. 5. A t  Leh railway bridge . 
0 

n. M. 

G. T. 8. At bridge No. 276 m. N. 17) 
0 

B. N. 

G. T. S. Embedded a t  Nowshcrn Rail- 
way Station (B. X. 18). 

B. nr. 

G. T. S. At eost end of platform 
0 ( B .  N .  19). 

B. M. 

Q. T. S. A t  went end of plntfor~n 
0 (El. N, 20). 

B. M. 

0.  T. S. At bridgo No. a80 (B. Bf. 21) 
0 

B. M. 

Cheek-Ecvelling at Nowsharu Branch Lins  5 6 8  (Chach to Peshdwar), 1906-07. 

0'0 

0'0 

0.7 

1.1 

1'6 

1.6 

1.8 

1.8 

2.9 

0.000 

-1'321 

-17'109 

-24038 

-35.496 

-96.340 

- 2  

-34297 

-40.821 

0'0 

0.8 

0-9 

1.1 

1.8 

@ooO 

-29.914 

-26.149 

-96.209 

-18.313 

0.000 

--.29.316 

-20'148 

-26.264 

-18.399 

0.000 

-1'329 

- 1 7 1 7  

-24027 

-35.492 

-36.346 

-39.297 

-39.2.20 

-48.813 

... 
+of101 

+0006 

-0.006 

+OaO1O 

... 
-0'001 

-0'008 

+0,011 

+@OM 

-0'006 

+ 0 0 M  

+@007 

+0.008 
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TABLE 11.-No. 1 DETAOHMENT. 

Place snd,dete of 
CornDommn. 

Igatpuri, 6th November 1910 

Khardi,16th , 1910 

Khand&la, 24th ,, 1910 

Poonr, 1st December 1910 

Shiarpur, 10th ,, 1910 

Nariiyangaon, 2lst 1, 1910 

Tss, 29th ,, 1910 

Vasco-da-Gamn, 12th January 
1911. 

Spnvordem, 21st Jnnaarg 
1911. 

Collem, 29th January 1911 

Castle Rock, 9th Feblmry 
1811. 

Gunji, 18th February 1911 

Deeor, 2nd March 1911 

Belgeum, l l l h  ,, 1911 

Hulikati, 22nd ,, 1911 

Dhkrwar, 31et ,, 1911 

Belgaom, 10th April 1911 

Hnlki, 19th ,, 1911 

Budnur, 20th ,, 1811 

0 

Kal@If$, lOt11 May 1911 

Bsgnlkot, 16111 ,, 1811 

L 

R E M A R R ~ .  

- 
Clear nnd dl.y. 

Rnin.since last 
purlson. 

clear nnd dry, 

Clear. 

Clear and dry. 

Ditto. 

Ditto. 

Light scattered 
sudden gust of cool 
breeze. 

Scattered o l ~ ~ d e  ; 
country fairly damp. 

Mist and clouds some 
mornings, otherwise 
clenr. 

Clear and dry. 

Scntte~ed clouds one 
eveomg, otherwise 
cloar. 

Clearanddry. 

Strong cool breeze 
nf ternoons, ganornlly 
dusty. 

Scattered clouds, hot 
nnd dry. 

Scattered clouds, cool 
and dry. 

Strong oool gusty 
breeze. 

Scattorcd clouds and 
cool breezo. 

Scattered clonds 
cool breczc ; rnin 
overnight onae. 

Cloudy, hot nod 
dry. 

A few drops of rain 
overl~igl~t on !mu or 
t l l1~0 O C C A 0 l O l l ~  i 
suddon gants of 
wind ; scsttarud 
clouds. 

Result8 o f  c o ~ n p a r i s o ~ ~  o f  slaves,  aeason 1910.11. 

~ C ~ O W .  

StaE No. 03. 

Feet. 

-0 00468 

-0.00401 

-0'00457 

-400538 

-0.OOKdO 

-0.00713 

-400651  

4 0 0 6 2 1  

-0.00478 

-0.00483 

-0.00494 

-0.00616 

-0'00692 

-0.00784 

-0,00884 

6.00780 

-0.00?77 

-0.00821 

-0.00889 

-4.00886 

-0.00982 

L ~ N O T H  

SteE No. 05. 

Feet. 

-0.00003 

+0.00062 

+0.00003 

-0.09338 

-0.00040 

-0.00166 

-0.00078 

-0,00003 

+ 0.00060 

+O.C0030 

-0.00008 

-0.00084 

-4.00196 

-0.00187 

-0'00246 

-4.00171 

-0.00172 

-0,00223 

-0'00267 

-400228 

-0'00291 

OF 

Staff No. 00. 

Feet. 

-0.00210 

-0.00113 

-0.00257 

-0'00310 

-0.00311 

-0.00437 

4 0 0 3 9 2  

-0'00355 

-0.00264 

-000284 

-0.00369 

-0.0044A 

-000521 

-0.00639 

-0.00689 

-4'00663 

-0.00508 

-0.00641 

4 0 0 7 4 9  

-0.00744 

-0'00836 

I 

8TAFP310ft.+QoaIltity 

St& No. 01. 

Feet. 

-0.00363 

-0.00292 

-4.00417 

-0.00454 

-0-00461 

-0.00604 

-0.00464 

-0.00389 

-0'00336 

-0.00395 

-0.00420 

-400484 

4 0 0 6 1 2  

-0.00834 

-0.00679 

--0.00626 

--0,00589 

-0.C0831 

-400718  

-0.00732 

-400839 
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TABLE 11.-No. 2 DETAOBHBNT. . 
Resirlt o f  compnrison o f  atover, eeoaon 1910-1911. 

plam and dste of aomparieon. 

Dhubri, 1st November 1910 . 

Gnuhiti, 9th ,, 1910 . 

Sonnpur, 19th ,, 1910 

Nakholo, 1st December 1910 . 

naha, 9th , 1010 . 

Ssmeguli, 20th ,, 1810 . 
Amguri, 2nd January 1911 . 

Kajirnnga, 12th ,, 1911 . 

Dergnon, 24th ,, 1911 . 

Kakojan, 3rd February 1911 

Sibeigar, 14th ,, 1911 . 

Lepetkata, 24th ,, 1911 . 

Dibrugarh, 1st Neroh 1911 . 

Bornihat, 23rd ,, 1911 . 
Nongpoh, 1st April 1911 . 

Umron, 11th ,, 1911 . 

Ghillong, 2lst ,, 1911 

Uumpep, 6th May 1911 . 

B P X A ~ K U .  

Clem and cool. 

,, ,, dry. 

Light clonds by. 

, s c a t l e r e d 
clouds ; cool. 

Scattered cloudo. 

Clear. 

Clenr and dlg. 

Light scattered olqnd.. 

Cloudy nnd cool. 

Light scattered clouds 
and 0001. 

Santtered clouds md 
cool breeze. 

Cloudy. 

Light ecatterqlal&I. 

Clenr cool breeze. 

Scattered oloud~. 

,, 

Cloudy. 

Scattered olouda, 

LENQTE 

Staff No. 20A. 

Feet. 

--@00015 

- '00003 

+ ,00027 

+ '00138 

+ '00047 

+ '00040 

+ '00021 

- '00026 

+ '00067 

- '00007 

+ '00098 

+ '00113 

+ '00086 

- '00010 

- .00019 

- '00027 

+ .00116 

+ .WG78 

I 

OP BTAFP-10 ft.+Qunntity bclow. 

1 1  

I 

Staff No. 2OB. 

pp 

Feel. 

+@00011 

+ '00097 

+ '00108 

'00164 

+ '00125 

+ '00098 

+ '00066 

+ '00079 

+ '00163 

+ '00110 

+ '00102 

+ '00226 

+ '00168 

+ '000G2 

+ ,00019 

+ '00032 

+ '00140 

+ '00176 

S ta l  No. 16A.' 8taff No. 16D. 

Feet. 

-0.00131 

- '00010 

- .00011 

+ .00047 

+ '00011 

- .00006 

- ,00028 

- .00027 

+ '00082 

- '00009 

+ ,00021 

+ '00101 

+ '00075 

- '00046 

- '00060 

-'00067 

+ .00137 

+ ,00016 

Feet. 

+0'00060 

+ '00103 

+ ,00122 

+ '00228 

+ '00106 

+ .00188 

+ '08111 

+ .00062 

+ '00143 

+ ,00123 

+ .00108 

+ '00'82 

+ '00162 

+ .0005G 

+ -00052 

-.00007 

+ '00161 

+ ,00177 
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TABLE 11.-No. 3 DETACHMENT. 

n e ~ u l t  of con~pa l i eo?~  of slaves, acuaort 1910-1 1. 

Dnte end pleco 01 
aomynrison. REPARKB. 

Ambala Cnnt. 28th Oct. 1910 

Lalrn 6th Nov. 1910 

Ghaggsr 14th Nov. 1910 

U l k e  21st Nov. 1910 

Jabli 98th Nov. 1910 

Dhermpnr 6th Deo. 1910 

Bolon 19th Dec. 1910 

Dem Iemoil 
Khiin. 

Yerik 

De1.y~ Khiin 

Eetn 

Jandanwds 

Punjab 

Khush~b 

Khnshiib 

Kathwei 

831-3 Deo. 1010 

31st Dec. 1810 

l l t h  Jan. 1011 

19th Jan. 1911 

26th Jan. 1911 

3rd Feb. 1911 

10th Feb. 1911 

17th Feb. 1911 

24th Feb. 1911 

Sodhi 3rd Mar. 1911 

Jaba 11th Mar. 1911 

Jatta 20th Mer. 1911 

Talagang 

Dulln 

Chakri 

Chahnn 

Riiwalpindi 

Rkwalpindi 

n e t  

Ghom QJi 

Murree 

26th Mer. 1911 

3rd Apl. 1911 

10th Apl. 1911 

18th Apl. 1011 

27th Apl. 1911 

6th Mag 1911 

12th May 1911 

16th May 1911 

,210t May l o l l  

Feet. 
+000080 

+000083 

+000032 

4 0 0 0 6 9  

-000102 

- 000176 

-000210 

4 0 0 1 6 2  

-000191 

-o.wiaa 
-ooo04a 

-0~00046 

-000053 

-0*00105 

-000096 

-000163 

-@00146 

-0 00071 

4 ' 0 0 0 3 4  

-000111 

-0'00046 

-0'00062 

4 . 0 0 0 3 7  

- 000002 

-000166 

-0.00196 

-000996 

-000286 

Feet. 
+000060 

+0~00058 

4 0 0 0 1 6  

4 ~ 0 0 0 6 0  

4 0 0 0 8 3  

-000180 

4 0 0 8 0 9  

4 0 0 1 9 6  

4 0 0 1 7 4  

4 0 0 1 6 8  

-0-00043 

-000046 

-0OOC63 

-0'00126 

-000089 

-0 00168 

-0~00165 

-0'00073 

-0~00065 

-0 00090 

-0~00073 

4 0 0 1 1 0  

-0~00106  

-0.00117 

-000187 

-0.00208 

-000236 

-400283  

Feet. 
-0'00279 

-000327 

4 0 0 4 2 0  

4 0 0 6 2 4  

4 0 C 6 8 7  

-0'00647 

-000701 

4 0 0 6 8 3  

-0 00676 

4 0 0 5 2 7  

4 0 0 4 6  1 

-000467 

-0,00478 

-000516 

-000479 

-0,00662 

-0'00636 

-000521 

-0'00464 

4 , 0 0 5 3 4  

-0'00491 

-000260 

-0~00697 

-000643 

-0'006fiL 

-0.007 36 

-0.007GS 

4 0 0 7 9 6  

Clenr dowy mornings. 

Ditto. 

Light oloudn mornings. 

Cleor mor~linga. 

Ditto. 

Ditto. 

Light oloods, very cold 
mornings. 

Ditto. 

I Ditto. 

Three ehowers of lain, 

Cloudy, rain ouoe. 

Ditto twice. 

Rain and sleet once, 
frost every molning. 

Scatlered clouds. 

Ditto. 

Ditto, loin 
once. 

Cloudy. 

Do., rnin once. 

Drizzling nnd rnin 
wholu week. 

Ligllt clouds. 

Cloudy, rnin thlice. 

Light clouds. 

Ditto. 

Ditto. 

Cloudy. 

Scottel.ed clouds. 

Clear. 

Do. 



TABLE 111.- No. 1 DETACHMENT. 

Tabular Statement of Out- turn of work, season 1910-11. 

I NUMBBE O F  MILEd O W  D O U B L E  
L E V E L L I N O .  

Gectieo. Ertrns 1 1 Line. 1 and 1 Total. 
Anxiliary. 

KLGre-Igatpwi . . 
Kisira-Khardi . . 
Apollo Bsndir-ColPba . 
Yarjat-Palaadlrari . . 
Khopsli . . . 
Kaljln Sett9e r e i ~  . 
KhandtbLonivla . . 

I Imls. chs. lke!mls. che. 1ke.lmls. chs. Ika 
1 . - -  ,- 

11 78 94 o 46 28 i 12 45 t 

I 8 29 96 0 25 72 8 55 6? 
2 47 I f  0 0 1  46 2 48 $ 8  

5 November 1910 < 2 51 12 0 05 52 2 56 64 

I 0 51 54 0 01 16 0 52 70 
( 0 0 7 4 4  0 07 4A 

1 1 3 0 4 5 8  0 5 2 6 6  3 5 7 2 4  

'TOTAL N u u s a n  OF 
g5 F E E T .  

Nuaees  O F  B E N C E - # A U K S  CONNECTED.  
m z  B - -- 

Prim my. - pp Secundai-y.- 

Conn r tioo of 
o lementorg 

roc cot benoh- 
marks on the 
Bnr and T h d  
Ghstn mud at 
Bvmbay. 

Old reconnected. 
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TABLE IV.-No. 1 DETACE~EXT, 

Xiat of G r e a t  Trigonotnetrical Survey s l a l i ons  cotlnected L u  sp i r i t - l e t . e l / i ag ,  

sea sot^ 1910-1 1. 

HEIOAT IN FEET ABOVE / M E A N  EEL-LEVEL BY 

Nnme of stmtion. I Inir i t -  I Tr ianrn l r  

Bfibulsar H. S., Bombay Longilu- 
dinal Series. 

Yalar  FI. S., Mangalore d l e~ id io -  
nal Serim. 

Naralur  H. S. Hangalora Var i -  
dionol Series. 

Difference, 
Triongul:~tiou 
-Lcvclling. 

2448'383 1 2446. 

-2.466 1 Height  of upper mnrk-stone. 

EBYARHB.  

+2,019 

-3'383 Ditto ditto. 

Height  of lower mark-stone. 

TABLE 1V.-No. 2 DETACHUENT. 

L i s t  o f  Great  T r i g o ~ ~ o m e t r i c a l  S t ~ r v e y  s t a t i ons  connecled by spir i t - leve l l ing .  

Season 1910-11. 

I HIIOBT I N  P E ~ T  ABOVB I 1 
Nsme of station. 

Assam Palley 1st Clabr 
Secoldary Seriea. 

DBmria H .  8. . . .  
Chhintamanigsrh T. 9. . . 
Dibrngarh Church 5. . 
Khanikar  post S. . 

M E A N  BEA-LEVEL BY 

Spirit- Trisngnla- 
levelling. tion. 

Murk on rock i n  siiu. 

*Ground floor mark-stone. 

Difference, 
Triananlation 
-Lovelliog. 

I 

Upper mark. 

BEMABXE. 

NOTE.-Usnally a l is t  of Q. T. 9. prinoipal ntstions is given. As no prinoipsl eones exist along thia route, thin 
l is t  of Beoond&rp ststion0 i s  given in the behef that  i t  may be useful. 

TABLE 1V.-No. 3 DETACUMENT. 

L i r t  o f  Great  Trigonometrical Survey s ta t ions  connected by sp i r i t - l e ve l l ing .  

Season 1910-11. 

Name of station. 

HEIQRT I N  WEET ABOVE 
M E A N  BEA-LEVEL BY 

SpiriG Triangals- 
lovclliog tion. 

Difference, 
Triangnlstion 
-Levelling. 

Great Indus Series. I I I I 
H c i g l ~ t  of ground illlor mark- 

stoue. 

This heiglit refers t o  the new 
marl(-atone st q o u n d  floor 
fixed i n  origi11:~l pnsition on 
account of thu old Lnvinp been 
upl.ootcd. 

H c i ~ h t  of uppcr mark-ston~.  

Ditto ditto. 

I 1 . .  o e n  a i n  1 2 1 1 4  1 +0,774 1 Ditto ditto. 
&urea). 

I I I I 

Tbune valora aro nhvwn ua 0pi~it.lovollod values i n  Bynopiioal Volumes, but  thoro is  no rocor11 in m y  Of tho 
lovolllnp Vclnmc~. 



VOL. 11.1 LEVELLINQ. 

' Ddfer-ewes between Levellers (First-second) : - 
No. 1 Delachmcrzt - 

L i n e  K l ~ c i r a - I g a l p a r i .  

At 12th mile (end of line) . , . . . -0'026 feet. 

L i n e  Poona-dhmednagar .  

At 50th mile . . . . .  . -0.019 ,, . . . . .  .. . 77th (end of line) . -0'060 ,, 

L i n e  Marinagao-Belgaum. 

A t b o t h m i l e  . . . .  . . +0.053 ,, 
, , lOOth ,, , . . . . . , . +0.089 ,, 
,, lO2nd ,, (end of line) . . . . .  +0.082 .. 

Ailre Belgauftt-  HuCli. 

A t  5.Oth mile , . . . . .  . . +0.02.5 ,, 
,, 60th ,, (end of line) . . . . .  . -0,033 ,, 

L i n e  Belgaam-Bdgalkot .  

At 60th mile . , . . . . . . -0,145 ,, 
,, 89th ,, (end of line) . . . -0.234 ,, 

The larger difference between the levellers on the Belgnum-Biigdkot line 
is attributable to the unfavourable atmospheric conditions which prevailed 
when the line mas run. The weather mas hot and the readings of the staves 
at times were rendered uncertain by the boiling of the air, even though the 
lengths of the shots were reduced. 

No. 2 Detachnlevat- 

Gauhcili-Dkbraglrrh. 

A t  60th mile . . . . . . +0.00:3 feet. 
,, 100th ,, . . • a s . .  . -0.055 ,, 
,, 160th ,, . . . . -0,024 ,, 
,, 200th ,, . . . . .  . +o.U02 ,, 
,, 267th ,. (eud oE line) . . .  . -0'052 ,, 

G a u h c i l i - D u t p e p .  

At 60th mile . . . . .  . +0.031 ,, 
,, ., ., 81sS (end of line) . . . .  + 0,037 

No. 3 Detachmer~t- 

L i ~ r e  B t ~ L i l a - S o l o n ,  

A t  50th mile . . , . . . .  . -b 0.083 ,, 
. . . . .  .. 67th . . -O.U3U,,  

Line Dero I s ~ t ~ a i l  K h d ~ r - C h ~ t r t d a .  

At 33rd mile (end of line) . a , . . . .  -0.023 ,, 
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LB'lle .Daryri KAcin-Riwulpittrdi. 

At 50th mile . . . . - 0.083 fcet. 
100th . . . -0.054 ,, ,, , . . . . .  

,, 150th ,, . . . . . . -0.011 ,, 
,, 200th ,, , . . . -0,128 ,, 
,, E12th ,, . . . .  . . . -0.088 ,, 

dine R6walpisdi-Hacrree. 

At 41st mile (end of line) . . . .  . -0.081 . 



MAGNETIC BURVEY. 

PART Y I.--MAONETIC SURVEY. 

No. 18 PARTY. 

(17irEe Index map 11). 

DY CAPTAIN R. 8. TIIOYAP, R.E. 

PERSONNEL. The present report deals with the work 
Imperial Ogieers. 

Captain R. H.  Thomns, R.E., in cbnlge f l o m  of the magnetic survey during the year 
2 0 t h  hlu11111 1911. 

Lieutenant H. T. Norshead, R.E., in cbnrge 
from 1st 0ct0'1cr 1910 t o  19th Alsrch 1011, 1910-11- 
n ~ i d  n~tached f ~ o m  30th Narch to 1 6 t h  Seytelnber 
1911. 

prwtncial OjTce~u. The report is divided into 3 main heads 
XI. E. C. J. Bond, up to 
Mr. H. P. D. Morton. 
Mr.  R.  P. Rag. 
nlr. N. R. blnjumdnr. 
Mr. B. B. JInlhur. 

8 21et July 1911. 
as follows :- 

I.-An account of theoperations in  tlie 
Lowo. Subordinate Service. 

10 Slu~~eyors,  ctc. ficlcl and work i n  recess quarters. 

11.-A note on the working of the observatories during the survey year 
1910-11. 

111.-Tables of results comprisiug preliminary values of the maznctic 
elements a t  field and repeat stations in  1910-11 a s d  the " quiet 
day " results a t  the survey base stations. 

An index chart showing the progress of the magnetic survey is appended. 

I.-FIELD OPERATIONS AND RECESS WORK I N  1910-11. 

1. Work of the field detach~nents.-The field season commenced on the 
20th October 1910 and closed ou tho 14th April 1911 when the  part^ moved to 
recess quarters. 

Pour field detachments mere employed during the yeap under report uuder 
Messrs. Bond, Morton, Ray and Mat,hur. 

Mr. Bond mas employed in  office duties during the cold season, and took 

IIagnctic survey of Knshmir. 
the field in  April in  K n s h i r .  Twenty- 
nine new stations were obsarved, arerag- 

ing 30 miles apart, the detachment returning to recess quarters early i n  July. 
The Magnetic survoy of the Anclaman and Nicobnr Islands, for which t,he 

Dctnil survey in Bongnl. 
census operations appeared to offer a 
favourablo opportunity, had been inclu- 

(led in the programme of Mr. Ray's detachnlent ; a t  the last mo~neut, however, 
tile promised accommodation in the Census steamcr was not forthcolll i l~~ ; ancl 
after observations at  the repeat station at  Port Blair ancl 3 new stlttibns in the , 
Andauaans, the detacll~nent mas employed on detail sluvey i u  the vicillity of 
h r a r  ancl CIi5pra. 

Mr, R. B. Matliur cnrried out a dctnilcd suryey of tllc I3cugnl coal-field in 
response to numerous rcqucsts for aocumt,~ vnlues of ulnsnetic declination ; 
six meridian lines wore also laid down to fncilitnte tho lesti l~g of SLU-eging 
compasses. 
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Mr. Morton was employed in  re-observing a t  a number of old field stations - - 

which i t  is intended to re-occupy ah a&i. 
Observolione nt, nnd ~errnnnent mnrking of, old 

field stntilns, ns ,,dditlonRl rrpeut stations. tional repeat stations' i n  order to obtain 
further data for the secular A a n p  in 

the magnctic elements. 
Recent magnetic surveys have shown that tliese changes are far more 

c o m ~ l e x  and dependent on local and regional conditions than had previously 
been supposed, and it is therefore desirable to supplement the data available 
from the five observatories and 23 repeat stations, ml~ich are too far apart for 
the satisfactory determination of the secular changes over the entirc region 
corered l)y the survey. The time and labor expended on accurate determina- 
tion of the magnetic elements a t  any one time mould be wasted, unless these 
changes are knon.11 with sufficient accuracy to obviate the introductionof 
serious error in  the reduction of the observed values to a common epoch. 
" Repeat " observations a t  old field stations have been included in the annual 
programme since 1907 ; the field stations, however, were not permanently 
marked in  thc first instance as i t  was considered that, from the recorded des- 
cription and observed bearings to prominent objects, t l ~ e  station could always 
be located within a few feet of the original site. Ordinarily s n  error of this 
amount in  the siting of 1,he instrament would be negligible, but in  highly dis- 
turbed localities where the " station error " due to local disturbance varies 
widely in a small area, i t  is important to cnsure the exact ideutification of the 
point previously oocupied ; for t l ~ i s  reason Mr. Morton's stations hare been 
marked by a concrete pillar, as in thc case of the regular repeat stations. 

2. Field wodc of tlhe oficer in clraqy~.-During the fielcl season one 
imperial officer only mas available-Lieutenant Morshcad, R.E. 

The four survcy basc stations were inspected and comparative observations 
made a t  each and a t  Alibiig. 

Twenty-two repeat stations r e r e  also visited. 
3. W o r k  dzc~ in9 r~crss.-The computation of the previous season's field 

work and the reduction and tabulation of tLe base station results for 1910 
have been cornpletcd. 

The selection and computation of the results of a new series of ' I  quiet 
days " on which the traces are available 

Sele~tion and computation of a new series of 
" qu~et  ,, days. a t  all the survey base stations have been 

completed. Hitherto the classification of 
the H. F. traces a t  the four survey observatories have been submitted to the 
Director, Alibag Observatory, who subsequently selects and intimates tl e 
" quict davs " each month ; many instances have, however, occurred in which 
the traces a t  one or other observatory have not been availablc for all the 
magnetic elemrnts for one or more of the selected days and in  tlicse cases it has 
been the practice to substitute another quiet day for that observatory only. 

The data derivcd from 6 quict days per month are not, however, strictly 
compwallle for various observatories unless the same days are uscd at  each ; 

' uniiorl~lity in this respect is also dewirable for surycy purposcs in thc dctcr- 
minntions of the corrections to field observations for diurnal variation and 
disturbance. 

This new ~erics of quiet days is not altogcther complctc; whilc in most 
case8 i t  11m 1)ccn fcasiljle to select 5 quict days cach month, occasionally 4 dfl~a 
nnd in a lew installccs 3 dags only havc hecn obtainable. 
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The main object of the introduction of the " quiet " day systcm wae to 
effect a substantial saving in  the labor 

Proposed menseremeut of "rill " days. 
required to obtain comparable resulte 

from various observatories, where the tabulation of all the curves was consi- 
dered too serious a burden. 

Losses of record are, bowe~ er, a t  times inevitalde and the system is therefore 
incapal,le of extension to a n  indefinite number of participating observatories; 
in India dificulties liave sometimes arisen wit11 only 5 obscrvatoriev and, though 
these didiculties havc bcen mainly doc to unavoidable losses of record under 
circumstances unlilicly to recur, thc liability to such losses always exists owing 
to the observers in  charge lacking tlio skill and knowledge required for other 
than superficial adjustmcnts of the instrunlents. 

The survey observatories were primarily cstablislled for the purposes of the 
magnetic survcy ; but while this end is amply served by t\ieC' quiet day " system 
and the selection of a series of quiet days applicable only to the survey o b s e ~ a -  
tories, thc results are necessarily lacking in comparability with tliose of other 
observatories and the principle of tlie qaiet day system is to that extent sacrificed. 

Comparability can only bc obtained by co-operation in  a n  international 
a lves, series of quiet days or by thc measurclnent of all days ; of thc two altern t '  

the latter is to be preferred as being less likely to be affected by loss of records. 
I t  has therefore been decided to introduce the measurement of all days 

from January 1912 as a tentative measure, a t  the same time transferring the 
labour of nleasuriilg tllc curves from the office of the magnetic party to the 
observers in charge of the base stations. Tlie quiet day results will continue 
to be separately tabulated so tliat in course of time data mill be available for 
the comparison of " quiet " and " all day " results. 

4. I n s t v ~ i n ~ e ~ ~ l a l  djfet*ences in H. P.-The imperial officers of the party 
have been mainly employed during recess in continuing the investigation of 
tlie instrumental differences in  El. F., to which reference has been made in the 
reports of the last two years : this work, i t  is hoped, will be shortly completed 
and the following summary of the various steps in the investigation may be of 
interest. 

I t  has been customary to compare tlie field instruments with the Debra 
standard twice each ycar, a t  the beginning and end of each field season ; obser- 
vations mitli the field instrumcnts are as far as possible simultaneous, site errors 
being eiilrlinatcd by escllange of stations : the coulparisons are made througl, 
the magnetograph curves, for the standardisation of which additional observa- 
tions are made with the standard instrument during tlie coinparisons. 

Tlle resulting in~trulilent~rtl clianges sho\ved considerable variations ; these 
could only be due to (cc) error of observatiou, ( b )  changes i n  instrumental 

constants, or (c) real changes in the indications of various instruments, ~vhich 
are separately oonsidered below. 

A complete determination of H. F. requires vibration and r]cOection 

( a )  Observational crrora. 
experiments giving m H  arid ;, from , 
which " m " and H aro found : usually 

liowcver vibration experiments are made just before and after t,he deflection 
and tho mean of the two values adopted as tlie value of H. I?. applicable to the 
mean epoch of the observ a t,' 1011s. 

The valuc of "m" generally decreases slowly, but not a1 mays reg~dnrly, owing 
to the acoidontal jarring or shocks wGioll a magnet may csperience from ti1110 

N 
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to time, so that for short periods " m " may be regarded as constant ; H on the 
other ]land is constantly undergoing clianges, some periodic, others n ~ n - ~ & i o d i ~ ,  
and varies from place to place : the successive values of "m" therefore afford a 

means of testing the accuracy of the observations. 
Errors of observation in  the determination of H. F. may therefore be due 

to two causes, v i z  , change of 8. P. and declination during the time occupid 
in  the determination, and accidental error due to mistake in  observation ; in 
both cases the values of " m " and H are affected. 

The probable error of a single determination of " m " and H may be con. 
siderable : but the chances of error are greater in  the vibration than in the 
deflection experiment for two reasons : firstly, the intrinsic di5culty of the 
former observation and, secondly, on account of the greater length of time 
occupied i n  the vibration observation. 

(The complete deflection observation occupies considerably longer time tban the vibration, 
but the observations at 22.5 crns. only are used for detel.minin~ H. F., the remainder serving 
only for the evaluation of the distribution coefficients P and Q ; tho average time required 
for the observations at 22.5 crns. is approximately 6 minutes against 10 minutes for the 
vibration experi~nent.) 

It was therefore thought that errors of observation could as far as possible 
be eliminated by the recomputation of the values of H. P. from the deflection 
results only, using mean values of " m "; the mean value of " m " was obtained 
from the smoothed curve drawn through a series of plotted values each of which 
was the mean of 12 or more successive single values. 

This method of computation was in the first instance applied to the base 
station observations, where the base line observations offered a ready means oE 
testing any resulting improvement over the former method. I n  practically 
every casc the probable error of the mean base line value was considerably 
diminished and the general symmetry of the curve of base line values improved. 
The observations with the field instruments were then recomputed, and the 
method adopted for future use. 

There mas a slight corresponding improvement in the instrumental 
differences, but on the whole the character of the variations remained un- 
changed. 

I t  had been found, however, that, in  drawing the smoothed curves of " m" 
for different instruments from which the mean values of "m " were scaled, the 
observed valuea of " m " did not in all cases decrease with lapse of time, increases 
of value being occasionally exhibited for short periods and the next step in the 
investigation mas to consider the possibility of eliminating these apparent 
increases by considering change in  instrumental constants. 

Thc constants which contribute appreciably to the observed value of H. 3'. 

( b )  Cl~ango in Instrumental constants. 
are (1) the temperature coefficient, (2) 
thc moment of inertia, and (3) the distri- 

bution co,@icients P and Q. 
, (1) Clirce llas shown (Proc, Roy. 80c. Vol. 65)  that there is no clear re- 

lationship 11ctwecn the tempcrnture coe5cient " q" and 5n", and consequcntl~ 
no reason to hnspcct a change in  " q " as a magnct grows weaker with age. 
~ : V C I I  if sucl~ n tcndcncy cxistcrl, the short period which has clapsed since tho 
magr~ctcl wcrc n~o:;.t~ctihcd and the compamtivcly small diminution in their 
rcs~~cctivr, magnctic momcnts, would afford sufficient groun& for ncglectillg 
c8llangcr in  " y " as a contributory cauac bf tho observcd instrumental changes. 



VOL. 11.1 MAGNETIC SURVEY. 8 1 

. (2) No account was taken of changes in the moments of inertia of tllo 
survey magnets in  computing the instrumental differences; there is somc 
uncertainty M to the correct initial values of the moment of inertia of tho field 
rnaanets a t  the beginning of the survey for the reason given i n  the rcport 
for 1904-05, though the values for the standard instrument are however knonfll 
from year to year with probably very fair accuracy. 

It was therefore considered advisable to wait until the values of the 
nloment of inertia K were available for subsequent years, from which values 
for the preceding period could probably be deduced. 

Observations since 1906, in which year the absolute moments of inertia 
of the auxiliary utandard inertia bars were accurately determined, have shown 
that the decreases in the value of E since that year are very small for all the 
survey magnets: thc values of K for the standard from 1902 to 1906 would 
seem to indicate that the ratc of decrcase is relatively more rapid when a mag- 
net is first taken into use. 

I t  is tolerably certain that the change owing to decrease of K has been 
greatest in thestandard magnet and this, if changes i n  the moment of inertia 
were alone responsible for the variations in instrumental clifferenccs, sllould be 
shown by an  increasing divergence of those differcnces, whcn those are based 
on values computed ~v i th  a constant moment of inertia. 

The irregularities of tlie observed variations in instrumental differences 
were however such that the correction for progressive changc of the lnoment' 
of inertia could have little effect on these irregularities, ancl i t  nas therefore 
decided that correction on this account might more appropriately be deferrcd 
to a later stage of thc investigation. 

(3) Hitllerto the values of ,;I, in the deflection experinlent had becn computed 
using the value 1 &, when P mas derived from obser~ations a t  two distances, 
the value of P used in computation being the mean of tlie year for base stn- 
tions and for a season's worlc for tlle ficld iustrumeuts ; ~ e r y  occasionally menus 
were taken out for intermediate periods when tlierc was evidcnce of apparent 
change. 

Observations were however invariably taken a t  a third distance, but the 
correction on account of the Q tcrm was left to the final reduction. 

It mas previously mentioned that in deriving the curves of " m" for various 
magnets anonlalous increases of " m" of coml)arali~-ely slnall amouut mere some- 
times mel with which could neither be ignorccl on account of their mnglitucle 
and duration, nor attributed with any certainty to errors of observation ; sudden 
falls of "m" of varying account had also occurred in almost all the magnets. 

Displacements of the magnetic axis had been sometimes found to 
with these latter, and it seemed reasonable to suppose that, if changes in  tllc 
distribution constants rcally did occur, tllcy ~voulcl most probably be associated 
with thcse decreases in tllc value of "111"; appnrcnt increases of " m " might be 
accounted for on tlle snllle llypotl~csis, and cliu~inntcd by changes i; P and Q,  

if these could bc substnntinted. 

Prcl iminar~ iaspcction of the valucs of P , ,  and P,, (being the ralucs 
from observations 23.5 and 30 clus. nud 30 and 40 clns. r c s y e c t i ~ c l ~ )  of tl,e 

burvcy stnudnrd secmcd to indicate lhnt scvcral cllallgcs ill Y (2 had occ,lr- 
lud tile t c r ~ l  (1 + I: f :,+ . . . ) - I  \YnS thc~ l  co~nl~lltcd lor various periods, the 

qroul)illg of which \\:w detcrlnincd partly by evideucc obugc:  in eitllrI p,, 
N 2 
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or P,, and partly by sudden changes in "m,": thc process was s ~ b s e ~ ~ ~ ~ f ] ~  
extended to the other observatory and field instruments. 

Por tlie observatory instruments, the base line values of the magnetopaphs 
and the resulting monthly mean values of H. F. afford a means of testing the 
reality of the apparent changes found from tlie magnetometer observations ; no 
assumed change in  llie coefficients can be accepted which results in a dislocation 
oI the base line ~ v h i c l ~  is unconfirmrd by visual inspection of t l ~ e  curvcs, wllile a 

sudden change in  the mean value from one month to another wl~ich is confined 
to one observatory is a t  least open to suspicion. 

Applying these tests, it was found that, i n  the observatory instruments there 
were no grounds for assuming real changes in P and Q, except on one ocwsion in 
thestandard instrument at  Dehra, viz., from Map 9th, 1908,  hen there was a 
sudden fall of "m" amounting to 17 C. G. S. units, the new values of P and Q 

applying to all observation* made since that date. 
For tlie field magnets, thcre are no such facilities for testing the variability 

of P and Q as in the observatory ma~ue ts ,  but fortunately the values of P and 
Q computed for various periods, as i n  the observatory instruments, are, ~ f i t h  
one exception, in such good agreement that i t  is certain that no change in 
these constant4 can have occurred: in the single case where therc mas an 
undoubted change, tlicre was also a sudden fall in  " m " oi 70 C. G. S units. 

Sudden falls of " m " have not been uncommon in  the field magnets, as 
might be cxpected from the shocks and jars of travelling ; and the fact that 
even under these conditions P and Q remain unchanged affords additional 
and strongcr evidence that the changes in  these constants for Ohe standard 
magnet cannot be real. 

The cause of these apparent chnnqcs n l ~ i c l ~  generally are so abrupt as to he 
unmistakeable, is not clear ; l~il t  llicy usually coincide with dislocations of the 
curve of " m "  and are of short du~sntion, the values of P and Q then returning 
to the previous values, and i t  tllcrefore seems possil)le that they may be due to a 
temporary alteration of t l ~ e  ~lormal ~nagnctic conditions omjnw to the proximity ? 
of magnetic matcrial : if this theory is correct it would account for the fact 
that these apparent changes are usually only met with in the base station 
observations. 

On the whole, thon, it may be concluded that real and permanent 
changes in  the distril~ution constants are rare : real changes needonly be lool\ed 
for when there has 1)cen a larye and suddun fall in  the value of"  m ", and even 
i n  such cases changcs are comparatively infrequent. 

This conclusion is important but the variat.ions in instrumental differences 
still remain unexplained ; some slight improvcment resulted from the substitu- 
tion of a constant valuc of I-,$ for periodic values (yearly or seasonal) hitherto 
used, but tlic Q term was shown to he a constant for any particular magnet. 

Chauges in the magnctic constants need not then be considered in the in- - 
vestigatioq,, observational errors hod apparently been eliminated as far as possi- 
))lc, and therc scemcd no alternative but to rcgard the changesas duo to real 
instrumental changc. 

Apart from actual damage to a magnetometer resulting in serious altera- 
tion of tlic assumed deflcction distancm, 

(c) IIc:LI i n ~ t r ~ i m c n l ~ l  cl~nnpon. 
i t  is 'difficult to imnginc how an instrum 

rncntnl cllanqo can occur, otlicr than one in the constants : t l ~ c  constants, 
wl1iv.11 :~Kef:t t l ~ e  vnlur, of LI.l?., aro t l ~ c  atcnrpcraturc cocficiant,. difitrihutioll 
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oogacients nnd the moment of inertia ; i t  11as been shown thnt change in the 
tempirature coefficient need not be considered, in  the distribution coefficients 

(and cllanges in  the latter are readily found from the observatione 
themselves), and the moment of inertia is periodically re-determined. 

The hypothesi~ of real instrumental change mas therefore entertained mith 
reluctance, tllc more EO that the irregularities in the intltrumental changes 
could only be explained by accepting frequent changcs in both the standard 
and field instruments. 

Instrumental changes, permanent or temporary, mere considered to be likely 
to coincide with abrupt dislocations of the magnetic moment, which might 
conceivably he regarded as the result of considerable molecular disturhance. 

I n  last year's report several examples of apparent instrumental change, 
permanent and temporary, mere given, which were ooincident with sudden 
decreases of magnetic momcnt : tlie evidence in  support of these changes was 
apparently unimpeachable ancl if these instrumental changes had really 
occurred, the frequency ol' the changes in the instrumental differences might 
for the most part be plausibly explained, sudden falis of niagnet,ic moment 
being a not uncommon experic:nce with the field instruments, though i t  mould 
still be difficult to account for changes when no abnormal decrease of " m " had 
conveniently occurred. 

Further investigation during the past recess season has however shown 
that the instrumental changes suggested in the last report cannot be 
substantiated. 

I t  has now been found that the data from which the temporary change in 
the standard instrnment in May 1908 was deduced, were incorrect : the selected 
mean temperature for the Dehra observatory was increased from 26" to 27' 
from January 1909, and in computing the instrumental differences through the 
magnetograph curvps during the recess season of 1909, the new mean 
temperature was inadvertently applied to some of the instrumental comparisons 
of May 1908. The temperature coefficient is 1 2 . 6 ~  per 1°C and the error thus 
introduced amounts to 2Sy which is precisely the amount of temporary change 
deduced from the erroneous dat? : that the standard appeared to have reverted 
to former conditions in October 1908 is due to the comparisons for that month 
having been correctly computed. 

Examples of permanent instrumental change mere also given a t  Barrack- 
pore and Rodaik5nal. 

I n  the latter &me, thc correct value of "m" for any particular observationis 
 ome em hat uncertain owing to rapid cl~anccs in  the observed values, while there 
is reason to suppose that the autographic instrument was not working satis- 
factorily ; at Barrackpore the apparent change is due partly to an assumed 
changc of the distribution coefficients whicll is probably incorrect, and partly 
to intcrfcrence in tlie autographic instrument which waa opened up and re- 
adjusted dnring Dece~~lbcr 1906. , 

At Barrackporc, molseover, thcre mas a changc of observers during December' 
1006, and this lends to tlte consideration of what is most probably the r e d  expla- 
netion 01 lhu majority ol tllc obsorl-cd changes iu illstrulnental differences, 
oi;., " personal equation " bctmccn observers in the drtcrnlinntion of H. F., which 
in tllis inslanco was mnukcd 11y tho largo fall of maguetic niolucnt which occur- 
red at tltc snlnt! tiulc as the obscrvcrs ,wcrc changed. 
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Personal equation was alluded to i n  last year's report but the significance 
of this factor i n  the measuremknt of 

Personal equation and personal error. 
Horizontal Force was underestimated for 

want of data from which the cause of personal equation could be deduced: 
further i t  was thought that personal equation would be a constant for any one 
observer for considerable periods and corrections therefore easily applied. 

Personal equation may be defined in this connection as the difference of the 
mean values of the magnetic moment for the same magnet obtained by different 
observers, the mean epoch of the observations being approximately the same in 
each case. 

Each observer may have a personal or absolute error : thus the apparent 
absence of personal equation on interchanging observers may mean either that 
at that particular time their absolute errors were nil or of the same amount. 

Experiments have since shown that personal equations are largely and 
probably wholly attributable to errors of observation in the vibration experi- 
ment. 

Personal error in the determination of H. F. may be further defined as 
the difference in the mean magnetic moment obtained by the same observer 
when the vibration observations are taken 

(a) by the eye and ear method; 
( b )  by the electric chronograph. 

Experiments, in  which observers were interchanged, have shown that 
while for the majority of observers results are practically identical when using 
the chronograph, serious divergencies, as in the case of observations of star 
transits, are found in the former method; further ccpersonal error" is by no 
means necessarily a constant for a particular observer (though it may be so for 
short periods), but may vary during the limits of a single field season. 

The cause of the error appears to lie in  the estimation of the time interval 
elapsing between the clock beat and the transit of the centre of the scalc by thc 
moving cross wires, the magnitude of the error varying with the amplitude 
of the arc of vibration, which diminishes by about one half during the 
obeemation. I n  this respect the observation differs from that of star 
transits. 

The magnitude of the effect of a timing error may be shown by the follov- 
ing example : with a magnet having a moment of 900 0. G. S. units and a 
moment of inertia of 3.4 (which are the average values of the survey magnets), 
a difference of 0.2 seconds in the mean valuc of the several series of 162 vibra- 
tions mill produce at Dehra Dun an error of 0.4 unit in magnetic moment 
and an error of 143. in H. P., i.e., such small errors as 0.1 second in opposite 
directions in tho two series of vibrations mould be suficient to account for the 
discrepancy. 

Attention was first drawn to personal error, as a factor to bc considered in 
thc detcrminalion of H. I?., late in 1909, when dealing with the observations 
at ~oda ik ina l  during the previous year. 

In  July 1908 the permanent observcr proceeded on thrce months' leave ; 
i~rlmeclialely aftcr tllo chango of obscrvcrs thc magnetic moment fell 0.46 
C. C;.  S. unit and thc l~aso line l D y  both rclurning to their previous values mhcn 
t hc permanent ol~scrvcr rcsumccl his du tics. 

I t  was clcar that a pcrsonal crluation cxitlted, but tlie causc was not at 

first ~igh1 ripl~nrcnt : tho individwl value of werc in cxccllcnt agrrCC- 
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,~>t but mere consistently high in  the one case and consistently low i n  
the other. 

On recomputing the base lines, however, from the deflection observations 
only of both observers, using the same mean aa12se o f  magnetic moment through- 
out it mas found that the base lines were now in good agreement and it was 
plain that the personal equation must be due to persistent error in  the vibra- 
tion observations. 
, Experimcnte were then made at  Dehra DBn, where a n  electric chrono- 

graph is available, with the standard instrument ; in  December 1909 i t  was 
found that thc observer's personal error was nil, the mean magnetia moment 
by chronograph agreeing with that found by the eye and ear method, and 
it therefore sce~ned possible that the error a t  Kodaikiind might be an isolated 
case and dependent upon special causes connected with the change of observer. 

Furthcr experiments however a t  Dehra in March 1910 showed that the 
observer had developed a personal error of 0.4 unit since the previoue December, 
and it mas thcrefore decided to carry out further trials mith the field instru- 
ments on return to recess quarters in  April 1910 : as an  additional precaution, 
in several cases observers and instruments were interchanged. 

I t  was found that while the chronograph values of " m," of different obser- 
vers werein excellent agreement, those obtained by the eye and ear method 
showed a t  times considerable divergencies. 

As a result of these experiments, the observer a t  Dehra Dfin mas ordered 
to take a series of vibrations with the chronograph a t  intervals of about six 
weeks, and it mas decided to include similar series in  the bi-yearly compari- 
sons of the field instruments. 

The latter were inadvertently omitted in  October 1910 but have been 
carried out in  April and October of the present year. 

The table below shows the personal errors of the field observers a t  these 
times ; where a second value is given in brackets the error is that of a second 
observer : a plus sign means that the " eye and ear " determination of " m " is 
higher than the chronographic. 

April 1910 . f 0.0 5 0.0 -0.4 +I)-2 + 0.8 *o-0 
( +. 0-0) (-0.2) 

-0.6 -1.1 f 0.0 +0.8 +O.Z 
2A not 

-0'6 +0.6 -0'4 

I n  the case of magnet 6A it looks as if the errors mere constant, mhile 
mith 3 8  and 6A it might have been gradually developed during the interval, 
but inspection of the  lotted mean values of "m  " for short periods shows that 
this is not thc case and the error probably varies within small limits mhile 
 reserving the same sign ; i t  is perhaps possible that in  the field instruments 
tho variation may have some connection with the value of H. F. and the 
consequent r i te  of vibration, tllough it is marc likdy to be dependdnt on the 
obscrvcrs' physical condition. 

Personal crror in thc detcrrui~lntiou of H. F. docs not appear hitherto to 
have rccoivccl tlio attention it dcscrws in connection mith magnetic work : 
that it escnpcd cnrlicr attcnlion in  thc Indinn stwvcy is due to the fact that 
though t,hcl.n liacl bceu a number of cnscs in which obscrvcrs n-e1.o iutcr- 
changed, thcro way cithcr no unmistakcablc c~idcuce of prrsollnl cqunL;on 
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at tire time o j  change, or the change was coincident with a decrease, of the 
value of "mfl  sufficient to mask the effect of personal equation. 

Since then personal error is probably the main cause of the observational 
discrepancies, it follows that with the 

Tmpo*anm of the iuvestigntion of the illstru- 
mental differen~:rs. survey standard there is practica,]ly as 

much liability to observational error nlhen 
using the eye and ear method as with the field instruments; 
comparatively unimportant but unexplaiued divcrgencies in  comparative 
results raise a doubt which estends even to tlie resnlts of the standard mag. 
netometer. The necessity therefore arises not mercly of correcting tlie field 
instruments to the standard but also of correcting the observations of the 
standard itself. 

It proves then to have been advantageous that the discrepancies in 
comparative results were given more careful attention than they might pre. 
viously have appeared to call for. 

Since there appears to be no reason for anticipating changes in  the indica- 
tions of magnetic instrurrients other than ., 

Method of correcting the standard instru- 
ment. those due to change of constants, for 

which correction is made i n  the ordinary 
course, it follows that if the differences between ins~ruments are accurately 
known a t  any particular time, any departure from those of differences at 
another time must be due to varying persona.1 errors and change of constants. 
From the foregoing discussion i t  will be evident that changes in  constants 
other than the moment of inertia necd not be further considered. 

I n  comparing the instrumental difterences it has been found more advim- 
tageous to compare the values of the base lines of the magnetograph found 
from various instruments a t  the time of comparisons, rather than to reduce 
all instruments to the standard by means of the curves ; this course is the more 
advisable in cases where the comparisons have becn made a t  various times 
and the " personal error " with the standard therefore liable to variation. 

The comparisons with the chronograph since April 1910 have shown that 
the differences of instruments have remained constant and i t  lherefore follows 
that determinations of H. F. in which the cllronograpli has been uscd for the 
vibration experiments may be accepted with confidence both as regards the 
value of H and " m." 

Any one of the chronographic comparisons since April 1910 map then 
he taken as the point of departuro or zero, from which the differences of base 
lines for each instrument for comparisons previous to 1910 may he measiaed ; 
if there were no personal error these differences ~vould be the samc in all 
cases (except for small and uniform chaugos due to change in  tllc moment 
of inertia) ; mido divergencies are however found and the solution of the 
problem lies in the determination of the most probable personal errors for 
each instymont compared. 

Fortunately tllc problem has been simplified by the fact that similar 
chronographic detarminations of H. F. mere made in  1902 with all the 
instruments (thtr chronograph was used solely as a timo saving machine, the 
C X ~ B ~ C U C U  of " p(:r>onal C ~ I - o r  " being unsuspected) ; these observations, which 
were taken a t  tho beginning of tho survey, have been of grcat service in 
cleducing the changes in tlie various moments of iuertia, thus lcavics 
" personal errors " alone to bo dcalt with. * 
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The probablo personal errors a t  any point of compnrison are limited by 
tee cdndition that the value of " m " accepted can in no case exceed the value 
accepted for the previous comparisons. 

I n  this way the most probable value for the difference of base line durina 
any co~nparison from the zero point may be found, and hence tlie base lint. 
for the standard a t  the time of comparison, from which the moment of the 

magnet can be deduced. 
, The moment of the standard can thus be determined for two points each 

year corresponding to tho time of the bi-yearly comparisons, and interveniny 
values can be found by interpolation when the change in  the interval has bcen 
small: from these valucs the mean base lines and monthly mean values can 
be recomputed. 

At the other observatories comparisons are made only once a year with 
usually a single instrument, and the accuracy of the determination of the 

personal error " depends on the accuracy of the interpolated value of " m " of 
the travelling instrument. I t  is howcver probable that the decrease of moillent 
in a magnet proceeds uniformly, and suclclen falls of " m " do not affect the 
rate of decrease : the rate of decrease of " m  " with the majority of the survey 
magnets is moreover so small that errors of inteiyolation should usually be 
negligible. 

'l'hc investigation is still in  l ~ a n d  and will bo referred to more fully in 
the next report ; it is hoped the above outline of tlie method adopted will 
suffice to show that the elimination of " personal errors " is to a large extent 
a " trial and error " process and therefore necessarily laborious ; the final test, 
lies in a comparison of the monthly mcan values of H a t  the various 
observatories aftcr correcting for sccular changes. For the purIJose of this 
comparison it is necessary to havc the samc series of quiet clays, and this mas 
an additional reason for tlie selection and computation of a new series of clays, 
to which reference was m d e  earlier i n  this report. 

There are two other causes of cliscrepnncies n?bich may be briefly noticed 
and w hicl~ the prel i~nina~y correotion for 

Otlier cnuses of changc in inst~umentnl  
d ~ f f e i  ences. " personal errors " does not altogether 

preclude. 
These are- 

( a )  Thermometric errors. 
( B )  Temporary changc in  the magnetic field due to the presence 

of magnetic material. 
Tlierrnomctric errors include (1) the gradnal zero-creep inseparnblc from 

all nlercury in glass instrumeuts, and (2) those clue to uncspected chnngcs of 
correction such as a slight dislocation of the mercury colnmn. 

The former havc been guarded against by redetermination of the zcro 
point; instances of thc lattcr arc however not infrequeut in India especially 
in horizontal thermometers such as in the deflection obscrvation. 

Sevcral thcrlnoinctcrs hnve bccn rcjcctcd for thc latter trouble! and i t  is 
possiblc that in  some cnscs therc merc ~ulsnspccted errors a t  the time df 
comparison. 

Thc scconcl cansc of crror is probably rare thougll thcrc mppcars to l ~ c  nn 
undoubted instancc in Dcbhi-a Dim observatory in 0ctol)cr 1003 ; the possibility 
of such an error was allnclcd to in  tho ieport for 190&-05 in discussing thc 
chnllgo in the diffcrcnccs of declinatjou bct\rcon tllo Nortll and South houses. 

0 
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It is probably due to other magnets not b w i ~ g  been removed to a sde 
distance ; the values of P, " m " and H may be a,ltered. , '  

Only one instrument mill  usually be affected, a.nd in such cuep the 
observations must be rejected and the probable value of the base line found 
ikom tho remaining instruments. 
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i 11.-WORKING OF THE OBSERVATORIES. 

1. G e n w a l  remarks on toorking.-The observatory remained in charge of 
surveyor K. K. Dutta until March 1911, when he mas relieved by magnetic 
observer Shri Dhar. 

The ~nagnetographs have given good results throughout the year ; the 
V. F. instrument, as usual, required the balance to be adjusted on several 
occasions. 

The rainfall in  1911 was much below the average and there was conse- 
quently no difficulty in keeping the under-ground room dry : the proposed 
plastering of the malls and floor to prevent the percolation of subsoil watcr has 
been postponed to enable the observatory to co-operate in the special pro- 
gramme of observations arranged in connection with the British Antarctic 
expedition,?nd will be put in hand in  the beginning of May next. 

2. Mean calues of Z. 3. ccnd declination constants.-The following table 
gives the mean monthly valucs of the magnetic collimation, and the distribu- 
tion co-eficients P, , and P,., and the mean value of " m," used in the com- 
putation of the results for 1910 :- 

121eatz valurs of the coi~stoats of the dfagnetonaeter No.  17 in 1910. 

DECLI- H. 5'. OONSTANTS. 

BTANTE.  MEAN V A L U E B  ow P's. I ,--I 

hlwrch . . :39' 

April . . : 46" 

. 99" Blny . . . 
3uno . . : 3OSr 

J u l y  . . : :i8" 

August . . I : 39'' 

September . : 41" 
I 

October . . : 41" 

The nccepted valncs 
of PI., and m, 
nre tbosc used i l l  
tho  computntion of 
Bnsc Line vnlues of I mean l n o n t h l y  1 vnlues oE H. F. 

Acoapted 
va!,uo nf 

m." 

- 

December . I : 4(V / 7.15 1 7.63 1 I I I I I 

RE'ARHn' 

-- 

3. M C U ~  b n ~ e  line vn1ztee.-The table below gives the mean vnlues of the 
H. F. and dcclillation base lines, actually used to  obtain the values of forzr, ctc., 
givon ill tllc (i~blc.. a t  the cud ol this report. 

0 2 
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The values of H. F. and V. P. should be regarded as preliminary only, 
the results of the investigation into the subject of " personal error 

alld the adclition of the Q term : t,lle present values have been obtained in the 
same manner as those of previous years, with which they arc therefore cIirectly 
com~arablo. 

'I'lle V. F. base lines are not givcn : in-cgular cllanges of base line are to 
be expected in these instruments, the effects of wl~ich are nlinimized by the 

of observing values of dip daily with the Schultze cart11 inductor. 

Abstrac t  o f  Bnse  L i n e  vnlrlcs o f  L U a g ~ ~ e l o g r a p A s  i l l  1910. 

4. Meall scale vnluee and temperatuva ranges.-The Incan scale value of 
tlre H. F. magnetograph was 4.09~ for an orclinatc of 0.01 i n c l ~  up to June 
2 ,  1910, whcn t l ~ c  instrument was re-adjusted and the torsion head turned 
after wliich the value rose to 4 . 1 2 ~ .  

Tllc mcan scalc valuc of the V. F. instrument varied from $.hy to 6-37, 
Tlie mean tcmperature oP the observatory for the year was 2 7 O . 2  C, the 

m:lxi~llu~n and lnjuimurn montl~ly mean values being 2 7 O . 3  C and 2 7 O . 2  C, 
whicl~  iu very satisfactory : thc temperaturo of reduction is 27" C. 

IloxTx8 1910. 

January . . 

February . . 

17~1.~1, . . 

April . . 
Map . . 

June  
. I  

July . . 

Ailgust . . 

Septembol. . 

October . . 
Noremher . 
December . . 

- 
HonlzoN~AL FORCE. 

I 

- 
R~s l an re .  

m 

UI) 7th  \;arch nt 10 h .  
6 m. 

7th 1Inl.cl1 : ~ t  10 11. 33 111. 

to 12th Alarclr a t  10 11. 

I2tl1 Rlalrh nt lo  h. 33 m. 

Nenn 
observed 
rulun f 

llnao line. 

p 

.33017 

,33020 

'. '33016 

33166 { 
[ .33086 

DECLINATION. 

RE"AnKs'  

- 

T l ~ e  curlsea nt, t in~es  
sl~owcd nigus of 
interference. 

. . . 

... 
to 16th 

fr,,m 18th 

. . . 

... 

. . . 

... 

. . . 

. . . 

... 

-- 

I olmrrvod , Bnao lit10 
varl~ia '.I ncocpted. 

b a ~ e  l ine./  

En80 li~lo 
ncaeytod. 

- 

'33018 

'33018 

r '33018 
I 
{ '33166 

! 
.3306S 

i- 
lo : 45"6 

44"4 

44"l 

43"5 

43"9 

4Y.8 

43'.6 

43'9 

43"6 

44ii1.'.3 

44',2 

1 4U.4 

,33088 

. . . 
33089 

I ,33087 

33166 

. '33012 

,33003 

1' : 84"4 

4C.1 

43l.6 

43 '6 

44 '4  

3'.8 

... 

... 

43"6 

4C.3 

44"2 

44"2 

'39088 

... 

I 35088 

'33088 Up to 14th. 

'33166 Up to 18th. 

,3301'2 From 23rd iillstrl~ment re. 
ndjusted. 

'33000 

Up t o  15th. 

From lGth. 

lnl to l0tl1. 

l l t l l  to 20th. 

21st to end. 

' i  93008 
33008 1 

.33001 

'32!108 

,32996 

'32994 

.3301J6 

9 0 0 4  

'33002 i .33o(ln 

,82998 

'32996 

'32994 



VOL. 11.1 MAGINETIC SURVEY. 101 

, mean scalo value of tho dcolination instrument remained 1-03 
(minutes) for an ordinate of 0.04 inch. 

6.  Mran rno~athly vdclee and e~cu la t~  ohange, 1909-10.-The following table 
gives the mean monthly values of tho magnetic elements for 1900-10 and tho 
changcs during that periocl doduccd tlrerofrom. There sppoars to have been 
an increase in the rate of secular change in Declination, which is confirmed 
by the results from the other Survey Base stations :- 

Sec~rlar changer at Dchra DCn i l r  1901)-10. 

1. Geneva1 remarke on wovkiqj.-Magnetic observer K. N. Mukcrji mas 
in charge of the observatory throughout the year. 

Tlle magnetographs worked satisfaotorily throughout. It rn? noted in  
last year's report that the H. F. base line a t  Barrackpore showed considerablg 
annual variation, a rapid fall in  November and December being followed by a 
sharp rise in February and March, the values for tlie period May to October 
remaining practically unchanged. The cause of this variation whioh is most 
lllarked at  Barr4cckporc romains obscure ; it mas thought to be connected with 
the annual range of temperature of the observatory which is decidedly largcr 
at Barmckporo tlian elsewhore and this view received support from the fact 

nar~nxa .  

B o ~ ~ r o n r r ~  Foncm U s c ~ ~ n ~ r ~ u n  1 1 1 ~  Vnarrarr, Fosom 
WlKl C. 0. S.+ B. an+ N. am+ '3lOOO C. a. 8.+ 

-- -- 
u o n n s  

jntloory . . . 

Proronrj .  . . 
1 . 1  . . . 

April . . . 

M V  . . . 

Jnllo . . . 

JUIY . . . 

August . . . 

Seplcmbor . , 

Sccnlnr 

' 

278 

280 

OChbt t  , . . 234 2 + 7 3 0  31'3 I 3 3  6 3  G 7 ,  051 1.1'60 106 

-<  

7 7 7 '  

203 

281 

----------- 

-16 

26 

277 , I 
107 268 

Mc.nI . I  (70 6 7  - 1 0  3 4 1  

11 

41 

20 

$a 

ZL 

30 

10 

zor 

200 

203 

202 

206 

9 0 0  

86.8 

e7o 

10) 

280 

163 

a66 

3PO 

31 I 

90.0 

34.0 

3r.o 

34 7 

34.4 

84.1 

33'4 

9 9 4  

-2'9 

3.3 

3a.a 

32.a 

31.8 

31.3 

31.4 

31.1 

-2'8 

2'l 

49'0 

I 

2.3 

2.8 

t a  

1.8 

3.4 

3 0 

3.0 

45.1 

46'7 

Y 8  

4 . 0  

46'4 

40.3 

40'0 

40'7 

40'8 

61.a 

52'0 

a t 2  

+ ( ' I  1 CQ9 

6;. 

63.1 

63 6 

a i  3 

S ~ B  

56.0 

60'0 

+!YO 

8.6 

1.010 

0.5 

7.7 

7.a 

7.7 

8'1 

8'8 

4.8 

+ I10  

, 7 7 7  

850 

670 

872 

083 

803 

w 3  

ma 

002 

060 

W2 

W.b 

4113 

08 

08a 

030 

1 . ~ 8  

1,016 

1.030 

1,020 

1,030 

110 

1@3 

113 

l l a  

128 

127 

80 
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that a t  Kodaik~nal  where the temperature range was least, there was ~rwti .  
d l y  little or no indication of annual variation. 

The monthly mean temperatures a t  Barrackpore during 1910 however 
show so little variation that the connection of the phenomenon with tempera. 
ture is rloubtful, though it may be remarked that the agreement of the monthly 
mean temperatures is somewhat fortuitous, the temperature range in some 
months being considerable. 

The mean monthly values of force computed with the observed base lines, 
exhibit an  annual variation mhich accords with that obtained from other 
obserratorics, and the base line variation cannot be due to changes in tempere. 
t1u.e co-e5cient or scalo va,lue ; it therefore seems clear that the variation is 
due to mechanical and not magnetic causes. 

2. Z e a n  values o j  H. I.". and declination col~stante.-The table below gives 
the mean monthly values of the  Declination and H. 3'. constnnts during 
1910 :- 

Neon v a l u e ~  of the  cogl~taglts of t h e  J f a g ~ l e b o ~ n r t e r  No. 20 in 1910. 

3. J ~ C U ? ~  Base Line vultce8.-The following tablo gives tile mean observed 
valucs of thc Base Lincs of the Declidation and Horizonhl Force of nlafi- 
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netogrfiphs : the accepted values are thoee actually used in the computation of 
the'mohthIy mean values. 

The V. F. base lines are not given owing to frequent changes. 

Abslrect of base lilte calue of Wng~celographa i n  1910. 

I Duo~lr~rlon. 1 HOBIEOITAL BOPOB. 

year are as follows : - 

M O I T U ~  1010. 

-- 
jaousry . 
February . . 

March . . 

April . 

Msy . . 

Juue . . . 

July . . 

August . . . 
September . . 

Ocbber . . . 

Decornbor . . 

H.  F. . . 4 8 6 7  
Deoliuatioo . . 1.03 minutes for an ordinate of &". 
V F. . 4'537 3 

Tho mean te'mperatun: of the observatory for the year mas 3 2 O . 2  C with 
maximum and minimum monthly values of 3 2 O . 2  C and 31'4 0 : the range in 

4. Scale values afid temPerat,tere vawge.-The mean scale values for the 

M C ~ U  obmervtd 

~.",',"~l~~, 

-0' : 4'.7 

: 4'8 

: 4 7  

: 4.8 

: 4.7 

: 4 7  

: 4 7  

: 4'7 

: 4-7 

: 4 6  

I 4.8 

: 4 7  

unse line 
ncccplsd. 

-3' : 4'.7 

: 4 7  

: 4.7 

: 4.7 

: 4 7  

: 4.7 

: 4.7 

: 4'7 

: 4 7  

: 4.7 

: 0 7  

: 4.7 

- 
H s M r n l a .  

- 

1st to 16tn. 

17th to 2lst. 

22ud to 26t!1. 

27th to 31st. 

1st to 6th. 

6th to 10th. 

11th to 30th. 

1st to 16th. ' 

16th to 23rd. 

24th to 31st. 

1st to lo&. 
11;s to 3 0 s .  

1st to 16th. 

17th to 23rd. 

24th to 31at. 

1st to 10th. 

11th to 3lat. 

1 
Jst to 16th. 

16th to 23rd. 

24th to Slat. 

1st to 8th. 

9th to 16th. 

17th to 2lat. 

22ud to 26th. 

27th to 30th. 

1st to 6th. 

7 s  1.h. 

13th to 311t. 

1 

8 0 9 0  
l lnenercpt.  

ed 

' a705~ 

'37049 

r ,37051 

I ,37053 

( .30065 

,37057 

,37060 I '37063 

L.37005 

[ ,37006 

{ ,3701 8 

1.37070 

,97072 1 37073 

[ 
97072 

,37074 

,37077 

.37080 ,! 47082 

,97084 

r.37080 

' ,37077 I ,37074 

f ,37071 

1 ,97069 

'37067 

I 37066 

C.37003 

( ,37060 i .mow 
1.37065 

Mean obafrrcd 
ner~n18.  vnlueol 

bolo lioo. . I 
97051 

,37049 

.37061 

,97066 

,37066 

.37073 

,37079 

*37082 

,37084 

.37080 

.37069 

.37065 
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several months was however considerably greater than these figures would 
suggest. i. L 

The temperature of reduction is 31" C. 
5. Seczblal. charbges, 1909-10.-The following table gives the mean monthly 

values of the magnetic elements for 1909 and 1910 and the secolar changes 
during the interval :- 

These values should bo regarded as preliminary only. 

SeeuZar changes a t  Barrackpore it& 1909-10. 

C.-Ton~ooo O L I ~ E I L V . ~ T ~ I I Y .  

1. Getleva2 re~nnrks on zuorking.-The observatory rc~nained in  cliarge oe 
Abdul Majid during the year. 

The H. F. and declination magnetographs worked satisfactorily througllout 
the year. 

Tlie 'V. F. magnetograph which had given trouble during the lattcr months 
' of 1910 owing to frequcnt changes of zero, mas readjusted by thc officcr in 

charge in  D~.oclnl)cr 1010. This readjustment was not nltoqetlicr successful 
and n further redjustmcnt was found necessary in July 1911 : i t  is fcarcd that 
thc curves for the intcrvcning pcriod will havc to be rcjectcd. 

2. Mean valiree of D. P. alad Declination constanls.-Tl~c following tfil)l(' 
givcs the mean ~nontllly valucs of the magnetic collimation Y,., and P,, nntl 1110 
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,yngt ic  moment during 1910 : tho accepted values of P,., and m," are thoae 

used in tllc computation of the observatory results :- 
The magnetic moment of rnagnet l 9 b  continued to decrease rapidly 

throughout tlle year ; this rapid decrease has been cxhibitcd since tho magnet 
7 ~ 5 9  tnlien into use i n  Alay 1908 and i t  is cvident that tlie magnct mas not 
properly " aged " by the mnnufacturers. The rate of docrease mas less rapid in 
1910 and i t  is hoped this ilnprovcment will continue. 

Meon iw11,es o f  t h e  L ' o ~ r a ~ n ~ l t s  of  f l e  , V , ~ ~ x e l o u , . t e r  N o .  19 z ~ t  1.910, w i t h  Mugnat NO. 19A. 

3. M e a n  Base Line vcc1ues.-Thc table below gives the accepted Baso Line 
of tho H. Q. and Declination magnetographs, used in  computing the monthly 
values. 

The observed Deolinntion bnso lines showed considerable variation and 
merc rejccted for the reasons given in tho rcl,ortfor 1909-10. 

During the inspection of tho officer in chnrgo in Dcccmbcr 1910, i t  
wns fouud that tho torsion tubo was not rigidly conncctccl with the magnet box, 
owing to sliake in tho brass bus11 tllrougli whicll tllc councction is lundo. 
There? v n s  thus Qability to observational and a<imutl~al errors su5cient to 
nccount for tlio vnriations in nlag~~et ic  collimation and bnso line values. This 
dcfect was romedied and tho basc linc Sducs hnvc since been sntisfaclory. 

P 

-- 
M E A N  r*rua.; o r  P'J. 

MOIITUR. hlrnn nruAnra. 
mnpnctio 

-- 

Fobrunrg . . 

Uorch , . . 
A . . . 

Mar . . . 

Jooo . . . 
Job . . . 
Aogast . . . 
Beptcmbor . . 

October. . . 

N~vornbcr  . . 

Dcc~rnbor . . 

: 4 

0 10 

I 11 

: 8 

: 8 

: 3 

, 1 

, 1 

: 7 

0 :  61  

vnrlnblu 

9'28 

0'10 

0.40 

037  

0.30 

1 0.63 

0'65 

0.01 

0'10 

0'68 

0 60 

8.49 

8'60 

a.l:4 

8'64 

8.02 

8 61 

8-67 

8'53 

8'63 

84: 

8'63 

.. 
- 
2 e 
C 

2 

, - 
- 
iP 
- 
0 

( 800~06 ( I )  

1 so.5.eo (?) 

80s.09 (3) 

805.46 (1) 

605 21 (a) 

0 

801~8s la 

3lll.60 (0) 

... 
R8i 23 (10) 

cor.04 (11) 

803.rS (la1 

603.36 (13) 

{ 803.22 (11) 

i (?rn 24th to SEA D m  

80005 ( I )  Frnm le t  Jnnnnry tn  16th 

... 

80>00 

808'43 

W6 21 

8!56'01 

.,, 

soras 

1 6M.58 

801.23 

... 

803 e3 

$03 38 

... 

803 03 ' 

.I:lllll:ll~. 
( 2 ,  P T C , ~  10th J a n o ~ r y  t o ~ o t b  
Joaunry. 

(3) Frnm 2nd P e b r u n y  to 1st  
hlorch. 

(4) From 3rd Uorch  to 0th 
April. 

(6) From l l l h  April lo 6th 
alny. 

(6) From 7111 to 21st Yay. 

( 7 ) F r o n 1 2 d i h M a y t o  7 th  
Ju,,~. 

(8) From 9th 1026th June.  

10) From 28th Jon0 to  18th 
,\ugujr. 

f1V) Flom I818 hUgnUt i o  
?21,d Scl l c -  ber. 

(I11 Frnub 5 t h  Scpternbor b 
11th Octobcr. 

( I?)  Prom 131111 t o  20tb Octa- 
ber. 

(I$! Fron~  2 . d  Octobcr 10 
'2nd S o v e ~  IICC, 
1,) Frdnt 2Ll h t o  Jot11 
hurumbcr. 

(161 F r ~ m  2nd l o  20th 
Drcrnlber. 
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The Horizontal Force observations were not affected; the obsesp.atOry 
instrument is of t.he Kerv pattern in  which different magnet boxes are 
declinat.ion and deflection observations. 

Abstracl o f  Base Line oal71e o f  l i e  Ma.oneiogrnph8 i n  1910. 

1 :::+ 
nase line. 

January . . 

Februery . . 

March . . 1 

42 

M y .  . . I  ; 
b 

b 
I 

J u n e  . . 8, 
d 
E 

J u l y  . , '6 e 
5 August . . 
c3 
z n 

October . . ! 

Fcnr Lhe reasons 
for which thc 
obscrvrd H n s ~  
l i ~ ~ r s  were re- 
jccted-See 
1.eplll.t for 
1909-10. 

Aocepted 
value 

Bnse line. 

From 18th March to 9th 
April. 

Up to 9th. 

From 13th April. 

To 22nd Mny. 
(Y 

5 From 23rd May. 
m 

s, To 7 th  June. 
B 

8th t o  26th June. 
5 
f From 2:th June.  

$ r ~ (  ( T O  16th August. - 
From 17th (interpolated) to 

31st. 
To 2 b d  September. 

From 23rd September to 
l l t h  October. 

Tu l l t h  October. 

Brom 12th October to Bod 
November. 

To S2nd November. 

From 23rd November to 
31st 1)ecember. 

4. Scale values and temperatu2.e range.-The mean scale values in 1910 
are as follow8 :- 

Declination 1-04 minutes i f o r  an ordinate of .&19". 

V . F .  { ;  j 
The mean temperature of the observatory was 89O.0 F. with maximum end 

rnininurn mean monthly values of 89"2 F. and 8 8 O . 7  I?. 
6. Secular c h a n ~ e e ,  1903-10.-l'he following table gives the mean 

rnontllly values of thc magnetic elemcnts and the secular change for the 
1$NJ9-10. 
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1. U e ~ e r a l  Remarks on working.-Surveyor Ramasmami Iyengar was in  
charge throughout the year. 

Thanks are due to the Dircctor, Solar Physics Observatory, for his cordial 
assistance in all matters connccted with the magnetic work. 

The instruments worked satisfactorily throughout the year, except that as 
in other observatories i t  was necessary to adjust the balance of the V. F. 
magnet on several occ.1 c slons. ' 

2. H. 3'. aad declir~ntion constants.-The table below gives the mean , 
observed monthly valucs of magnetic collimation, P,., and P,., and magnetic 
moment : the acccpted values of P,., and " m," are those used for pomputing 

' 

the monthly mean base lines. , 
It will be noticed that the observed values of "m," show both sudden and 

gradual decreases of " m,," which havo been disregardcd in der i~ ing  the accepted 
value: this conc!u4on was nrrircd a t  al'tcr consider.~:iou of the resulting ' 

monthly mcnu T ~ ~ U C Y  of H. F, and indopcndcutly of tho investi;ntion of 
" personal error " rclcrrcll to elsc\\lhcro in  this report, which has not yct' becu 
completed. 

P 3 
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X e a r  values qf t h e  constants of  the X a g a c t o m c l e r  No. 16 i n  1910. 
L '  . 

H. F. CONSrAYTS. 
BTAN'T8. 

Abatract o f  Bass Line calfre of ilIagnetogrnphs i 9 ~  1910. 

Y O N T E ~ .  

January . 

February . 

&far& . . 
April . . 
Mny . . 
June . . 
July . . 
~ u ~ u s ' t  . . 

September . 

October . . 
November . 
December . 

3. Mean Bccse Line 6nlues.-The table below gives the mean lnonthly oh- 
served and accepted values of the Declination and E. &'. base lines : the ac- 
cepted values are those used in  computing the monthly mean values. 

MEAN V A L O R  OF P'n. 

- 

YONTHE 1910. 

January . . . 
February . . . 
Mnreh . . . 
April . . . . 
Nay . . . . 
Jono . , . . 
July . . . . 
August . . . 
September . . . 
Octobor . . . 
h'ovcrnbcr . . . 

Mean I - 
mnglwtic: i 

colli- 
mation. 

f l ~ s a a ~ s .  

Dcromhr . , . 1 1 : 3 2 8  / l : 36.8 
I 

FORCE. 

RE MA BE^. 

HORIZONTAL DECLINATION. 

P I  9. 

- -  

9'1:' 

9.25 

8.92 

9.i)S 

8'98 

9.05 

9'12 

9.20 

9'14 

8.83 

@'a6 

9.07 

Nenn 
observed 

vnluo 
of baee 
liue. 

36965 

36960 

36983 

,36960 

.3;;95:! 

.3G0;0 

36047 

'36946 

,36946 

'36986 

36989 

96919 

Bnse 
line 

accepted. 

-- 

'36954 

] ,36950 

'36049 

'36950 

'3G962 

'36:160 

'36947 

'3C946 

'38948 

'361)QG 

.3GCjLB 

'3d049 

R s r a a a s .  

Meon 
observed 

vnll:e 
of base 
11ne. 

0 

1 : 32.7 

1 : 32.9 

1 : 32'8 

1 : 33'0 

1 : 33'1 

1 : 33'2 

1 : 33.0 

1: 3 3 0  

1 : 32'7 

1 : 327  

1 : 33'1 

, 
4- 

-1- 

Rnec 
linc 

uccepted. 

-- 
0 ,  

1 : 327  

1 : 32.0 

1 : 32.8 

1 : 33'0 

1 : 83.1 

1 : 33.2 

1 : 33.0 

1 : 3Y9 

1 : 32.7 

1 : 327  

1 : 30.1 

- 2  : 37 

: 32 

:33 

: 35 

:39  

:36 

: 35 

: 38 

: 37 

: 36 

: 29 

: 32 

--- 
919.76 (1) 

Q18.76 

918.64 (2) 

918.62l 

9111.(i& 

6'90 

697  

ti92 

5'07 

7'00 

697  

6.93 

6.76 

0'84 

6.87 

6 9 2  

6'87 

.2 

CU -. 91821 (5) (44 From 61h to 11th 

; 
s 

02 

(1) From 6th Jsnu. 
n1.Y t~ 26th Fobru. 
nrj .  

(2) From 1st March 
to  ~ 1 s t  11~~.  

,- 
917.97 (5)  

z 
(5, From 13111 to 

Augud. 

917.69((;) 1 
! 

917'68 

917'69 

917.69 

'bat11 August. 
(6) From Pit11 Bug. 

ust to 31st Decem. 
ber. 
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4, Scale vcrluee arid temperature rataye.-The moan scale values for the 
magnetographs daring 1910 are as follows :- 

Tlie mean temperature of the magnetograph room for tho year was 18O.9 0 
with maximum and minimum monthly mcan values of 10O.1 C and 1V.7 C. 

The selected mean tempcmture is 19O.0 C. 
6. S ~ c u l a r  chat~yes, 1909-10.-The table below gives the mean monthly 

values of thc mngnctic elements for 1909-10 with the secular change deduced 
durinz the interval :- 

Recr lnr  e A a a g ~ r  nt  Rodeiiic~rnl i l l  1909-10. 
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111.-TABLES OF RESULTS. 
(I * 

A. Approximate values of the magnetic elements at  stations of observationduring l910.11, 
B. Mean values of the magnetic elements a t  t,he observatories for 1910. 
C. Classi6cation of ourves aud dates of magnetic disturbances in 1910. 
B. Tables of results a t  Dehra DGn. 
3. 1, JI Barrackpore. 
F. ,, 11 Toungoo. 
G. 1, ,I Koda~ksnal. 
For eaoh observatory the following tables are given :- 

1. Hourly means corrected for temperature, of Declination, Horizontal Force, Verti- 
cal Foroe and dip Erom 5 selected quiet days per month. 

2. Diurnal inequality of each deduced from 1. 

8. -Abs tracb  shotoing a p p ~ o z i m r t t e  nlagnetic valzres a t  s ta t ions  observed a t  by  No. 18 
Party dicring season 1910-11. 

FIELD STATIONS. 

Horizontal 
furco. 

C. Q . S .  

- 
Deoliuation. 

0 I 

E 2 35 

W 0 15 

,, 0 12 

., 0 10 

,, 0 64 

,, 1 69 

E 2 38 

., 2 38 

,, 1 50 

,, 3 11 

,, 3 38 

,, 3 49 

,, 9 56 

,, 3 57 

BEHARBB. 

Longitude. 

0 1 1 ,  

78 5 10 

92 43 0 

92 40 20 

92 50 0 

78 16 40 

78 15 40 

78 42 50 

78 27 10 

71 26 40 

74 41 50 

73 43 60 

73 23 20 

73 27 40 

74 2 6 0  

Latitude. 

O , , ,  

30 27 40 

12 18 0 

12 48 10 

13 25 60 

12 65 30 

12 65 30 

31 1 60 

30 44 30 

25 44 40 

32 9 60 

33 23 20 

93 65 10 

34 22 10 

3b 6 0 

Serial 
N ~ ,  

1331 

1332 

1333 

1331 

r 
I 

1335 { 

I 
1336 

1337 

1338 

1339 

1340 

1341 

1342 

1343 

Dip. 

0 I 

44 12 

7 67 

9 14 

10 44 

9 65 

'J 66 

45 4 

44 44 

36 31 

46 44 

48 23 

49 6 

49 46 

49 18 

Name of station. 

Mussoorie . . 
Port Anson . . 
Port Andaman . 
Paget Inland. . 
Mysore Mioes 

(surface). 

Y sore Mines (on- 
erground). B 

J h r l a  . . . 
Barahat . . 
Barmer . . 
Dhoda . . 
Behiri .  . . 

Murreo (Sunny 
Bank). 

MuzaBar&biid . 
Uri . . . 

74 7 40 

74 6 1  60 

74 43 0 

75 8 60 

76 33 40 

76 17 40 

75 12 0 

76 14 40 

75 7 30 

74 41 50 

7.h 22 0 

74 16 60 

71 4 GO 

34 29 30 

34 38 0 

33 40 50 

33 43 60 

33 48 30 

33 37 0 

1344 

1345 

1346 

13,&7 

13L8 

1389 

Shnlura . . 
Gurais. . . 
Hlrpur . . 
Inlrmabad . . 
Inshin.  . . 
Bof . . . 

1360 

!361 

13-1 

1363 

136b 

1356 

1366 

I 

D 6 8 1 * p 4  O 
60 14 

48 66 

48 68 

49 7 

48 4G 

48 38 

48 13 

47 61 

47 4L 

48 13 

49 22 

. 47 61 

,, 4 0 

,, 3 2G 

,, s 43 

,, 3 50 

,, 3 37 

,, 3 41 

,, 3 40 

., 3 38 

,, 3 50 

,, 3 4.0 

,, 3 22 

Banihnl . . I  93 26 20 

Rnrnbnn , 33 1 3  30 

Udlnmyur . : 1 32 65 20 

I 

Poni . 
Tl~ona JIandi . 

0 
Cl~angns Rnrl~i . 
Ul~i lnbnr . . 

33 8 50 

30 32 40 

33 14 40 

32 68 20 
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&tr+cb slowing approximate magnelic values at sG,rliotaa observtd a t  by No. 18 Party during 
seaJon 1910-11-continued. 

OLD STATIONS nB-OBSEPVED. 

- 
'G 
m - 

'46 

71 

88 

92 

106 

124 

130 

134 

138 

179 

1;s 

181 

180 

187 

199 

207 

216 

223 

232 

283 

328(n) 

332 

337 

976 

384 

481 

483 

489 

600 

604 

606 

606 

61% 

618 

627 

630 

Letitode. 

- 
27 48 20 

31 35 60 

34 0 40 

32 27 30 

11 4 40 

28 0 40 

26 - 27 30 

2; 31 40 

23 8 10 

18 28 0 

17 33 40 

15 10 20 

I,3 4 30 

13 6 40 

11 62 30 

l3 35 60 

16 10 

20 40 

28 20 

Z9 32 10 

8 44 0 

9 16 60 

10 46 40 

19 16 20 

l6 31 0 

25 27 30 

26 10 

26 2.3 10 

$7 0 

a3 35 30 

13 48 0 

24 10 50 

26 33 80 

28 19 60 

36 48 10 

20 49 60 

Nome of Stations. 

Ruk Junction . 
Laho1.e . . 

Prehrwnr . 
Kundinn . . 
Sacbin . . 
Uiknne,: . . 
Ajmer . . 
Nirpur K h r s  . 
Virsmgim . 
Dhond . . 
Aotgi . . 
Gt~ntakel . . 
Arkonum . . 
Pelambar . . 
Can~~anom . . 
Birur . . 
Niriij . . 
hlnnrnad . . 
Delhi . . 
Sirs& . . 
Tinnevelly . . 
BInndnpnm . . 
Tanjore . . 
Psrbhoni . . 
Bezwkde . . 
Allrhrbsd . . 
Mnnikpur . . 
Monghyr . . 
Sini . . 
Rrnlgonj . . 
Kntrasgerh . . 
Giridih . . 
Duxar . . 
Knturninn Qhi t  . 
Chkpro . . 
Dctlinh , . 

Longitode 

O I I I D , , ,  

68 30 20 

74 18 60 

71 33 40 

71 28 20 

72 52 40 

73 18 60 

74 38 30 

69 0 40 

71 3 30 

74 36 10 

76 0 20 

77 22 40 

Deolinetion. 

' 

E. 2 3 

,, 2 66 

,, 3 49 

,, 3 26 

,, 3 23 

,, 2 1 

,, 1 66 

,, 1 61 

,, 6 

,, 0 22 

,, 0 8 

W. 0 26 

Dip. 

0 I 

39 40 

46 14 

49 6 

47 49 

27 43 

40 14 

37 32 

36 60 

31 33 

22 28 

20 35 

15 DO 

H"'i'~tal 
Forco. 

C. 0. a. 

0.3348 

0.3208 

0.3083 

0.3009 

0.3666 

0.3387 

0.3467 

0.3448 

0.3667 

0.3711 

0.3762 

0.3800 

79 40 20 

60 16 0 

76 22 0 

76 68 10 

74 38 10 

74 26 20 

77 14 20 

76 2 40 

77 42 30 

79 8 30 

79 8 20 

f 6  46 60 

80 86 60 

81 49 20 

81 6 20 

80 27 60 

66 66 60 

87 7 30 

86 18 0 

86 19 20 

83 57 40 

81 7 60 

8L 43 20 

84 31 30 

Blrrraxo. 

0.3854 

0.3840 

0'3807 

0'3796 

0.3769 

0.3620 

0.9401 

0.3337 

0.3796 

0.3823 

0'3825 

0.3706 

0.3831 

0'3683 

0.9690 

0,3630 

0,3742 

03706 

0.3678 

0.3666 

0.30h6 

0 3 6 0  

0.3697 

0.3j4ti 

9 

3 
2 
2 
f! 

q 
1 
6 e 
T .- . 
a 
.* 
W 

10 26 

10 34 

8 34 

11 47 

19 37 

26 22 

41 23 

42 37 

0 65 

1 37 

4 44 

24 61 

17 62 

36 41 

36 14 

36 43 

30 32 

31 11 

32 46 

33 80 

30 6 

40 48 

36 67 

38 19 

,, 0 67 

,, 0 49 

, 1 2 

,, 0 40 

,, 0 9 

E. 1 8 

,, 1 69 

,, 2 34 

W. 1 39 

,, 1 26 

,, 1 22 

E 0 39 

W. 0 33 

E. 1 17 

, 1 4 

,, 1 11 

,, 0 60 

,, o 66 

,, 0 68 

,. 0 67 

,, 3 9 

,, 9 0 

,, 0 2% 

, 1 36 
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lndore . . 
Comnpore . . 

Ealasoro . 21 30 30 86 64 40 

Berbrrmpur . . 19 18 10 8.L 88 40 
(Ganjkm) 

Cumbum . . 15 35 51) -79 6 40 

Cbinda . . 19 57 60 79 17 40 

Raipw . . 1 21 15 50 1 81 98 20 

A a n o t i  . . 1 211 5 5  3 1 1 77 45 50 

Dfymensingb . 24 46 0 90 23 40 

Lnmding . . 1 25 41 60 93 in 40 I 

D u m m n  , . 1 25 31 40 / 81 1 30 
I 

194 D Jorapokhsr . . 1 23 41 60 86 25 I 

198 D Do. (Under- 23 47 30 86 20 10 
Kround). 

189 D MaGri. . . 23 60 60 86 15 10 

200D Sadllob~d . . 23 62 60 86 22 0 

201 D Sita~lpur . . 1 23 69 0 1 81 21 40 

Soalond . . 23 63 0 80 33 20 

c,beharaie . . I , 23 40 30 I 42 20 

Agiarkund . . 23 46 10 86 46 10 
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ZIOD 

211D 

212D 

2121) 
(a) 

213D 

214D 

216D 

215D 
((I) 

216D 

217D 

218D 

219D 

220D 

221D 

222D 

223D 

224D 

226D 

926D 

227D 

228D 

229D 

230D 

231D 

232D 

933D 

234D 

835D I 
236D 

237D 

838D 

239D 

210D 

earn 
242D 

Ba3D 

Benagaria . 
N6lsndil1 . 
Dcshrrgn~li . 
De~l~nrgarh (Und, 

pound). 

Dhndba . 
Anchra . 
Nnndi . . 

Do. ~Un~ler .  
ground). 

ninjbtpur . 
Doolluvepur 

Ua~j, ,rah . 
I<nlcso . . 
Bishlopur . 
Bhcringce . 
Sonpor . 
Dubrnjpur . 
Palt~sboni . 
Koiurreeya . 
Raunnbandh . 
Yohulpnhnr~te 

Mssnnjore . 
Baboopur . 
Siriskundi . 
Kussurndhi . 
Jokundn . 
Oojhadih . 
Jumoon . 
Rooturn . 
Bnmuugnon 

Lilgnrh . 
Sujlnpur . 
Jynnthpur . 
Sukjora . 
Cborodcch , 

Pindotnnd . 
Doomurcco . 

i Latitude. Lougitudo. Dip. D~cli~atiuu. " ~ ~ ~ ~ '  1 
-- R E M A E M U .  

0 I " O I  ( I  0 I 0 I 0 . 0 . 8 .  / 
-- -- 

3 31 60 

' 23 38 30 

. a .  

23 41 40 

23 42 40 

23 48 10 

23 43 I 0  

23 43 10 

86 48 60 

86 46 30 

... 
86 60 10 

86 be 50 

80 64 10 

87 6 0 

87 6 0 

32 6 

32 22 

... 

32 26 

32 29 

33 0 

... 
32 38 

23 32 30 

23 28 10 

23 26 30 

23 27 20 

23 97 20 

23 33 0 

23 41 60 

23 47 20 

23 61 0 

23 57 30 

24 4 50 

3-2 28 

31  68 

3% 6 

32 0 

32 29 

32 12 

34 35 

33 3 

33 16 

33 19 

33 16 

34 6 

33 49 

33 21 

33 13  

33 13 

33 25 

33 14 

:33 25 

33 23 

33 27 

33 37 

83 28 

33 28 

32 69 

33 32 

33 28 

33 61 

86 59 0 

87 7 30  

87 17 20 

87 27 20 

87 24 20 

67 1 G  '40 

07 13  40 

87 py 20 

87 13 50 

87 21 60 

67 28 40 

E. 0 62 

,, 0 60 

,, 0 67 

.,. 

E. 0 69 

,, 1 2 

,, 1 1 

,, 1 4 

0.3690 

0.3702 

... 
0.3704 

0.3703 

0.3684 

... 
0.3707 

,, 0 68 

,, 0 63 

,, 0 65 

,, 0 66 

,, 0 69 

,, 0 57 

,, 0 62 

,, 0 62 

,, 0 69 

,, 0 60 

,, 1 3 

,, 0 66 

,, 1 20 

,, 1 1 

,, 1 1 

,, 1 4 

,, 1 2 

,, 1 26 

,, 1 4 

, 1 9 

., 1 13 

,, 1 13 

, 1 

24 13  60 87 25 60 I 24 .7 0 

2h 1 20 

23 62 20 

23 66 40 

24 4 60 

2.4 10  40 

24 13 40 

24 6 60 

24 14 20 

24 I6 16 

24 11 10 

a4 7 10 

23 67 0 

24 a 20 

24 0 20 

24 3 10 

0.3664 

0'3684 

0.3694 

0.3701 

0'3700 

0,3699 

0.3714 

03699 

0.3688 

0.3673 

0'3684 

0.3645 

87 18 40 

07 0 0 

87 6 20 

86 66 40 

86 69 10 

87 6 40 

86 66 60 

86 ~19 60 

86 48 40 

86 39 60 

86 31 40 

86 40 10 

80 38 6 0  

so 31 30 

86 24 40 

86 16' YO 

G 
g 
2 10 e 
5 

-; 
-a 

X 
B 

15; 1 0,3679 

,, 1 3 

0,3668 

0.3662 
1 .4 

0.3riSO 

0.3G.U 

0'3638 

0.3678 

0.3656 

0'368L9 

0.3678 

0-3672 

0.3666 

0.3656 

0'3666 

Q 

Z 

0'36157 

0.2656 
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aeaaon 1910-11-oontinued. 1, ,. 

- 
Horizontal 

Force. 

a 
rn 

W D  

215D 

2461) 

247D 

248D 

249D 

elOD 

251D 

252D 

253D 

261D 

2661) 

2561) 

957D 

253D 

259D 

I O D  

261D 

2621) 

263D 

264D 

2li6D 

266D 

268D 

IG9D 

270D 

171D 

a72D 

27RD I I 

Latitude. Longitude. Dip. 

0 , .  o , , ,  0 ,  

23 56 30 86 12 30 33 27 

23 58 20 86 2 50 33 7 

26 31 10 83 64 10 35 56 

25 33 0 83 56 20 36 47 

25 31 40 84 1 10 37 10 

5 27 20 84 3 0 37 47 

26 35 40 8& 0 30 38 1 

96 t4.1 Gi) 84 4 20 37 49 

26 40 20 P4 5 20 36 61 

"6 40 60 84 9 SO 36 31 

26 87 0 84 12 40 36 16 

25 33 0 84 13 10 36 16 

25 28 40 F4 11 0 36 49 

25 50 20 ' 84 42 50 37 23 

25 46 30 : 81, 40 30 37 22 

26 47 10 ' 84 45 40 36 16 

26 6 0 84 49 60 36 39 

25 64 40 81, 48 20 87 13 

25 49 40 84 22 50 36 42 

26 45 50 84 3 20 37 34 

23 42 10 1 83 52 50 36 0 
I 

i 'j  37 10 q 3  56 20 38 27 
I 

25 33 0 1 8 l  27 40 38 6 

25 19 4 0 ' 8 1 ,  21 0 35 39 

26 13 0 1 R l  15 0 35 26 

25 15 40 li 3 I 0  35 31 

25 21 O 83 54 20 35 37 

25 13 13 ' 83 48 30 35 25 I 
26 9 50 ' 83 37 30 35 15 

I 
U 57 10 ' 84 0 20 34 69 

-- 

Name of Stations. 

Mudkutta . . 
Rungnmutteo . 
Chou>i . . 
ICiritpura . . 
Muhudeb . . 
Dueoodhnr . . 
Uhronlee . . 
Chunde . . 

Manikpur . . 
RBjapur . . 
Uruk . . 

Reheea . . 
Koorand . . 
Nainae . . 
AIubiirakpur. . 
Telpa . . 
Pnnhrak . . 
Psterhi . . 
Reoti . . . 
Pllepllna . . 
Luthoodceh . . 
Bu~enera , . 
Eo!rea . . , 

2 8 1 D P i n r o .  . . 
Bikramganj . 
Dinnu . . 
Mnnoharpur . 
Paroethoon . . 
lUohnnea . . 

I 
Bna~rrim . . 
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I2~~sa.r  STATIOXS-conclitded.  

- 
VII 

VI11 

IX 

X 

XI 

XI1 

XI11 

XIV 

XV 

XVI 

XVII 

XVIII 

XI9 

XX 

XXI 

xxn 
XXlIl 

O b s ~ t o r i e s .  

Dehm Dun . . 
Bnrrrrckpore . . 
Toongoo . . . 
Ka~lnikanpl . . 

NOTE.-The above values of Dip, Declination aud Horizontal F o r w  aro unooi-iected f o r  secular cbnnge, 
diurnal variation, iustrumental diffcrenoes, etc., and nra t o  be considered prclimiuary values only. 

Where blanks occur, values hove already beon found during previous Bold seasons, or the obaervationa have 
nut been completed. 

All Longitudes are referable t o  thnt of Madras 0bsermtol.y taken a t  the  vnloe 80" 14' 64' Eest from 
Greenwich. 

- 
Longitude. 

0 , ,, 
pp 

77 36 68 

74 69 36 

69 37 6 

84 7 40 

83 68 24 

83 10 1 

88 16 99 

84 68 54 

78 20 16 

75 a7 18 

79 66 44 

98 12 8u 

97 41 40 

92 63 18 

92 47 21 

9A 65 40 

92 43 13 

eo1innLion. 

Neme of Stations. 

Bangalore . 
. ~ b a m r  . 
Porban~lar  . 
Fyz'bad . . 
Sambillpur . 
Wultuir . . 
Dsrjeeliug . 
Gay6 . . 
Secundersbd . 
B h u s ~ w l  . . 
Jubbulpore . 
Tavoy . . 
LasLio . . 
Akyab . . 
Silohur or C4cLar 

Diblugnrh . 
PortBbi i  . 

L~tibade.  1 Long- tad .  1 Dip. 

Dip. 

0 I 

10 7 

16 44 

29 8 

98 12 

28 8 

21 27 

38 31 

34 31 

20 26 

27 20 

31 21 

12 11 

31 21 

25 33 

34 48 

39 36 

6 20 

Latitude. 

0 , ,, 

12 69 95 

16 27 20 

21 38 20 

26 47 27 

21 28 3 

17 42 67 

26 69 49 

24 46 30 

17 27 11 

1 2 46 

23 8 67 

14 4 60 

22 66 47 

20 7 63 

24 49 43 

27 29 26 

11 39 10 

HE:!d 

0 r 

30 19 10 

22 4G 29 

18 66 24 

10 13 60 

Vertia.1 .or... 

Deolinntion. 

0 I 

W. 0 61 

,, 0 23 

E. 1 11 

, 1 38 

,, 0 3G 

,, 0 o 

,, 1 21 

,, 0 68 

,, 0 6 

,, 0 42 

,, 0 54 

,, 0 20 

,, 0 33 

., 0 30 

,. 0 57 

,, 1 2 

W. 0 15 
I 

.32019 

'a2100 

,16498 

,04469 , 

8 , ' "  

78 3 19 

88 21 39 

96 27 3 

77 27 46 

O , I  

---- -- 

0 ,  

N. 48 64'8 

I?. 30 44'2 

N. 23 8 '1  

N. 3 46 2 

E 9 3i-9 

E 0 65'6 

R 0 2t9 

W 0 66.0 

Hu+ontal 
Form. 

' Eeurnxs. 
C. 0. 8. 1- 
,3818 

,3166 

,3588 

,3525 

3730 1 

,3789 1 $a 

'33267 

'37339 

'33801 , 
'3i486 

36G8 

,3661 

.3792 

.3G77 

,3643 

-3963 

.3768 

'3839 

.369Y 

e 
: 
s' 
a 

1 
8 
z 
'E: 
w : .- 
Z 

.s584 j 
%I% I 



C.-Dotes of magnetic Jisfwrbances, 1910. 

D ~ U .  I Janrar .~ .  Fchronq. - Ynrch. April. May. 
I 

- 

23 . . S S s s (C) (C) I (C) iC) C C C C s s S 9 (C) (C) LC) (C 
2 4 .  . Y U M S S S l S  S C C C  C S S S C s  S S S  
u . . iv u M s s s I s c (c) (c) (c) (c) (c) ( c ) ,  (c) i c i  s s s s 
2 6 .  . S S s S S S S S C C C C ( C ) ( C ) ( C ) ( C )  s S S S 
2 7 .  . S S S C ( C ) ( C ) ( C ) ( C )  C C C C  M M M M C C C C 

2 9 '  . C C C C ,. ......... hl 
S O .  . C C C C  . . . . . . . . . . . .  S 

I) B I T  I(. - -,_ - 
c c c c  
c c c c  
C , C C C  

:c) :c) (C) (C - C C C  
- C C C  
- C C I C  
S 9 s  S 
S S S S  
S C C C  
c c c c  

C I C  (C) (C) (C) , (C 
- C C C  
- C C C  
- C C C  

- C C C  

- C C C  
- C C  C 

- S  S S 
- M M S  

- I S  S E 
- C C C  

(C) (C) (C) (C 
s c 6 c  
- C C C  
- C C C  
C C C -  
S C C -  
c c c c  
. . . . . . . . . . . .  -.--- 
10 25 25 23 
5 4 4 :  
... 1 1 .. 
. . . . . . . . . . .  
I 5  ...... 2 

- - . - a t ,  

Jnlg. Augnst. 

B T K D B T X  -------- 
C C C S S S S  

:c) (C) (C) S S S s 
S S S S S S S  

c c - S S S S  
Y M M - s s  6 
S S  8 - c c c  
S S S C C C C  
S S S - - c c  
s S C -  C C # C  
S S S M M 

M ( M  
C C C S S S S  

(C) (C) (C) c c C C 

(C) (C) (C) s s S S 
C C C S S S S  
S C C S S S S  
c c c (C) (C) (C) ;c; 

(C) (C) (C) c c C C 
(C) (C) (C) S s S S 
S S S M - S S  
c s s - -  S S 
C C C - - S S  
S S C - G G -  
S S S - s s s  
S A S -  S S S 

S S S - C C C  
S S S - C C C  
c. c C (C) (C) (C) (C) 
C C C Y M Y S  
M M M S S  S S  
S S S S S S S  
C C C S S S S  ------- 
15 15 16 5  9 10 10 
14 14 12 12 15 I 8  19 
2 2 2 9 2 2 1  
. . . . . . . . . . . .  1 1 .  .. 

... . . . . . .  1 11 4 1 

..=-a"- 

September. October. Nwember. December. 

D B 1 K D B  T K D I B T K  
_ _ _ _ _ _ _ _ _ I _ - _  
s s s s (C) (C) (C) {C) ('2) (C) (C) (C) 
s S S S S s S s S S S s  
C C C C S S S ~ s S S S  
C C C C S S S ~ S S S s  
C C C C S S S c s S S c  z 
S S S C M M S S  S S  S C  

0 
0 - S S S  S S S S - S S S  z 
J 

- C C C S c C c s S S S  V1 

c c c C (C) (C) (C) (C) s S 9 S 0 '4 
S S S (C) (C) (C) (C) s S s s c3 - 

(S) ; (S) (SI (S) S S C C S S S s x m 
(C) (C) (C) (C) S S S S (c)  (C) (Ci (c)  
S S s S S S S S ~ C C c  2 0 
S s s S S S S C - S S S  4 
S S S S (S) (C) (C) (C) - C C s m 

4 
S S S s C C C C ~ S S s  0 
C C C C C C C C ~ S S ~  rrJ 

(C),  (C) (C) (C) C C C c M  M s !2 
( c ) ' (C)  (C) (C) M M M M iv IM M 8 
S S S S S S ~ ~ C J ~ ~ ~  
S s S S S S Y s s ' s s c  C w 

s S S S S S S S ~ ~ S S C  5 
S S S s S 8  S c C C C c  

w 
? 

s S S C S S s C (C) (C) (C) (C) 
s s s s s s s s (S) (S) :s, (C) 
s S s s ~ S S S B S S ~  
s S s S S S S S ~  c c c  
s s s c - S S S S S S B  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 1 -. .., s... . . . . .  . . . .  ... ... 

0 - L l r - L  - -.I- --..- ...-.. .e 
-- 
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8.66 8.ZE Z.LE 6 . I E  
---- 

0 . 1 6  Z U E  L.88 8.66 

V.16 0.1E 9.OE C . 0 6  

L.ZE 1 . 6 6  C ZE L I E  

8 . S B  9.SE E.TE Z.EE 

O . f C  9 EE 1.CE Z.EE 

E.7E S E E  I EE 0 . 6 6  

- 
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81E O Z i  Z Z l  I S  LZ6 TEE LEB ZVE 9 i C  W E  ( 6 E E  VEE OEE 9ZE EZE ZZE O X  16TE 6 IE  6 L I C  ' uuuR 
---------- - ---------- 

EZE SZE LZE LZE 8ZE FEE EtE I 9 C  6% 90E LEE LZE TZE 61E IZE OZE LTE 81E 8 I E  OZE 9 1 6  ' Jaqo%% 

TIE STE L I E  TZE EZE ZEE 8EE Z tE  9PE 8,C ZPE ZEE FZE 1ZE OZE 61E 8TE 8 IE  8 IE  P IE  9 I E  ' q3% 

60E OTE 60'2 80E 9 IE  EZE 6ZE EEE 0 C 6  PEE SEE 9ZE PEE OZE 'PIE P I E  ZIE 606 OIE COB BOC ' k w r q a ~  

. h n e p  

6C6 

I t €  

9fE 

LEE 

LEE 

TEE 

OZE 

8ZE 

OF€ 

8ZE 

BEE 

EZE 

9ZE 

91E 

LPE 

IPE 

W E  

ESE 

LVE 

C 9 6  

I'PE 

PZE 

W E  

LZE 

fZE 

PZE 

ZZE 

EIE 

LZE 

6EE 

8ZE 

OiE 

8ZE 

PZE 

ETE 

BEE 

I t €  

8ZE 

1EE 

OEE 

FZe 

'PIE 

LZE ( L E E  T9E 

ZPE 

9% 

L S 6  

68E 

Z9E 

L ~ C  

L i E  

1 9 s  

99E 

09E 

9PE 

ZPE 

~ E E  

LEE 

GEE 

8ZE 

OEE 

61E 

'IZE 

EIE 

OTE 

826 

IEE 

TEE 

SZE 

SIE 

EFE 

9% 

Z'tE 

6IB 

SFE 

61E 

PEE 

9ZE 

I 

SZC 

TEE 

LZE 

tZE 

ZIE 

ZSE 
- - - - - - - - - - - - -  

0SE 

I396 

99s 

t l b 6  

6PE 

~ P E  

SZE 

6EE 

TEE 

I E  

81: 

EEE 

e r s  

6EE 

TEE 

IEE 

ZzE 

CZE 

PIE 

686 

LEE 

TEE 

8EE 

IER 

LZE 

BOC 

PZE 

66E 

TEE 

6Z6 

9 1 ~  

PtE 

ETE 

9ZE 

8EE 

ZEE 

8ZE 

L I E  

EZE 

e rs  

6ZS 

I f 8  

GEE 

€66 

828 
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9 tE  

9EE 
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BEE 
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8EF: 

IPE 
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9 Z C I '  ( N R  oEE 

I C E '  

9EE 
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EEE 
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9ZE 
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0% 

6VE 

e n  

BEE 

SEE 

LZE 

' ~ T " " l d 3  

' l e n 2 0 ~  

9EE 

EVE 

EVE 

OEE 

8ZE 

EZE 

9ZE / 8 g t  

EVE 

OEE 

81E 

9 1 6  

9;E 

SIE 

8 2 6 1 .  ' 4 ~ 1  

9fE 

PEE 

N E  

L I E  

Egg 

LIE 

P?E 

0 2 6  

OIE 

' 'Bunl 
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' ' I U ~ V  



Diurnal Incqmality of the Eori,-otcbal Porce a /  Barrackpore'as deduced from tAe preceding Table. c-l r u  
Ga 

Winter. 

. - 
Yay . . . 
June . . . 

July . . . -8 -7 -7 -6 -4 +1 +2 +7 +12 +16 +20 +19 +13 +5 -1 -7 -9 -8 -9 -9 -6 -6 --6 

L -22  : . I - -9 -8 -8 - 8  -3 -2 0 +3 t6 + l o  +20 +23  +19 +13 +7 -2 -6 -5 -4 -6 -6 -8 -8 

S *  3 L r  . 0 1  -1 - -21 i, -3 -2 -2 -1 -1 

~ e . i c  .pi i -i 1 -i - - 6 

- 
-10 

-11 

-5 

-8 

-8 

-3 

-7 

-9  

-4 

- 7  

-i 

-2 

+I4 

+18 

4 1 5  

- 7 '  1 3  

+2 

0 

-7 

- i  

-1 

+ I 1  

+8 

- 4  

-6 

-7 

-6 

-7 

0 

-8 

-8  

-13 

I I 
-6 -11 - 7  

-7 

-14 

+I6 

+11 

+15 

-5 

-2 

+7 

+4 

+8 

-6 

-6 

-15 

-8 

-8 

-12 

+3 

-3 

0 

+26 

+18 

+10 

-a 

+1 

+2l +2,  -3  

-8 

-13 

+22 

+17 

+21 

+19 

-61 -6 

-6 

-8 

-6  

-9 



Zourly  JIrana of t i e  Declina:ion na determifled a t  Barrackpore f r o m  the teleclsd quiet days in  1910. 

o m .  d .  1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 1 1 11 INoon. /  13 / 14 I I5 1 X 1 17 I 18 / 19 I 20 1 - 2 1  1 1'1 11 ( l i l . l l e a ~ .  

d 

Winter. 

Summer. 

April . 
MIJ . . 
Jomo . 
Jalr . . 
A w s t  . 

57'0 

LC4 

66'1 

508 

5E.3 

558 

55.2 

54'7 

57'0 

566 

66'1 

%tcmbe~ . 

65'31 55.5 

54.9 ' 55.0 
tl..3 6$3, 54'5 I 54'7 
- 

649 69'7 

3.0 

56.6 

66.1 

-- 
56.0 

66.7 

66.6 

5C4 

66.9 

56.5 

5(il 

65'7 

55.1 

rmn . 5 5 5  553 1 558 ! 55.8 ; 529 

56.8 

65.6 

56.8 

55.5 

55.4 

57.0 

673 

67.5 

67.7 

67.0 

56.7 

67.2 

58.3 

58.6 

69.1 

5 7 8  

6 7 7  

57.1 

5 % ~  1 57.2 ! 637 

58.8 

58.5 

50.3 

5 M  639 

57.8 

57.7 

52.9 

51.3 52.2 65.9 

64.6 

53.8 

62.9 

65.7 

643 

69.3 

63.9 

I 

33.6 

61.9 

51.4 

b41 

52.8 

I-------------------.--- 
13.1 

58.6 

57.4 

57.9 

66.8 

,567 

64.2 

640 

53.7 

55.1 6C.3 

57.4 

65.9 

66.5 

65.6 

69.8 

63.3 

51.8 

11-6 

552 69.6 63.7 

59.7 

64.9 

53.1 

66.4 

66.1 

65.2 

564 

56.8 

65.5 

64.0 

53.8 

81.8 

69.6 

63.5 

64'8 

5C.3 

624 

66'9 

66.6 

56'2 

55.1 

55'0 

69.3 

69.3 

56'7 

66'0 

66'2 

6CO 

54'9 

69.4 

54'0 

56.3 

56.7 

65'9 

55.1 

54.5 

59.1 

64'0 

66.3 

65'7 

65'3 

512 

646 

69.1 

64'0 

56.3 

65'8 

65.6 

613 

64.6 

64.1 

64.1 

615 1 65.1 

666 

639 

65.6 

6C7 

6&? 

6-42 

66.7 

66.1 

65.6 

56.9 

6&3 

6C.3 61.9 

66.8 

66.4 

65.7 

66.6 

66.1 

65.8 

66.1 

54.7 

65.3 

64.5 
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Hourly Heana of the Dip a8 determined a t  Barrackpore from tAe selected quiet day8 in 1910. 

,nii. . I 1 I I I 1 I I 1 lo I l l  I N o o n . I  13 1 4  I IS I 1 6  1 I7 1 1 8 1  j 1 I F I I u d . / M - . .  
Winter. 

N. 30" + 

42'1 420 

31..y . . I 42.5 42.4 

.lune . $2.5 42.4 

7 : , 7  . $2.5 424 

August . 43.5 4 3 ' 6  

F..ptemF,c.r . 43'4 43'3 
. 1 -  

l l ,  ,tn, 
. 

4 2 L L 2 ' 7  
-.---- -- 
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Diurnal Znegaality o f tAe  IForizontcrl Force at %ungooas d.&eed from the preceding Table. 

Wintor. 

I 
Months. 

-5 -4 0 +8 +15 +21 4-20 +22 +18 +11 +3 -3 -9 -10 -6 -7 -9 -8 -6 -7 

3i~i: l l  . - -7 -11 -10 -6 -6 -8 -6 -6 +3 +1J +26 +32 +29 +21 $12 -6 -6 -6 -7 -10 -12 -13 -12 -12 I I 
! ,roier . .I-12 -11 -8 -11 -9 -8 -10 -10 -6 +'i +16 +25 +27 +25 +16 +4 -3 -3 -3 -1 -5 -4 -3 -2 -2 

s,,, L2!1 ,,r .I-13 -11 -8 -7 -6 -6 4 +1 +7 +13 +20 +24 +22 +17 +7 -2 -5 -7 -10 -12 -11 -8 -6 -9 

1 . . . -11 -12 -10 -10 9 9 -7 -2 +a . +7 +13 +20 +24 $17 +12 
- -- 

.?:~;or . . -10 -10 -9 -8 1 -7 -7 -6 -1 ) / +3 +L1 +I9 +23 +14 +l9 +11 I 1 +I( -2 -4 
-6 -6  -8 - 9  8 7 -7 1 I 

Summer. 



Hourly Means o f  diie Declifiation a8 determined at Tosngno fvom t l e  n l e c t e d  qtliet days i n  1910. - 3  e 

BO- i d  1 1  I 2 1 3 4 1 5 6 1 7 1 8 1 9 1 1  11 INoon.l 13 / 1 4 1  1 5 1  1.1 1 7 1  1 . 1  19 I ) ) /  / 2 S ( . i a . / u n m . -  
w - U 

E 0" + Winter. 

Summer. 
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Eour l y  Jleans oJ Terd i ca~  Force is C.  G .  S .  Uzits (Corrected for temprafr tre)  at Toungoo f rom the ~ e l e c t r d  q l t i e f  days i n  1910. 

Winter. 

Summer. 

- 
7 7 7 7 7 7  7 i 7  I I 7 7 1 7 7 7 7 7 7 7  

Month6. 

January . 487 - ~ 7  4-87 437 7 487 4871 486 488 485 479 468 467 407 467 475 483 486 486 487 487 487 489 480 489 

Pebrnary . 403 492 492 492 491 492 4911 d l  490 486 481 477 479 4-81 487 490 489 488 489 490 490 492 

March . 
Ociobe: 

493 

November 

Deamber 

493 

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

. . . . . . . . . . . . . . . . . . . . . .  ! . . . . . . .  Meam -- 

482 

. . . . . . . . . . . . . . . . . . .  
1 

1 

492 

. . .  

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

492 

. . . . . .  

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

492 

---------- I 
. I 

491; 494 

... / 

I ... ... 

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

... 

488 

. . . . . .  

. . . I . . .  

480 

. . . . . . . . .  . . ... . . . j . . . I . .  . . . . .  

472 470 481 484 491 494 496 

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

1 
495, 496 498 499 500 

491 

5130 

491 

5 0 0  

491 

6 0  

483 

491 
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ITowly Mean8 of ttRe Dij  as determined a t  Poungoo from llre selected quiet days in  1910. 

Winter. 

April . 63'3 

U e y  . . 62.9 

Jane . . G3'6 

July . . 62.8 

Anpst  . 631 

September . 624 
* - - - - ~  --- 
I Men .I  639 

633 63.9 6.3.1 63.2 632 83.5 63'4 62.7 61.6 606 00.2 60.4 61.0 620 627 631 631 63.0 63.0 6?9 63.1 63.1 

62.9 629 62.7 64.7 62.8 83.1 62.9 623 61.2 00.5 60'5 609 61.7 62'3 69.7 63.0 63.0 63'7 62'6 62.6 62'7 62.8 

62.6 83.6 62.7 627 62.7 6%.9 03.0 621 61.0 60.3 59'8 59.8 60.4 61.1 61.7 62.4 62.8 62.7 62.6 62.8 697 62.5 

628 628 62.8 62.8 62.7 03.0 62.6 622 61.4 61.0 60.8 00.4 60.7 81.4 62.0 62.3 63.4 693 62.3 62.3 694 62.3 

63.2 63.2 63.1 63.1 63.1 63.4 63.3 63.6 615 60.6 60.2 00.1 60.6 61.1 61.7 623 62.7 627 628 62.7 627 62.7 

62.3 8 2  2 62.3 82.4 62.4 02.8 62.7 61.9 61.0 60.5 00'1 60.9 61.2 61.6 62.3 62.5 636 62.3 62.4 62.6 6.87 62'7 ---------- 

-1- 
--- -- 

63291 6.281 628 638 62.8 831 6 633 61.3 6W6 00.3 60.4 60.9 62.6 62'8 62.6 626 827 64.7 627 

N o ~ ~ . - W h o n  tho eigs is + the Dip i s  more and when - i t  is l e u  tb the mean. 



Diurnal Ineqriality of t h e  D+ at Tozrngoo nr deduced f ~ o m  the preceding Tahle. 

Winter. 

April , 
May . . .  
J u n e ;  . . 
July . . .  
Auguat. . .  
September . . 

Summer. 

I I 

. . . . . . . . . . . . . . . . . .  October. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
November . 
D m  . ... .'. .'. I "' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ... 

- S e a n ~  . . 

+0'4 

+1.1 

I 

+i)4 

+0.2 

+0.6 

February . . 
MnreE . . .  

1 

+05 

+@6 

t1.1 

+0.4 

+1'1 

1 1  

+0.5 

+0.3 

+1'O 

I 

+0.4 

+0.3 

+0.6 

+0.4 

+1'1 

+0.5 

+0.3 

+0.8 

+0.0 

+0.4 

$0.5 

+0.4 

+0.6 

$06 

+0.6 

+0.3 

t0.4 

+0.3 

+0.4 

+0.4 

+03 

+0.6 

+0.2 

+Oe4 

-0.2 

-0.3 

-0.7 

-1.2 

-1,s 

-P2 

-1.5 

-2.0 

-1.5 

-1.7 

-1.2 

-1.2 

-0.5 

-0.3 

0 

+@2 

+@I 

+@6 



G.-Hourly Means o f  Eorizontal Forcc in C. (7. S. Unit.? (CorrecledJor temperature) at Kodaikhtinal f rom the relecled quiet days in 1910. 

omm. / 1 [ 1 3  1 14 I 15 I 16 1 11 i 18 1 19 1 io 1 inl 22 1 23 1 ma,/uew.. 
, I -- - 

,37000 C. G. S. + Winter. 

Summer. 

Yont6a 

4&1 

Much. . I  456 

October . 4 6 8  

- G 

November . I 4 7 4  

Decemher . 1 493 

4.2 

465 

461 

461 

475 

496 

7 7 7 7 7  

463 

454 

462 

460 

479 

497 

508 

606 

557 

534 

528 

536 

Meam . I  486 468 4691 470 4 i 0  4 7 0  471 477 4911 511 
I 

462 

457 

461 

462 

480 

497 

526 

511 

558 

630 

598 

645 

528 

7 7 ' 1 7 7 7 7  

534 5 1 9  499 481 468 467 468 

:" 509 

6211 505 476 471 

I 2 1  510 

542 542 
------------- - 

636 

471 

466 

469 

4 

492 

501 

7 7 7 7 7 7  

477 

478 

494 

485 

505 

609 

5Z8 615 498 4'361 4 8 1  478 4 i 8 1  4 7 5 1  4721 4 7 1  4 7 0  4701 1701 4 5  

462 

458 

461 

461 

479 

497 

489 

496 

631 

512 

520 

520 

i 
4 6 3  465 

4 5 7 ,  459 

4 6 2 ,  4 6 l  

4 6 2 '  461 
I 

479 483 

a 8  499 



Divrnal hzepuality of the Hwizontal Force at KodaikZnal aa dedaced from the preceding Table. 

Hums. 

Winter. 



MAGNETIC BUIiVEY. 
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Ho~orrly dleans o f  Pertical Force i n  C. G .  S. Unitr (Corrected for temperature) at Korlaikdnal f r o m  the  releeled quiet dqyt i n  19f0. 

Winter. 
. 0 8 O O c . G . S . +  

Summer. 
- 

January . 
J?&ruq . 
&I& . 
October . 
Xovfmbcr . 
Derxmber . 
_ 

Y I 7 ~ 7 7 7 7 7 7 Y / Y 7 Y 7 7 7  

403 

433 

422 

4 7  

484 

485 

450 

427 

437 

439 

477 

B86 

490 

417 422 402 

447 

450 

464 

468 

479 

485 

466 

A p r i l ,  1 448 

May . :I 450 

I 

406 411 

432 

431 

476 

481 

482 

428 

438 

446 

485 

4a8 

492 
_--___---- 

463 Meam . ( 462 1 463 

I 

I 

J u n e .  . 
July . . 
August . 
Geptcmkr . 

422 

431 

428 

473 

485 

485 

435 433 430 4 3  434 435 435 4371 437 437 435 

439 441 Ul 439 440 1 1  U 44.3 i 446 446 439 
I 

479 481 

481 

4 8 1 '  
_ _ _ _ _ _ _ _ ~ - ~ - - - - _ _ - _ _ ~ - _ _ _ _ _ _  

427 

440 

X I  

484 

487 

491 

4 s  

417 

4.38 

448 

450 

463 

468 

479 

486 

466 

418 

460 

464 

468 

479 

485 
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Hourly Meam o f  the Dip aa determined uI Kodaibcnal from LRe aeleeted quiet days i n  1910. 

Winter. 

Summer. 

44'3 44'4 44'4 44'6 44.8 u 0  43.2 424  41.6 41'3 41.5 42.2 43'5 a 1  a 2  &'I a 1  44.1 44.3 44'3 4k.i 41.4 43.7 

May . 44.5 gg.5 g96 44.8 4k8 4&1 43.3 424  424 42.2 42.7 43.3 440 46'4 44'.A 44'3 445 44.5 M .6  44.7 4k7  44-0 41.1 

45'7 456 45'9 46'3 40.4 4&9 45'3 44.8 43.3 42'0 43.2 43.9 430 44.8 45.5 45'4 45.3 45'4 45.6 45'6 43.5 49'6 45.1 

46.1 $6.1 48.2 40.3 46:3 46.0 45.7 45.6 45.4 45.4 45.7 45.9 46.2 46.1 4-5'8 45'6 45.5 45.6 45.8 438 46.8 45.9 46.9 

47.1 47.1 47.2 47.6 47.7 47.1 46.3 46.5 eL.7 44.8 e6.0 45.3 45'5 -W1 46'5 46'3 464  966 466 46.7 46'7 47.0 46'4 

47.6 47.6 47.8 48.0 47.4 46.1 45.1 44.5 43.0 U 2  46.1 46.0 46.6 47.1 47.1 469 47.0 472 47.3 474  47.4 47.5 46.7 
-- - _ _ _ _ _ _ - - -  --- 

4S9, 45.9 46.0 48.3 462 45.6 49.8 44.2 43.6 43'6 43.9 44.4 46'0 45'4 45'6 45'4 45'5 45'6 46'7 4-58 45.8 I 
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PART VI1.-REPRODUCING OFFICES. 

PI-IOT0.-LITHG. OFFICE. 

BY CAPTAIX A. H. GWPN,  1.A. 

photo. Bvnnch.-The out-put of negatives, with the cost per 100 uq, inches 
far the last t.hree years, is as follows :- 

, 1908-09-2,173,368 6q. in. costing Re. 0--1-9 pcr 100 sq. in. 
1909-lo-1,9 1.3,889 ,, ,, ,, 0-5-7 ,, ,, 
1910-11-:,786,295 ,, ,, ,, 0-6-0 ,, ,, 

The dccrease in out-put is chiefly in  rep~.iots of old standard sheets tile 
stoclts of which are now replenished. The old sheets, while twice the size of 
the modern slieets, required less retouching or ' duffing ' than is required for 
modern sheets in colours. 

There has been some increase in the proportion of intricate coloured maps 
prepared by the method of duffing for colonrs, to which the higher cost may be 
ascribed in part ; i t  is also partly due to the fact that the majority of the staff 
of negative retouchers were recrnitcd about 1908-09 and received comgarative- 
ly low pay while undcr training. 

In  the studio an  " iron base " camera on a n  iron stand vas  introduced 
and proved most successful in combating vibration. The 30" x 24" camera was 
successfully converted by the Mathematical Instrument OEce l,o the same type 
as the 36" x 36". 

The preparation r'Photopake" has supplanted Indian ink as a duffing 
medium ; it is more expensive but morc efficient. 

Mr. Taylor continued his experinlents with ' thrce-colour ' blocks, and has 
obtained further good results, in  the direction of increaser1 colour-scnsitiveness 
and higher speed. A set of spectroscopic tests of some well-known commercial 
dry plates against the office emulsion is in progress. 

The process engraving section still stfiers from insu6cient work. Tlie 
area of blocks and plates turned out was 9,206 sq. inclles, as compared with 
15,091 sq. inches in  1909-10 and 10,462 sq. inches in  1908-09. The income of 
this section exceeded its expeuditure by Rs. 1,256. 

Lktho. B1.anch.-Thc out-put of map printing fell off a little. I n  1908.09 
itmas 1,606,607 pulls ; in  1909-10, 1,574,180 and in 1910-11 only 1,383,147 ; 
no arrcars of printing were left over to the ncxt year. One hundred and sixty- 
four one-inch sheets were printed, as against 239 in 1909-10 ; this accounts for 
part of the decrease. A flat-bed rubber offset machine has becn ordered from 
England. 

Geraevnl.-The total cosi; of the office which had been decreasing sinoe 
190'7-08, whcn it jvas Its. 1,88,966, has riscn again slightly. For 1010-11 it 
has bccn Rs. 1,616,193, or deducting the pay of non-gazetted officers fo:: Scptem- 
ber which should riglltly fall in 1911-12, Rs. 1,616,639, an iucreoso of a, 145 
COmparcd with the corresponding fig~ucs for 1909-10. 
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APPENDIX. 

LIST OF SURVEY OF INDIA PUBLICATIONS. 

publicntions marked can he obtained from the  S u  elintendent,  Trigonometrical Surveys, Dehra DJn. 
,, f , P J  ,, the  0&cer in charge, Map  Record 8t Issue Office, 13, Wood Street,  

f ! m I ~ n t . t n  - - . - - - - - . 
,, 1 ,, ,, the  Officer in  charge, Mathematical Instrument Office, 15, Wood Street,  

Calcutta.  
,, ll ,, ,, the-officeryn charge, Surs?sor General's Office, 13, Wood Street,  calcutta.  

Remejbing puhl~cntions e r e  e i the i 'out  of pr in t  o r  a r e  not ava~lilble for  Issue. 

\'olome 

Da 

Do. 

Do. 

DII. 

Do. 

Do. 

Do. 

Do. 

Do. 

IV. 

IVA. 

v. 

VI. 

VII. 

IS. 

XIII.  

XIV. 

' OF T H E  OPERATIONS O F  T H E  GREAT TRIGONOMETRICAL SURVEY O F  INDIA'. 

Price Rcipees 10-8 per  volztme, except where otherwise stated. 
The Standards  of llIensure and t he  Unse-Lines, also an  Introdnctory Account of the  early Operations 

of t he  Survey, dur ing  t he  period of 1800-1830 RII Colonel J. T. IJ 'alke~, R.E., F R.S., ctc., etc., 
Superintendent of the Survey. Dehra Dun,  1870 (out of prrnt). 

History nnd General Description of t he  Principal Triangulation, and of i t s  Reduction. By  Colonel 
J. T. Walker. Cell., R.E.,  F.R.9.. ctc.. etc.. Sc~rveyor-General of India  and S~cperintendent of the 
Survey, and  his Assistants. Dehra Dun, 1870 (out of print). 

The Principal Triangulation, the  Base-Line Fignres,  the  KarGchi Longitudinnl, N .  W. Himalaya, 
and t he  Great  Indus  Series of t he  North-\Vest (Jnadrilateral. I i y  Colonel J .  T. Walker R.E.. 
F.R.S.,  etc.. etc., Superintendent of the Trigonometrical Sctrvey, and his Assistants. ~ e h r ' n  DJn ,  
1873 (out of print). 

The Principal Triangulation, t he  Great  Arc--Section 24O-300, RnhJn ,  Gurhignrh  and Jogi-Tila 
llIeridional Series and t he  Sutlej  Series of t he  North-West By Colonel J .  T. 
Walker, R.E.,  F.R.S., etc., etc., Superi.nte?cdent of the Tvigonometrical Survey, and  his Assistants. 
Dehra Dun, 1976.' 

General Description of t he  Principal Trianaolation of the  Jodhpore and t he  Eastern Sind Meridional 
Series of the. North-West Q r ~ a d r i l a t e r ~  y i t h  t he  Details of their  Redrlction and t he  Final  
Results. P.repored in the Office o j  the frryonometrical Branch Survey of India Colonel C. T. 
Aaig ,  R.E., Officiating Deplltu S~~rvcyor-(:cnc?ol, in  charge, a ~ ; d  pccblishcd unde; the orders o j  
Colonel G. C. DePr;e, S.C., Surveyor-General of India.  Dehra Drin, 1886.' 

Details of t h e  Pendulum Operations by Captains .T. P. Bnseri, R.E.,  and \V. J. ~ e a r i s i d e ,  R.E. ,  
nnd of the i r  Reduction. Prepared  under  the directions of Najor-General J. T. IValker, C.B.. 
B.E., F.R.S., etc., etc., Rcrrveyor-General o j  India  and  Supe~ in t enden t  of the Trigonometrical 
Survey. Dehra Ddn and Calcutta, 18i0.* 

The Principal Triangulation of t he  South-Enst Quadrilateral, includin t he  Great  Arc--Section 
18' t o  2a0, t h e  Eas t  Coast Series, t he  Calcutta and the  Bider ~ o n p i t u f i n a l  Series, t he  Jahalpur  
and t he  Bi!ispur nleridional Series, nod t he  details of their  S im~ l t aneous  Reduction. I ' repartd 
under. the directions of Nnjor-General J. T. IValker, C.B., R.E.. F.R.S., etc., etc., SU~U~!IOT- 
General of l nd i a  and  Superintendent of the Trigonometrical Survey. Dehra Dun, 1860 
(out of print) .  

General Description of t he  Principal Triangulation of t he  Nort-East Qundrilnternl, including t he  
Sirnoltaneous Reduction and t he  Details of five of the  component Series, the  North-East Longl- 
tudinnl, the  Budhon nler id~onal ,  t he  Rangir  1\Icrirlional, t h c  Alnua nleridional, and tllo I<ar:ir.r 
I ~ l e r i d i o ~ ~ a l .  Prepared  under the directions o j  Lie~rte~!ant-Oencrnl 6. T. TT'ollier, C.B., R .E . ,  
F.R.S., etc., ete., S~~rveyor-Genera l  of 1,ndia a ~ t t l  Sllpertntendent o j  the Trigonometrieal S ~ i r u r y .  
Dehra Dun, 1882.' 

Details of the  Principal Trinngulation of eleren of t he  component Series of t he  North-East Quadri- 
lateral ,  including tho folloxing Series;  the  Gorwini nleridionnl, the  Gorn nleridionnl. t he  
HurilRong nleridional, tho  Chendn~ i r  RIeridional, t h e  North Parisnit11 breridional, the  North 
Malrincha Aforidional, t h e  Calcutta nferidional, tho  Eas t  Cnlcutta Longitudinal, the  Brnhmnl)~~tr ; l  
Meridional, the  Eastern Froutier-Section 23O to  2G0, and t he  Assam I,ongitudinnl. Prcpared 
under t11c directions of Lie~itenant-(jcneral J .  T. Walker, C.B., R.E., F.R.S., etr., rtc.. S~rvvcyor- 
General o j  India  and  Superintendent of the Trigonon~ett-ical Sarve!~. Dehra Dun, 188'2.' 

Electro-,Telegraphic Longitude Operations executed during the  years 1875-ii and 188041. hy 
I~ieutenant-Colqnel W.  hI. Campbell, R .E . ,  nnd RInjor \\'. J .  Heaviside, R..E. I'rrllnred 11nrler the 
dirrrt ioas of T . rc~r t r~~a~~t-Gcner .a l  J .  T. IT'nlkcr, C.B., R.E., F.R.S., etc., ctc.. Surveyor-Gcncrai 
of lltdia a n d  Strperintentlcnt o j  the Tr~igor~ometrical Survey. Dehra Dun,  1SS.3.' 

Electro-Telegmphic Longitodo Operations executcd d ~ u i n g  tho years 188192, 18S2S3 nnd 188394, b 
AInjor G. Strnhnn, R..E., and Major IT'. J. Hcaviside, R.E.  Prepare11 under the dircetio~ts o j  
Colo11~1 C .  T. llnirj, R.]':., I)cptrt!y S ~ r r t i r ! / o r - ( : e ~ ~ c ~ ~ ( ~ l ,  Triipr~onlrtriral  Branch, rind ~~rtbli.sl~etl ~irldcr 
t11e orders o j  (lo11;nel II. R. Th~rillier, R.E., S~ r rue !~o r - (~eno~~a l  o j  India.  Dehm Diln, 1887.' 

'Astrono~nicnl Obserrntions for L a t i t ~ ~ d o  mndo during the  period 1805 to 1886, with a Gencrel 
Drscril~tion of the  Opcrntions ancl Final Results. Prcpnred tinder the dircrtions of I~iecrtt,no~tt- 
C,jltrr111 C. ,Vtlnltnn, R . E . .  Dcyllt!~ S~rrucsor-Oenernl, T r igo~~on~e t r i c a l  Branch. and  j )~r l~ l i .$r~l  
tlnclrr tllc ot.,lers of (lolor~r,l ll. It .  l ' h ~ ~ i l l i t r , ' l < . ~ . ,  Surveyor,-L'c~terd of Indin. Dehrn Dun, 1890.- 

Gencral Description of tho I'~.i~lcipnl Trinngnlntion of tho  Southern Trigon, inclndiug the  S in~u l -  
tallcor~s l7edrlrtion n11c1 thc  1)ctails of t ~ o  of tlle component Series, the  Grent Arc Ncridionnl- 
Sertil,n Po t o  IS0, and tllc Bonlbny Long i t~~d ina l .  Prt-porrd ~~~~~~r the rlirtrtiorts of L i r t ~ t r r ~ n r ~ t -  
Colorlcl O .  .Ctrnl~n~t,  l : .E . ,  D ~ p ~ r t q  S~~r.ceynr.-(:encral, Trigonon~t.tricnI Branch. a11d p t l l ~ l i . ~ h ~ ~ I  
l ~ l I ~ l c ~ r  t h ~ )  or,l,.rs of (!nlnrt,l 11. R .  fhtcillicr, R.E.. S~rrveynr-Genernl of India.  D r l ~ r n  Diln! 1F9O.O 

Detniln of tho Principal Trinngolntion O F  f im of t l ~ e  comgone~lt  Sories of tho S o ~ ~ t h n r u  Trigon. ill- 
eluding tlIo Follo~~illg series; tho  Son t l~  I<o~lknn Const, tho  nlnngnlorn Bloridio~~nl.  tho Jlndrns 
n!crillilt~~nl :>nd Cnnst, t.11,~ Sol t t l~-Ei~s t  Coast. i~ncl tho Jlndrns Lo~lgitudinnl.  Prcpnred ~rn<!cr tha 
~ I , ~ ~ , : ( , ~ I I I , S  o j  Li l~I t t c~ t~~r~t - ( ! , , l or tc l  (:. Str.ohnn, R.B.. Dolvrt!r S~~r~~e ! /o r - ( :~ . r~c rn l .  Tr iyo~~or~~r : r i rn l  
I jr , tr lrh,  nrl,l I~~~l,l i .shr, l  ~lrtrler thc orders of Color~ol B. It. Thaill i tr ,  R.E., S ~ ~ r u r y o r - ( ~ r ~ ~ r r ~ ~ ~ l  of 
lrt(l;n. Drllrn ncici. 1F90.* 

Ge~lnrnl Des r t i p t i o~~  of t.11~ Principnl Trinugl~lntion of tho Sont.l~-J\'cst Qnaclrilntcrnl. i n c l~~d ing  tho 
S ~ ~ ~ I I I ~ ~ : I I I , ~ ~ ~ ~ ! :  I l r i l ~ ~ r l i ~ ~ ~ ~  ;111d tho I)6l:lils O F  its C O I I I ~ ) O I I E I I ~ ~  Serirs. 1'r1,llori,1/ l c r~~ l t~ r  the t l i rcg~t i ,~~~, t  
o j  11'. n ('olr rsq flr.:l. Ofi, , intin,~ D r p l ~ t ! ~  S'~rrueyor-(?cn~~ral. T~i!~o~cornr t r i t~nl  nrnrbrh. nn,l  
p~r/tlis~t,,,; I I J ~ , / ~ ; .  t / l e ' ; , r ~ ~ j , ~  bf, Uolui~el 11. K. Th~rillier, R.E., Su~vcyor-Cc.r~~rc11 of India.  Dthra  
Ddn. 1P'JO.* 
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volume XV. Electro-Telegraphic Longitude Operations executed dur ing  t he  years 188548, 188748, 1889.g0 

nnd 1891-92, and the  Retised Resrllts of Arcs corltnined in  Volumes 1 X  and X ;  also the simultRneour 
Re(1uction and t he  Final  Results of t h e  wholo of t he  0 elntions. I'rel~ared under the (lirselions 
oj C o h n ~ l  G. ,Sti.ahnn, R.E.. D e r l ~ t y  ~ u m e ! i o f i ~ e n e I a t  h ioonomrt r ica l  Brny,,, and ,,,,blided 
undev the orclers of Colonel 11. R. Thuillier, K.E., ~tcrveyor-eertcral  of India. e rn TI,;,. -"", IE3J: 

Do. xm. Details of tile Tidal ?bservations taken dur ing  t h e  period from 1873 t o  1892 and a Description 
Met.llods of Reduc t~on .  I'repared under the directions o j  J Ia jor  S. C. Bnvrard, R.E., ,yuptrillfen- 
de l t t ,  T~,i!,orlor~~etrienl 81crueys, and  ptrblislrccl under the orders of Colonel S t .  G .  L': core, R , ~ , ,  
Surveyor-(:e~~ernI o/ Inilia. Dehra Ddn, 1901.' 

D ~ .  X n I .  Electro-Telrgrnphic Longitude Operations exrcrlted dur ing  t he  gears 1891-95-96. The lndo.~uro 
Arcs from Iiilr:icl~i t o  Greenwich. Prrporecl trrlclt'r the dirrctions 01 illujor 8. G. Bllrravd i,;,: 
Si rpe r i r i t c~~de~ l t ,  Trigonoineti-ical B~crueys, o r ~ d  p~ ib l~shed  t~nde r  thc orders of Colo~lel st. B.  (,I, Gore, 
H.E. ,  Surve!yor-Ge~~ernl of India.  Dehrn Dun, 1901." 

DO. XVI I I .  dstronomicnl Observntiol~s for Lat i tude  made dur ing  t he  period 1885 t o  1905 nnd the Deduced ~~l~~ 
of t he  Deflertions of t he  Plumb-line. I ' re~~ar~crl  ~ l ~ r t l r r  the rlirections o j  L i ~ r r t e n n n t - ~ ~ ~ ~ ~ ~ l  ,Y, C, 
Bicr~.arrl, I i .E. ,  I'.l?.S., Srcperinter~de~tl ,  'I"r~i!rorio~~rrt~irol Sirvveya, and p l rb l i s l~~d under the or,,trr 
o j  Colo~icI I,'. U. Lor~ge, R.E.,  S~cr.vryor-Ge~~e,ri l  o j  Incliu. Dehra Dlin, 1906: 

DO. X I X .  Levelling of Precision in India  (1858 t o  190O). I]!/ Colo~tcl 8. G .  Burrard,  R.E., F.R.S., Superinltn. 
dent ,  Tri!~o~lornetrical S~rrueys.  Dehra Dlin, 1910." 

D ~ .  XIXA. Descriptions and Hcights of Bench-marlts on t he  Southern Lines of Levelling. Prepared under 1 h r  
directiur~s of Colonel S. G. Burravd, H.E., F.R.S., Sirpevintendent, Trigonomet~iccrl s ~ ~ ~ ~ ~ ~ .  
Dellra Ddn,  1910. Price Rs. 5.. 

DO. XIXB.  Descriptions nnd Heights of Bench-marks on the  Northern Lines of Levelling. Prepailed qtndtr lbr  
directions 01 Colr~~lel S. G. Burrard ,  R.E., F.l{.S., Superintentlent, Tvigo~~ometncal Surtcys. 
Dehra Dun,  1910. Price Rs. 5.* 

SYNOPSES O F  T H E  RESUIATS O F  T H E  OPERATIONS O F  T H E  GREAT TRIGONOAIETRICAL SURVEY OF 
INDIA,  COBIPRISINC DESCRIPTIONS,  CO-ORDINATES, E'IC., O F  T H E  PRINCIPAL AND SECONDUY 
STATIONS AND OTHER F I X E D  POINTS O F  T H E  SEVERAL S E R I E S  O F  TRIANGLES. 

Price Rupees 2 per  volume, ezcept u-here otlrerlcise stated. 
Volume I. Tho Grent I ndus  Series, o r  Series D of t h e  North-West Quadrilateral. Dy Colonel J .  T. n'alCtr 

R.E., I".R..Y., etc., etc., Superintendent of the Trigonometrical Stcvvey, and his ~s~islunls: 
Dehra  Drin, 1874.*t 

Do. 11. The Great  Arc-Section 24O t o  30°, o r  Series A of t he  North-West Quadrilateral. By Colonel .I. T. 
Tl'olker, R.E., F.R.S., etc., etc., Superintenclent of the Survey, and Iris Assistants. Dehra Dlin, 
1874,'t 

Do. 111. The Knrschi Longitudinal Series, o r  Series B of t he  North-West Quadrilateral. By Colonel J. T. 
ll'rrlke~r, IZ.E., F.R.B., etc., etc., Superintendent of the Survey, a u d  his Assistar~ts. Dehrn Dull, 
1 0 1 4  1& 
IOlt. I 

Do. IT. The Gurhignrh  3feridional Series, o r  Series F of t he  North-West Quadrilaternl. By Colo~iel J. T. 
Tl'olker, R.E. ,  E'.lt.S., etc., etc., Superintendent of the Survey, ant1 his Assi.stants. Dellra Dun, 
18 i5 .* t  

Do. V. The Rnhlin Aleriodional Series, or Series E of t h e  North-West Quadrilateral. l3y Colonel .I. T. 
Il'nlkrr., R.E., F.X.S., etc., etc., Supe r in t e~~de r t t  of the S'urvey, and  11;s Assiuta~its. Dellrn Duu, 
1875.*t 

Do. VI .  The Jogi-Tila Bleridional Series, o r  Series Q, and t he  Sutlej  Series, o r  Series l7 of the North-Weal 
Quadrilateral .  By  Colonel J. T. Walkev, R.E., F.R.S., etc., etc., S u p e r i n t e ~ ~ d c ~ ~ t  o/ thc Suruuy, 
a n d  his Assistants. Dehra  Drin, 1875,'t 

Do. VI I .  Tho North-West Himalaya Series, o r  Series C of t he  North-West Qundrilatcral, and the Triangaln- 
tion of t h e  Kashmir Survey. By ~Uoiov-Geneva1 J. T. ll/alker, C.B., lt.E,., F.R.S. elc., el<., 
S~~rveyor-Genera l  o j  India  and Superintendent of the Survey, and liis dssrstarits. ~ e h m  Dun, 
1879. (This volume is of grea t  use t o  mountainenrs.)*t 

110. VIIA. The Jodhpore Meridional Series and t h e  Eastern Sind Meridional Series of t he  North-n'est Qundri. 
lateral .  I'rrpared in. the O f i r r  of the Trigo~tometriral  Umnch, Sitrvr!/ of Ir~clia, C'olonrl C .  T. 
E a i g ,  R.E., Deputy Surveyor-Geneval, in char.!/e, nnd p~tblishe(l under  the orders of Colonel i9.J- 
Tl~lrillier, I(.E., Surveyor-G'enevul of Iiidiu. 1)ehra Dlin, 1887.*t 

Do. VI I I .  ?he Great  Arc-Section l R O  t o  24O, or Series A of t he  South-East Quadrilntcral. B!I (:olonel J. T. 
Walker, (!.I/., 11.E., F . H . S . ,  etc., etc., Superintendent of the Survcu, urld his Assista~lts. D@I1rn 
Ddn, 1878,'t 

110. I X .  The Jahalpur  Bleridional Series, o r  Series E of tho  South-Enst Q~ladrilnternl.  nv Colo~lcl J .  T. 
ll'alker, f!.U., R.B., F.R.S., ete., ete., Strreyor-General of India  i~nr l  ~ i r ~ e r i ~ ; t e n d o i t  01 I h c  
Rurvev. and  his Assistants. Dehra Ddn,  1878.*t -. 

P o .  X. The Bider Longiturlinal Series, or Series L) of t h e  South-East Quadrilnteral. By 110ior-Gentrfll 
J .  T. Il'alkri,, C.II . ,  I l . K . ,  F.N.S., etc., etc., Stcrvcyw-General of India a ~ ~ d  Su~eri11tc11Jc~lf 01 In'  
Rurvc!~, ancl his Assrstants. Dehra Dlin, 1880.*t 

Do. XI. The  Bi lhspi~r  hlcridionnl Series, or Series F of t he  South-Eest Quadrilnternl. B r  ~ l f l i o r - ~ t ~ ~ ~ ~ '  
J .  T. 1lruif:er, C.B., R.15.. F.R.S., etc.. etc., Siivucyor-General o j  India  n11d ~ r r ~ e ~ i r ~ t c l l d t n t  01 Ih' 
Survey, and  his ; lssi .r tant~. Duhra Ddn, 1880,"t 

Do. 

Do. 

X I I .  The  Ca l c l~ t t a  I~ongi tudinal  Serics, or Series B of tho  South-Eost Qundrilntel.al. BY ~ ~ ~ o ' - ~ ~ ~ ~ ~ ~  
J .  T. Il 'olkr~,,  (!.H., I(.E., F.I:.S., etc.. etc:., St~rucyor-General of Indict tc~id ~ ~ t ~ e ~ . i n t e n c l ~ n t  01 l h 8  
Sirvvet~. nnd 11;s Assistnnls. Dobra Dlin. lW) .* t  ", 

X I I I .  Tb3 Eas t  C o a ~ t  H~r i e s ,  or Series I !  of tho  South-East Q~~ndr i ln tern l .  B!y llnjor-Ornernl J .  T. IPn'ktrl 
C . D . .  I? .B . ,  F.It .S. ,  elc.. etc., S~~rvcyor-G'e~lera l  01 India  und Stcperi~ltcrider~t o j  the Hllrueyl 
his ~ l ~ ~ i s f n r ~ t s .  L)ehr:r Ddn, 18HO.'t 

X I I IA .  Tho South P;irnsi~;ith hlc~riclion;~l Scricn an[, tho Solltll nlnlfinclln Mmidinnnl Scrics of tho 
I 1 : 1 a t r I .  l ' rc~,nrrrl  in f111: O/fic~, 01 t h e  T,.iqorlnn~etric~l I l r r r~~r l i ,  Slrrl'~l1 01 l"di'l' 
(!oIonol 1;. I .  1/11i!/, I t .  P;., O ~ ~ C ; I I ( ; I I ~ ~  ~ ) ~ , ~ , ~ ~ f ~  , Y , ~ ~ ~ u , ~ ! ~ , , ~ - I ~ ~ ~ ~ ~ ~ ~ / ,  itl, c / l ~ ~ ~ , f ~ c ,  n11,1 l , ~ ! l ~ l i ~ l ~ ~ ' ( ~  iln'lrr 

the I of e l  1 .  ! I ;  . I .  , I I , u , - ; ~ ~  I . Dohrn I )~i i ) ,  1*$5.'t 

XIV. T l ~ n  Diidhnn Alrritlionnl %rice, or Svriru .J of tho Norill-East Qundril:~trrn!. I)!, L ~ ~ ~ ~ ~ ' ~ " ~ ~ ~  
(;~,nr,ro~ . I .  T.  II.OII:(;~, ( ! . I ) , ,  I(,Ic., I~~. I~ , ,Y. ,  etc., ctc., , ~ t ~ r ~ e ! l o r - ( ~ ~ ~ ~ c r ~ ~ l  01 I I I ( I I ~  a1111 ~ ~ ~ I ~ c ~ ~ ~ ~ ~ ~ " ~  
dr,nt 01 i l ~ r  Sirrvr!/, rlnrl Ilia ilr.sialn~~t.s. ,Dol~l.a D I ~ I I ,  1HH3.*t 

X V .  Tho R i l ~ ~ y i r  n11.rirlionnl Sr~ri~ss,  or Hcripn of tJIO NortJl-EnSt Qlln(]rilolcrnl. n!l ~~ i " "~~ l* ! ' ~ '  
(;vn,,r,~/ ./. 7 .  I I ' I~ I I ; , , ~ ,  ( T . ~ l . ,  J~,P;,, l ~ ~ , / t , s . ,  ,zll.., ~.t,!., , Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I  ,,/ 111dia ~ 1 1 1 1  

tendent of thc .Yuraeu, a~ t r l  Itis A~sistanlu.  Uuhra L)lio, 1883.'t. 



APPENDIX. 

~ V I .  T h e  A m r ~ a  Meridionnl Series,  or Series L nnd t h e  Kardre  Meridionnl Series or Beries B l  o f  t h e  
, North-Kast  (2undrilnternl. B y  ~ ie t r tena; l t -~ 'e l rercr~  J .  T .  1valkcr,  C.l j . ,  l(.hl., P.lt.&'., etc t f e . ,  

S~rrve!~or-General  o f  I l l d m  and S ~ r p e ~ i ~ t t e n d c ~ r t  o f  the Snrvey ,  and kiu  assistant^. ~ e h r s ' L ) l i n ,  
1883.*t 

D,,. xVII, j T h e  G u r m i n i  hIericlionnl Series,  or 'Ser ies  N ,  nnd t h e  Gorn Mrridionnl Series or Reriea O o f  t h e  
North-Enst  Qundrilnte~.nl .  B y  L ieu te l lan t - f i enerd  J .  T .  l l r o l / ~ c r  C.H. I~.E. ' , ' I ' . I~.s  etc.  etc 
S~rrve!,o~--Gerter.al o f  I n d i a  aitcl Super in tendant  o f  the S u r v e y ,  A d  1lii A ~ s i s t a n t s .  i jehra1L)lid:  
1883.*t 

Do. 

Da 

Do. 

Do. 

Do. 

Do. 

no. 

00. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

I),). 

Uo 

x V ~ I I .  T h e  Hurildong Meridionnl Series,  or Series P ,  nnd t h e  Chendtvrir Mrridionnl Series, or Series C) o f  
t h e  North-East  (2onrlrilote1.nl. U!I L i i , ~ r t r r r i r ~ ~ t - f : ~ r r e r c ~ l  J .  T .  IValker, C.B. I(.B., F . I ( . ,~ . ,  r tc . ,  
etc., Srr~veyor-Gcnerctl o f  Ind ia  and  Supe~,i?tteaderrt o j  the Survey ,  artJ his  Assistants .  Debra 
D u n ,  1883.*t 

X I S .  T h e  N o r t h  Pdrnsndth  nIeridional Series, or Series R ,  nnd t h o  Nor th  nInldnchn nferidionnl Series, 
or Series R o f  t h e  North-Enst  Quadrilntoral. P.reparctl by d .  R .  N. Llc~nnessey, Esq., LV..~.. 
P.R.S., ctc., etc. ,  Of f i c in t~ i ry  U e p ~ r t y  S ~ ) . . u e y u ~ ~ - ( : e r ~ c r a / ,  i n  chnr!ge of T~ . i !~o~ronrr t r ic~r l  S l l rveyu ,  and  
h i s  Bssistants ,  n ~ t d  p~rblisherl untler the  orders of Colonel B. C.  U ~ I ' r d e ,  S.C., Oficiat ing su,-veyor- 
General o f  Indiu.  Dehra Dlin, ll(83:t 

XX.  T h e  Cnlcn t tn  Meridionnl Series, or Series T nnd t h e  Brnhmaputrn  Meridionnl Series,  or Series V 
o f  t h e  North-East.Qundrilnte1~1. l'repareci b y  J .  B .  N .  Hennessey,  Exg., M . A . ,  P.R.S. eto. etc., 
Off icjat ing U e p ~ r t u  S~rrue!~or-(:enera/ ,  in charoe o f  Tr igoao~~te t r ico l  S ~ r r v r y s ,  and his ~ s s i ; t a n t ; ,  and  
p1rLlis1recl u n d e r  the  orders o f  Colonel G. C .  Del'l,he, S.C., Off icint ir~g Surveyor-Genercll of Isclia. 
Dehrn D u n ,  1883,'t 

XXI. T h e  Eas t  Cnlcuttn Longitudinal  Series, or Series TI, and t h e  Eastern Frontier Series-Section 23O 
t o  26' or Series IV o f  t h e  North-East  (auadrilnternl. Z'reprrrrd by d .  ll. M. Rennessey ,  Esq., 
31..4.,'P.lt.S., etc., etc., Off iciat ing I)eptit!l Surveyor-Gerrernl, i n  chorge o j  T ~ i ~ ~ o n o m r t - r i r a l  
Strrveys, anrl his  Assi.stasts, and  z~~rblisheil ~rntler the  orders o f  C o l o ~ ~ c l  G:C. DePree,  S.C., Vfficiat- 
ing  Surveyor-Gerterul of  India.  Dehra D u n ,  lb83.*t 

X S I I .  T h e  Assam Val ley  Tr inngula t ion ,  E .  o l  Meridian 92O, emnnat ing  f r o m  t h e  Assnm Longitudinal  
Series,  or Series X o f  t h e  North-Enst  (Jundrilnteral .  I'repared in the  Office o j  the  Trioononretrical 
Branch ,  S u r v e u  01 Ind in ,  Colo~tel  I;. S t r n l ~ a n ,  I( .B. ,  D e p r ~ t y  S~rrueyor-General ,  i n  charge, and  
g~tbli.sltecl u n d e r  the orders o j  Color~el n. 11. Tlricillier, R.E., Surveyor-C:enerul o f  India.  P~ .e l i -  
minary  Issue. Dehra D d n ,  1891 ( o u t  o f  print) .  

XXIII. T h e  S o u t h  IConltan Coast  Series,  or Series C oE t h e  Southern  Tr igon .  Prepared in the Office o f  
the  Tr igor~on~ctr ico l  Rrcrnch, S ~ r ~ v e y  of  1,11din, C o l o ~ ~ e l  G .  Str.ahnn, li ' .E., D e p u t y  S~irveyor-Genrral ,  
in chargr,  and  p~cl~lishcd itnrler the  orders o f  Colonel U. IL., Tlr~cillier, R.E., Sureyor-General o j  
Iad ia .  Dehra D d n ,  1801.*t 

XXIV. T h e  Mnngnlore nIe~.iclionnl Sories, or Series D o f  t h e  Southern  Tr igon .  Prepared i n  the  Office o f  
the  Trigonometricnl  Arnnch., S u r v e y  of I,ttdia, Coloitel I:. Strn11on. l t .E . ,  I l e p ~ t t u  Bul 'veyo~--f:r~rrrnl ,  
i n  charge, and  p~tblishr(l u n d e r  the  orders of Colonel H .  R .  T h u i l l i o ,  R.E. ,  Surveyor-Genernl o f  
Ind ia .  Dehra D d n ,  1 8 9 l . * t  

XXV. T h e  South-Eas t  Const  Series,  or Series F o f  t h e  S o r ~ t h e r n  Tr igon .  Prepared i n  the  Office o f  the 
Triqonometrical  Ilranch S u r v e y  of Ind ia ,  Colonel G. St~.aharr,  R.E. ,  D e p u t y  Su~veyor-Genera l ,  i n  
c k i r g e ,  anrl p~cbli.sheil ;rnrler the  orders of Colonel H .  R .  Thuil l ier ,  R .E . ,  Surveuor-General o f  
I.ndia. Dehra D d n ,  1801,'t 

XXVI. T h e  Bolnbay Longit,udinal Series or Series B o f  t h e  Southern  Tr igon .  Prepnrctl in the Office o j  the 
Tr igor~one tr ica l  Branch ,  ~ l r r & y  of Ir~rlin, Colonel G .  S t r ~ o h a n ~  H.E., I ) r p ~ ~ t y  S ~ ~ r v e y o r - ( : e ~ ~ e ~ ~ n l ,  
i n  c l ~ a r y e ,  and  pr~hli .~hrrf  ~ r n d e r  the  orders of Coloncl H .  12. Thuil l ier ,  R .E . ,  Surveyor-Ge~lerol  o f  
Ind ia .  Dehra D u n ,  1892,"t 

XXVII. T h o  Mndrns Longitudinnl  Series,  or Series G o f  t h e  Southern  Tr igon .  Prr l~ared  i n  the  Office o f  
the  T r i g o ~ ~ o n ~ e t r i c n l  Tjmnch,  Survey  o f  I11(1io, Culonel (4. Strcrltnr~, l I .E . ,  I ) e p ~ r t y  Srrrueyor-Crrrr,rnl, 
i n  charge, a1111 publi.vhcil u n d e r  the  orders of Color~el 11. It. Thuil l ier ,  l t .E . ,  S~rrvcyor-General of  
Ind ia .  Dehra D u n ,  1802.*t 

S S V I I I .  T h e  Mndrns Meridionnl nnd Const Series,  or Series E o f  t h e  Southern  Tr igon .  Prepmred in the  
Ofice o f  the  T r i g o ~ ~ o m e t r i c a l  Branch ,  B ~ i r v e y  of I d i a  C o l o ~ ~ e l  C .  Rtrahan,  HA., Dcptrty S~rrve!ior- 
Generul ,  i n  charge, and  p~rhlished ander  the  orders'of Colonel H .  I<. TAuillier, H.E., Surveyor; 
General o f  Ind ia .  Dehra Dlin, 1892.*t 

XXIX.  T h e  Grent  Arc Meridionnl Ser ies -Sec t ion  8O t o  la0,  or Series A o f  t h e  Southern  Tr igon .  Prepared 
i n  the  Ofice o f  the  Trigonometricnl  Branrh ,  S ~ t r v e y  o f  Inl l in,  L i e ~ r t c n a r ~ t - C o l o ~ ~ r l  S t .  G .  C. Uorr ,  
R .E . ,  S ~ r p e r i n t c n d e n t ,  T r i q o l ~ o m e t ~ i c a l  Sur,vcys, i ~ r  charge, nnrl ~11rh1i.shcd under  the orders o f  
Colonel 0. S trahan ,  IZ.E., Surveyor-Gct~erd  o j  Ind ia .  Dehra Dlin, 1809:t 

XXX.  T h e  A b o  Moridionnl Series,  or Series I ,  and t h e  Gujnrd t  Lon  i tudinnl  Series, or Series K o f  t h e  
South-Wes t  Qundrilnternl .  Prrparcd i n  the  Ofice o j  the  %rigor~ontetrrcnl Branch ,  Sicr-ue!~ o f  
Ind ia ,  Colonrl G. S t r n h n n ,  R.E., I)eptit!l Sttrveyor-General, in. rAur(re, and  p~rblished ~ t n d e r  the  
orders o f  Colonel R. R. Th~i i l l i e r ,  lt.E., S~crveyor-Oe~beral o f  India.  D e l ~ r n  Dlin, 1802.*t 

XXXX. T h e  Khdnpisurn  Meridionnl Series,  or Beries G o f  t h e  Sooth-Wes t  Qundrilnternl. Prepared i n  the 
Office of the  T r i g o ~ ~ o m e t r i c n l  D r a ~ ~ c h . ,  S~rr-ue!~ of Irtdin, Colonel G .  S t r r ~ h n n ,  R.E., D e p u t y  S ~ c r v ~ y o r -  
General ,  i n  charge, o r ~ d  p~rblished t:ader the  orders o f  C o l o ~ ~ e l  H. R. Thuil l ier ,  R.E., Sttrveyor- 
Gelreral o f  I ,~tdia.  Dehra D u n ,  1893.*t 

XS XII .  T h o  Singi  Mericlionnl Series, or Series H o f  t h o  South-Wes t  Qundrilnternl. Prepnred itr the  Oflice 
of  the  Tr igo~~onre t r ien l  Branch ,  S ~ r r u e y  o f  Ind ia ,  Color~rl f:. Strnharr. R.E. ,  D e p ~ r t y  Srrrrr!lnr- 
General, i n  charge, and  prrblisl~crl ~ t n d e r  the  orders o f  C o l o ~ ~ c l  8. R .  Th~ril l ier ,  R.E., Su~.oeyor- 
General o f  Ind ia .  Dehrn D d n ,  1803.*t 

XXXIII.  T h o  Cutch  Const  Series,  or Series L o f  t h o  South-Wes t  Q ~ ~ n d r i l n t e r n l .  Prrparcd in the Of i re  if the 
Trignnometrirol  l l rnnch ,  S ~ r r v e y  o f  larl in,  ('nlo11c1 G. Strohr711. R .R . ,  D c l h t t ! ~  S~rrc~ryor-f:t.,reral, 
i n  chorgr,  nrtil p~rhli.sl~rd 11nrl1.r the orders o f  (!olo~rel A. R .  Th~ril l ier;  C.I.E., R.E., 2Lrlsryor- 
General of Ir~il in.  De111.n D d n ,  1903..t 

X S I I V .  T h o  Kdthiriwhr nlc~ridionnl ficrios. or Sorirs J n f  t h o  Sonth-Wrs t  Q11:l~lrilntarnl. Prejla<-tt7 irr the 
Office of  the T r i ! ~ n n o ~ n ~ ~ t r i ~ ~ c r l  l t rnr~ch ,  S ~ t r v t , ! ~  o f  I r ld i ,~ .  f'olt,r~cI (:. s t ~ . r r h o ~ ~ .  H.E.. l J ~ . p ~ i t ! r  Srir~rr!ior- 
(:encral, rn c l~nroc ,  and p~rhlishcrl 1rr111l.1. thr orJcrs o f  I't~luncl 11. R .  Thriillier, O.1 .E . .  ,h'.E., 
R~trvryor-(:o~~crnl ,  of  I r ~ ~ l i o .  Dtrbrn D d n ,  lSD-L.*t 

X X I V .  T h e  North-Fpst  Lnnpi tn~l inn l  Series, or Stvics 1 o f  t h o  Nortlt-Enst. ()~~n,l~. i lrrtcrnl .  l'r,,j>0r# (1 I I I I C ~ ~ . ~  
t hc  cfirrctrort,v of f!oIo11#*1 A'. (2. l l r $ r r ~ r < l ,  R . E . ,  F . R . S . .  .Y~t~~rrir~t ,~rrrf t ,rrt  T ~ ~ ! I ( I ~ I < > I I I ~ , ~ I . ~ , , ~ I /  . T I , > I , ~ . I I , ~ ,  
an,/ 1111hlishc11 c~r~rlvr t h ~  or<lers of ('tdor~el F .  I# .  L o r ~ y c ,  h'.C'.. S ~ r r . ~ ~ ~ u o r - ( : r r ~ ~ ~ ~ . n l  01 Ir~c!i<z. L1,,llrs 

I L)tin, IDO!). I'rico I is .  5 . ' t  , 
\ 





APPENDIX. 

I 

v MISCELLANEOUS PUBLICATIONS O F  THE SURVEY OF INDIA. 

(Chiefly for Departmental use only.) 

1, Report of the Car togra~l l ic  Applications of Photography as used in the Topographical Departments of the 
plinclpnl States in Central Europe. Colonel J. TVaterhouse. Calcutta, 1870.t 

2, Report of the Operations connected with t he  Observation of the Total Solar Eclipse of 6th ~ ~ ~ i l  1875 ,,t 
Csmo*n in the Nicobnr Islands. By Colonel J .  I1 alerho~lse.  Calcutta, 1875. 

3, The npplication of Photography to  the  Reprodaction of f ihps  nnci Plans by the Photo-Mechanical and other 
By Colonel J. TVaterliouse. Calcutta, 11178. 

4, Metric Weights and fitensures and otllcr Tal~les. l'repared for the v.$e o j  the Photographic and ~ i t h ~ ~ ~ ~ ~ h i ~  
0 ces Survey oj  Inflia, by Colon~1 J .  ~ I ' Q ~ ~ J ' ~ I o I I s c ,  B.S.C., Assi.~tant S?rrv~!~or-Rrneral oj India, assisted by 1". H. 
C$e, &., U.:l., and T. Archdale Pope, Esrl., Survey oJ India. Calcutta, 11189. Price RS. 14. 

6. The Practical Notes on Preparation of Dralvings for Photographic Reproductions. By Colonel J .  waterhouse. 
~ ~ l ~ ~ t t n ,  1890. I'rice RS. 2 . t  

6. catalogue' of 249 Stars  for the  epo$ Jarruary 1, 1892, from observations by the  Great Trigonometrical Survey 
o[ lndin. Debra Dlin, 1893. Price Rs. 2. 

7, Report on 1,ocal Attraction in India,  1993-94. By Captain 8. G. Burrard, R.E. Calcutta, 1895. 
8. Instroctions for taking Magnetic Observations. Bv J. Bccles, N.A. Dehra Dlin, 1896. Price Rs. 14.1 
g. Report on the Receut Determination of the  Longitude of Madras. Calcutta, 1897.t 

10. Report on the Trigonometricnl Results of the Earthquake in Assam. Calcutta, 1898.t 
11. The Total Solar Eclipse, J anua ry  22, 1898. Dehra Dlin, 1898. Price Rs. 2:t 

(1) Report on t he  observations a t  Dumraon. 
(2) Report on the  observation a t  Pulgaon. 
(3) Report on the  observations a t  Sahdol. 

12. Star Charts for Latitude 200 N. By Colonel J. n. IIobday, I.S.C. Calcuttn, 1900. Price Ra. 1-8.t 
13. Specimens of the  Paper8 set a t  Examinations for the Provincial Servioe. Dehra D6n, 1903. Gratis.n 
14. Notes on the Theory of Errors of Observation. By J. Eccles, M . A .  Dehra Dlin, 1903. Price Aa. 8: 
15. Rel)ort on the Identification and Nomenclature of the  H ima lawn  Peaks as seen from Katmandu, Nepal, 

(lalcutta, 1901. Price Rs. 2 . t  
16. Notes on the use of the  Jaderin Base-line Apparttus.  Plepared undev the direction of Lieutenant-Colonel 

P. D. Longe, R.E. Dehra Dlin, 1904.*t 
17. The reproduction of Maps and Drawings-a hand-book for the  use of Government o5ciala and others who 

prepnre hlnps, Plans and other subjects for reproduction in the Photographic and Lithographic office of the  Survey 
of India. By T. :I. Pope. Calcutta, 1905: 

18. Rainfall from 1868 t o  1903, measured a t  the  G. T. Survey Ofice. Dehrn D6n. 
19. Notes on the Topographical Survey of the  & Sheets of Algeria by the  Topographical Section of the 

"Service GBogrnphique de 1'Armde." By Captain TV. 1U. Coldstream, R.E. Calcutta, 1906.t 
20. Star Charts for Latitude 300 N. Bu Licute~~ant-Colonel S. G. Burrard, R.E., F.R.S. Dehra D i n ,  1906. 

Price Rs. 1-8.'1 
21. Instrnctions for the  preparation of Maps of the  one-inch Standard Sheets, etc. Under the direction of 

Colonel F. B. Longe, R.E.  Simla, 1907. 
22. A Sketch of the  Geography a ~ ~ d  Geology of the  Himalaya Mountains and Tibet. By Colonel 5. Q. Burrard, 

R.E., F.R.S., S~rper in tende~i t ,  Trigonomctrical Surveys, and Mr. if. H. Hayden, B.A., P.G.S., Superintendent, 
Geological Survey oj  India. Calcutta, 1907-08.. 

P a r t  I.-The High Peaks of Asia. 

,, 11.-The Principal Mountain Ranges of Asia. 

,, 111.-The Rivers of the Himalaya and Tibet. 

,, 1V.-The Geology of the  Himalaya. I'rice Hs. 2 per part .  

23. Notes on the Drawing of New Standard Rlaps. By .Uajor 1V. 11L. Coldstream, R.E .  Calcutta, 19OS.t 
26. ltontcs in the Western Himalayas, ICnshlnir etc. l ly Liciltenar~t-Colnlicl T. G. Uontgomerie, R.E., F.R.S., 

F.R.G.S. Third Edition. Revised and Corrected. ~e1u . a  Dlin, 1909. Price Rs. 1 8 . * t  
25. 011 n Simplification of the  Computations relating to  Rectangular Co-ordinates. By J. Eccles, X.A., Uficioting 

Superintendent, T r~ igo~~or~~e t r~ i co l  S ~ ~ r v c y s .  Dehrn Dirn, 1911.' 
2G. Notcs on the llso of Thrrmon~etnrs, Barometers und Hypso~netcrs with Tables for the Computnt io~~ of Heights. 

D v J .  de Oronfl I l~ r r~ t r , r ,  dI..4. Dohrn Dirn, 1911.' 
27. Roport on Rubber Offset Printing for Nnps. By Major IV. 'U. Coldstream, R.E. Calc l~t ta  1911.t 
28. Nntw on P r i ~ l t i ~ ~ g  papers s11itabIe for 11311s and on \ \ - l~a tu~an  Drawiug Pnper. By 'Ullojor 1V. M. Coldstrram, 

H.E. Cnlcnt.tn, 1911 . t  
20. Rcport on the W o r l i i ~ ~ ~  of the I.ipllt Field Lit110 Press (Esl>erimentnl) in Novcmbor nud Decembor 1910 ~ i t h  

hpendices. By Lie~l tenar~t  A .  A .  Cl~nse, l(.h'. Cnlcnttn, 1911.t 
(1) Notes on Solno of tho 3lotl1ods of Ite )rodr~ction suitable for the Field. 
(2) hopposted 1Squiprner~t Tab1,ts for t l ~ v  l i g h t  Field Lit110 Press (Esper imc~~tol ) .  -- - - 

a!. Noto on a Cllnngo of tho llses of the Tprrrstrinl Spheroid in rclation to  tlre Trinngulntioa of the G. T. Snrvey 
of In~lln. H!I . l .  ~ l e  (:roof/ U i l~ l t , , ~ , .  ,U.:l. De111,a 1)611 : 111 tho ~ ' ~ E s s .  

31. ~ ~ l s r r l l a ~ ~ ~ ~ ~ s  Papers rolntiuy to the I\lonsuromellt of Goodctic Bases by Jiidcrin Invnr Appnrntos. Pchra  
: 111 tho 1 ~ ~ ~ ~ .  

REPORTS ON ESPLORBT1ONS.t 

I'ric,v R ~ r ~ ~ r e , ~  1-8 rlcr uo/lrlllr. 
on the Esl)lorntion.s in Grent Tihot nlld I\Iongoli:~. ~nndo  by A-I<., in lSr9P2. Dc'llrn Dliu, 1891. 

2. n@pol't 011 t l ~ o  Trcr~ls-€Iilunln~i~n Esplo~~ntiorrs dnring 1867. 
3. 2 ,  ,, ,, 1sC.q. 

!. n ,, ,, IXG!). 
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7. Report on the Explorations of : - 
(a) Lama Serap Gyatsho, 1856-68, 
(b) ICxplorer K-P., 1880-E4, 
(c) Lama U. Q., 1583, 
(d) Explorer R. N., 1885-86, 
(c) Explorer P .  A.. 1885-86, 

[VOL. IT, 

in Sikkim, Bhutan and Tibet. Dehra Drin, 1559. 
8. Report on the Explorations in Nepal and Tibet by Explorer M-H. (Soason 1885-86.) Dehrn Den, 1887, 
9. Explorations on the Tsang-Po in 1880-84, by Explorer Liinthup. Dehra Dun, 1911. 

CATALOQUE O F  SCIENTIFlC BOOKS, ETC., ETC. 

1. Catalogue of Books in the Head-Quarters Librarr,  Calcutta. 1901. 
2. Catalogrie oi JIaps p~~blished by tho Survey of India. Calcutta, 1910, Price Re. 1.t 
3. Price List of Mathematical Instrument OIfice. Calcutta, 1907. Grcctis.1 
4. Catalogue of Scientific Books and Subjects in the Library of the  Trigonometrical Survey Office. ~~h~~ DG, 

1908. Price Re. 1.' 
6. Catalogue of Books iu the Library of the Trigonometrical Survey Office. Dehra Dlin, 1911. Price Re. 1.' 

ANNUAL GENERAL REPORTS ON T H E  OPERATIONS OP THE SURVEY OF 1NDIA.t 

Price ol eacA volume from 1878 to 1900 Rs. 9. 

,, > >  ,, ,, 1901 tu 1911 ,, 2. 

EXTRbCTS FROM NARRATIVE REPORTS O F  T H E  SURVEY OF 1NDIA.t 

Price I<.II~FPS 1-8 I ) ~ T  volume. 
1. 1900-01. Recent Improvements in Photo-Zi~lcography. G. T.  Triangulation, Upper Burma. Lntitlldo 

Operations. Experimental Base Measurement with Jaderin Apparatus. Magnetic Survey. Tidal nnd Levelling 
Report. Topography in  Upper Burma. Calcutta, 1903. 

2. 1901-02. G. T. Triangulation, Upper Burma. Latitude Operations. Magnetic Survey. Tidal and Levelling 
Report. Topography in Cpper Burma. Topography in Sind. Topography in the Punjab. Calcutta, 1901. 

3. 1902-05. Principal Trianpulation, Upper Burma. Topography, Upper Burma. Topography, Shan States. 
Survey of the Silnbhar Lake. I~a t i tude  Operat io~~s.  Tidal and I.cvelling Operations. hlagnctic Survey. Introd~lr 
tion of t h e  Contract Systen~ of P a ~ m e n t  in Traverse Surveys. Traversing with the  Subtense Dar. Compilatiou and 
Reproduction of T h l i ~ a  Maps. Calcutta, 1005. 

4. 1903-04. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Astrono- 
mical Azimuths. Utilieation of old Traverse Data for Modern Surveys in the United Provinces of Agrn and Oudh. 
Identification of Snow Peaks in Nepal. Topographical Surveys in  Sind. Notes OII Town and Municipal Surve!~. 
Notes on Riverain Surveys in the Punjab. Calcutta, 1908. 

6. 1904-05. The Magnetic Snrvey of India. Pendulum 0 erations. Tidal and Levelling Operations. Triangul* 
tion in Baluchistan. Survey Operations with the  Somaliland Pield Force. Calcutta, 1907. 

6. 190.5-06. The nIagnetic Survey of India. Pendulum Operations. Tidal and Levelling Operations. Extract from 
the  Narrative Report of No. 11 Party. Calcutta, 1908. 

7. 1906-07. The Magnetic Survey of India. Pendulum Operations. Tidal and Levelling Operntions. Triangula- 
tion in Baluchistan. Astronomical Latitudes. Topographical Surveys in Karenni. Extract from the Nnrretive Report 
of No. 11 Party. Calcutta, 1909. 

8. 1907-08. The Magnetic Survey of India. Tidal and Levelling Operations. Astronomical Latitudes. Pendulum 
Operations. Extract from tho Narrative Report of No. 11 Party. Calcutta, 1910. 

9. 1908-09. The Magnetic Survey of India. Tidal and Levellink Operations. Pendulum Operations. Triwul* 
tion in India. Calcutta, 1911. 

RECORDS OF THE SURVEY O F  1NDIA.t 

Price Rupees 4 per volume. 
Volllme 1, 1908-10: Topoprnpllicnl Survey. Trianglllntion. Levelling. Geodetic Survey. Magnetic Survey. 

Tidpl Operations. Phys~opraphical Changes. Calcutta, 1912. 
Volume 11, 1010-11. Tolmgral>hical Survey. T~.inngulation. Tidal and Levelling. Geodetic S u r w  JIngnc'lC 

Survoy. lleproducing ofi~ices. C;~lcutta, 1912. 

RURVEY PUD1,lCiiTIONS OTHER THAN TIIOSE PUDLISHED BY THE SURVEY OF INDIA 

1. An Accollnt of the ~ I F : I R I I I ~ " ~ O I I ~  nf 011 Arc of tho hIUriclinn botwonn tllo  parallel^ of l R O  3' and ZJ0 '' '1' 
I 'rr~tnin I;~f,r!lc F:verr.ql, o j  Ilrc nv~rgnl Artillery, F.I! .# . ,  etc. pub,;.v,,ecl bU the . , l u t~or i tv  the Ilun. Eart lr""a 
f.'onrg~nnll. London. 1890. 

2. An ~rcn l l r l t  l j f  tit,- Moas~~ro~nr-nt oF tlro R ~ c t i n l ~ ~  of tho Moridionn] Arc of Indin, Ilonntl~~il b , ~  tllc llnmll'19 '' 
19' 3' 15'; 2J0 7' 11;; ! I~I ( I  Z!)' :~IJ' *IN". I ~ I I  ~ , i v ~ ~ t ~ n ~ r r ~ ~ - ~ ~ ~ ~ ~ , ~ ~ ~ , ~ /  fi;urr,,,qt, F . R . , ~ . ,  p t r , ,  1"tp , ~ ~ r v c ! ~ o r - ( ~ r ~ t ~ ~ , r l  1'1 in'iii'' 
und him A.l.vi.vl(mlr. r ~ n f r v l  / ,!I  or.,lrr oj the Cvurt o j  I)irector,9,0j the non. Enst I ~ ~ ~ I ~ ~  I:ompaay. London, lAd7. 

3. A nfnmoir on t h o  1n~li:ln Su~rvyyn. Clementx 11. ,lfnrkham. lJTi,,ted bU o+l,c,r Her  llojerl~'8 Stcrt'l'lrV 
01 Stole /or lndiu in C o u ~ l c i l .  Lol~don, 1871. 
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d, I\lemoiron t h e  Indian  S u r v e ~ a .  B Y  e lements  n. Markham, C.B.,  F.11.S. Pr in ted  by order 0, HC7 Majerlylr crcrctal.g 0, s ta te  lor India  In (. 'o~~nctl. Second Edition.  London, 1878. 

5, 
I\lerndir on t h e  Indian Surveys, 1 8 7 G 1 8 9 0 .  B Y  C h a ~ l e 8  E. D. Black. Pr in ted  a n d  prbliJhed by order o/ Her Uaicr,l,s ,ytcrefar.g of S t a t e  for  India  in C'olincil. London, 1891. 

6, (,,, A KhnuaI of Surveying for  India ,  detailillg t h e  mode of operations on t h e  Revenue Surreys in Bengal 
Ind the ~ ~ ~ t [ , - R ' e s t e r n  PI 'ov~~c@~.  Compiled QY c a p t a i n s  n. Smyth  a n d  8. L. Thuillier, Ilengal Artillery. Prepared 
,or use uj  the Survey Depar tment  a n d  publislled b~ the Authortty o l  the Government of India.  Calcutta, 1861. 

( b )  A l\lauual of Surveying for  India ,  detail ing t h e  mode of operations on t h e  Revenue Surveys in Bengal and 
the ~ ~ ~ h - n ~ ~ ~ t e r n  Pl.ov~rlces. compiled b y  Capta ins  n. S m y t h  a n d  8. L. T h u i l l i e ~  Benoal Artillery. Prepared lor 

,,/ the J'wvey Department,  a n d  p ~ ~ b l i y h e d  under the Authority of the ~ o v e r i m e n t  o j  India.  Second Edition. 
bodon, 1856. • 

(,) A ~ a u u a l  of Surveying f o r  India ,  detnjl jng t h e  mode of operations on t h e  Trigonometricnl, Topographies] 
,,d ~~~~~~~e Surveys of India.  Conlailcd by Colonel H. L. Tht~illier., C.S.I., I'.l(.,v.. P'.I(.:l.S., F.~~.o.N. ,  ete., Itoval 
drtillery, a ~ l d  Ljeutenant-Colonel R.  Smuth ,  la te  Benoal Artiller!~. Prepared  JUT the use of the Survey Department of 
,,,dia, and.publyhed under the A u t h o ~ l t v  01 the  Government o l  India .  Thi rd  Edition, revised and  enlarged. Calcutta, 
1875. 
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