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PREE'ACE. 

many years the Annual Report of the Survey of India coneisted of 

a1 s, namely (1) abstracts of result8, and (2)  narrative reports of F":\vo, st * 

cxcclilive officers. Since the year 1900-01 the narrative reports have been 

exeludcd from the Annual Rcport of the Survcy and have been published as a 

separate volume entitled E=t.t~~ccts f r o m  Nnr~at iue Reports. This last title 

has bcen not altogetl~er satisfactory; the reports by executive o5cers are 

frequently not narratives of events, but discussions of data. The volume mill 

be hampered if it is to be confined to narratives : it mill be more Gseful if 

explanatory statements can be included in  if. T l ~ e  title of the volume is 

therefore being changed, and it will in future be known as " Records of the 

Survey of India." 
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RECORDS O F  8 

THE SURVEY OF INDIA. 
PART I. 

I.-Topographical Survey. 

NORTHERN CIRCLE. 

BY BREVET-COLONEL W. J. RYTHELL, R.E. 
( V i d e  I~rdcx mnp, pagc 21.) 

No. 1 (late 14) party carried out no triangulation during the year under 
rel'ort. I t  surveyed an area of 5,1W)'5 square miles on the 1-inch bcale in the 
Abbottabad district of the North-Wcst Frontier Province and in the Rawalpindi, 
Jhelum, Gujrat and Shahpur districts of the Punjab, and in the Poonch district of 
Kashmir. 

No. 3 (late 12) party carried out no triangulation or traversing, but ran 336'6 
linear miles of levelling, and surveyed 3,234'7 square miles on the 1-inch scalr 
in the Jhang, Shahpur, Lyallpur and Mianwali districts of the Punjab. This mas 
partly a re-survey and partly new survey, and was entirely based on trayerses 
carried out in previous seasons. 

No. 4 (late 18) party triangulated 1,250 square miles, chiefly in the Salt Range, 
and surveyed 1,552.07 square miles on the 2-inch scale and 1,762.3 square miles on 
the 1-inch scale in the Misnwali, Attock and Shahpur districts of the Punjab. 
I t  also traversed 492 linear miles in thc Shahpur district in advance of detail survey, 
and a, special traverse detachment of this party traversed over an  area of 6,OUO 
square miles in district9 Lucknow, Unao, Hardoi, Sitapur, Bara-Banki and Rae- 
Bareli of the United Provinces. This will form the basis for the detail survey of 
field season 1910-11 which will be carried out by this party. 

The Riverain Detachment, which was this year brought under the direct 
supervision of the Snperintendent, traversed 637'23 linear miles of main traverse 
and 1,650'13 Linear miles of minor traverse along the river Sutlej (districts Ludhian,, 
and Jullundur), on the river Beas (district Amritsar and Kapurthala State), and 
on the river Ravi (districts Amritsar and Sialkot). 

0 

FOREST SURVEYS. 

No. 4 (late 18) party surveyed an area of 318.2ysquare miles of forest are,&, 
(chiefly rakhs) in the Jhelum and Shahpur divisions of those districts, chiefly in the 
ealt Range. 

No other forests were surveyed by parties of this circle, but No. 1 (late 14) 
party revised an area of 117 square miles of fairly modern forest survcy, in the 
Jhelum diqtrict, south-west of Sohawa, and in the Naoshera district of Kashrnir. 

No. 1 (LATE 14) PARTY. 

BY LIEUTENANT J. D. CAMPBELL, R.E. 
The head-quarters of the party remained a t  R~walpindi throughout tL(b 

field scason. - .  -- - 
H .  
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PE~~SOXNEL. 
It,,pcrind Oficers 

BInjor C. H. D. k y d r r ,  D.S.O., R.E., in charge 
lrom 1st October 100:) to  13th Ju ly  1010. 

Lieutennnt J. D. Cnmpbell, R.E., attnclled 
from 2nd to  13th Ju ly  1910 and  in cliarge trom 
14th Ju ly  1910. 

Lieutenant A. A. Chos?, R.E. 

Prot: i~~cial  Oficers. 
, hfessrs. T .  W. Babonnu, H. H. B. Hanhy. 
H. B. Simone (up to 14th March 1910). R. C. 
EInnson (from 24th November 1909). W. J. I(. 
Mlller and W. P. Hales. 

Upp2r Sub3r.dinatc Ssrvice. 
Babu Natha Singb. Rai Sollib. 

Lolcc, Subordinate Service. 
35 Surveyors, etc. 

The area under survey lay in the 
Abbottabad district of the North-West 
Frontier Province, the Rawalpindi, Jhelum, 
Gujrat and Shahpur districts of the Punjab, 
and in Kashmir and Jammu. The country 
under survey mas of an exceedingly varied 
nature, including as it did the dead level 
plains of Gujrat and Shahpur, the broken 
raviny country of Rawalpindi and Jhelum, 
the Murree Hills, and the slopes of the 
Pir Panjal range in Kashmir. 

Operations in the field commenced a t  the end of October 1909 and the part,p 
returned to recess quarters a t  Mussooree on various dates between the 15th 
April and the beginning of June 1910. 

TOPOGRAPHY. 
The area surveyed on the scale of 1 inch = 1 mile was 5,100'5 square miles. 
The party was divided into three camps under Mcssrs. Rabonau, Hanby and 

iimons. 
On Mr. Simons' transfer, Lieutenant Chase held charge of his camp, and towards 

the close of the field season Mr. Hanson toolr charge of a camp, surveying three sheets. 
The following sheets were completed : 43 i, 11, la, i53, 

43,, , ,, :, , ,  ,,, this being 4 sheets in excess of the original programme. 

sheets 43 ib;,: fi have been submitted for publication during the year and 
the remainder will be submitted before the party takes the field. 

No. 3 (LATE 12) PARTY. 
BY CAPTAIN A. A. MCHARG, R.E. 

The party worked in the Jhang, Lyallpur, Shahpur and Mianwali districts 
PERSONNEL. in the Punjab. ., . 

Slrenylh O /  purty. The field office opened a t  Jhang in the 
Lieutennnt E. C. Baker, R.E., in charge from 

the zlat  May 1909 until the 27th of October 1909. On the 8th of lgo9' 
Captain A. A. hlcHarg, R.E., Deputy Superin- Field work was closed on the 30th of April 

b n d e n t  in cburgo during the remainder of the 
year. 

1910. Work started in recess a t  Mussooree 
Aa~istants :- 

Mr. J. A. Frocman, Ext ra  Assistant Superin- 
on the 4th of May 1910. 

tendent. 4th grado. The outturn of the party for the season 
Mr. B, hl. Berrill, Ext ra  Aesistsnt Superin- is follows :- 

t&ndent, 6th grnde. 
hlr. B. C. Nowland, Officiating Extra Assis- One-inch survey of the whole of standard 

tnnt Superintendent. 0th g r d e .  
Mr. F. H.  Grant, Sub-Assistant Superinten- sheets 44 ,-,, @, @, 13, 16, parts of 

dont, 1st grade. 
m. 11. H. P. Buttorfield, s u b - ~ s i a t a n t  SU- 39 o i  and parts of 44 4-, and 336 linear 

perintendent, 2nd grade. 
blr. P. E.  R. Calvert, Sub-Assistant Superin- of levelling. 

tendent. 2nd grado. 
Mr. Jiyo Lal. Sub.Aesistant Superinten- 

During recess all the twelve standard 
dent, 3rd grado. sheets surveyed during the year, viz., 

25 Surveyors, permanent and temporary. 
2 Apprentice Surveyore. 44 . % m , - P i m = d  lo, "ill be drawn 
3 Soldier Surveyore. 
2 Clerks. and forwarded to the Superintendent, 
1 Typer. Northern Circle, for submission to the re- 
1 Cornpulor. producing o5ces. 

The country surveyed lay mostly in the Jhelum and Chenab Canal Colonies, 
the former being partly in the Shahpur and Jhang districts and lying between 
thc Jhelum and Chenab rivers and the latter in the Lyallpur and Jhnng districts 
eas; of the Chenab river. 
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The whole of this country was flat with the exception of a few isolated hills 
i r ,  slleets 44 & and very much cut up by canals. Most of the country is already 

under cultivation and pregumably the whole area available will later on be taken up. 
The average height of the area surveyed is about 550 feet above sea level. 
The Chenab being an older canal colony than thc Jhelum is very much better 

tvooded. The latter is a t  present very deficient in this respect. 

A certain small area was surveyed in the " Thal " (or saddy hills) portion of 
the Jhang, Shahpur and Mianwali districts. 

This country consists of a sandy plain about 50 feet higher than the country 
along the Jhelum and Chenab river banks, with more or less parallel ridges of sand 
hills about 10 to 15 feet higher on the average than the plain, very sparsely wooded, 
with little water and a few villages scattered here and there, chiefly inhabited by 
graziers and camel-owners whose flocks of sheep and camels keep continually 
moving on to new grazing grounds. 

I n  the Canal Colonies Messrs. Grant and Butterfield made considerable use of the pnt- 
wa~ie' chak maps, plotting the chnks on their plane-tables and then correcting them wherever 
necessary in the field. If this could have been done by the party before taking the field a 
nluch greater outturn mould have been the result, but unless properly supervised it is not work 
that can be left to the average surveyor to do by himself ; however (on future occasions it1 
~imilar country) steps will be taken to makc considerably more use of the patmaris' maps than 
was the case dufing the year under report. Thcse maps are as a rule very correct and 

necessarily up  to date, and provided they are correctly transferred t o  the plane-tablee, should 
be of invaluable assistance. 

336 miles of levelling was carried out. This was chiefly of use in connecting up the rgilmav, 
canal and G. T. data and giving heights to points in areas outside the irrigation liruits. 

In  both the Canal Colonies canatcontoured maps (contours a t  1 foot intervals) have been 
used for giving heights to cross-roads, corners of villages, etc., on the fair sheets. 

I - NO. 4 (LATE 18) PARTY. 

BY CAPTAIN L. C. THUILLIER, I.A. 
The field head-quarters of the party remained a t  Mianwnli throughout 

PEIISONNEL. the field season and opened there on 1st 
Captain L. C. Thuillier. 1.A.. Deputy Superin- November. Recess head-quarters continued 

tondent in charge. 
C ~ p b i n  M. N. ~ a c ~ o o d ,  R.E., Assistant a t  Mussooree. 

~ u ~ e i i n t e n d e n t .  
hlr. C .  J. S. Rae, Extra Assistant Superin- 

tendent, 3rd grnde. 
Mr. H. W. Biggie, Extra Assisbnt Superin- 

tendent. 4th grade. 
hlr. C. E. C. French, Extra Assistant 

Superintendent. 5th grnde. 
Mr. Mnyn Das Puri, Ertrs Assistant Super- 

intendent, 6th grade (up to 30th June 
10101. 

Mr. A. B. Hunter, Extra desistant Superin- 
tendent, 6th grade. 
Mr. F. C. Pilcher. Sub-Assistant Supcrinten. 

dent. 1st grnde (up to 23rd September 1010). 
Mr. Abdul Aziz. Sub-Assistant Superin- 

'tendent, 2nd grnde (up to 30th September 
i a ~ n i  ---",. 

Mr. H. T. Hughea. Sub-Assistant Superin. 
tmndent, 2nd grade (up to 30th May 1810). 

Ral)u Vidyn Noth Sun, Probationer, Upper 
Subordinnte Sorvice (imm 1st April 1010). 

Previous to this the Shahpur traverse 
section commenced work on 11th October 
a t  Khushab and an advance party under 
Mr. A. B. Hunter a t  Mianwali on 25b 
October. Later the United Provinces 
traverse detashment opened at  Lucknow 
on 19th November. 4 

Surveyors mere distributed over the 

area for survey in sheets 38 ,, ,,, ,,, ,;, ,,, ,,, ,,, 
43 ,, P, 3,y,  ,. Later, for economy's sake, 

sheet 43 was dropped. 

Under these arrangements all sections 
Sluvcgors . . . . . , lrnvorsen < . . . . . 3 b e r e  13 able to finish about the middle of April, 
1)rnftsmen . . . . . 22 except t,llree or four surveyors who com- 
Computers . . . , , lq 
Clerks . . , . , . pleted Liter. Mr. Fre,nch wit,h n fcm good 
'~1"~" . ', 

2 dra[tsmen c,losed earlier and procecdcd to 1ioal~it;~l Asiatont . . . . 1 
Mllninls . . . . . . 412 h~~~ssooree top ro j cc t , n~~c lp ln tn l l fu i r shke t s  

u :: 
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and to get all exterior work on them (margins, headings, footnotes, etc.) cleared off 
wholesale, which meant a considerable saving of time. 

Shakpur Traverse.-This work was required during the current field season for 

the use of this party and also No. 3 (late 12) party. work lay in sheets 39 &, 
4 3  A, 4 4  &. Field work was completed by the end of November and computa- 
tion by middle of December. 

UnSed Provinces Traverse.-The programme consisted of traverse work ' sheets 63 3, 4 ,  7 , ,  I ,  1 2 , 1 ,  I ,  1 8 9  63 1, 2, 3, 5 , : .  0 ( 0  16, 63 3+. work started 

on 19th November and was completed by 20th Apdl. During recess all compu- 
tations were completed. 

Cantonment Szrrveys.-Cantonment Section No. 1 was placed under the officer 
in charge of No. 18 party on 1st April. 

Three cantonments as under were surveyed during the year under report :- 

Dharmsala, detail survey completed. 
Meerut, only additions and alterations undertaken. 
Lucknow, detail survey and some extra traversing completed. 

RIaps of 8 cantonments were sent for publication and 9 were published during 
the year. Sir maps, viz., Barrackpore, Durn Dum, Shillong, Meerut, Lucltnom 
and Nowshera Cavalry Cantonment (now called Risalp~w), remain in office. 
Barrackpore and Dum Durn await certain corrections ; Shillong and Risalpur are 
now being sent for publication, and Rleerut and Luchow will be ready by the 
middle of November. 

Fpir mapping of all sheets was completed and submitted for publication by 
the end of recess. 

Computationr of triangulation and United Provinces traverse were com- 
pleted during recess. 

Thc programme cons i~ ted  of travcrse work in districts Lucknow, Unao, Hatdoi, Sitapur, 

Bara-Banki and Rae-Rareli in sheets 63 ,, ,, ,, ,, ,,, ,,,\, ,,, ,, ,, , 63 B - 1 2 5 0 7, 9, 10 to 16, 

63 3 ~ F i n i .  

The country mas perfectly flat and open and well cultivated except near water-courses 
where the sllrface was cut  u p  by ravines. 

Travcrse lines were run along graticules of plane-table sections, picking up as many tri- 
jvc t ions  as pomible and intersecting conspicuous objects, such as temples, prominent trees, 

ctc. In  addition traversc lines wcre run along railways. For all stations between trijunctiuns 
iron cylinders were uucd. 

Pun jab T ~ a v e r , ~ e .  

In  lnst ycar'a snnual rcptr; refcrcnce is made to hIr, J. deG. Hunter's resenrcl~cs 

illto thc traverse dntn of the Punjab. Nothing further was clone in this direction dnring the 
vc.:ir unrlcr rclort  aH it w:ln cvitler~t from cornpari~on of the rcsulb ol)taincd iron, the crinoline 

tape trnvrrsin; that  tllcart: wt:rc co~~il i~lr*rnl~le crrors in the oltl t,rnverse even after  thc redistribu- 

tio11 of rrrors I)! Mr. 111111trr, nnrl that  t,hollgh porh:ips the trnversc worlc worlld be i~nproved by 
1111: rr:arlj~tntr~~rn(s Ile hiid rr~:ld~:, noll~irlfi npl~roncl~ing fil~nlity ro~t ld  bc rcachcd till some tlntn 
n t  n rliutar1r.r. f r ~ ~ r n  tllr i ~ r i ~ i l l  nnrl tltr r!xirt.ir~:: d n t : ~  col~lil hc o h t ~ i i ~ ~ c d  011 wllich to close tile 5vork. 

C.;ptain h l ~ r r l z o ~ l ,  tl~~-rrlorts. ro~~xirI~-r(vl t l~nt ,  till nonlt: l11rl11(~r trianpuli~tio~l or Y n c l ~ r i n  
trlrvrruv wnn ~lorlr: fr~r  ( I I ~ R  pllrl)OHr it \ V O I I I ( I  I)(! W ~ H ~ P  of Iaboll~ to :~ t t , (~r l l ,~ t .n  r~41i~tribLltiOll C !  

ul.rrIr.1 which would only havl: to I)c rcviucll later wht:n fresh dnto t ~ c r c  n\,crilnble. 
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RIVERAIN DETACHMENT. 
- 

BY MR. MAYA D.49 PURI. 
The detachment was separated from No. 4 part,y (Northern Circle) on the 

PERSONNEL. 1st July 1910, was formed into an indepen- 
Cnptnin M. N. BIncLeod, R.E., in cllaree up to dent detachment, and wan placed under 

30th June 1010. 
~ \ l ~ .  Dns Puri, Extrn Assistant Super- the the 

intendent, 6th grade, in charge from 1st July Circle. While under NO. 4 party (Northerng 
1910. 

50 Surveyors, Traversers. Draltsmen, Corn- Circle), the work was carried under the 
puters, etc. instructions of Captain M. N. MacLeod, R.E. 
The following out-door work was completed during the season :- 

I TAVFUSED. 

Clnas of ivorlc. Straiplit Number of N ~ m b e r o f ~ ~ ~ : ~ ~ ~ ~  
length linear squnre 1 o rivers. m i  ( miles. 1 

Number of 
.tations "* 

Numbr 
cornem O' 

squnres 
Inidol1t'. 

' 

N1lm"er O' 

squnres. 

The total cost of traversing, laying out base lines and preparing rniisn~,l's 
(settlement mopping sheets) during the year was Rs. 38,006-9-10 (Rs. 102-7-7 per 
square mile), and that of the fair drawing, tracing, etc., Rs. 7,049-0-8. 

The field season lasted from 1st October 1909 to 10th June 1910, and the 
detacllment again left for the field on 17th September 1910. 

The work was commenced on the Sutlej (districts Ludhiana and Jullundlu) 
early in October 1909, on the Beas (district Amritsar and Kapurthala State) 
in December 1909, and on the Ravi (districts Amritsar and Sialkot) during January 
1910. The plotting and compiling section mas shifted to Ludhiana on 15th 
November 1909, and after completing the work there, left for Amritsar on 4t11 
February 1910, where i t  remained till 9th April 1910, and finally returned to 
Lahore on 14th April 1910 for recess. The computing office remained a t  Lahore 
during the whole year. 

Main circuits were run n-ith 330 and 5UO-foot long crinoline tapes, above t,lle 
high banks, on both sides of the rivers Sutlej, Beas, Ravi and Chenab, in districts 
Ludhiana, Jullundur, Perozepur, Lahore, Hapurthals State, districts Amritsnr, 
Sialkot, Gujranwala and Gujrat, and they mere cosnected with each other after 
every 7th or 8th mile and with 11 trigonometrical stations, 

%3 

Base lincs, facing one another, mere laid out on both banks of the riyer 
~Sntlej (Ludhiana and Jullundur), Beas (Amritsnr and Sixlkot,), on the ptckhn 
ground, away from water action about mile apart from each other, for the f11ture 
demarcat.ion and survey of riverain bou~ldaries. Generally three corners of :L 
sq11arc wcre ln~rlicrl on the grouud so as to save the potwnris t,he t.rouble of 
laying out a right nnglc. 

The grou11d u~lclct survey I V : ~  brokcu, sandy nlld marshy. 
Ncnrly all t.l~c computntious merc finished io thc field setlsoll. Thc corn- 

~~let,ion of t,mvcrsc records, writing oi village nurucs :~nd c o ~ l ~ ~ u t u t i ~ ~ ~ ~  of nlnill 
circuits, c:rrrictl I:~t,c ill t l ~ c  scason, n7erc done during the rcccss. 

3Iain circuits . . 

Detnjl trn\~ersing . . 

B:me lines . . . 

637.23 

1.650.13 

. . 

225 

130 

130 

-- 

. . 

. . 

' ' 

i42 I 
247 

1.123 

G,01S 

. . 

663 

21)G 

514 

. . 

. . 

. . 

201 

. . 

I 
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SOUTHERN CIRCLE. 

BY COLONEL T. F. B. RENNY-TAILYOUR+ R.E. 
(Vide Index map, page 21.)  

The appointment of Deputy Surveyor General was abolished on the 1st March - 
Colonel T. F. B. Renny.Toilyoor. R.E. 

1310 and that of Superintendent, Southern 

Licutenont.Colonel J. M. Flcminp, I.:\., from Circle, which was held by Colonel Renny- 
T3tll October 1009 to 28th Fcbrunry 1910. Tailyour, was created on the enme date. 

Nos. 5 (late 1) and 6 (late 2 and 17) parties working in Bornbay, the Central 
Provinces rind Berar and the Cantonment Sections until they were absorbed on 
the ls t  April 1910 mere under the Deputy Surveyor General and the Superin- 
tendent, Southern Circle ; the latter officer took over from the Superintendent, 
Elstern (Tircle, the superintendence of Nos. 7 (late 3) and 8 (late 19) parties 
working in Madras, Coorg and Mysore hom the 1st April 1910. 

The Coorg detachment was absorbed by the late No. 3 party on the 1st Novem- 
1909, the late Nos. 2 and 17 parties were amalgamated into one party which 

*as called No. 2 party on the 1st March 1910, Nos. 1 and 2 Cantonment Sections 
wore absorbed in other circles on the 1st April 1910 and Nos. 1,2, 3 and 19 
pnrties were re-numbered Nos. 5, 6, 7 and 8 parties, respectively, on the 1st June 
1310. . i 

, No. 5 (lat,e 1) party completed an area of 1,763 square miles of 1-inch new 
survey and 528 square miles of la-inch new survey in the Jubbul~ore,  Mandla, 
alld Damoh districts of the Cent,ral Provinces and in the Rewah State in Central 
India. An area of 2,278 square miles of triangulation was also completed in the 
Noshangabad district of the Central Provinces and in the Bhopal State in Cenbral 
India. 

No. 6 (late 2 and 17) party completed an area of 3,078 square miles of 1-inch 
original surrey, 78 square miles of 2-inch original survey, 262 square miles of 2-inch 
re-survey and 1,564 square miles of 1-inch revision survey in the Nagpur and 
Wardha districts of the Central Provinces, in the Yeotmal district of Berar, in the 
Indore State in Central India, in the East Khandesh district of Bombay and in the 
Xurangsbad district of Hyclerabad. An area of 5,032 square miles of triangulation 
was ccmpleted iu the Chnndn. district of the Central Provinces, in the Yeotmal 
a!ld Buldnna hqtricts of Bcrnr and in the Nander and Sirpur Tandur districts 
of Hydernbad. 788 linear miles of forest boundary traverse were also 
r:c~rnpleted. 

No. 7 (lat'e 3) part.y ahsorbcd the Coorg detachment on the 1st November 
1309 and commenced work jn Southern India. The party completed an area of 
876 square miles of 1-inch ori&nal survey, 413 square miles of 2-inch original survey 
an11L875 square miles of 1-inch revision survey in Coorg, in the South Kanara 
; ~ 1 1 ' 1  hlalabar districts of Madras and in Mysore. An area of 1,850 square 
miles of trinngulat,ion was also completed in the South Kanara district of 
Jii~dr;ts. 

No. 8 (late 19) party completed an area of 2,396 square miles of 1-inch original 
sllr\-c.y, 509 Rrltlilrc! nriles of 2-inch original survey and 190 square miles of 
I- inch s~lpplcmot~t:~ry survey in the Nilgiri, llnlnhar and Coimbatore districts of 
I \ ~ ~ L ~ T : I R  a1111 in the Coc,llin ,'Jt,:~tc in Madras. An arc3 of 900 square mi]es of 
1ri.lrrgul:~tion ur;4.i completed in the Matlura rind Tinncve]ly districts of Madr;p 
ar~d i l l  the Trav:lrtcore State in Mndraa. 312 lirlcnr milcs of trabersr: was also 
cumplctc:11. 
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No. 5 (LATE 1) PARTY. 

The work done by the party 

Major C L Robertson, C.M.G., RE., in 
charge. 

Lieutenant C. F. Nation. R.E., attached lrom 
8th Scptemher 1910. 

Merurs P. S Bell (to 25th February 1910), 
P. P. M'nlsh. W. Skilling. D. M. Derril. C. \\'eat, 
R.E. ~atlholle and ~ t l n ~ h i  Lal, B.A. 

20 Surveyors, 3 Soldier-Surveyom, 1 Drafts- 
man. 3 Computers. 2 Clerks and 1 Hospital 

during the year l~ntlcr report *as in con- 
tinuation of that  donc during the previous 
year and was carried out in the Jubbulpore, 
Mandla, Damoh and Hoshangahad districts 
of the Central Provinces and in the Rewah 
and Bhopal States in Central India. 

The party toolc the field on the 25th 
Aerristant. October 1909 and left on the 20th April 

1910 for recess quarters which were transferred from Poona to Bangalore. In  
order to reduce expenditure the programme was considerably curtailed soon after 
the commencement of the field season ; this curtailment caused considerable hardship 
on many of the surveyors. Sheets 64 m:mj,l, were entirely surveyed, the 

survey of sheet 64 4 was completed and sheets 55 ,:, were partially surveyed. 

In addition to a small secondary series the triangulation of sheets 55 $8 and 

55 &-, and of portions of sheets 55 2r,";iT was carried out. 

In  the programme for this year's work i t  was proposed to undertake w e  
detail survey of a considerable area by means of revision survey ; thc previou: 
survey was, however, found to be so inferior t.hat practically no use could be made 
of it, and i t  has been decided theretore to classify tllc whole ontturii as new survey. 

The country in which the detail survey was carried out \\--as for the most part 
hilly and wooded, this being specially so to the eastward Irllere the hills on the 
border between the Mandla district and the Rewah State ris: to some 3,000 feet 
above sea level and are covered with extensive forest reserves. The triangutation 
lay partly over the Pachmarhi hills and plateau and partly in the valley of thc 
Narhada river. 

The mapping of sheets 64 ,mLAmG, was commenced.. but, owing 

to t.he introduction of new methods necessitating tlie special traiuing of draftsnlen 
and to the delays which occurred in obtaining enlargements of tlie plane-table 
sections, the work was considerably retarded and all the sheets will not be com- 
pleted by the end of the recess season ; the unfinished sheets will be cou\pleted In 
the drawing section of the Southern Circle Office. The completion of 8 slieets 
which were arrears from the previous recess season als iuterfered wit11 the curren4 
mapping. 

The triangulation computations have not been entirely worked out, but more 
than sufficient have been completed for the requirculents of next field seasor, 
No triangulation charts have been prepared. 3 

Ertrc t  /rmn rep& by Najw C. L. Robertsos. C!.iW.G.. R.1;. 

The existing maps on the 1-inch scale of the portionsXf the Mandh district and Re;vah 
Native State in question were merely rather indifferent compilations from old cadastral s ~ r \ ~ c y s .  
~lopplementcd by extm-departmental iuformation ; the hill drawing nlaking no prete~ici. to rz.  

present contours, and the publication being all in black. They were thereforr not corlsiticr.:~l of  

su5cient  value t o  justify a n  at tempt a t  rcvisitlg thenl. The c s i s t i ~ ~ g  survey 01 t . 1 ~  portions cf 
t,he Jubbulporc district, however, falling in these sheet arc= is of u higher clnas, being ~ c t l ~ i ~ l  
topographiEa1 work though of doubtful vnlue as far ns tbe contouring is ronccrncd and, as with 

the reminder  of the sheet areritr, p~~bl i shed  in only otle colour. Ovcr thctse nrcns i t  wns decided 
to clnss thc work ns revi8ionory, and for this pnrpme tracings of the outlint- o i  tluc csiating survey 
were given to the surveyon with instructious to t,mnsfer thrsc, i11 hluc on to tbcir pl:l~~c-t:rblcs 
bit by bit in advonae of their work, and to check this trnnsfcr OI I  tllc grou~rd, cx)r.rr\cti~~g it n here 
necessary brforc inking i t  up, and to rc-contour thc ~ h u l c  at 50 Icct vcrticd intcrvcl3. 
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re-contollrillg bas been based on a fresh tertiary triangulation extended over the area by Mr, 
1:. S. Bell during the previous season. 

In the existing outline as transferred was found to be so generally out of positioh 
to a slight extent, Sometimes in one direction and somet,imes in another, that  i t  was found to 

confuse than assist the surveyors. The so-called revisioniry survey, therefore, resolved 

ikself into new s w e y  and, for all purposes of cost and o u t t u n  rates, sh.~uld be treated as 
such. 

TIle scale of 14 inch = 1 mile was selected as that  of revision survey in the western areas, as 
'some of the fair sheets of comparatively recent surveys over these had becn drawn on this scale 
and the preparation of photoomphic blue prints for the purpose of corrcct,ion and contouring 
in the field was simplified by its adoption. 

As in the case of the 1-inch revisionary survey, that  done here on the 14-inch scale res-,lved 
itself practicaI1y into new survey for the same reasons, riz., that  the existing outline was found 
on esanlination to be generally, though seldom extensively, out of position, rendering contouring 
impossible without what to  all intents and purposes amounted to re-survey of the outline. 

I am of opinioll that lor anything but worlr which is intended simply to supplement survey 
which is known to be of good quality, or of which an accurate correction is not required, the upe 
of blue prints of previous survev is a mistake, as it is of little if any assistance to the carelo1 s u p  
veyor, while it affords the didoneat one an opportunity of scampir~g his work. 

No. 6 (LATE 2 AND 17) PARTY. 

On the 1st March 1910 Nos. 2 and 17 parties were amalgamated and the 
work of both parties and of the combined 

Captain H. L. Crosthwait, R.E. (late No. 17 party appears in this report. 
party), in charee from 5th November 1909 to 
3rd Bebruary : Y ~ o .  The work was continued in the pre- 

Captain H. Wood, R.E. (late No. 2 party), vious theatres of operations, that of the 
in chary  to 13th Mnv 1910 and from 13th 
.June ~ B I O  to 19th JUIV 1910. late No. 2 party in the Nagpur, Wardhe 

- - 

Lieutenant 8. W. S. Hamilton, R.X. (late and Chanda districts of the Central Pro- 
S o .  17 party), attached to lGtlr June I910 and 
in c h a r ~ e  to 4th November 1909, from 4th v i n ~ e ~ ,  in the Yeotmal district of I)erar 
to 2std February 1010 and from 14th May and in the ~~~d~~ ,ybur ~~~d~~ dis- 
1910 to 12th June 1910. 

Lieutenant K. W. Pye, R.E., in charge from tricts of Hyderabad, while that of the late 
16th Augus'- 1910 to 5th September 1913. NO. 17 party was in the Indore State, in 

Lieutcnant J .  A. Field, R.E. (late No. 2 
~ a r t v ) ,  attached and in charge from 20th Central India, in the East Khandesh dis- 
. ju l i  1910 to 15th August 1910 and from 6th trict Of Bombay, in the Bu]dana district 
September 1910. 

JIessrs. A.  Ewing to 6th M Q ~  1910, C .  G .  Lee, of Berar and in the Aurangabad district 
.4mm Pinfh, J .  H.  8. Wilson. P. R. Ander~on, Of Hyderabad. 
J R. Sea.land to 30th June 1910, E. A. Mever, 
A.  K. nfitra, F. R. Kitchen. C. O. Picard, I?. C .  Field work was commenced a t  the end 
JIitrn, F. C. Saint. E. J .  Hsnhy, R. B. Gilden, 
C. C. Sexton. A. J .  ~ 0 0 t h  nnd R. >I. wvatt.  of October 1909 and finished by the begin- - 

JIeasrs. R.  V. Joehi and Dharmu. ning of May 1910, the party arriving on 
44 Survrvom, 7 Soldier-Surveyors, 6 Pupil 

S ~ i t v r o r ,  4 Draltsmen. 1 Typer, 4 Clerks and the 8th May 1910 a t  recess quarters which 
Y Hor;l~ilel hnektants. were transferred from Poona to Bangalore. 

Owing to difficulties in recruiting k?~alasis 
some of the surveyors were delayed in commencing work. Very shortly after the 
coninicnccnient of the field season orclers were received to reduce expenditure as 
much as possible ; in consequence a number of surveyors were sent on leave or dis- 
charged, the programme was considerably modified and the distribution of the party 
altered. Sheets 46 % 46 I;-,;,, ,;,;-: lo;l~~13, I,- and 55 mLlm mer; entirely 
surveyed and small portions of sheets 46 ancl 55 & were also surveyed. 
Triangulatjion was carried out in shect~ 55 mD&l, 55 f ,  56 ", 10,F;l, 1:1, 

sf; , ,  ,, i, ,,, ,:, ant1 56 f', while sllccts 55 4+2 and 56 were reconnoitred, but  
~~nfortunatcly tho officer concerned fcll ill before he collrcl unclcrtakc the trian- 
gulation. Tl~codolitc forcst houritlary travcruc:~ wcrc undcrtpken in slreets 
55 55 4,  56 >, ,; iJ and 56 y . 



TOPOGRAPHICAL SURVEY. 

The scene of operations in Rerar lay in t.he valley of the Wardha river and 
in the hills lying to the west of it. Into the extreme north of the surveyed 
project the southern spurs of an out,lying range of the Satpura hills; these bills 
rising some 500 to 600 f e d  hom the plain are mostly covered with reserved forests 
and being much cut up by the drainage are intricate and difficult. The abrupt 
change from these hills to the level plains of the Wardha river is almost as great as 
the difference t,hey present to the surveyors, the latter being as easy as the former 
is difficult. West of the Wardha river in the south-west corner of the area sur-' 
veyed the eastern edge of the Yeotmal plateau occurs ;+the country here is much 
broken up, the features though prominent and well marked are as intricate in 
design as they are diminutive in size and, as in previous years, the surveyors found 
them hard to delineate. The country surveyed in East Rhandesh and Auranga- 
bad lay on the northern edge of the Deccan plateau and on the southern side of 
the Tapti valley. Although the ghat on the edge of the plateau with its sudden 
d r o ~  of 700 to 1,000 feet forms a. natural barrier dividing the two areas, they are 
I 

very similar from the point of view of a surveyor, well marked features at~ound, 
the ground is open, villages are numerous, water is plentiful and transport is easy 
to obtain. The small area surveyed along the boundary between Indore and Ea?t 
Khandesh offers the reverse picture ; heavily wooded, rugged hills in continuation 
of the Satpura range, little water, few communications, sparsely inhabited, and 
with little or no transport-all combine to make the work as difficult as possible. 

Sheets 46 +k, 46 ,, ,, ,, 7, 8, :I", 11, 13, 1.1 
and 55 -L--- 

R. 0. 12. 19. 11 have been mapped 
and will be completed by the end of the recess season leaving no arrears of 
standard sheets. In addition 8 sheets of the 2-inch forest editions of standard 
sheets have been prepared, but in future this class of work will be undertaken in 
the drawing section of the Southern Circle Office. 

The triangulation computations have not been entirely worked out, but more 
than sufficient have been completed for the requirements of next field season. The 
traversing computations hare keen completed. No triangulat,ion charts have 
been completed. 

Extract from a report by Captain H. Wood, R.E. 

For revision survey on the I-inch scale the system mentioned below was ndopted. It 
should be noted that of the sheets for revision survey on this scale, in 46 m:r9;in were 
numerous isolated reserved forests which had been previously surveyed on the 4-inch scale, 

while in sheets 46 -I were forests which had not been surveyed on any larger scale than 

the 1-inch. These latter had to be re-surveyed on the 2-inch scale. In order to utilize t i e  
&inch scale survey of the forests mentioned above, reductions on the 1-inch :cnle of the 
published forest maps, printed in black on bank post paper, were obtained during recess. 
These were cut up, fitted and lightly pasted in their correct poitions on copies of the old Rombav 
topographical survey sherts which hnd bcen previously made up to  graticule limits of the-n w 
standart1 s11e:t acrics, th? corrcct. d grsticul * lin s br!ing ruled up  ' n  black and trysou rn:iricnI 
sta 103s and points plotted on them. 

The corrected 1-inch sheets with the reductions of ,!-inch work su~)erimposcd were sent 
to Calcutta and blue prints on Wllntluan drawing paper obtained . . . . . . 

The surveyor using these blue prints revised the work in the ordi~lnry wny, but the dciail 
in the previously surveyed forest reserves was acceptrd ns corrcct nnd inked upon thc P. T. :ec- 
tions after the roads had been classified and nny ncw O I I ~ S  illsertcd. 

U'l~erc the contouring was light the 60 fcct contours wrrc inlccd up on the plnnc tnblcs nftcr 
bcing chevltcd on tlrc grouurl I)y lr~ights tnkcn by t l ~ c  sor\.ll!-or. ~ h n  llnd wit11 l~ i~ r r  as II g ~ i d t -  
a copy of the 4-iock published nlnp on wlricl~ the cnnip o1hcc.r had illlted up the 60 feet contou~s  
in rcd. 

C' 



10 nECOllDS OF THE SrIlVEY OF INDIA. 1909-10. [ T'oL. I. 

Where the contouring was heavy the ground had to  be contoured anew, and the pew con- 
touring was compared by tho camp officer with tha t  shown on the 4-inch map and any 
differences checked on the spot. This method of preparing the blue prints for surveyor8 

would have been most satisfactory, but unfortunately the blue pent8 supplied were not always 
correct to  tllc dimensions given and in some cases were considerably distorted. 

This gave a certain amount of di5culty with the detail survey and next season a different 
metbod will be tried. 

Experiments wcre also carried out with Bristol board and Southampton board in lieu of 
Whatman's paper to see if distortions of the sections could be overcome. The S ~ u t h n m ~ t o n .  

board was a complcte failure, but the Bristol hoard promised well and it is hoped tha t  the diffi- 
culties will be overcome by its use. . . . . . . 

The following method of transferring from the traces to  the fair map was used during recess 
and found very succsssful. After all the traces had been prepared in the usual may thcy were 

carefully cut along the graticule lines and mounted on the plotted prick-off sheet in their relative 
places, being stuck down in five or six places with a minute drop of perfectly clear gum. The 
sheet was then vandyked and a blue print talten on 210-lb. drawing paper. The traces wcre 

then removed from the prick-off sheet and remounted on tracing paper (leaving room for mar- 
€inal remarks, etc.), and the hill traces were then similarly mounted on the prick-off shcet and 
a blue vandyked print of thcm obtained in the same way. These blue prints were used as the 
fair sheets, being inked up in the orhnary way. This process of transferring the detail not only 
saved a great deal of time (the more complicated the work the more time is saved), but also, au 
it was done mechanically, the transferring was more accurate. 

A possible method . . . . of obtaining blue prints of both outline and coutours 
on one sheet would be to make vandyke plates of the outline and hill traces separately and 
t o  combine the two in the printing . . . . 

The second method of having two ylntes, one for the outline and the other for the contours, 
and getting a combined print is a waste of time as i t  entails bad registration and is a roundabout 
way of getting the outline and contours on one sheet. 

A simpler and quicker method will be to draw both outline and contours on each 5-minute 
trace, only the 250 feet contours being shown when the contouring is close. 

No. 7 (LATE 3) PARTY. 

This year the party for the first time worked in Southern India: The 
work mas in continuation of tha t  done the 

Captain C. P. Gunter, R.E., in charge to 16th PreTrioUS year by the Coorg detachment 
June 1910. 

cCieutenantS. W. S.Hamilton, R.E., incharge which was absOrbcd in the party, the sphere 
from 17th Jono 1910 to 20th July 1910. of operations lying in Coorg, in the adjoin- 

Lieutenant A. H. Gwyn, I.A., attached and 
in oharae lrom ~ ~ 1 , .  l s l ~  to 30th septcm. ing South 1Can:lra and Mslabar districts 

L ber 1010. of Madras and in Rlvsore. 
blasts. I?. \hllcr-Senior to  3rd April 1910, 

W. nr. ticrnan, J. O'B. Donaphey, W. E. S. Field wo:l{ was comnlcnccd on the 20th 
Bwincy, H. T). W. SLolcsb~ry, and J.  C .  St. C. November 1909 and finished on the 4th 
Pollctt. 

Mewnr. Eknnth Dattu and Abdul H3kk. June 1910. The programme was cut  down 
25 Survcyore, I Draltamao and 2 Clorka, a t  the beginning of the field season owing 

to  financial reasons. Only scven sheets, 
48 --- 

lo. lz .  In. l l .  l o  and 57 sf,-, were conlpletely snrveycd, the work of t'he Coorg 
detachment in shcct 48 :', was cornplctcd and very small scattered areas amoun t  

in; to allout 100 scll.arr, miles in sllects 48 -,-Ii,, were s u n  cb! ed hut are not 
ava i l a l~ l c  l or  rr~aj)ping. Trianguli~t 1011 was carried out in sheets 48 ,, ,,, ,, ,,:,, , , ,  ,.,, ,,. 
4R ,. ,, :: ,, ,,, 48 alhd 57 ,:',- 
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The country varied exceedingly in character extending from the low Malabar 
coast land, over the Western Ghats ard the hills of Coorg, into the great plateau 
of Mysore. On the whole it is not easy to work in ; except in thto;cn countv of 
Mysore traversing was the usual method of survey. The cost-rates of the detail 
survey are misleading, they were influenced largely by the abandonment, after 
commencement, of the survey of the four sheets 48 h, a of eurveyors 

having to Ee sent awaj. and a large number (proportionally) of senior officers. 
being left ; the enhanced rates of travelling allowance and contingent expenditure 
have also increased the figures. 

The country under survey in Coorg is of an extremely picturesque 
character consisting of wooded hills, some of which are covered with coffee estates, 
and which are interspersed with long paddy fields. The inhabitants live in sub- 
stantial houses around the edges of these fields and thcre are no large towns. The 
old Coorg fortifications, locally known as kadangas, are an interesting feature, 
some of them dating from the ninth century A.D. ; sometimes several miles long, 
they run along hill tops in the most advantageous positions for defence, occasionally 
ramifying and throwing'out smaller branches. They consist simply of a high parapet 
and a deep ditch. the combined height and depf h of which is sometimes 35 feet. . 

SheetS 48 I,, A, ,,, ,, and 57 8 have been mapped and will be completed 

soon after the end of the recess season. Owing to inaccuracies having been 
discovered in sheets 48 &, which wcre survej-cd by the Coorg detachment, the 
completion of their mapping has been delayed. 

The computations of the triangulation have been completed. Triangulation 
charts 84 I, 84 K, 94 A and 94 B, which are arrears from the work of the party 
in Burma, are nearly completed. 

Extract /?om a repol-t by Lieulenar&t A .  H .  Guyn, Z.A. 
Use o/ Land Record waps in Coo7g.-These maps are made by joining up village maps, ao 

distortion is one of their faults ; ncvcrtl~elcss when reduced to the 1-inch scale on tracing paper 
and transferred to the plane-table in blue pencil they mere useful ior surveyit~g the edges of 
cultivation, which in Coorg are an u ~ ~ f a i l i ~ l g  guide for contouring. 

N o .  8 (LATE 19) PARTY. 
The work carried on by the party was of the same nature as, and in cou- 

tinuation of, that of the previous year and 
Cnptnin C. BI. B~OII-ne, D.S.O., R.E.. in rllnrge covered parts of the Kilgiri, Coimbatore, 

frcm 22nd No\-cmber 1909 to 2nd April 1910. 
Lieutenant S. W. S. Hnmilton, R.E.. in 

Rlalabar, Madura and Tinnevelly districts 
charge from 21st JUIY 1910. of Madras acd of the Travancore and 

Lieutennnt C. G .  Lc\tis. R.E.. attnched nnd COchin States in 
in cllnrcc to Zlst Noreml~er I900 and Imm 3rd 
~ p r i ~  1 9 1 0  to 20th July 1910. The party took the field on the - - 

Messre. J. Pmitli l o  10th April 1010, '8. F. E. 23rd November 1909 returned to 
Adnms. E. J. Diggic, S. F. Normnn from 13th 
June 1010. N. BInbndern blodaliar. Bnlnji recess quarters on the 4th June 1910. 
Dhondibn, hl. S. Gonesa Aiynr nnd A. J. Fmser. 
MI. Anontarno Dl~onrlibn. Sheets 58 mp,:o, I,. ,,, ,, were enti;ely 
20 Surveyors, 2 Traversers nud 2 Clerke. s u r v e ~ e d y  the surrey sheets " 1 G 1 5 . 1 8  

were completed and sheet 58 -:- was par- 
tiallysurveyed. Triangulation was carried out and the old triangulation examined 
in s h ~ e t s  58 -3, ,, , and in a portion of sheet 58 4.. Traverse lines mere run along 
the backmaters near the coast. 

The Nilgiris nnd the hilly portions of Malabar, Coimbntore and Cochin 
present the usual fcaturcs of hill country met with in the \Vestern Ghats, corn- 
pamtively open jungle a t  the base of the hills, giviug way as the ground rises 
to deme moist Evergreen forest with thick undelgrorrth and few communicutio~:.u, 

r 2 
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alld finally reaching the upper plateaux about 6,000 feet in elevation ; these platr 
teaux consist.of large undulating open downs interspersed with clear streams of 
rnnning water where plane-tabling is simple. The plains of Cohbatore consist 
of large open stretches of cultivated land where planctablin,o is extremely easy 
and progress rapid. Moving westwards froin Coii~lhatore through t!le " Paloohat 
Gap " \ve come to the plains of the west coast ; the aspect of the land changes . rapidly, the dry cultivation of Coimbatore gives place to paddy fields surrounded 
by dense groves of cocoanut and palmyra palms, the inhabitants are no longer 
grouped togetlier in villages but are scattered over the whole country, an endless 
succession of mud and thatch. Progress in this country must always bc slow, 
triangulation points are few and far between, i n  situ fixings are very rarely obtained 
and plane-table traversing is the only method remaining. 

The mapping of sheets 58 and s8 I -  mq,3, n lo- -- I,, ,,, Is was taken in 
hand, but owing to the late return of the party to recess quarters and to the intro- 
duction of new methods necessitating the special training of draftsmen, all the 
sheets will not be completed by the end of the recess season and the mappins of the 
unfinished sheets will be continued during next field season. 

The computations of the triangulation a1.d traversing have practically been 
completcd. Triangulatioil charts 49 M, 49 N a; d 58 A have nearly been completcd. 

On the whole, considering the notoriously malarious tracts in which part 
of the work was tarried out during the field season, the health of the party was 
gocd throughout the year. Two khalasis di.d. 

Bztract from a report by Lieutenant S. W. S. Hamilton, R.E.  
. ' . . . . The country adjoining the coast . . . . . is extremely intricate 

and requires not only a first class surveyor, but also a man who is a flrst class draftsman to 
sarvey it properly on the scale of 1 inch to  1 mile. 

In  future it is intended to survey the coastal areas on the scale of 14 inches to 1 mile. 
This scale will be sufficiently large to enable the more indifferent draftsmen to show a sufficiency 
of detail and a t  the same time a largely increased outturn will be obtained . . . . . 

. . . . . The very large amount of detail and the extraordinary intricacies of 
the cultivation limits thatthesheetsof the party, especially those on thecoast, contain, render 
fair mapping very slow, the dotting of the cultivation limits in one sheet alone having taken 
2t  months to complete, while this work has not taken less than a month or six weeks in any 
sheet that borders on the coast, to say nothing of the innumerable habitations scattered over 
the country in every direction. Ornamentation is close and contouring often intricate, while 
the contouring of sheets other than those on the coast, ranging as it does from 400 to 8,000 feet 
ie extremely heavy. 

EASTERN CIRCLE. 

BY COLONEL G. B. HODGSON, I.A. 
L 

u (Vide Index Map, paga 21). 
The ~u~erinteiidence of the parties working in Southern India, Burma 

~ieutenant-Colonel P. J. Gordon, I.A. a ~ l d  Assam, Nos. 3,10,11, 19, 20 and the 
Burma Drawing Office was held by Lieuten- 

ant-Colonel P. J. Gordon, I.A., up to the 31st of March 1910. On the completiop 
of the reorganisation of the department on the 1st April 1910, Colonel G. B. 
Hodgson, I.A., then on leave, was appointcd Superintendent in charge of the 
newly formed Eastern circle which a t  present comprises only 3 parties, Nos. 10, 
11 and 12 (old 20) and a nucleus drawing office. Lieutenant-Colonel Gordon waR 
appointed to officiate for him, and continued to hold charge until the close of the 
yrar. Nos. 3 and 19 parties and the drawing office were a t  the salne tnnc 
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transferred to the Southern circle and NO. 9 party will be transferred from the 
Northern to the Eastern circle a t  the close of the ensuing seaaon. , 

AS no offices were available a t  the time a t  Shillong, which is to be the hc ad- 
quarters of the Enstern circle, it was decided that the Superintendent's office should 
remain a t  Bangalore until the end of the year. The offices of the Director of Land 
Records and Agriculture and Inspector General of Police, Eastern Bengal and 
Acsam, a t  Shillong are, however, expected to be available in March 1910, and the 

of the Superintendent. Eastern circle, will then move to Shillong and will be 
located in these officcs temporarily until the ofice of the Accountant General, which 
the Local Government has offered to place a t  our disposal, becomcs available in the 
following October. 

Burma.-Nos. 10 and 11 parties continued operations in the Katha, Bhamo, 
and Myitkyina districts of Upper Burma acd the Shan States, com,pleting between 
them 7,515 square miles of topography on the 1-inch scale in sheets 92 H and 93 E ,  
1, J, N a, d 0 .  No. 10 party triangulated and traversed 4,415 square miles in 
sheets 92 D acd H and No. 11 party 3,050 square miles in Karenni and the South- 
ern Shan States in sheet 94 E. NO. 10 party will in future be employcd in the north 
of the province a1 d NO. 11 party after completing the survey of Earenni wgl 
probably be transferred to Tavoy and Mergui, of which districts the Local Govern- 
ment have expressed a wish for topograpllical maps. A 

Eastern Bengal and Assam.-No. 12 party continued work in the Sylhet and 
Cachar districts of Assam a1 d the Rhasi and Jaintia Ilills ; an area of 2,550 square 
miles in sheet 78 0 was triangulattd a rd  travcrscd and 1.802 square miles were sur- 
veyed in detail in sheet 83 D of which 421 square miles consisted of raervCd 
forests a t d  mere surveycd on the 2-inch scale. 

. 

CANTONMENT SURVEYS. 
NO. 2 Cantonment Section, which was forinerly organized as an indepen- 

dent detachment, was attachcd to ar d became an integral part of No. 10 party 
froru the 1st of April 1910. The survey of the Secu~derabad cantonment was 
completed and also that of the Macdalay, Bhamo, Maymyo and Meiktila canton- 
me1lt.q in Burma. The survey of the cantonments was carried out on the 16-inch 
and of the bazars on the 64-inch scale. The survey of the Rangoon cantonment 
will be carried out during 1910-11, and the survey of the cantonments of India 
and Burma will then be completed. 

Six probationers of the Burma Land Records Department after a year's 
course of instruction a t  Dehra were attached to No. 10 party and received 
a practical training in cadastral survey in the field. During the course, which laskd 
for twelve months, 6,629 acres in the Bhamo and Yamethin districts were surveyed 
on the 16-inch scale and 221 acres of Yamethin t o p  were surveyed on the 64- 
inch scale. I t  is proposed to attach five officers of the Burma Land Rwords 
Department to this party for a similar training during 1910-11. 

No. 10 PARTY. 
I Upper Burmu and Shan Skates.-The party commenced field work in the 

Captain I,. G.  Crosthwait. 1.A 
middle of November 1909 and returned to 

M ~ ~ ~ ~ .  6. D. Smart. F. S. Bell, C. S. Little- recess quarters a t  Maymy0 a t  the end of - - 
wood. W. O .  Jnrbo, E. Clnudius. ~ m n t ' ~ J ' n h  May 1910. I t  was divided into 3 sectiorls : Khnn, S. 11. Kcnny, Abdul Rnhm, K.S.. W. H. 
Strong. (1) Topographical, (2) Cantonment, (3) Land 

MI. I.nchmon J ~ U ,  R.S. Records training section. The topographi-1 
32 Sur~eyoq  3 Traverser, and 2 Soldier- 

Surveyors under t i ~ u i n g .  section was again divided into 4 campy 
under Messrs. Jarbo h m a t  lWab &hen, 
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.Kenny and Lnchman Jadu. The whole of the season's work lay a t  a high altitude, 

T'art]y in the ahnn States and partly in the Bhamo and Myitkyina districts, and 
owing to the invigorating clirnntc the health of the party throughout the season wae 
excellent, although the cold a t  night was often very p e a t  and the field season 
llnduly prolonged in order that  the programme might be completed. There was no 
difficulty in labour and ready assistance was a t  all times given by the 
local authorities. The country operated in consistcd chiefly of high sparsely 

'\\rooded hills and grassy uplands inhabited by Kachins, Chinese and various tribee 
,of Shans, and varied in altitude from 532 feet on the Sh\ocli river to 8,371 feet in the 
.ICokang district of tlie IIsenwi State to the east of the Sal\veen river, acd included 
130 miles of the Burma-China boundary. The country outside the boundary was 
sl;etched as far as possible during the progress of the survey of the boucdary, and 
the area thus mapped amounts to 592 square miles, which is not included in the 
outturn given in the tabular statement a t  page 18. hlr. Atdul Rahim was 
dcputed to attend a meeting of British and Chinese o5cials to assist in defining the 
alignment of portion of the boundary. 

The triangulation was carried out by Messrs. Claudius, Strong and AEdul 
Pahim and was connected with the new G .  T. Upper Irrawaddy series which 1s 

now in course of observation and consequently only preliminary values of the data 
were available. All the computations of the triangulation and traversing were com- 
pleted and the drawing of 4 charts of sheets 84 M, 92 L, 93 A and 93 E was also 
completed. 

The fair maps were drawn on the 14-inch scale for publication on the 1-inch 
in 18 sheets, of which 15 will be submitted for publication before the party takes the 
field again and the remaining 3 sheets will be completed in the circle drawing ofice. 

CANTONMENT SECTION. 
The party hitherto known as No. 2 Cantonment Section was merged in this 

party hom the 1st April 1910. During the season under report the survey of the 
cantonments of Bhamo, hlandalay, Maymyo acd Meilrtila was completed acd that 
of Rangoon commenced. They mere all surveyed on the 16-inch scale with con- 
tours a t  5 feet vertical intervals. The bazars were surveyed on the 64-inch scale 
a1.d were not contourcd. They were connected with trigonometrically fixed sta- 
tions which mere in all cases adopted as the stations of origin. Vertical angles were 
observed a t  all stations of the traversing acd the contouring was based on the heights 
obtained therefrom. The traverse stations were markcd with rough stones or 
bricks. 
' The average daily outturn per surveyor was 11 stations and 74 chains of traver- 

,sing ; 15.25 acres of 16-inch detail sur 1 ey and 1.91 acres on the 64-inch scale. This 
does not include contouring, cf which the average daily outturn mas 22 58 acres. 

',The only fair maps drawn this season were those of the bazars of Secundcrabad 
and Bolaram which were surveyed the previous season on the scale of 105.6-inches 
to the mile ; 122 sheets were drawn acd 81 submitted for publication. 

The maps of the cantonments of Jubbulpore, Pachmarhi and Cannanore 
which were all surveyed by t h b  section in former seasons were published, and abo 
those of 25 out of the 49 bazars of Secunderabad. 

Mr. Littlewotd was p lac~d  in charge of this section which was formed for the 
purpose of giving a practical training in cadastral survey in the field to probation- 
r:rs of the Burnla Lard Record3 Department who had already gone through 8 pre- 
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liminary courge of instruction a t  Dehra Dun. The course l ~ s t e d  12 months during 

which the pupils carried out some traversing, 16-inch cadastral survey. and 64-inch 
town survey and the computations, mapping and area calculations connected there- 
with. 

No. 11 PARTY. 
Shan States.-The party commenced field work in the middle of November 

Captain R. A. Phillimore. R.E., in charge up 1909 and returncd to recess quarters in . 
to lGth May 1910. 

Captnin E. C. Bnker, R.E., in charge Irom 
Maymyo in the middle of May 1910. I t  

17th l l ~ a y  1910. was divided into 3 camps under Lieutenant. 
Messre. Jndnmba Prmnd, C. S. Littlemood, Baker and Messrs. Fielding ard Dewar. 

S. S. 31. I:iclding, \'. \V. blorton, T. P. Dr\rnr~ 
A. A. Grnllam, J; G .  D. Vandcr.Beek and U. St. Owing to the long distance to be traversed 
.I. Kenny. by road before the party reached its field 

Mr. Hnynt Muhammad. 
19 Survcyora and 2 Soldier-Smeyom and 2 

was in progress 
pupils under trniniug. for only 49 months. - - 

The programme of detail survey was completed. It was carried out on 
the 1-inch scale with contours a t  100 feet vertical intervals except in a few places 
where the ground ndmittcd of an interval of 60 fect. I n  the fair maps, however, 
contours are drawn with an interval of 50 feet, the intervening contours being inter7 
~ o l a t c d  a t  that stage. - 

The country surveycd in detail compristd part of the ShnnStntes up 
to the frontier of China a1 d the lirnits of the \Ya States incli-dcd in sheets 

93 2, (, I,J,lIl, 93 0, 1 0 . 1 1 , l i  1,. t 93 93 -:r . Tllc survey of the JVa States 
is not contemplated a t  present a r d  t,he limits up to which the survey was to be 
carried out were defincd by the Local Government. The count,ry consisted far the 
most part of bold rolling hills generally well wocdcd but not dense. Military 
~ o l i c e  escorts \ ~ r e  providcd for the officer in charge of the party and those in 
charge of camps, but the inhabitants were friendly ar d hospita,ble acd little diffi- 
culty was experienced in obtaining supplies except in Iiarenni and in t,he RIangluru 
States where there was scarcity. The health of the party mas gocd. 

One surveyor was employcd on special work in sl~eet  94 M in connection with 
the boundary between the Shan States a r d  Siam. His outturn has not been 
included in this report as i t  was not super\-istd in any way, a ~ d  falls into the area 
to be surveycd next season when i t  will Le exrn~ir:cd ;:i cl ic1:crttd on. 

The area surveycd mas mappcd on the 1;-inch scnlc iu 17 sheets of vrhic11 12 
will be subniittcd for publication kcfore the party leal-cs reccss quarters 2nd the 
remainder will be complete ! in th:: circle dran-in; oflice. 

The triangulation cornputatio~ls I\-erc con-plettcl ::I d 8 charts, 93 L, X, 0, P, 
94 M acd 102 C, D, G, with tlicir corrcs~:ording general report volurlles, nert: 
compIetcd. Material is available ior two more charts, 03 J ar,d 94 I, acd thesc. mill 
be taken up next season. 

No. 12 (LATE 20) PARTY. 
- Eastern Bengal and Assam.-Field work commenced early in November 1909 

Mnjor A. Mrnn, I.A., in charge. and closed about the middle of RIay 1910 
Lieulennnt G. B. T. Onkes, K.E.  giving a field season of just over sis months. 
hlessru. C. C. Byrne, Prnmadnrnujnn Ray, J. 

H. \YilIi~ul~.  B , I I ~ D ~  Ali, L.  ill,^^^^, nud J. The recess quarters of the party were changed 
o'C. k'itzpntrick. from Ballgalore to Shillong, where t,he party 

31  surveyor^, 3 'hnversers nnd 2 Soldier-Eur- 
vryors I ~ O ~ I C I .  tri1iLLing, 2 D~~~~~~~~~~ 2 Corn. arribed a t  the e rd  of hIay 1910. 
pulers. 

The sn~all outturn of 1 a1.d 2-inch origilial survey Kas partly due to the intri- 
cate nature of the ground and thick forest growth. Large nrens of unsurresed 
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waste land affected the outturn of supplementary survey and an abnormal 
amount of sickness amongst the native establishment retarded the progress of eveq 
class of survey. The cost-rates are consequently very high this season, excepting 
that of the triangulation which is considerably less than that  of last semon when the 
rate was high owing to the small area triangulated. 

The triangulation this season lay in the Khasi and Jaintia hills and was 
.based on the G. T. eastern frontier meridional series as revised in 1897-98 after the 
great earthquake of the former year, and on the Khasi hills secondary series of 
No. 15 party, observed during the season under report and previous season. The 
work was carried out under great di5culties. Coolies for transport purposes were 
obtained with much difficulty. During the latter part of November and 
early December a good deal of rain fell and from the middle of January 
to nearly the end of March dense haze was experienced. Lieutenant Oaken re- 
ports that  a t  times i t  was not possible to  distinguish signals a t  a distance of even 
3 miles and consequently he was obliged to place his stations closer together than 
would have been necessary otherwise. From March till the latter part of May 
i t  rained incessantly, with terrific wind storms. The observers' thecdoliks were 
&early blown over on more than one occasion and all their tents were damaged 
beyond repair. Under these conditions i t  is not surprising that  the programme of 
triangulation was not completed. A small portion of the area had been triangu- 
lated in 1903-04 when a 4-inch survey of reserv~d forest was carried out and the 
Khasi hills secondary series mentioned above runs right across the sheet. Trianp- 
lation was also carried out in this sheet in 1863-65 and some of the stations were 
found, and connected with the present work, and i t  is anticipated that  it will be 
possible to utilize this oid work to a certain extent. 

The traversing was mainly confined to the flat country to the south of the 
Khasi and Jaintia hills and amounted to 270 linear miles. The theodolite stations 
were marked with wooden pegs, but  in the open couutry a t  intervals of about a 
mile, 3 consecutive stations mere marked with zinc cylmders over which mounds 
of earth were thrown. 

With the exception of one sheet, the programme of detail survey was 
completed. Sheets 83 ,, ,, ,,, :;, ,, ,, were surveyed on the 1-inch scale and 83 ,,,i,f,m 
on the 2-inch. These latter were partly surveyed last season and consisted mainly 
of resewed forests. Black reductions on bank-post paper of the areas for supple- 
mentary and revision survey were prepared on the 1-inch scale and the detail 
\\?as transIerred square Lq' square to mounteJ an1  projected plane-tables. This 
dlethod was considered more satisfactory than working direct on blue prints which 
are generally found to be slightly dltorted. The area revised during this season 
was originally surveyed on the 2-inch scale in 1881-83 and little fault could be 
foufld with thc accuracy of tAk old survey except for the contouring which had to 
be done de novo, and again this seas n the cadastral maps which came under 
~ u p p l e  oentary survey were found to be excellent but were much interspersed with 
utlsur\~eycd waste land. 

The area under detail survey was ot an extremely varied nature, embracing 
the open cultivated plains and tea garden lands of d~stricts Sylhet and Cachnr 
and the hilly forest-clad portions of these districts adjobling the Lushai Hills aEd 
Hill Tippcra State. The plains of Sylhct and Cachar are for the most part open, 
cultivated aud dcnscly populated and it was found by no means easy to map the 
congcsttld village sitcv on the 1-inch scale. In  Hill Tippera and ,the Lushai Hills 
rr~,S the udjoiuing arcas of districts Sylllet and Cachar tllc country was hilly 
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covered with the densest cane, bamboo and evergreen jungle 8r.d wea very difficult 
to survey. 

The entire area surveyed is being mapped on tho 14-hch scale for publicatZion 
on the 1-inch. Owing to the ill-health of the establishment during the recess 
also, the progress of the mappiug was not SO good as could have been desired. 
Five sheets will be submitted for publication before the close of the recess season, 
and 6 sheets will be completed in the circle drawing ofice. 
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BY MAJOR H. H. TURNER, R.E. 

No. 15 (late 24) Party. 

(Vide Index maps, pnge 32.) 

The work of the party during the past year included principal, secocdary 
8 and tertiary triangulations. 

PEBSONXEL. 

ceptnin C. M. Browne, D.S.O., R.E. ,  in PRINCIPAL TRTANGULAT~ON. 
from 1st October to 8th November 1909. 
9, H . T ~ , ~ ~ ~ , ~ . ~ z . ,  in charge from 9th Work mas carried out during the year on 

November 1909 to 30th Scptcmber 1910. three separate series. 
lmperiul Ofirers. 1 .  The North Baluchistan Series emanat- 

hfr. J. derirznff Hunter. M.A. 
I.ieutennnt R. B. Cardew, R.E. ing from the sides Zaaa-Zibra of the Kalat 
I.ieutenant F. J. &I. King, (joined the Longitudinal Series was extendcd by Mr, 

part,y on 1st hlnrch 13303. 
Lieutenant H. G .  Be\!, ILK. (joined tlie party Tresham through the whole length of 

on 23rd RIarch 1910). 
Lieutenant K. Mason, R,E,  (joined the .Northern Baluchistan and closed on the side 

part,y on 15th blnrch 1910). Tounsa-Langawala of the Great Irdus Series. 
I Provinoiul Ofirrrs. 2. The Icashmir Series emanating from 

Mr. t ~ .  n. simons (joined the party on 15th the side Nerh-I<hagriana of the North-West 
rrch 1910). 
h ~ t .  C. H. Treshnm. Himalaya Series was continucd by Mr. J. 
hIr. Abdul Hai. 
Mr. V. D. B. Collins. deGraaff Hunter to latitude 34" 50'. 
Mr. F. W. Smith. 3. The Upper Irrawaddy Series is a new 
Mr. G. A. Norman. 
Mr. n .  T. hryutt. series startcd by Lieutenant Cardew from 
Mr. ,4bdiiI Karirn. 
Alr. K .  S. Gopalncl1nl.i. the side Tangte-Lakar Bum of the Great 
Mr. IIohan Lnll Arora (Iclt tho Llcpartln~ut Salween Series. 

OD 15tl1 September 1910). 
T h e  N o r t l ~  Baluc1~'stan Series. 

New Procincinl S ~ L . ~ C P .  

bIr. V. P. Kainrigbt. Mr. Tresham left Rf~ssoor~e on the 19th 
BIr. C;. S. hIcInnea. August 1909 for Chaman where he assembled 

his fie!d party. Having arranged for the posting of his lamp-squnds he 
himself marched for Narishela arriving there on the 4th September 1309. 

In 1908 Lieutenant Oakes carried the series from its base in a northerly direc- 
tion up t~ latitude 30" 30' and observed the forwald angles of the pcntngon which 
is the north-west corner figure of the series; Mr. Tresham completcd this figure 
and by the ecd of December 1909 had extendcd the series in an easterly direction 
by means of a tetragon and quadrilateral to meridian 68" 30'. As t,here mas some 
di5culty about escorts and the weather mas unpropitious for the continuation of 
the work in the higher hills, Mr. Tresham changed his base of operations to the 
extreme east of the series, and commenced to work westward froin the side Tounsa- 
Langawala of the Great Indus Series, on which it had been decidcd to close the 
aedes. By the end of April he had observed the four quadrilaterals required to 
close on his western work and thereby completcd the series. 

In addition to his triangulation work, he observcd 3 astronomical azimuthq 
a t  Gandak, Saleghar and Tounsa. 

The instrument used throughout the observations was No. I1 12" micrometer 
bheodolite. 

The detachment arrived a t  Khanai on the 9th May 1910 where the field estab- 
lishment was broken up and Mr. Tresham returntd to Mussoor e for recess, 
arriving there on the 19th May. 

The completion of this series closes the circuit which, startipg from the base 
' Gaydpahal-Kharlto of the Great 1 r . d ~ ~  Series, includcs 130 miles of the Kalat 
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Longitudinal Series, the whole length 340 miles of the North Baluchistan Series 
and 340 miles of the Great Irldus Series. 

The closing errors on the side Tounsa-Langawala are as follows :- 

The large error in height is probably due to the long rays employed on t,he 
Kalat ar,d North Baluchistan Series. 

The probable error by the formula E = $  
-. gives E=0''.15 for the North J; f 

Baluchistan Series, an accuracy exceeding that  of the Kalat Longi6udinal 
Series. 

The country through which the series passes was in a somewhat unsettled 
condition, necessitating large military escorts on many of the hills. In order to 
obviate the necessity of asking the military authorities to provide these escorte 
for a second season, i t  was determined to attempt the completion of the series 
this year. 

I n  order that  this might be accomplished Mr. Tresham had to remain in the 
field for a period of nine months. Eight months of this was spent in continuous 
observation morlr ; this in principal work entails a very severe strain on an observer. 
I n  spite of this Mr. Tresham's work throughout the season is of the highest 
quality, as is attested by the results given in the table below. 

The following statement gives a summary of the season's work :- 

Bide Tounsa-Langawala 

Latitude of Tounsa . . 
Latitude of Langawala . . 
Longitude of Tonnsa . . 
Longicude of Langawala . . 
Azimuth at Tounsa of 

Langawala. 

Height of Tounsa . . . 

Height of Langawala . 

Number of principal stations observed . . . 
3 ,  )) newly fixed . . . 

$ 9  9 0 ,, built . . ., - 
Length of triangulation completed in miles . . 
Area of triangulation in miles . . . . , 

Average triangular error of 24 triangles . . . 
Values of astronomical geodetic azimuths at Gandak 

, I ,B ,, Saleghar 
9 )  3 ,  ,, Tounsa . 

Vnlue from Great 
Indue Serie~. 

-- 
62,321.8 ft. 

30" 41' 51" .59 

30" 51' 2 6  .93, 

70" 41' 27" .31 

70' 45' 45" .07 

201' 07' 42" .87 

593 ft. 

Value from North 
Daluclrintun Series. 

62,323.0 ft. 

30" 41' 51" .63 

30" 61' 26" .98 

70" 41' 27" .55 

70" 45' 45" .32 

201" 07' 45" .89 

580.5 ft. 

484 ft. 

The health of the detaclunent throughout the season's work was good. 

. I 500 ft. 

Error. 

1.2 ft. ' 

On.O4 

0".05 

OV.24 

0".25 

3",02 

12.5 it. 

16 ft. * 

I{ashmir Principal Series. 

Tn last yem's annual report mention was made of the commencement of this 
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series, but no detail of the year's work was given. It is proposed to inclllde ill this 
report a description of the work hom April 1909 to Sept~mher  1910. 

Senson 19OS.-The detachment assembled a t  Ramdpindi under Lieutenant 
Carden, a t  the end of April 1909, Mr. Hunter joining a few days later. 

Tile base originally chosen was the side Nerh-Khagriana of the North-\vest 
Himalaya Series. The decision to commence the serics having been arrived at 

sudde~lly no advance reconnaissance had been made. After obscrvntions 
'had been con~~nenced i t  n r a s  found impossible to build up any other figure than a 

triangle on the base selected. This being an unsatisfactory method of 

a 11e11~ series, i t  was decided to form a pentagon by including t\vo nlore 
stations of the North-West Himalaya Scries, Nerh becoming thc central station of 
the pentagon. As the builders and lampmen had already gone on in advance this 
connection had to be left over till season 1910. 

After assisting in the observations a t  the first station, Lieutenant Caldew 
hnndcd over charge of the detachment to Mr. H u n k .  

Observations were taken by Mr. Hunter in May a r d  June a t  Kerh-IZliagriann 
acd i\lianjani, but on reaching his fourth station Icafir-Khan on July 5th the 
~llonsooli had already set in acd the  detaclinlent marchcd to recess quarters at 
Gnndtbnl. 

The advance parties under Messrs. Wainright and McInnes after rebuilding 
the stations on Kaj Nag, Ismail di  Dori, Marinag and Manganwar were liltewise 
obligcd by inclement weather to retire to recess quarters. 

Mr. Wyatt, to whom had been allotted the work of repairing the stations of 
Rlontgomerie's Old Series, was able to carry on his work continuously throughout 
the rainy season. He rebuilt in all eight stations, returning to India early in 
September. 

A start to resume work was made from Gandabal on the 27th August ; owing 
however to continuous heavy rain the station of Gharital was not reached till the 
16th September. I t  was then found that  i t  was not suitable and a new station 
had to be selected and built on Kakwa ka Pahar. Observations were taken at 
this station and a t  Kafir Khan. Ismail di Dori was reached on the 24th October, 
but the weather conditions had then become so bad that  work had to be closed. 

I n  the meantime advance stations had been built a t  Chotiwala and Gunga 
(this latter has since bcen rejected) and Mr. McInnes crossed over the Barai Pass, 
but before he could select a station on the far side bad weather set in and he mas 
forced to return. 

The detachment returned to Dehra Dun on the 18th November 1909. 
The instrument used by Mr. Hunter was No. IV 1 2  micrometer theodolite. 
The health of the detachment throughout the season was good. 
Seuson 1910.-The detachment assembled a t  Rawalpindi in the middlc of 

March 1910. 
The work of completing the observation for the initial pentagon of the series 

nTas first undertaken. For this purpose the stations of Nerh, Kandi and Ganga- 
choti had to be visited. 

At the forward hills beyond Gangachoti great difficulty was experienced by 
the lamp-squads in reaching the stations. The altitudes were from 12,000 to 16,000 
Icet and the snow a t  this early period of the year was a serious obstacle.' 

Observations mere finally concluded a t  Gangachoti on the 20th May. 
The station of Kakwa Its Pahar and Chotiwala were then visited but only 

hclc angles could be observed from the latter before the end of June, when severe 
tllur~der storms announced the approach of the lnonsoon and preparations were 
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made to retire into recess quarters nt Nagmarg. This place was selectcd ns being 
free from cholera, an epidemic of which had just broken out in Kashmir. 

The following new stations had been built up to the end of August : Zjnghi 
Chish, 14,006 feet ; ~ a s h o  Chish, 16,218 feet ; Liowi, 17,430 feet; Chamuri, 15,340 
feet;  Choki, 13,400 feet. The last is situated just north of Gilgit and will prob- 
ably be the most northerly station of the series, and for the present of the Indian 
Survey. 

If Mr. Hunter's programme for September can be carried out by the end of 
this season three figures of the series will have been completed giving a total length 
of triangulation of 90 miles and covering an area of 1,600 square miles. 

An astronomical azimuth was observed a t  Gangachoti. 
Throughout the season's work Mr. Hunter has used the new No. V 12" micro- 

meter theodolite. 
The horizontal limb of this instrument is read by three micrometer microscopes 

as against two of the other instruments of this type possessed by the Survey of India. 
Tile results obtained by the instrument are good, but the great advantage obtained 
is that less observation worlc is entailed, sirice a change of face is also a change of 
zero. The actual accuracy of the new instrument as compared with the old one: 
cannot well be given as the conditions of the work in Kashmir differ largely from 
those ordinarily obtaining. The observations are taken to and from hills covered 
with snow and the strain on the observer a t  heights of 14,000 and 16,000 feet is 
far greater than on hills less than 10,000 feet. 

Owing to the difficulty of transporting the 1 2  tlleodolite to the tops of some 
of the higher hlls  the 8 micrometer theodolite may have to be used on .some 
of the highest stations selected. 

In  addition to his triangulation work Mr. Hunter carried out a series of com- 
parisons to see the relative height measuring values of the following instruments :- 

Mercury barometers. 
Aneroid barometers. 
Hypsometers. 

The results proved that the aneroid barometers differed greatly from one 
another and from the mercury barometers. The mercury barometers so long as 
both were intact gave sensibly the same readings, but  the deduced heights were 
too small. The hypsometers invariably gave a height considerably in excess of that  
obtained by triangulation. At 16,000 feet the escess was as much as 600 feet. 

i -Fur ther  details of the comparisons are given in the following table. 
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The following statement gives a summary of triangulation for seasone 1909.10 
and 1910-11 :- 

Number of principal stations observed a t  . . . . . 9 
8 ,  .,, newly fixed . . . . . 7 

,, b u i l t .  . . . . 11 
Length of triangulation completed in miles . . . . 90 
Area of triangulation in square miles . . . . . 1,600 
Average triangular error of seven triangles . . . . 0".591 
Values of astronomical geodetic azimuth . . . . . -13".72 

Mr. Abdul Hai has been employed during season 1910 in repairing stations 
of Montgomerie's Series. By August he had visited and repaired 7 stations between 
Haramukh and Skardu. From Skardu he has gone up the Indus valley to 
visit stations from which it is hoped a base will be obtainable to take observations 
next season to Teram Kangri, the high peak situated a t  the head of the Siachen 
glacier discovered by Dr. Longstaff during his explorations in 1909. Dr. Longstaff 

believes this peak to be one of the highest of the Himalaya and it is very desirahle 
to obtain an accurate record of its height. 

Upper Irraufaddy Series. 

This series is a new series based on the side Tangte-Laltar Bum of the Great 
Salween Series. 

As the topographical work was about to commence in the district round 
Bhamo, it was thought preferable to commence this series, so that the stations 
might be utilised, rather than continue the Great Salween Series. The series runs 
northward from its base following the Burma frontier as iar as latitude'26"; it 
will then bend westward and follow the northern frontier to meridian 96" when a 
connection will be made with the Mandalay Meridional Series by an extension of 
this latter to latitude 26". It is hoped that it will be possible to extend the new 
series later to meet the Assam Valley Series and form a second connection with 
the India triangulation, the other connection having been made in season 1898-99 
by means of the Manipur Longitudinal Series. 

The detachment under Lieutenant Cardew reached Bhamo on the 9th Novem- 
ber 1909 and field work commenced on the 20th of that month. 

Lieutenant Cardem completed two quadrilaterals but was prevented by haze 
from observing the last ray ,of the third quadrilateral, though forward rays of the 
fourth figure were obtained from one station. 

An astronomical azimuth was observed a t  Kumtung Bum. 
Mr. Norman and Mr. Abdul Karim were employed throughout the season in 

selecting and building advance stations. 
The field season was closed a t  Myitkina on the 13th March 1910, and the 

detachment left for India on the 28th March. 
The following statement gives a summary of the season's work :- 

Number of principal stations observed a t  . . . . . 9 
newly fixed . . . . . 4 

,, ,, provisionally . . 3 
, ,, secondary ,, I )  ,, 

I , . . .  3 
Length of triangulation completed in miles . . . . 112 
Area of triangulation in square rr,ilc.i . . . . . 2,900 
Average triangular error of eight triangles . . . . 0*%1 
Valueofastronomicalgeodetica~iu~~~th . . . . . -.-6',68 

The health of the detachment was good throughout the scason. 
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Up to the present time no regular programme for secondary triangulation has 

ever been In former years, when necessity arose, a series was run either 
by a member of the topographical or of the trigonometrical branch according 
the one or the other had an observer available. If undertaken by the former, 

permanent stations were not built and much good work has thus been lost. 1t is 
i)roposed in future to carry out a regular scheme of secondary triangulation which 
will break up the gaps between the principal triangulation, giving permanent 

which, besides being available for present work, will be preserved in the 
same manner as principal stations for the use of posterity. 

The form of pillar selected for these stations is square to distinguish it from 
the round pillar used for principal work. The length of the sides of the triangles 
is limited to 10 miles ; this, however, will probably with advantage be altered to 15 
or even t e  20 miles. 

The work has so far been executed with 8" micrometer theodolites, but 6" 
would probably give sufficient accuracy. 

The signals observed vary with the nature of the country ; where thick haze 
Rredominates, it is necessary to resort to luminous signals, but with clear weather 
work of a high order can be done to non-luminous signals. 

The advantage of the latter is that they need no signaller to be kept on bhe 
station, and expenditure is considerably reduced. To obtain the full benefit of 
this, however, it is necessary to arrange to fix up the signal so that there is no pos- 
sibility of its losing its centering or perpendicularity. The best method of securing 
this wpuld seem to be to have a central hollow core to the pillar; the signal post 
could be b e d  firmly in this and be stayed up by ropes or a wooden framework 
in addition. As the hollow core would not exceed 4 inches in diameter and mould 
be flush with the top of the pillar, the station could be used either for luminous or 
non-luminous signals. The only objection would be that there would be no actual 
top mark ; if, however, sufficient care is bestpwed on building in the core, its axis 
should be a straight line joining the actual mark with an imaginary point vertically 
above it. This imaginary point could always be found by taking the centre point 
of the circle or square forming the top of the core. 

Two secondary series, the Mawkmai and the Khasi Hills, were commenced 
during the season under review ; these were selected as topographical operations 
were atou t  to  commcilce in these districts. 

The Mawkmai Series. 

The Rlawkmai Series is based on the side Letpathaung-Suletaung of the Man- 
dalay Principal hleridional Syies. It runs eastward along parallel 19O.30' until 
it rclchcv the Siamese boundary, which it then follows until it meets the side Loi 
Pakhan-Loi Turn of the Monghsat Secondary Series about the meridian 99" 30'. 1. 

Mr. Collins who had built the stations of the series up to the meridian of 98" in 
1908-09 was in charge of the detachment; he was assisted by Mr. Mohan La1 
h o r n  and Mr. Copalachari. 

Thc detachment arrived a t  Pyinmana early in November 1909; but owing to 
the wet wcathcr commencement of the work was delayed until the 11th of that 
month. 

Mr. hlohan Lal Arora took up tho work d selection and building stationa 
from the point where it ccascd thc preceding senson. He completed this work 
uud obscrvcd at  tbree ntations a t  the eaetem end of thc series. 



TRIANOULATION. 

Mr. Gopalachari joined the detachment on the 9th December and observed 
a t  14 stations of the west end of the series. 

Mr. Collins after instructing Mr. Gopalachari in his work proceeded to the 
nliddle of the series and.worlted eastward, finally joining up with the Monghsat 
Series on the side Loi Putpakka-Loi Kan Mong, to enable his work to be based on 
this series, so that  the data thus obtained could be utilised for topographical work. 

Next season the gap between Mr. Gopalachari's and Mr. Collins' work will b t  
filled in and the series extended to the side Loi Pakhan-Loi Tum of the Monghsat 
Series. 

8" micrometer t(heodo1ites were used by all the observers. 
Luminous sigllals were used for the base stations; a t  all other s t d o n s  non- 

lulninous signals were employed. 
The outturn during the season is as follows :- 

. . . . . . .  Number of new stations built 16 
,, stations observed at . . . . .  31 

. . . . . . .  ,, fixed 3G 
. . . .  Length of triangulation completed in miles 140 

Area of triangulation completed in miles . 1,810 
1".L9 . . . . .  Average triangular error of 25 triangles 

The series I\ h. n completed will bz 200 mil:s in length. 
Thc hcalth of th: detachment was good throughout the season. 

Tl~c  I<hns~-Juintia Hill Series.  

This series was initiated in order to give data for the topographical operations 
now being carried on in this district. 

Unfortunately the series was based on a side of the Eastern Frontier Principal 
Series, the stations of which are ltnown to have been seriously disturbed by the 
earthquake of 1897. The series ~vill be run through the Garo Hills during the 
coming field season to meet the Brahmaputra Meridional Series on a side 01 which 
i t  will be finally based. Until this is done the data computed are only provisional. 

Mr. Smith, who was in charge, assembled his detachment a t  Shillong on the 
8th November 1909 ; preliminary arrangements necessitated a halt there till the 
27th November. 

Mr. Smilh then proceeded westward erecting signals on the stations built the 
preceding season. He commenced obserratio~ls a t  his most westerly stations 
on the 27th December. On the 23rd April 1910 he closed work on the side Landau 
Modo-Mnutherrichan of the Eastern Frontier Series. A very dense haze was 
experienced throughout the progress of the work, and Mr. Smith found that  observ- 
ing to non-luminous signals was impossible; these had therefore to be repl~ced 
by luminous signals. 

Mr. Wyatt was employed in selecting and building stations for the extcnr;on 
of the series eastwards between the parallels of 25" 30' and 26" starting from the 
base Laidcra-Dinghei of the Eastern Frontier Series. 

Mr. Smith used an 8" micrometer theodolite for his obserl.ntions. 
The follolvil~g is the outturn of the season's work :- 

Stot~ons observed at . . . . . . . .  12 
,, newly fixed . . . . . . . .  10 

. . . . . . . .  ,, b u l ~ t  a4 
Length of trlnngulotion completed In mles  . . . .  41 
Area of trlnrlg~~lnt~on in squarc m~les  . . . . .  400 
Average tr~angulnr error of 10 coulpleted tr~englrv . . .  3v.1- 
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TERTIARY TRIANGULATION. 
The topographical survey of Icashmir carried out in the years 1855 to 1863 

was on the 4-inch scale ; for the pmposes of that survey a good main secondary 
series of triangulation was run having minor series branching from it. ~h~ 
stations appertaining to these series are for the most part still in existence and 
can be utilised io; the present survey. 

The present survey except in the high mountainous districts is to be on the 
'1-inch scale, and the points of the old tertiary triangulation, even if in existence, 
are not numerous enough for the larger scale. 

The tertiary triangulation had therefore to be taken in hand de ~zoco, and for 
this purpose Lieutenant King, R.E., with Mr. Simons and Lieutenant Mason, R.E., 
as assistants, was detailed to start triangulating in sheets 43 ,,, ,,,l;,~l, , 43 J and 

43 &T, 

Lieutenant Ring assembled his detachment a t  Rawalpindi on the 15th March 
1910. 

Mr. Sinlons took up the work in 43 F. 
Lieutenant Ring started reconnoitring in 43 ,& and 43 &- keeping 

Jieutenant Mason with him for instructional purposes. 
At the end of August the triangulation in the following sheets had been com- 

pleted :- 

43 & 
43 and portions of 43 & 
43 6 have also been reconnoitred. 

Lieutenant King and Mr. Simons closed their field season in the middle of 
September owing to the prevalence of cholera. 

During the recess season all the detachments have been employed on the 
computations of their field work ; these have all been completed. 

In addition Lieutenant Cardew has been employed in checking and continuing 
the computations of Captain Wood's Tibet triangulation in order to add to the 
number of fixed peaks in that country. No additions could be made in the eastern 
portion of the work, but several new peaks have been located in the west. 



LEVELLING. 

BY Mr. C. F. ERSKINE. 

No. 17 Party (Triangtdation and Levelling). 

Up to the end of February 1910 the levelling operations formed part of 

Imprrial O ~ ~ C P T S .  the work of No. 25 Party (Tidal and Levcl- 
hlr. C. F. Erskine, in charge up to Fehrunrp ling), and the strength ol the levellingJ 

~ ~ 

28tl1. 1910. 
.?fnjor J. .\I. Burr, R.E., in cl~nrge from Mar( h 

detachlnents was included in the personnel 
181, ~ n l o .  of that  party. From March 1st 1910 the 

Prorincinl Ofirers. Tidal and Levelling Sections were separated, 
Messrs. R. H. Corrido~, .4. hl. Tnlati, 0. N. 

Pushonc. D. H. Luxa. T. F. Kitclren. 8. st. J. and a new party, designated No. 17 Party 
Kenny "hnd 0. D. Jackson. (Triangulation and Levelling). was created, 

Upper Strbwdinnle Oficers. 
Memrs. Karunn Kurnnr Dns and Biclhu 

of which the levelling Sections of the latc 
Bl~ushan Sl~o~ne.  NO. 25 Party formed the nucleus. 

Srbr,rdti~ale E a l n b l ~  ; l i~nrnl .  The personnel of the party during 
9 Recorders. the year under report was as shown in the 

margin. 
Strength of levelling detac1rments.-During the year under report three levelling 

detachments were engaged on spirit-levelling operations. The strength of these 
detachments in the field was as detailed below. 

No. 1 Detachment.-Mr. E. H. Corridon 1st leveller, Mr. H. St. J. Kenny 2nd 
leveller, Mr. Bidhu Bhushan Sholne under training. 

No. 2 Detachment.-Mr. 0. N. Pushong 1st leveller, Mr. T. F. Kitchen 2nd 
leveller ; Mr. D. H.  Luxa joined this detachment in February 1910 on com$fletion 
of the erection of rock-cut bench-marks on the Himalayan lines. 

No. 3 Detac1~ment.-Mr. A. M. Talnti 1st leveller, Mr. 0. D. Jackson 2nd 
leveller, Mr. Karuna Kumar Das under train~ng. Mr. D. H. Luxa also worked 
with this detachment up to November 24th. 1909, and after that  date he was 
deputed to lay down rock-cut bench-n1arl;s on the Himalayan lines in advance of 

* 

levelling operations. 
Programme for past field season.-The following programme of work was 

allotted to the detachments :- 

No. I Detacllment- 

( 1 )  New levelling from Wuntho to Myitlcyina. 
(it) Revision levelling born Rangoon to Pyinmana. 
(ti?) The connection of the standard bench-marks a t  Rangoon, Pegu, 

Toungoo, Mandalay, Shwebo, Meiktila, Magwe, Wuntllo and Myit- 
kyina, with the adjacent lines of levels. 

No. 2 Detachment- 1 I 

(2) Levelling from Hardwar along the railway line to Kotdwara, And 
thence along the road to Lansdowne. 

( i l )  Levelling from Bareilly along the railway line to Kathgodnm, aud 
thence along the road to Naini Tal (Brewery). 

( ~ i l )  Levelling from Ambala along the railway line to Kalka, and thence by 
' 

the cart road to Solon. 
(('v) Levelling from Siliguri to Tindharia by road. 
(u) The connection of the standard bench-marks a t  Lucknom, Patna (Ban- 

kipur), Muzaffarpur, Motihari, Bhagalpur, Purncnh, Dinnjpur, 
Gabhati, Dkubri, Burdwan, Halasore, Cuttacli, Berhnmpur (Madras), , 

P 1 
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Vizagapatam, Coconn.da, Bezwada, Nellore and Rewah, with the 
adjacent lines of levels. 

Subsequently the connection af  the new standard bench-mark a t  Calcutta 
was added to the above programme, and the levelling from Ambala to Solon, and 
the connection of the standard bench-marks a t  Gauhati and Dhubri were postponed 
until next field season. - No. 3 Delacl~ment- 

(2) The connection of the standari ~ench-marks a t  Sadikganj, Bahawalpur, 
Khanpur, Sukkur, Karachi, Jacobabad, Hyderabad (Sind), Rajkot, 
Godhra, Baroda, Surat, Dhulia,-Mhow and Bhopal (2), with the 
adjacent lines of levels. 

(ii) Levelling from Shikarpur to JacBbabad, including the connection of the 
standard bench-mark a t  the latter t o m .  

( i i z )  Levelling from Pali h. s. to Godhra, including the connection of the 
standard bench-mark a t  the latter town. 

(iv) Levelling from Laluwali G. T. Survey Station to Khanpur, and thence 
to Rohri along the railway line. . (9) Levelling from Lahore along the railway line to Pathankot, and thence 
along the cart road vici Dharmsala to Dharmkot. 
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No. 3 LEVELLING DETACHMENT. - - 
Tabular statentent o/ outturn ot work-Season 1909-10. - r 

r 
I L 

* 

Section. 

Connection of Bahawalpur November 1909 
standard bench-mark 

Montb. 

Comection of Sadikgunj ( 
standard bencb.mark. 1 

November 1909 
LaluwsLi G. T. S. to Rohri . 

January 1910 = 

October 190D 
November ,, 

Conn~ction of Sukkur stand- January 1910 
ard bench-mark 

Connection of Jseobabsd January 1910 
standard bench-mark. I 

Connection of Karachi stand- January 1910 
ard bench-mark. 

Connection of Hydersbad January 1910 
etandard bench-mark. 

1 NUMBER OF MILES OF DOUBLE TOTAL NUBIDER OB I j 
NUMBER OF BENCH-MARKS C O N N E ~ E D .  

LEVELLIPU'G. 

donntction of Rajkot stand- 
I 1 ' 1 -I_-- --'- 

Febnurrg lei~ 
ard 5snoh.mrk .I/ '2 I6 €&I 2 16 ~ ~ ~ ~ Y ' ~ I  1 1 - 1  l 1  1 ' 1  4 i  I l l  0 - 4 



No. 3 LEVELLING DETACHMENT-conligaued. 
(P w 

Tabular statemen! of outtu~n of wozk.--~eason 1909-10.-continued. 

/ NUMBER OF NILES OF DOUBLE 
LEVELLING. 

Month 

YYI *I.. B . N c  E 1 TOTAL. I R i m  1 Fall. 

Ms. c h ~ .  l k r  M0. chs. l I0  I Ms. aha. 1k9. 1 -- - 

Connection of Godhra atand- 
ard bench-mark. 

Connection of Baroda stand- 
ard bonch-mark. 

Connection of S w a t  standard 
bench.mark. 

Connection of Dhulia stand- 
ard bench-mark. 

Connection of m o w  standard 
bench-mark. 

Connection of Bhopal stand- 
ard bench-marks. 

February 1910 . 

February 1910 . 

February 1910 . 

February 1910 . 

February 1910 . 

February 1910 . 

Lahore to Dbarmkot hill ( !iz: 1910 . 66 61 50 10 45 90 77 27 40 310.227 172.783 

(Dharmsala). 84 48 36 5 25 47 89 73 83 6.217'446 2,215,374 

- ( 1  :: : I ( 3 10 14 1 0 12 60 1 3 22 74 12,293901 ( 1.133 

GRAND TOTAL . ( 293 02 48 1 208 10 86 1 501 12 34 110.188'320 (3,782.450 

I 

e .I I NUMBER OF BENCH-MAFLKS CONNECTED. 
C 

SECONDUY. 
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No. 1 LEVELLING DETACHMENT. 
fist of Great Trigonometrical Survey principal stations connected by spirit-levelling 

in 1901)-10. 

The heights in this column have received a corrcction of +0'904 foot to reduce them to M. S. L. or Elephant 
Point Open Coast Tidal Station. 

Nome of etation. 

Mandolay Meridional Serira. 

ToungooS. , . . . 
0mozoS. . . . . . 
Thbnbizin H. S. . . . 

NO. 2 LEVELLING DET~ICHMENT. 

List of Great Trigonometriml Survey principal stations connected by spirit-levelling 
in 1909-10. 

Name of station. 

HEIOI~T l?4 FEET ABOVE 
MEAN SEA LEVEL. 

Grut Are Meridional Seriea. I I I I 

Difference 
of height 

hy trinngu. 
Iation in 

feet. 
- 

+8.760 

+9,700 

+19'830 

*Spirit- 
lovclling. 
- 

176'940 

291.000 

1,912'064 

H E ~ B U T  IN FEET A B O V E  
MEAN SEA LEVEL. 

Mahesari T. S. . . . . 1 817.373 1 821 1 +3.627 / Height of upper mark-etone. . 

R E M A B K ~ .  

Upper mark-stone. 

Ditto. 

Ditto. 

Trinngula- 
tion. 

185'7 

300.7 

1,031'9 

Difference 
in height 

W a r i T S .  . . . . 1 6G8'017 1 670.2* ) +2'183 1 ' Height of mnrk-atone a t  ground 
floor. (Height given in volumo to  
top of tower - 708 feet and height 
of tower given = 37'8 feet.) 

by t r lan~u-  

feet. 

No. 3 LEVELLING DETACHMENT. 

List of Great Trigonornetrim2 Survey principal stations connected by spirit-levelling 
in 1909-10. 

Name of station. height 

I tr im 
Spirit 'hiangu- gulatiol 

evelling. lotion. ( in feet. 

HEIOUT IN BEET 
AnovE MEAN 
SBA LEVEL. 

I-I-I-; - .  

Difler- 
ence of 

Jhamhhera Tower Stetion-Su!lej Scricr . . 

Fatohgarh Towor Station-Sullej Series . . . 

Monl.Dhni Tower Station-Jogi-Tib Mrridionnl Scriw 668.709 (602.81)' I I I -,. I 

607'411 

604'834 

Lalgarh Tower Etation-Areal Indua Serier . 
Sultan-ha-gat Turn Shtion-Qrcal I n d v  Serier . 1 , 1 8 9 1 6  1881 -1.15.51 Ditto ditto. 

(606.9)* 

(668). 

. . 

*. 

.. 

Hcight of original mark. 
stone a t  ound Boor. The 
spirit.leveEng height refera 
to tho new mark-stone tired 
in 1903-10 a t  ground Boor. 

0 
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List of  Great Trigonometrt'ca~ Survey pr 'ncipal s'a' 'ons connected 6y spirit-levelling 
in 1909-10-continued. 

Name of station. 

Spirit I ~ r i a n g u  
lev~ll ing.(  lati.~n. 

Ksrachi Obaervstory Station-Qreal Indus Seriea . 

- 

Mutrani HiU Station-&en1 I n d w  Sprira . . 
Vin Tower Station-Edslprn Yind Meridionnl Serirs . 

Differ- 
ence of 
hcigl~t  

I J ~  trinn- 
gulntion 
in fcct. 

Kot  Sabzal Tover Station-Eqslern Sirld Xrridiorv~l 
Striea. 

REMARKS. 

Got Mir Nuhammed Hill Station-Eqa!"rn Sind Mcri- 
dionnl S~rica.  

Dewari Tower Station-E lalcrn Sind Mrridional 
Series. 

Vijnot Tower Station-Eaalm Sind Msidionul  Series 

* Height of original upper 
mark-stone. The spirit-level. 
ling heigl~t  refers to no. 
upper mark.stone fixed In 

1893-94. 

251387! 2531 -1,3871 H.&b of Upper mark.ato.. 

249 +5'372 Height of mark.stono at 
243.628j I I ground ooor. 

270.8611 2741 +3'1391 Height of upper mark-etone. 

266684 7 0  3 6  Ditto. ditto, 

265,9261 2i01 +4.074( Ditto. ditto. 

+5.09A Height of mark.sbne s t  ground ( tloor. 

Tung Tower Station-Qwhagarh Ntridioml Seripa . ( 757,3331 757.61 +0.2671 Ditto ditto. 

Chowinda Station-Qurhgarh Meridiotml Stried . 1 832.7331 8331 +0.267( Height of upper msrk-stone. 

Psgwansir Station-North- Wcal Himalzya Scries Height of upper mark-shoo. 
The mark.stone \vas found 
about 10 feet above ground 
level ; in the Synopticnl Vol- 
ume the  pillar is given only f 
feet above ground level. 

Diflerence between levellers (First-S~>ond) :- 
No. 1 Detachment- 

Section Rangoon to Pyinmam. 
. . . . . . . .  At 50th mile 

. ,, 100th ,, . . . . . . . .  
. . . . . . . .  ,, 150th ,, 

,, 200th ,, . . . . .  . . .. end of section . . . . . . . .  
Section Wuntho to Myitkyim. 

. . . . . . . .  At  50th mile 

,, 100th ,, a , . . . . . .  

,, 150th ,, . . . . . . . .  
. . . . . . . .  ,, end of section 

'Vo. 2 Detachment- " 

Section Hardwar to Lansdowne. 

. . . . . . . .  At  50th mile 

. . . . . . . .  .. end of section 

Section Bareilly to Naini Tul Brewery. 

. . . . . . . .  At 50th mile 
,, end of section . . . . . . . .  

Section Siliguri tri Tindhrrrio. ' 

At end of section . . . . . . . .  

-0'066 foot 
+0.002 ,, 
+0.011 ,, 
+0.024 ,, 
+0.033 ,, 

-0.050 foot. 
-0.029 ,, 
+0.007 ,, 
4 . 0 5 4  ,, 

-0.019 foot. 
-0.023 ,, 

i-0-003 foot. 
-0.080 ,, 

-0.155 foot. 
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No. 3 Detachment- 
Section Lirluu-ald G .  T .  S. to R ihri. 

. . . . . . . .  ~t 60th mile -0'055 loot. 

. . ,, 100th ,, " -0.153 ,, 

. . . . . . . .  ,, end of eection -0,143 ,, 

Section Lahore to DJlarmkot. 

. . . . . . .  At 50th mile +0,136 foot. 
,, 100th ,, . . . . . . . .  +0.185 ,, 

. . . . . . . .  ,, end of section + 0.009 ,, 

Roclc-cut ben.ch-marks.-The bench-marlrs hitherto determined by spirit- 
levelling operations in India are mostly situated on alluvium : in many instances 
they have been inscribedon b~.idges, culverts and railway platforms. These bench- 

rnarlrs were originally intended to be of use to enginecrs, but they cannot be regar~l- 
ed as permanent standards of height, and are t,hercfore useless for scientific purposes. 
I t  is evident that  marks cut on solid ground rock, if carefully selected, are the only 
ones that can be accepted as really permanent. On esaminulg the lists of bench- 
nlarks already fixed, the number of marks that  havc been engral-cd on ground rock 
was found to be extremely small. I n  1909 steps mere taken to increase the number 
of rock-cut bench-marks in all parts of India. Instructions mere issued to the level- 
ling o5cers to fix as many bench-marks as possible on ground rock in the course 
of their work. It is intended to have many more bench-maks on ground rock in 
future, as the levelling operations are extended, and suitable sites become available. 

G .  T. 9.  
A rock-cut bench-mark consists of the inscription Bou. neatly and deeply engrived 

on the rock, which has been previously smoothed off where necessary. 
I n  order as far as possible to prevent these marks being obliterated by atmo- 

spheric causes and by growth of vegetation, someof them are protected by pillars. 
A protecting pillar for rock-cut bench-marks was introduced iu 1909. The pillar 
is of masonry, 2 feet square and 1 foot in height, with a hollow centre 6 inches 
square. The top of the pillar is closed in by a stone slab which bears the inscripti011 
0 .  T. SURVEY 

OPPEr? MAILK . The slab is fixed so that  the circle inscribed on i t  is vertically above 

the circle cut on the rock in  situ. During the year under report 150 rock-cut 
bench-marks were laid down and connected with levelling, and of these 49 were 
protected by masonry pillars of the above description. 

Himalayan lines of levelling.-The following lines of levels have been 
proposed :- . . • 

(1) Siliguri to Tindharia. 
(2) Bareilly to Naini Tal (Brewery). ' 
(3) Hardwar vici Najibabad to Lansdowne. '" 

(4) Lahore viri Pathankot to Dharmkot. 
(5) Ambala to Solon. 
(6) Ramalpindi to Murree. 

Levelling operations had already been carried out from Dehra Dun to Mus- 
sooree in 1905 and 1907. This line was to be the model on which the other Hima- 
layan lines were 'to be based, and steps were taken early in the season h t  year to 
place this line on a permanent scientific basis, by improving the inscriptions on t,he 

existing rocli-cut bench-marks on the line, and by laying d o m  additional 
rock-cut bcnch-m,arlis and protecting thc saule by runsoury pillars. Six- 
teen new roclr-cut t~ench-marks wcrc erected betwcc~l l i : r j~)ur ,  AIussoorqe, 

0 
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Banog and Landour, and these were duly connected by ~ p i r i t - l e v ~ ] ~ ~ ~  ; 
of these bench-marks 15 were protected by masonry pillars. The new rock. 

0. T.8. 
cut bench-marks consisted of the inscription n+,, instead of the usual 

0 .  T. 3. . 
inscript,ion ,,I:, , in order to distinguish t,he~n from the old bench-marks. ~ h ,  
standard bench-mark built a t  Mussooree was also connected by levelling in the - course of the above work. During the season under report the first four of the 
Himalayan lines mentioned above have been completed. The last t n 7 ~  lines 
nlentioiled mill be completed during the field season of 1910-11. 

During the past year 30 stacdard bench-marks were erected and 41 con- 
nected, 4 are under construction al-d 37 have been proposed for construction. 

The following is a complete list of the standard bench-marks as they stood at 
the close of the year 1909-10 :- 

Agra, Ahmedabad, Ahmeduagar,* Akola, Aligarh, Allahabad (two), Ambala, 
Attoclr, Bahawalpur, Balasore, Bangalore, Bankipore, Bareilly, Barisal,* Baroda, 
Belgaum, Bellary, Benares, Berhampur (Madras), Bezwad~, Bhagalpur, Bhopal 
(two), Bijapur, Bikanir, Bilaspur, Boinbay (two), Burdwan, Calcutta, Calicut, 
Chittagong,* Cocanada, Camilla,* Cuddapah, Cuttack, Dacca,* Deesa, Dehra Dun 
(two), Delhi, Deolali, Dera Ismnil Rhan, Dhubri,* Dhulia, Dibrugarh,? Dinajpur, 
Ferozepore,Pyzabad, Gauhati,* Ghazipur, Godhra, Gorakhpur, Gwalior, Hinganghat, 
Hpderabad (Sind), Jacobabad, Jhansi, Jhelum, Jodhpur, Jubbulpore, Karachi, 
Rhanpur, Icirkee, Lahore, Lucknow, Ludhiana, Madras, Madura, Magwe, RIandalay, 
Rleerut, RIeiktila, RIhow, hlirzapur, Rlotihari, Mozuffarnagar, Multan, Mussooree, 
Mut>m, Muzaffarpur, Myitkina, Mymensingh,? Nagpur, Negapatam, Nellore, Pegu, 
Peshan~ar, Poona (two), Purneah, Raichur, Raipur, Rajkot, Rangoon, Rawal- 
pindi, Remah, Rurki, Sadikganj, Saharanpur, Salem, Sambalpur, Satara, Saugor, 
Secunderabad (three), Shahjehanpur, Sholapur, Shwebo, Silchar,t Sitapur, Sulrkur, 
Surat, Sylhet,t Tinnevelly, Toungoo, Trichinopoly, Vizagapatam, Wuntho. 

Totals.- 
Completed and connected . . . . , . . 110 
Completed, not yet connected . . . . . . . 7 
Under construct~on . . . . . . . . 4 

TOTAL . 121 
- 

Revision levelling, Rangoon to Mandalay.-The original levelling from Rangoon 
to Mandalay mas carried out in season 1892-93. Subsequently in season 1902-03 
a branch line of levels to Magwe and Minbu was started from Thazi railway station, 
situated on the Rangoon-Mandalay main line of levels, and levelling operations 
were also extended from Mandalay vici Sagaing to Shwebo. 

Before commencing new work i t  was necessary to verify the heights of the old 
Bench-marks a t  Thazi and Mandalay railway stations. The check-levelling carried 
out a t  both places disclosed such grave discrepancies between the old and the new 
heights of some of the bench-marks, that strong doubts were entertained as to the 
accuracy of the old levelling generally, and also as to the stability of the old bench- 
marks ; and it was decided to revise the line hom Mandalay towards Rangoon, 
until some old bench-marks were found the heights of which could be proved without 
doubt to have remained unaltered. Revision levelling was accordingly resumed 
from Mandalay in season 1903-04, and carried as far south as Pyinmana. The 
general resuits of this revision were not considered to be satisfactory, inasmuch 

-- - 
' Complcted, but not  yet  conncated. 
t Under oonutructlon. 
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as i t  could not be proved conclusively that  any old bench-marlts had remained 
undisturbed since 1892-93. If the embedded bench-mark a t  Ma~dalny was ac- 
cepted as undisturbed, the bench-marks towards Pyinmana appeared to have 
sunk : on the other hand by accepting Pyinrnana embedded bench-mark as correct, 
the bench-marks towards Mandalay seemed to have risen. This question coultl 
only be satisfactorily solved by continuing the revision levelling from Pyinmann 
down to Rangoon. This was done during the season ur,der report. - 

Revision levelling was colnmenced a t  Rangoon in November 1909, and clos~rl 
a t  Pyinmana in February 1910. Complete data are now available, and by combin 
ing the results of the present revision work with those of season 1903-04 we are 
able to determine with some degree of certainty what changes have occurred in the 
position of the various bench-mnks since they were first connected in 1892-93. 

These results are set forth in the accompanying tables and the difference3 
betmeen the original and the revised levelling are shown in the last column of the 
tables. 

The heights of both the original and the revised levels are basecl on Graham 
Smith's bench-mark a t  Rangoon, which has been proved to have remained unalter 
ed in height since 1892-93. This bench-mark Was erected by the Marine Survey 
manyVyears before the advent of the first levelling party of the Survey of Indi; 
in Burma, and all the heights in Rangoon were originally based on it. I t  is the 
bench-mark of reference for the Rangoon tidal observatory,. and is connected by 
levelling every year by the tidal inspecting officer, with the bed-plate of the tide- 
gauge and other neighbouring bench-marks, to see if ally relative changes have 
occurred in their various heights. No appreciable change in this bench-mark 
has as yet been discovered by the tidal officers, and iurther this is borne out by thc 
results of the revision levelling carried out by the levelling detachment in November 
1909. 

It mill be seen from the accompanying table that  thc difference of height 
between this bench-mark and four other bench-marks a t  Rangoon as now deter- 
mined, is practically identical with that  found in 1892-93. 

The differences between the old a ~ d  the revision levelling may be due to the 
following causes :- 

(1) Errors in the cdopted length of the mean staff in the o:d or in the 
re~ised~levelling, or in both. 

(2) Observational inaccuracies. 
(3) Movements of bench-marks during the time that  has elnpscd between 

the original and the revision work. 
I t  may here be stated that there is no reason a t  all to question the accuracy 

of the revision levelling, as regards the first two causes of error mentioned above. 
Great care has been taken during the last ten year@,to determine the true length 
of the staves frequently in the field. The staves are now comparcd with a port;rb]e 
standard bar once a meek, and the nlethcd of comparison has been greatly improved. 
,The general system of levelling has been reconstructrd a ~ d  many improve~nents 
have been intrcduced, to place i t  on a more scientific basis, in older to obtain the 
maximum amount of accuacy. If therefore any errors have been int.rcduced illto 
the work on a<count of the first two causes, the old levelling must be responsible 
for the same. 

On examining the records of the original levelling it R as f o u d  that tha staves 
were only conipared with the standard bar a t  Rangoon on commencing work, arltl 
again a t  RIandalay a t  the close of the operations. The consequent unit correctiou~ 
applied to the observed diuerences of level n-erc therefore inadequate ,on2 

0 : 
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Thc values in the above table have been taken horn localities in which several 
discrepancies appear to be in close accord. 

There is then the question of observational inaccuracies. There is no direct 
'evi!ence to prove that  the results have been appreciably a f fec td  by systematic 

inaccurate. The couutry bet,mcen Rangoon and Mandalay varies so greatly in 
character from wet to dry, tha t  frequent comparisons of the staves are absolutely 
necessary. When the revision levelling party was a t  work in Lower Burma, the 
water in the rice fields through which the railway passw was ahnost up to the 
level of the h e ,  and the dctachrnent mas compelled to encamp on the platforms 
of the railway stations. 

The work of 1892-93 must therefore be burdened with any errors arising from - 
source ; but looking a t  the discrepancies between the original and the revised 

levelling, i t  appears t,hat they cannot be wholly attributed to any error in the 
adopt,ed length of t,he meau st,afl. I t  is probable tha t  only a fraction of the 
crepancies disclosed are due to t.his cause. In  support of this view it may be 
noted that  from Rangoon to Tama, a distance of-40 miles, the observed heights of 
bench-n~arlts are all within 10 feet, but  the discrepaacies on this length range 
from 0f101 to 0.265 of n loot. These could not possibly be due to the erroneous 
length adopted for the mean staff, unless n7e are prepared to accept that the mean 
staff was wrong by 0.1 to  0.2 of a foot. Similarly when we examine the differences 
::t rarious points further along the line, we find bhat there is no regularitmy or 
llarmony between these differences and the corresponding heights, as will be 
k e n  from 

of 
bench-mark. 

76 

108 

125 

150 

183 

195 

207 

1 - 
244 

255 
D 

5% 

a -- 
200 

283 

297 

338 
C - 

a44 

the following -- . 

Height above 

H. 

Feet. 

2G.G 

26.3 

6.J.6 

141.7 

141.9 

169.6 

203.8 

405.7 

371.1 

471.6 

537.9 

648.3 

519.2 

236.5 

236.1 
-- 

t,able :- 
- -. . . 

Difference bctween 
old and revised 

levels. 
(R-0). 

Peet. 

+ 0.068 

+ 0.011 

+0.012 

+ 0.043 

-0.054 

+ 0.007 

-0.020 

+ 0.019 

+ 0.094 

+ 0.205 

,,+ 0.134 ' 

+ 0.216 

+ 0,202 

+ 0.209 

+ 0.266 
- 

- -- 
Staff error 

necessary to ne. 
wunt lor variation 

= l O + A  
(R-O)/A' H. ' 

-1.900 

+ 0~000 

+ 0.004 

-4,850 

+ 0.022 

-0'008 

+ 0.002 

+ 0.022 

+ 0.011 

-0.011 

-0.007 

-0.001 

+ 0,000 

+ 1,425 

Rise or 

A E. 

Feet. 

0.3 

39.3 

76.1 

0.2 

27.7 

34.2 

201.9 

34.6 

100.5 

66.3 

111.0 

129.7 

282.7 

0.4 

- 

~ ~ " ~ ~ i ~ ~  in 
,jifierence. 
A (R-0). 

Feet. 

-0.057 

+0.001 

+ 0.031 

-0.097 

+ 0.061 

-0.027 

+ 0.039 

+ 0.075 

+ 0.111 

-0'071 

+- 0.082 

-0.014 

+ 0,007 

+ 0.067 

- 
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errors of observation, but considerbig that  the levelling of 1892-93 was done under 
the old system, l v l ~ ~ n  it w6s custoniary to observe a t  long distances regardless of the 

appen~-nnce of tlie staves clue to radiation, i t  is possible that  the results 
may have been, to a certain extent, nffcctcd by systematic cumulative errors. The 
line Rangoon to Mandalay runs approximatelv from South-bv-East to North-by- 
West, hence one staff, the northern one, was constantly illuminated, while the 
other staff was shaded from the sun. Radiation is apparent earlier and to a -- 
greater extent on the illuminated staff than on the shaded one, and hence a 
constant error might be introduced into the levelling on this account. 

Since the year 1900 steps have been taken to remedy this defect in the levelling 
work, by making i t  a rule that  no observations are to be taken a t  a longer distance 
than 5 chains, and these only under the niost favourable conditions of the weather 
rnhen no radiation is appreciable on the staff. 

I t  must be borne in mind that  any satisfactory discussion or investigation ot  
the observational errors must be based on the assumption that  the bench-marks 
concerned have retained their original heights ; but as explained later on, there are 
strong grounds for believing that  the whole line of lel-elling, between Rangoon and 
Mandalay has suffered more or less from the movement of bench-marks. It is 
therefore clearly impossible to ascertain the extent to which the results of 1892-93 
have suffered from observational errors. 

We now come to the last, though by no means the least, possible cause of the 
discrepancies, namely, the movements of bench-marks during and after the 
original levelling. 13y looking a t  the table of differences between the old and 
the revisioil levelling i t  is found that  the discrepancies a t  many bench-marks are 
considerable and out of harmony with the neighbouring bench-marks, and 'there 
seems to be no other way of explaining these exceptional discrepancies than by 
attributing them to the fact that  the bench-marlts have either sunk or risen 
since they were originally determined in 1892-93. For instance, bench-marks 

Nos. 17, 19, 37, 39, 45, 119, 186, 203, -&, & and 322 appear to have sunk, 

while bench-marks Nos. 30, 83, 232, & , 263, 274, &, 280, 286, 291, ,;,-, 302, 
303, 306, 307, 312 and 321 seem to have risen : the extent of the movenlent in 
either case being from 0.1 to 0'4 of a foot. 

The discrepancy a t  bench-mark No. 30 appears as if i t  might be due to human 
agency, while the disturbance a t  the other bench-marks is probably due to the 
rising or sinking of the ground on which they were erected. The difference inter se 
between two consecutive bench-marks Nos. 321 and 322 only 3 miles apart amounts 
to over 1 foot, the former having apparently risen and the latter having sunk six 
inches. Almost all the bench-marks along the line Rangoon to Mandalay ae 
situated along the railway line, being on the parapets of bridges and on culverts or 
on the platforms of railway stations. The discr~pancies might partially have 
been caused by the vibration due to moving loads on bridges which mere originally 
built for a lighter type of rolling stock, combined with the constantly recurring 
repairs to bridges, etc. When so many bench-marks show unmistakable signs 
of subsidence or upheaval, a reasonable doubt may be entertained regarding the 
atability of the remaining bench-marks. 

If now it is accepted that the discrepancies found in the majority of the bench- , 

m a r b  are due -to changes in their positions, the following conclusions are arrived 
a t  :- 

(I; There has apparently Leen a slight subsidence bom Rangoon to near 
Tangyi, the embedded bench-mark a t  Rangoon having remained intact. 
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(2) The embedded bench-mark a t  Tawa has remained practically unaltered, 
but the embedded bench-mark a t  Pegu has sunk slightly. From Pegu the bench- 
marks have risen to about Paungdawthi, after which the discrepancy becomes 
inappreciable. 

(3) The line from Paungdawthi to Pyinmana may be accepted as correct, 
with the exception of the embedded bench-marks a t  Peinzalok, Toungoo, Yedashe, 
Pyiwb and Pyinmana, which have sunk. -- 

(4) Shortly after leaving Pyinmana there is a slight upheaval which gradually 
increases in magnitude to about mile 270 from Rangoon, after which it remains 
fairly constant until the end of the line ; the maxinlum amount of upheaval being 
visible between Meiktila Road and Hanza railway stations. 

Resulk of revision 

B E N C H - ~ I ~ ~ R K S  01 TEE ORIOMAL LEVELLIXO 
CONNECTED DURIXO TEE REVBIONILI(Y 

OPERATIONS. 

Description. 

Grabab Smith's bench-mark . . . 
Cut on iron pillar (N. W.). wharf godown . 

Cut on iron pillar (S. W.), wharf godown . 
Bed-plate of tide gauge . . . . 

Old standar(1 bench-mark . . . 

Cut on steps, Rangoon General Post Office . 

Cut on rubbish bin. Lntter Strcet wharf . 
Cut on Canal Road bridgo . . . 

Cut on basement, Sulo Pagoda . . . 

Cut on platform coping, railway station . 
Embedded a t  Rangoon railway ofice . 
Gut on plinth of railway ofice . . , 

Cut on pier of girder bridge . . , 

Cut on abutment of girder bridge , O .  , 

C 

Embedded a t  Togyaunggale railway station 

Cut on abutment of girder bridge . . 
Cut on girder bridge . . . . . 

Cut on girder bridgo . 
, Cut on girder bridgo . # Embedded a t  Ledaunggan railway ststion . 

Cut on girder bridge . 
Cut on girder bridga . . . . . 

tram 

Distance 
from 

Rangoon. 

Niles. 

0.00 

0.05 

0'07 

0.14 

0.38 

0.52 

1.04 

2.07 

0.74 

1.29 

1.48 

1.49 

7.34 

7.86 

8.45 

10.05 

11.23 

13.72 

levelling 

Yo. 

-- 30 

12  
?o 
1 b 
56 
I c - 
m 

20 

19 

18 

17 

21 

23 

- 
Z; 

'2 
z2 

30 

31 

$ 
33 

24 

36 

' !i 
44 

- 
DitTerence 
in height. 
(revised- 
original). 
The t sign 

denotes that 
tbe r e v i d  
height woa 

greoter 3nj 
the-sign 

less than the 
orighal 
Leight. 

Fcct. 

0.000 

-0.007 

-0,058 

-0'03.L 

- 0 : O G G  

4 ' 1 0 2  

-OD96 

-0.142 

+0.001 

4 0 0 3  

--0.028 

t l ' l s ?  

4 O i 6  

-0.155 

-0'05.1 

-4.063 

--U'O71 

Rangoon to Mandalay. 

ODSERVED EEIOlLT ABOVE 
(+) OR DPLOW (-) RAN- 

-0.157 

-0'2°5 

-0'083 

--Oaa 

COON AS 

1802.9% 

Feet. 

0.000 

+1.114 

+1.224 

+4.217 

+3.698 

+0.678 

+ l a 1 8  

+4.886 

+3.479 

+9.647 

+13.882 

+ 15.126 

+4.272 

+2-148 

+1.623 

+1.960 

+2.709 

+3%0 

;.5:; 1 +tin730 , +6..573 

DETEnMINED IN . 

1909.10. 

Fcet. 

0.000 

+1.107 

+1,0i2 

+4.183 

+3,633 

+0.576 

+0%0 

+4.714 

+3.472 

+9446 

+13.879 

+!5.098 

+3.153 

+2-072 

+ 14G3 

f l.D2!) 

+2.61G 

+3.:)00 

+4.748 

21.05 +5.152 

+4.483 

+5,069 

22.29 +6.121 +G.053 
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Results of revision levelling from Rangom to Mandalay--continued. 

Difference 
in height 

(revised- 
original). 

The + sign 
denotas that 
tbo revised 
I~eight wen 

greater and 
tho - sign 

less than the 
orib$ml 
beight. 

Feet. 

4 . 1 5 4  

-0.115 

-0.089 

-0,060 

-0.071 ' 

-0a85 

-0.098 

-0,040 

-0.032 

3132.9 

4 ~ 0 0 1  

+0.002 

+0.013 

+0.082 

-Oil08 

O.Oo0 

-0.090 

+0.024 

+0.068 

+OQ94 

+0.082 

+OQ59 

+0.106 
, 

-4.017 

+0.062 

+0.077 

+OQ61 

+.OOO.Z, 

+-0061 

-0.018 

+ O O I  
, 

J 

B~~cn-M,4nIm OB TIIR onIomr\L I.EVEI.LINO 
CONNECTED DUnINO TllE RRVISIONABY 

OPEIIATION8. 

Description. 

Embedded a t  Dnbein railway stntion . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 

Cutongirder bridge. . . . . 

Cut on girder bridge . . . . . 
Embedded a t  Tongyi railway station . 
Cut on girder bridge . . . , . 

Cut on girder bridge . . . . . 

Cut on girder bridge . . . . . 
Embedded a t  Taaa  milway station . . 

Cut ongirder bridgo . . . . . 

Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Embedded a t  Pegu railway station . . 
Cut on girder bridge . . . . . 
Cutongirder bridge. . . . . 
Cut on girder bridge . . . . . 

Cut on girder bridge . . . . . 
Embedded a t  Payagyi reilway station . 
Cut on girder bridge . . . . . 
Embedded st Pyinbongyi milmay atation . 

,Cutongirderbridge. . . . . 
Cut on girder bridge . . . . . 
Cat ongirder bridge . . . . . 
Cut on gird& bridge . . . . . 
Cut on girder bridge . . . . . 
Embedded a t  Paungdowthi railway station 

Cut on girder bridge,. . . . . 

No. 

---- 

45 

47 

48 

51 

52 

54 

58 

61 

62 

03 

05 

66 

67 

68 

G9 

70 

72 

74 

76 

77 

78 

79 

83 

87 

88 

00 

01 

04 

90 

07 

08 

Distance 
from 

Rangoon. 

BIiles 

23.76 

25.03 

25.76 

28.90 

30.31 

31-36 

34.72 

37.87 

38.59 

39.23 

41.42 

42.30 

43.32 

44.56 

45-54 

46.17 

47.58 

49.94 

64.48 

66.83 

67.05 

68.10 

62.62 

65.92 

67.14 

00.91 

70.31 

73.75 

76.08 

70.84 

77.63 

0n8~nVED IIEIollT ~ n o m  
(+) OR OEI.OW 
aooN A S  

1802-93. 

Pcet 

+7944 

+7.432 

+5.710 

+G.151 

+7.10R 

-I-7.951 

+10.605 

$8,579 

+8.721 

+9.589 

+9.914 

+ 10.856 

+11,643 

+14.800 

+I6905 

+17d63 

+10.087 

+18.452 

+20.589 

+23.603 

+22.704 

+25Q63 

" +27.231 

+23.673 

+20.866 

+21.220 

+20.060 

+24.850 

+25.827 

+25.501 

+24%42 

(-) R ~ w .  
UETERMllvlD IN 

1000.10. 

Feet. 

+7.700 

+7,317 

+5.621 

+G.001 

+7,037 

+7.866 

+10.507 

+8.539 

+8.689 

+0.561 

+0.913 

+10.858 

+11a656 

+I4982 

+I6457 

+17.363 

+I5991 

+18.476 

+26%57 

+23.697 

+22.780 

+25.122 

+27.337 

+23.666 

+20928 

+2l.a00 

+21630 

+24.942 

+25*888 

+25483 

+24.670 
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Results of revision levelling from Rangoon to Mandaky-contiuutd. 
I I I I- 

BENCH-MARKS OF TIJE OnIamAL LEVELLMD 
CQNNECTED DURINO TIT& REVISIONARY 

OPERATIOWE. 

Description. 

No. 
Distance 

from 
Rangoon. 

original). 
The + sign 
denota that 
the reviad 
hcight wae 
greater and 
the - siSn 

less than h e  
original 
height. 

I 1 - Miles. I Feet. I Feet. I Feot 

Cut on girder bridge . . . . . 1 99 I 7 8 7 0  1 C28.634 I +28.678 I +I)(u( 

Cut on girder bridge. . . . . I 100 1 80.40 1 +29.454 1 2 1 +0(151 

C!t on girder bridge . . . . . 

Cut on girder bridge . . . . . 
Embedded a t  Pyuntnza railway station . 

L 

Cut on base of distant signal . . . 
Cut on girder bridge . . . . . 
Embedded a t  Peinzaldk railway station . 
Cut OII girder bridge . . . . . 122 

Cut on girder bridge . . . . . 124 

Cuton girder bridge . . . . . 125 

Embedded a t  Kyauktaga railway station . 126 

Embedded at PenwegBn railway station . 131 

Embeddedat Ka-nyut Kwin railway station 140 

Cut on girder bridge . . . . . 142 

Cuton girder bridge. . . . . 143 

Embedded a t  Pyu railway stoti011 . . 1 150 ( 
Cut on girder bridge . . . . , 

Cut on eirder bridge . . . . . 
Embedded a t  Nyaungchideuk railway sta- 

tion. I leO I 
h t o n  girder bridge . . . . . I 163 / 
Emhedded a t  Kywebwe railway station . I l e e  I 
Embedded a t  Oklwin railway station ' . I 176 I 
Cut on culvert . . . . . 
Cut on girdor bridge . . . . . 
Cut on girder hridge . . . . . 

, 0 1 t  on girdcr bridge . . . . . 
Cut on girdar bridge . . . . . 
Eml~edde[l a t  Toungoo railwsy etation 

Toungoo 8. 
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Results of revision levelling from Rangoon to Mandalay-continued. 

BENCH-MARKS OF TBE ORIOLWAL LEVELLINO 
CONNECTED Dunma TEE REVISIONARY 

original). 

Dietance 

Description. 

Cut on &der bridge . . . . . 
Cut ongirder bridge. . . . . 
Cutonculver t  . . . . . 
Cut on railway platform coping . . 
Embedded a t  Kyungon r%iltvay etation . 
Cut on railway platlorm coping . . 
Cut on parapet cf culvert . . . . 
Cuton girder bridge. . . . . 
Cutongi rderbr idge .  . . . . 
C u t o n c u l v e r t .  . . . . . 
Embedded a t  Yedaslle railway station . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Embedded a t  Swa rnilway etat.ion . . 

Cut on rail\\.ay platlorm coping . . 
Cut on girder bridge . . . . . 

Cut on base of distant signnl . . . 

Cut on girdcr bridge . . . . . 
Cut on girder bridge . . . . . 

Cut on rail opening . . . . . 

Embedded a t  fiIyol~la railway station . 

Cut on railway platlorm coping . . 

Cut on blpol~ln bridge . . . . 
Out, on pillnr ncnr Myol~ln bridge . 

188 

193 

195 

196 
D - 
197 

197 

198 

199 

201 

202 

203 

204 

206 

207 

209 

209 

210 

213 

215 

2 I i  

219 

200 

221 

222 

223 

' I Cut on girder I~ridge . . . . . 

the revised 
Rangoon. 

-- 
Miles. 
168.29 

172.08 

175'71 

176.37 

176.44 

176.42 

177.62 

179.63 

182.07 

183.84 

184.19 

185.65 

188.40 

189.85 

191.50 

192.42 

192.45 

194% 

106.44 

22s 

Embcdded a t  Tllnwnti railway el .~lion 

Cut on girder bridgea. . . . 

$ 

Feet. 
+135.870 

+135.882 

+169571 

+181W3 

+181.736 

+180.974 

+176.622 

+172.414 

+I65961 

+181.943 

+183.675 

+181,886 

+192.996 

+203.766 

+203.617 

+203.344 

+202.858 

+193.369 

+203.237 

+21G.465 , -0,025 

+2.)9.228 +0.013 

Feet. 
+135.796 

$135.880 

+169.578 

+181.008 

+181.713 

+180,964 

+176.647 

+172.415 

+165.025 

+I81480 

+183.560 

+181.861 

+I92992 

+203.746 

+203.614 

+203.288 

+202.850 

+193.384 1 
+203.244 

202.87 

209.0s 

198.49 

200.76 

201.80 

202.11 

202.14 

202.85 

+?3!:.843 4 . 0 1 8  

height wer - , 
the  - sign . 

leas than the 
original 
height.. 

Feet. 
- 4 .074  

-0.002 

+OW7 

+O 005 

-0.023 

-0.010 a 

+0.025 

+ O m 1  

-0.036 

-0.063 

-4 .115 

- 4 0 2 5  

-0.004 

-0.020 

-4 .003 

-0.056 

-0.008 

+0915 

+OM7 

+I93935 , 
+202*l9 

+?I6490 

+229.215 

+193.836 

+202.3!18 

+222.899 

+223.420 
'3 . 
+223.605 

+217.641 

210.95 

+247.5C8 , -OW3 ' 

+?59.10? i - 4 , 011  

+256.D.t4 1 +0?215 

C254.719 +OM6 , 
I , 

+0.099 

+0.011 

+239.S(il 

+ 2 4 l  

+259.113 

+255.i!!!l 

+%l.732 

2 3  

Cut on cl~lvel.t . . . . . . 231 ' 212.43 

Y 

+22?.906 +OW7 

+223.382 1 4 , 0 3 8  

Cut on girder I,ridjie . . . . 
. i 232 

Cut on clllrrrt . . . . . . 231 

+223.625 

f217.656 

213.19 

21191, 

+0.920 

+0.015 
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Results of revision levelling from Rangoon to Mandalay--continued. 
I I I I 

BBRCH.~ARKS 01 TEE ORIGINAL LEVELLIN0 
CONNECI'ED DURINa THE BEVISIONART 

OPERATIONS. 

No. 

OBSERVED AElGnT ADOVE 
(+) OR DEU)W (-1 RAN. 

GOON 1.S DETERNINED IN 

1 I lfiles. I Beet. I 

Difference 
in lleigllt 

(revised- 

Distance 
from 

Rangoon. 

Embedded a t  Pyiarin railway etation . 1 9 1 220.16 1 +256.459 1 

1892-93. 

Embedded a t  Pyinmana rajlway station . I z: i  I 226.00 I C 2 1 . 5 1 1  I 

Cut on culvert of parapet . . . . 

Cut on culvert of parapet . . . . 
Cut on girder bridge . . . . . 
Cut onpirder bridge . . . . . 
Cut on culvert of parapet . . . . 

Cut on railway platform coping . . . 

Embedded a t  Kyidaungan railway etation 

&ton girder bridge . . . . . 
Cut on bridge . . . . . . 
Cut on girder bridge . . . . . 

Cut on girder bridge . . . . . 
Cut on culvert of parapet . . . . 

Cut on girder bridge . . . . 
Cut on girder bridge . . . , . . I 

Cut on platform coping . . . . 
Cut on drain coping . . . . . 
C. T. S. intersectad point, Pyirlmana . . 

Cut on girder bridge . . . . , 

243 
b 

-24T 

1 
zrr  

244' 

Cet on culvert of pnrapat . . . . 

Cut on girder bridge . . . . . 

Cut on culvert of parapot . . . , 
3 ' 

E d e d d e d  a t  Shwemyo ailway etation . 
Cut on culvert of parapet . . . . 

Cut on girder bridge . . . . . 

Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on bane of dietant signal . . . 
Embedded a t  Tatkon railway station . 

Cut on railway platform coping . . . 

1909.10 
nnd 

1903-04. 

257 245.28 f390.583 

a -  
267 246.20 +402.441 

258 247.24 +402.199 

259 247.75 +413.168 

260 248.58 , +420.108 

261 250.04 1 +435.321 

-mi- 251.64 +459.915 

262 +402%93 
b 

z e f  El:; +469439 

263 254.34 +471.419 
a - 

203 
I 

254.38 , +471.560 

original). 
The + sign 
denotes tilot 
the revised 
I~eigl~t was 
greater an1 
1I1e -sign 

lee3 than the 
oriqinal 
belght. 

Revision 1803.04 oornmenoes from this 11onch-mark. 
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Difference 
in height 
(revised- 
originnl). 

The + sign 
denotes tbat  
the revised 
height was 
greater and - 
the - sign 

less than the 
original 
height. 

Feet. 

+0.118 

+0.114 

+0.148 

+0.117 

+O.O82 

+0.149 

+0.170 

+0.134 

+O.l68 

'+0.177 

+0210 

+0.216 

+0,219 

+0.321 

+0%6 

+0.233 

+0.23G 

+0.276 

+0.257 

-4,073 

+08203 

+0.338 

+,@312 

+0.220 

+0.239 

+0.227 

+0.221 

+0.276 ' 

+0.22? 

+O.18t 

+ 0 q  ' 

a 2 

Results of revision levelling from kangoon to Mandalay-continued. 

D~~rtl-31.tRliB OR TIIE ORIIIINAL LEVELLIN0 
CONNECTED D U R I K O  TUN IlEVISIONABY 

OPPP.XL'IONY. * 
-- -- -- .- - - 

Description. 

Cut on culvert abutment . . . . 
Cut ondrain . . . . . . 
Cut on culvert of parapet . . . . 

Cut on girder bridge . . . . . 
Cutongirderbridge. . . . . 

Distance 
from 

Rangoon. 

--- 

Miles. 

255.30 

257.05 

258.05 

259'34 

260.33 

No. 

264 

265 

266 
n - 

280 

267 

Cut on girder bridge. . . . . 

Cut on railway platform coping . . . 

Embedded a t  Nyaunglun railway station . 

Cut on culvert of parapet . . . . 

Cut ongirder bridge. . . , . 
Cutonculvert.  . . . . . 

Cutonculvert.  . . . . . 

Cut on girder bridge . . . . . 

Cut on railwny platform coping . . . 

Cut on base of home signal . . , 

Cut on barrel drain . . . . . 
Cut onirrigation pipe . . . . 
Cut on culvert . . . . . . 
Cut on girder bridge . . . . . 
Embedded a t  Yamethin railway station . 
Cut on railway platform coping . . . 
Cut on girder bridge . . . . . 
Cut ongirder bridge. . . . . 
Cut on girder bridge . . . . . 
Cut on railmay platform coping . . . 
Embedded a t  Shwcda railway station . 
Cut ongirder bridge . . . . . 
~ u t  on girdor briage . . . . . 
Cut on girder bridge . . . . . 
Cutongirderbridge. . . . . 
Embedded a t  Pyndbwo railway station . 

O ~ S E ~ V E D  HEIOET AnOVE 
(+) OR BEI.OW 

COON A S  

-- ~ 

1892-9:). 

Feet. 

+463.028 

+475.443 

+496.080 

+502'761 

+524.524 

+526-139 

+ti38444 

+537.939 

+556.963 

+568.495 

+576'250 

+587.364 

+598.725 

+616.953 

+618.179 

+634.638 

+643.298 

+654.958 

+655.082 

+640.309 

+640.307 

+639.343 

" +631.907 

+G59.021 

+659.902 

+658.891 

+G58.701 

+64R.941 

t642.324 

+636901 

+G22.624 

(-) RAN-  
DETERYLNED IN 

-- .- 

1003-04. 

Fect. 

+463.146 

+475.557 

+496.228 

+802.878 

+524.606 

+526.288 

+538,620 

+83380073 

+557.131 

+C68.672 

+576.466 

+587360 

+598.944 

+617.274 

+618.455 

+634.871 

+G43.534 

+G55.234 

+665.339 

+640.236 

+G40.510 

+639.681 

f632.219 

+659.241 

+BGO.141 

+659.118 

+658.022 

+~49.167 

+642.546 

+639.033 

+(i22.901 

2CS 1 261-5s 

262.41 

" 262.45 37 

2 1 2 3  

271 
8 

7 7 1  

272 

273 

274 
a - - 

274 

275 

276 
II - 

27e 

277 

278 

279 

280 

- 
2; 

281 

-- 
2i1 

282 

283 

284 

-- 
~ i d  

286 

265.14 

266.50 

267.73 

268.21 

269.06 

269.28 

270.24 

271.50 

272.96 

273.58 

27550 

275.58 

276.64 

277.76 

282.65 

283.25 

283.43 

284.18 

285.29 

266.05 

296.83 

288.30 
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Results of revision levelling 

BENCH-M~XS O r  THE ORlOMAL LEVELLING 
CONNECPED DURMO TEE REVISIONARY 

OPERATIONS. 

- - 
Description 

Cut on railway platform coping . . . 
Cutonculver t .  . . . . . 
Cut on culvert . . . . . . 
Cut on barrel drain . . . . . 
Cut on rail opening parapet . . . 

kmbedded a t  Sl~anywa railway station . 

Cut on railway platform coping . . 
Cut on barrel drain . . . . . 
Cutondrain . . . . . . 

Cut on drain . . . . . . 
Cuton&derbridge. . . . . 
Embedded a t  Nyaungyan rnilway station . 

Cut on railway platlorm coping . . . 
Cut on girder bridge . . . . . 

C ' t  on girder bridge . . . . . 

Cut on girder bridge . . . . . 

Cut on culvert of parapet . . . . 
Embedded a t  nleiktila Road railway station 

Cut on railway platlorm coping . . 

Cuton barrel drain . . . . . 
Cut ondrain . . . . . . 

C 

Cut onculvert . . . . . . 

Cut onharrcl drain . . . . . 
Cut yn girder bridge . . . . . 
Cut on culvert . . . . . . 
Cut on girder bridge . . . , . 
Cutonculvert.  . . . . . 
Cut on milway platform coping . . . 
Embedded a t  Henmmilway ststion . 
Cut on pircler bridgo . . . . . 
Clllon I~nrrel drain . . . . . 
,cut on lrripnlion pi110 , . . . 

from 

No. 

286 

287 

288 

289 
R - 

239 

290 

291 
n - 

291 

202 

293 

294 
I) 

TK 

295 

296 

297 

208 

209 

300 
8 -- 

zoo 

301 

302 

303 

304 

305 

300 

307 

308 

300 

- 

- 2g 

niflerenee 
in heielll 
(reVhed- 
original). 

Tlle+sign 
denotes ~ I I , I ~  

the Evised 
height R R ~  

greater snd 
the - eign 

less than the 
original 
heigllt. 

Feet. 
+0.324 

+0.237 

+0.250 

+0.2;3 

+0.215 

10 

+0.345 

+0,419 

+0.259 

+0.209 

+0.140 

+O.IOS 

+0,136 

+0.17!) 

+0.202 

+0,201 

+0%3 

+0'107 

+0'246 

+@101 

+OW8 

+0,319 

$0,152 

+0.234 

+0,417 

+0.458 

+@Ig5 

, $0,280 

+0'278 

+O'lfi4 

Rangoon to 

Distance 
from 

Rangoon. 

.-- 

&files. 
288.44 

289'60 

290.41 

201.52 

292.88 

293.78 

203.83 

204.09 

296.38 

297.91 

299.08 

300.08 

300.12 

301.12 

302.23 

303.84 

305.60 

306.79 

306.91 

308.48 

300.66 

310.67 

311.63 

312.33 

313.52 

314.69 

316.83 

316.33 

310.38 

317.08 

+0.111 

+ @ I 7 3  - 

Mandalay--continued. 

ODSERVED AElOHT ADOVE 

310 

( +) OR BEImm 
GOON dC9 

1802-93. 

Feet. 
+G23.097 

+61G.300 

+622.138 

+G16.395 

+604.057 

+589,300 

+589.391 

+559.873 

+545.520 

+532.947 

+530.713 

+527.704 

+528.400 

+527.135 

+519.233 

+518.456 

+512.363 

+514.319 

+514.732 

+509.251 

+518.022 

+512.141 

+511.928 

+612.169 

+609.722 

+507.538 

+601.836 

+601.790 

+601.349 

+470.640 

+402.709 

+444.374 

318.60 

310.50 

(-) RAN - 
DETERNMED IX 

1903-04. 

Feet. 
+623.421 

+616.537 

+622.388 

+616,648 

+GO4272 

+589.410 

+580.736 

+5G0.292 

+545.779 

+533.15G 

+530.853 

+527.812 

+528.536 

+52:.314 

+519.435 

+516.657 

+512.626 

+514.426 

+ 514.977 

+600.448 

+518.400 

+512.460 

+612,080 

+512.403 

+510.130 

+507996 

+502.030 

+502.070 

+601.625 

+470,724 

+402.010 

+4'44.617 



Results ot levelling 

U~WCIJ. .UMKS OP THE ORIOINAL LEVEIIIJNO 
CONWELTED DURINO TllD ILEVISIQWL~RY 

OPEILATIONS. 

Description. 

C u t o n b a r r e l d r a i n .  . . . . 

cutongi rderbr idge .  . . . . 
Embedded a t  Tlledaw railway station . 

Cutonculver t .  . . . . . 
Cut on irrigation pipe . . . . 

Cut on irrigation pipe . . . . 
Cut on girder bridge . . . ' . . 

C u t o n c u l v e r t .  . . , . . 

Ernbetlded a t  Sam611 railway station . 

Cut on girder bridge . . . . . 

Cut on irrigation pipe . . . . 
Cut on girder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on irrigation pipe . . . . 
12n1bedded a t  Kume Road railway s!ntion 

Cut on railway platIorm eopiug . . . 
Cut on girder bridge . . . . . 

Cut ongirder bridge . . . . . 
Cut on girder bridge . . . . . 
Cut on base of home semaphore . . . 
Cut on girder bridge . . . . . 
Cub on base ol h ~ m e  semaphore . . . 
Embedded a t  hlinzu railway a!ntion . . 

Cut on girder bridge . . . . . 
C!; on girder bridqe . . . . . 
Cut on girdor bridge . . . , . 
Elnbodderi a t  Kyaulcse railway station . 
Cut on base of home semaphore . . . 
Cut on girder bridge . . . . . 
Cut on haso 01 hame apn~npl~ore . . . 

Elnbcllded a t  Dilirr railway etation . . 

Difference 
in hc ig l~ t  

(revised- 
original). 

The + sign 
denotes tha t  
the  roviaed 
height wan 
greater and  
the -sign 

l e e  than the 
original 
height 

F e e t  

+0.183 

f0.256 

+0.310 

+0.174 

f0.223 

f0.007 

+0.178 

+0.221 

+0;342 

+0.159 

+0.214 

+O.OSO 

+O.l4!4 

f0.566 

-0.450 

+0.102 

+0.125 

+0.115 

+O.144 

+0.141r 

+@I47 

+0.143 

+0.llQ 

+0.130 

+0.145 

+ @ l a  

+0.140 

+0.147 

+O.161 

+ O . ~ J I  

-O.l(YD 

irom Rangoon to Manda2ay--continued. 

Distance 

" R~I!::~. 

I 
1 

O~SXKVED IIEIQHT ABOVE 
(+) OR BELOW 
OClllN A S  

- 

1892-93. 

(-) HAN- 
DETIHM~NED IN 

1903-04. 

Feet. 

+433.936 

-I-427.552 

+428.268 

f421.060 

407'287 

+385.758 

+388.661 

+382.206 

+369.173 

+351.787 

+337.547 

+335.710 

+3?2.378 

$ 305.845 

+302.880 

+304.001 

+298.043 

+301.765 

+298.373 

+292.054 

+282.890 

+278.712 

+278.226 

f276.681 

+274,0i9 

+271%3 

+268.462 

+269.843 

+202.175 

+255.1U 

+?53.~51 

311 

- -- 
a i l  

312 

313 
B 

313 

314 

315 

316 
a 

$ 6  

317 
a - -- 

317 

318 

319 

321 

322 

323 

324 

325 

326 

I, 
y 2 ~  

327 

- 
sif 

325 

329 

330 
a - 

330 

331 

332 

331 

- -- sj, 

- 1  &&. 

Y"'39 I 
32i.53 

3?;'00 

32S.89 

32.9.29 

320.26 

327.73 

32::.G3 

3-J.94 

330.39 

333.29 

333.97 

336.18 

330.56 

3.1243 

34246 

3.13.67 

345.60 

347.33 

348.18 

351.08 

353.48 

353.54 

355.26 

387.76 

358.80 

360.09 

360.00 

361.04 

364.33 

3134.41 

+4:3.753 

+427.296 

+427.958 

+420W3G 

+405.064 

f395.601 

+389.483 

+381.985 

+3(38,831 

+351.628 

+337.333 

+337.630 

+322.229 

+305.279 

+303.330 

+303.900 

+298.818 

+301.650 

+299.229 

+291.913 

f282.743 

+$78.569 

+278.107 

+276.545 

+273934 

+271.120 

+268.322 

+BGY.GDG 

+202.014 

+254.089 

+263.951 



Cut on Myitnge bridge . . . . 1 340 1 377.09 / +232.372 1 +232.571 1 + 0 . ~ 9 ~  

ResrGlte ?f r.euisiott levellitrg frso?)t Rnngoo18 lo  M ~ ~ n d a l a ~ - c o n ~ l ~ ~ ~ ~ ~ , l .  

Cut on Myitnge bridge . . . . 1 1 377.53 ( f232.642 / +232806 ( +0.2,3 

___ 
m. 

])RNCII-M \RKS OF THE ORIOINAL LEVILLIN0 
COLfNECTED DORINa THE REVISIONARY 

OPERATIONS. 

.- 

Deacripti~~n. 

- - - - - - - _ _  - -  

Cutongirderbridge. . . . . 
Cut on base of home semspllore . . . 

Cut on girder bridge . . , . . 

Cut on canal bridge . . . . . 

I?. N. Depattment bench-msrk, Fort DuBerin! -&: 1 388.62 ( +233,7W 1 +233613 1 +@ID 

Cut on base of home semapllore . . 341 

Embedded a t  Myitnge railway .talion : 1 3k 
Cut on railway platform coping . . . 344 

' a  

B. M. embedded a t  Fort Du.."n . . 1 1 3 8 8 . 1  1 +232.002 1 +232.228 1 +OP% 

2y?:i: 
(revised- 
original). 

The + ~ i ~ , ,  
denotes 
the reviaad 
hc ight van 

the- 
1e.s thnn tho 

original 
ht*igbt. 

- - 
Feet. 
+ 0 , 1 , ~  

+0.1g,j 

+0.200 

+0.244 

NO. 

ODSERVSD HEIOUT ABOVE 

(+)ORBE LOW(-  ,.,N. 
aoo;' as  D E T E B ~ N ~ D  IN 

Cut on girder bridge . . . . . 
~u t ' on  bese of water column, Mandalay . 
Cut on base of home semaphore, Myohaung 

Embedded a t  Mandalsy railway station . 
Embedded s t  Marine Transport O5ce, shore 

Cut on revetment wall, Mandalay aboro . 
Cut on S. railway gate, Fort Dufferin . . 

Di~t,anre 
from 

Rangoon. 

- ~- 

1892-93 

Feet. 
+24V.010 

+238'745 

+236,492 

+246.673 

- 
344 

h 
TK 

346 
(. 

344 

a l 

a 2 - 
344 

-E 1. 
344 

~ - - 

1903.C4. 

Feet. 
+250.093 

+238.941 

+236.701 

+245.917 

I 
336 

337 

338 

339 

-- 
nrile~l. 
366.69 

369.9.; 

371.01 

372.91 



( IV.- Geodetic Survey. 

No.  13 (late 22) Party. 

PERSONNEL. During the season of 1909-10, 11 latitude 

J I ~ ~ ~ ~  H .  T,. Cro~tllawit, R.E.,  ir~ rl~nrgc stations occ'~i'd) 5 of these being 
[ro~n st11 April 1910. situated on that  portion of the Karara 

I. i , .~~lono!~t 1-1. ,J. Courlimnn, R.lC., till 29111 
J U I K  I!IIO (in clinrgr till 4th April 1910). Mcridional Series which lies north of the 

hrr. R. \valler.scnior, II.OIII s t 1 1  April 1910. Ganges and the remainder on the North- 
2 Coni[,otcru. East  Longitudinal Series. 

The mctllod of observat,ion and the inst,rumcnt, used wcre the samc as 
in the season 1907-08, the electric glo~v lamp for ill~lrninating the field of the 
telescope being 11lost satisfactory. One of thc le\~cls, I-Iol~ne's No. 6, was found to 
be cracked s t  the beginning of thc season and was replaced by No. 10. On an 
average the programme st each station consisted of 64 observations to 54 stars, + 

t,he great majority of these being talren from Newcomb's catalogue of fundamental 
stars, thc Crcen\vich catalogue of 1880 bcing used in only a few cases. 

The results of the season's obserrations are exhibited in the follo~ving 
tnhle :- 

TABLE I. 

Sore T. (5. 

Pariaon ,, 

Parewa ,, 

Utiamau ,, 

Imlia t p  

Masi 

Dadaura ,, 

Manichauk .. 

Basadcla ., 

Pathardi ,, 

Ghaus ,, 

All the stations are situated on the plains of Oudh and i t  is improbnble 
that  any orographical correction within a radins of a t  least 10 miles will have to bc  
applicd. The Himalayas are visible from the last 5 stations, Manichauk, the  
nearest to then)," being about 18 miles distant. , 
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The deflections deduced are in accordance with those found on the neigh- 
bouring meridional series, the Amua, the change of sign from to -" occurring 
at, about lat i tude 27" 21' on the Amua a r d  a t  27" 15' on the Karara Series, 

The local maximum of southerly deflection a t  Sara would seem to indicate 
t h a t  gravity is in excess between this station and Pariaon. 

The following table gives further details of the observations :- 

TARLE 11. 

I . u m b e r  
Stition. of 1 star?. 

i 

~ o r a  T. S. . / 47 

Pariaon 1 49 
' / 

The micrometer value used was 69.212 per revolution and was determined 
from obserl-ations to 203 star couples. 

During the recess an  investigation was undertaken with a view to ascer- 
t,qining whether the condition known as isostasy exists in India. The method 
lollo\ved was that  which has been used in the United States by Mr. J. F. Hayford. 

Tlie investigation involved the computation of the deflection of the 
p lynb  line in the meridian ciused by visible masses up to a distance of 2,564 miles 
from about 106 selected latitude stations ; and for the same quantity in the prinle 
vertical a t  18 longitude stations. 

To tliese deflections were then applied certain factors which gave the deflec- 
tion which should he produced if isostatic compensation were complete down to 3 
depth of 113 kilometers, which is the most probable depth Mr. Hayford obtaine(1. 
a3 the result of his work in the United States. This gave what ma) he called 
the theoretical deflection of the plumb line based on certain assumptioll~ as 
thfi density of tlln c:arth as a whole, and of that  of the crust. Having ohtailled 
thr;oretic;~l deflc:c-fion it .was compared with the actual one, or (A-G) for the sl;:~tion. 
,'l'lle difFcrcncc .tv.tween the two g i v a  the unaccounted-for defledtion. If isostasy 

vations, ObXr.  

--- 

55 

72 

Swonda 
of 

latitude. 

26.39 

11.59 

11.44 

1.62 

17.63 

14.79 

3.51 

28.91 

50.71 

56.11 

48.34 

. . 

P. e. 

+0.044 

f0.037 

& 0.041 

+0.046 

z t  0.048 

+0.062 

f 0 . 0 4 4  

+ 0.038 

f 0.032 

+ 0.039 

k0 .044  

. . 

P. e. of 
unit 

weight. 

-k0.211 

f 0.184 

f 0.204 

f 0.243 

f0.255 

& 0.316 

f 0.227 

rt0.207 

20 ,172  

0.196 

k0.253 

i 0 . 2 2 4  

~ a r e w a  ,, . 47 61 

Utiamau ,, i 54 
1 67 

Irnlia ,, . I  60 65 
I 
I 

Nasi ,, . 53 58 
I 

Dadaura ,, . 51 62 

Manichar~k ,, . 59 66 

Basadela ,, . 

Pathardi ,, . 

Ghaus ,, . 

EW-WE. 

$0.03 

-0.14 

-0.02 

~ 0 . 1 1  

- 0 . 0 0  

+0.25 

-0.01 

+ 0.17 

+0.03 

+0.02 

+ 0.16 

+ 0.05 

Arpare~lk errorof 

M i c r ~ m ~ ! ~ ~  
vnlue ~ , e r  

revoluliun. 

-0.0051 

+0.0003 

-0.001(j 

-0.0C0.5 

-0~0019 

+ 0.0083 

+0.0037 

-0.0023 

-0.0021 

-0.00'77 

-0.0061 

-0~0014 

60 

47 

66 

63 

60 

74 

. I 
54 64 
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were complete down to the depth mentioned, and provided the assumed densities 
represent those which actually occur in nature, then the theoretical and actual 
deflection would be the same. The amount by which they differ would be a mea- 
sure of the incompletenes? of the isostatic state. But we are by no means certain 
that  the assumed density ratio is correct ; nor, icdeed, that  any one density is 
suitable for all places, or again that  the density is uniformly distributed, as 
the formula assumes. These seem to me to be weaknesses inherent in all mathe- 
matical methods of treating puestions regarding the constitution of the earth's - 
crust. We are attempting to apply invariable rules and methods to  a subject 
where every variety of conditions may exist. 

The fornlula for the deflection of the plumb line is the well-known one taken 
F 1' 

from Clarke's Gecdesy -D = 12.44 6 (Sin a'-sin a,) Log.. Where is the 
T~ 

ratio of the surface density to the mean density of the earth, h the mean height 
of thc compartment above sea level, a' a r d  a1 the azimuths of the radial lines, and 
91 and r ,  the radii of the circles. 

In  older to simplify an otherwise very laborious corrputation Mr. Hayford adopt- 
d 

ed the following values :- = = -&, (Sin @'-Sin a l )  = 0.23, I-' = 1'426. 
T1 

When these are substitutcd in the above formula, thc deflection prcduced a t  t h e  
station by any compartment whose mean height is 11 becomes=0~0001000 ( h  ill 
feet) ; from this i t  follows that  every hulldred feet of height of compartment, above 
meail sea level, prcduces a deflection of O"'01 a t  the station under considera- 
Lion. 

The boundaries of compartrilents were defined by lines drawn, to the 
proper scale, on sheets of transparent celluloid which were placed on thedmap. 
The mean height was then estimated, as near as i t  could be, fro111 the infomation 
given on the may. In many cases the available information mas very meagre, 
and the resultant mean height was consequently invol\ ed in some doubt. This, 
however, is due to a deficiency inherent in the available maps, and not in the 
system. 

BY CAPTAIN H. M. COTVIE, R.E. 
No. 14 (Late 23) Pn~ty .  

The latitude observations in Central India had ir.dicated the existence 
of a belt of relatively high density in the 

Cnptnin H. hIrC Conie, R.E. 
h11.. Hnnu~nntr Prnsad. 
3 Computers. etc. 

earth's crust. The liniits of this belt, so 
far as could be gathered from the latitu.de 
results, ran on the north froni about Ujjain 

through Cawnporc, eastmaris, and in the south .from Dhulia in Khandtsh to 
Bilaspur and eastwards. J 

The gravity operations of tlie last two seasons hare had in view the more 
brecise location of the l i~nits  of the areas of high and lo\\- density, the colIectioll 
of data, from which it was hoped conclusions might be drawn as to tlie nature 
of this belt of high density, whether i t  corrcspondcd to any extent to tlie topogm- 
phical con'figuxl~ion, whether it was, that  is to say, visible, or whether i t  lay 
concealed below the surface. 

Tlic operations of 1!108-09 dealt with the south-n-estern portion of tlie belt, 
lying in the area Ujjain, I)hulia, Ammoti, Hoshangnbad. I11 1909-10 the regiorl 
lying to the east of this \\.as worked ovcr, the stations being dktributed over 

I r 
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the districts of Saugor, Seoni, Bilaspur, Sultanpur, approximately between lati- 
tudes 21" and 26" and longitudes 79" and 83". 

The stations visited were :- 

TABLE 1. 

Station. Latitude. 

/ 

t Feet. 

Saugor . . . . . . . 
Damoh . . . . . . . 
Katni . . . . . . . 
Umaria . . . . . . . 
Pendra . . . . . . . 
Bilaspur . . . . . . . 
Raipur . . . . . . . 
Amgaon . . . . . . . 
Seoni . . . . . .  
Jubbulpore . . . . . 
Maihar . . . . . . 

.Mahabad . . . . . . . 

Saugor is situated on an extensive plateau, tolerably level, though broken here 
and there by lorn hills, distributed singly and in ranges. The country is mostly 
covered by trap beds, but  in places are found inlying hills of Vindhyan forma- 
tions. The general level is about 1,700 feet above sea with hills running up to 
some. 300 or 400 feet higher. Damoh and Katni lie further to the east in county 
of much the same topographical aspect as that  round Saugor though lower lying 
and less broken by hills. These two stations lie on Vindhyan beds, the trap 
in this region extending only a short distance east of Saugor. Umaria and 
Pendra are further to the south-east, just to the east of the Central Indian trap 
overflows. The formcr, on Vindhyan formations, in country very irregular in 
surface features and broken up, is over the Rewa State coal-fields. The latter 
in higher lying, rolling country, is near the high ground dividing the drainage areas 
of the Ganges, the Nerbudda and the Mahanadi. A short distance to the west 
lies the peak of Amarlrantak, marking the eastern limit of the great trap over- 
flow. Bilaspur and Raipur are both in plains to the south of the east Satpura 
highlands. Amgaon, to the north-west of Raipur, is on the southern fringe of the 
Satpuras, in geilerally open country interspersed with rocky outcrops. Seoni lies 
orf the Satpura plateau which here forms a small upland surrounded by hills. 
Those to the south are generally peaked and much indented in outline, while 
those to the north, being trap, are usually flattened a t  the top or of straighter 
outline. Jubbulpore lies on tl plain on the northern slopes of the Satpura high 
grdund, in the Nerhudda valley. This plain is broken and diversified ali round the 
horizon by single hills and small ranges, those to the south belonging generally 
to the trappean area of Central India. Rlaihar lies in the tract between the 
Gangetic plains and the Central Indian highland. The country slopes gently from 
south-west to north-east, the plain being broken occasionally by rocky hills. 

At each of these stations a building with a pucca floor was avhilable for 
the pendulum observatory. At some places however thc rooms werc small, and 
a t  others indifferently weatherproof, malting the controlling of the temperature 
a matter of difficulty. At Umaria and Seoni the rooms were small, and at 
Saugor, Pendra and Seoni the protection against the sun's rays was not as perfect 
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as could have been wished. I n  Table 2 are given the temperature variations 
during the hours of observations. 

TABLE 2. 

Determinations of the flexure of the pendulum support were made, as 
usual, both before and after the series of observations a t  each station. The values 
of the correction ranged bom 36'5 to 54.7. They are given in Table 3, and call 
for no special remark. 

TARLE 3. 

StaLion. 

Debra Dun, November 1909 . . 
Saugor . . . . . 
Damob . . . . . 
Katni . . . . . . 
Umaria . . . . . 
Pendra . . . . . . 
Bilaspur . . . . . 
Raipur . . . . . 
Amgaon . . . . . 
Seoni . . . . . . 
Jubbulpore . . . . . 
Maihar . . . . . 
Allahabad . . . . . 
Dehra Dun, April 1910 . . . 

- 
MEAN. 

Avorngo 
t c m p ~ ~ ~ .  

turc C. 

21.31 
21.04 
19.77 
20.69 
17.05 
18.86 
24.12 
22.03 
20.89 
21.06 
22.63 
25.57 
26.80 
27.50 

NIOHT. 

~hauge. 

+0.17 
+0.13 
+0.18 
+0.19 
+0.18 
+0.15 
+0.12 
+0.06 
+0.12 
+0.07 
+0.05 

+0.04 
+0.07 

Averago 
temprra. 
ture C. 

21.60 
21.42 
20'63 
20.91 
17.82 
19.01 
24.38 
22.14 
21.22 
22.52 
23.82 
25.70 
27.01 
27.11 

DAY. 

The elocls rate was determined by Mr. Hanuman Prasad, using the 
Beut Transit Instrument by Messrs. Troughton and Simms. The mean p. e. of 
a clock rate determined from observations on two successive nights mas f 0"014 
and the mean p. e. of the rate derived from observations to oue star on two succes- 
sive nights was +0°051. 

, 
As will be eeeu from tho dutcs, this station onme nfter Bilnspur. 

Date. 

January 10 
14 
15 

Station. 

Dehra Dun 

Saugor . 

Damoh . 

Katni . 

Umaria . 

Pendra . 

Raipur* . 

HOu"y 
change. 

$0.12 
+0.03 
+0.07 
+0.15 
+0.02 
+0.11 
+0,09 
+O.ll 
+0.19 
-0.15 
-0.08 
+0.12 
+0.03 
+0.04 

Averago 
tompela. 

turd C. 

21.01 
20.65 
18.91 
20'46 
16.27 
18%5 
23.86 
21.91 
20.58 
19.53 
21.44 
25.42 
26'60 
27.24 

Adopted 
menn. 

38.2 

50.9 

42.5 

64.7 

38.0 

62.1 

39.1 

' roul l~  
ohawe. 

------ 
+0.23 
$0.25 
+0.29 
+0.22 
+0.35 
+0.18 
+0.14 

0.00 
+0.06 
$0.29 
t0 .17  
+0.20 
+0.05 
+0.10 

Blaspur . 

Amgaon . 

Seoni . 

Jubbulpore 

Maihar . 

Allahabad 

Dehra Dun 

Observed 
flexure. 

Observed Adopted 
flexure. mean. I 

November 8 
13 

November 26 
30 

December 4 
9 

December 12 
15 

December 19 
23 

December 30 
January 4 

January 20 
24 

48 2 
45.4 
46.2 

38% 
37.8 

60.8 
61.1 

42.7 
42.3 

54.9 
64.6 

37.4 
38.6 

64.3 
49.8 

39.3 
38.8 

-- 

46.8 

45.4 

45.0 

41.8 

46.2 
, 

44.8 

36.6 

January 31 
February 4 

February 13 
18 

February 25 
March 2 

March 15 
19 

March 25 
31 

April 20 
26 

46.0 
44.4 

45.0 
45.0 

42.0 
41.5 

46.4 
45.9 

44.3 
45.6 

38.2 
34.2 
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I n  Table 4 are given the times of vibration of the four pendulums 
Dehra Dun in November 1909 and in April 1910. The mean time of vibration 
was adopted for the reduction of the observations during the season. 

T.4BLE 4. 

Times of vibration of the four pendulunzs at Dehrn Dun. - 

/ 
Date. 

- 
1909 

Nov. 8-9 
9-10 

10-11 
11-12 

Means . 
1910 

Apl. 20-21 
21-22 
22-23 

Means . . General means adopted 
for season. 

Differences, A@.-NOV. 

13) 

-. 

O"5071559 
1575 
1574 
15G6 

O"5071569 

0.5071578 
1588 
1577 

0',5071581 
O"5071575 

+ 12 

137 

0.5072515 
2546 
2545 
2549 

0.5072546 

0.5072587 
2574 
2663 

0.5072575 
0 '5072561 

+ 29 

I n  the narrative report for 1908-09 attention was drawn to the gradual change 
which has been taking place in the mean pendulum since the conlmencement of 
operations in January 1904, the time of vibration slowly getting shorter. This 
chaage has been still operative during the pericd between the beginning of 1909 
and the beginning of 1910. The mean time of vibration of the mean pendulum 
during the season 1908-09 was Ob5072497. 

I n  Table 5 are shown the times of vibration of the mean pe~~dulum at 
each of the stations visited, the differences from the time of vibration a t  Dehra 
Dun and the local values of g d2duced therefrom. The adopted value of g at 
Debra Dun, uhon which the station values are bascd, is 079.063 dynes. This 
value was determined in the beginning of 1904 and is based on comparative 
observations made a t  Kew acd  Dehra Dun. 

The mean p. e. of the time of vibration of the mean pendulum, as computed 
from the differences between individual values of this quantity and the station 
mean, is f P.72 x 10" which corresponds to about f 0'0007 dyne?. 

TABLE 5. 

138 

0".3071953 
4965 
4975 
4980 

Oq.5074968 

OG.5O74972 
.I 967 
4974 

0,5074971 
0 '50749G9 

+ 3 

143 

0 .5070947 
0858 
08G9 
0855 

0fjOi0857 

0 ,5070843 
0864 
08G1 

0 ,5070956 
03.5070857 

-1 

& 

Station. 

U 

~ h r a  Dun . . . . . . . 
Saugor . . . . . . . . 
Damoh . . . . . . . . 
Katni . . . . . . . . 
Urnaria . . . . . . . . 
Pendra . . . . . . . . 
Bila~pur . . . . . . . . 
Raipur . . . . . . . . 
A q a o n .  . . . . . . . 
Beoni . . . . . . , . 
Jubhulpor~ . . . , . . . 
Bfaihar . . . . . . . . 
Allahabad . . . . . . . 

81rnn. 

ot.5072176 
2186 
2191 
2188 

0'.5072485 

oq.50724g5 
2498 
2194 

0 .5072496 
Ofj072491 

$11 

Time o l  
vibration. 

S. 
0.5072491 
0'5073350 
0'5073281 
0'5073283 
0'5073327 
0'5073593 
0'5073481 
0'5073659 
0'5073655 
0'5073694, 
0.5073381 
0'5073212 
0'51172802 

Ditference Observed 
irom Dehrr. 1 value ~i g. 

S .  
. , 

0.0000859 
790 
792 
836 

1102 
990 

1158 
1164 
1143 
890 
721 

,. 3.11 

Dynes 

979.063 
978.731 
978.758 
978,757 
978,740 
978,638 
978.681 

' 978.612 
978.614 
978'622 
978.719 
978.784 
978,943 
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Table 6 shows for each station the observed value of g, the corrections 
for height and mass above sea level and the deduced value of gIfo a t  sea level. 

is the tllcoretical value of the same quantity derived from Helmert's 1884 
fornlule. 

y0=978.000 (1 $0.005310 sin 'd,) where d, is the latitude of the point of obsem- 

ation. 
TABLE 6. 

Combining the valucs of goo-yo m~ith those of the previous year, determined 
in the tract to the west of that  now considered, and arranging stations award- 
ing to height above sea level, we get the following series :- 

Station. Height. I --- g - o - ~ ~  

Mo~taklta . 
Jalgaon . 
Bilaspur . 
Mukhtiara . 
Raipur . 
Hoshangabad 
Khandwa . 
Amgaon . 
Amraoti . 
Maihar 
Damoh . 
Katni . . 
Shahpur . 
Elliohpur . 
Jubbulpore . 
Umaria 
Ujjain . . 
Saugor . . 
Mhow . . 
Pendra . . 
Seoni . . 
Asirgarh . 
Badnur , . 

Station. 

Sangor . . . 
~~~~l~ . . .  
Kat,ni , . . 
Urnaria . . . 
Fendra . .  
Bilaspur . . .  
Raipur . . .  

. . .  Amgaon 

. . .  Seoni 
Jubbulpore . . 
Blailiar . . . 
Allahabad . . .  

Feet. 
576 
760 
878 
926 
996 

1,002 
1,014 
1,032 
1,123 
1,161 
1,213 
1,254 
1,284 
1,314 

, 1,467 
1,499 
1,612 
1,757 
1,903 
1,996 
2,032 
2,077 
2,103 

~~~~~$ 
6. 

Dynes. 

978.731 
978.758 
078,757 
978,740 
978.638 
978.681 
978,612 
978.G14 
978.622 
978,719 
978.784 
978,943 

(.orrection ror 
I 

Diff~mnce. 
Height .  1 C 1 0  1 g''_I 

Dynes. 
-0.006 
+0.012 

0.000 
-0.035 
-G.Oll 
+ 0.004 
+ 0.036 
-0.015 
+ 0.010 
-0.026 
-0.019 
-0.018 ' 
-0~005 
+ 0.009 
+ 0.003 
+ 0.003 , 
-0,031 
-0.016 
-0.033 
-0,024 
+ 0.009 
+ 0.017 
+ 0,006 

I 

I t  is difficult to form any connection between these values of g''oyo and 
either the altitude or the geological formation of the country concerned. 

Damob (-19), I Jjjain (-31), Mhow (-33), Saugor (-16), Pendra (-24) ,may 
all be described' as situated in high-lying, rolling country ; khrtakka (T6) 

Dynes. 

+0.164 
+0.113 
+0.117 
$0.140 
$0'186 
+ 0.082 
+ 0,093 
+0'096 
+0.189 
f0.137 
+0,108 
+ 0.027 

Dynes. 

-0.061 
-0.042 
-0.044 
-0,050 
-0.070 
-0.030 
-0.095 
-0.036 
-0,067 
-0.051 
-0.041 
-0'010 

Dynes. 

-0,016 
-0.019 
-0.018 
+0.003 
-0.024 

0.000 
-0.011 . -0.015 
+0.009 
+0.003 
-0.026 
+ 0.002 

Dynes. 

978.834 
978,829 
978.830 
!178.830 
978.754 
978.733 
978.670 
978.674 
978.744 
978.806 
978.851 
978,960 

Dynes. 

978.860 
978.848 
978.848 
978?327 
978.778 
978.733 
978.681 
978.689 
978.735 
978,803 
978.877 
978.958 
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Mukhtiara (-33) in a Ila~-row valley and Jalgaon (+12) and Hoshangabad 
(+4) in wider valleys. Asirgnrh (+ 17)- Seoni (+9) and Badnur (+6) all lie over 

the mass of the Satpuras ; Khandwa (+38), Jubbulpore (+3), Sha]lpur (-5, 
on the Iower Satpura plateaor ; m d  Ratni (-181, ~ r n d i a  (+3), Amaon (-15) 
and Maihar (-26) are on the fringe of high ground. Bi las~nr  (O), Rnipm (-11), 
Amraoti (+lo)  and Ellichpur (+9) lie in plains to the south of the satpura 
mass. 

The first group of stations in high-lying country certainly all shorn negative 
Four of these stations are situated north of the line of the Nerbuddn. ~f 

we go south of the Nerbudda, we find a tendency to positive results at  places also 
in high ground. Along the fringe of the highland and in plains to the south 
the values of g",-yo are of an indeterminate character, ranging from $10 
to -24. 

I n  these two paragraphs the values of g",-yo are given in brackets in units 
of the third decimal place of a dyne. 

We find greater discordances when we turn to the main geological conditions. 
Ujjain (-31) and Blhow (-33) lie on trap beds, on the centre of a large overflow. 

,Khandwa (S.38) and Asirgarh ($17) are also on the trap. Jalgaon (+12), Badnur 
(+6)and Seoni(+9) are on the edge of the trap, as are Mortakka (-6), Saugor (-16) 
and Pendra (-24). Umaria (+3) lies on Gondwana formations, just off the tmp, 
so does Shahpur (-5). Jubbulpore ($3) is just off the trap, and Raipur (-11). 
Bilaspur (0) and Arngaon (-15) are on similar formations, though the latter are 
further from the trap. 

d glance a t  the map, however, shows that there is a tendency for the results, 
positive and negative, to group themselves. Ujjain, Mhow, Mukhtiara and Blor- 
takka all fall together forming a group of negative values. Saugor, Damoh, 
Katni and Maihar form a second, while Arngaon, Raipur and Pendra with 0 at 
Bilaspur constitute a third. Between the first two negative clusters and 
the third stretches a belt of positive values with one anomalous negative at 
Shahpur. 

A further investigation of the results -of the Pendulum obwrvations in 
India has been commenced under the hypothesis, recently put forw~rd by 
Mr. Hayford of the United States Coast and Geodetic Snrvcy, that isostatic com- 
pensation exists nithin a probable depth of about 70 miles. 

This investigation has been applied to 42 of the Pendulum stations, b~ l t  so 
far the effect of the topography and its ccmpensation has only been computed 
qp to a radius of 100 miles from each. These partial results do not show any 
greater accordance t5ith the observed facts than does the uncompensated 
Bouguer reduction up to a similar radius : as, however, Mr. Hayford has shosn 
that large effects may be pruduced by regions lying outside the 100 mile radius, 
it'is necessary to apply his system in its entirety, to a t  least a few selected 
etations, before we can form any definite idea of the applicability of his hypo- 
thesis to India. 



MAGNETIC SURVEY. 

V.-Magnetic Survey. 

By CAPTAIN H. J. COUCHMAN, R.E. 

No. 18 Par:y. 

Cnptnin R. H. Thomas, R.E., in chnrge up to The Present report deals with the work 
30th Juna 1910. of the magnetic survey in 1909-10. 

Cnptnin H. J. Couchmnn, R.E., in charge 
from 1st J U I ~  1910. The report is divided into three main 

Lieutenant H. T. hIorahend. R.E.. from 8th heads as ~ O ~ ~ O W S  :- 
Nuvernber 1909. 

Mr8m. E. C. J. Bond, H. P. D. Morton,  
I' An the 'perations in the 

R. P. Rny, N. R. Bl~durndar, R. B. Mathur. field and recess quarters, with a table of 
19 Rrcordcra, eta. the preliminary values of the magnetic 

elements a t  field and repeat stations in 1909-10, and an index chart showing the 
positions of all stations of observation to date. 

Note.-For convenience of reference the table and index chart are placed 
at the end of Part 111. 

11. A note on the working of the magnetic ob~ervatsries in the survey year 
1909-10. 

111. Tables of results a t  the magnetic obseratoriea in 1909. 

I.-FIELD OPERATIONS AND RECESS WORK IN 1909-10. ' 

1. Wonx OF THE FIELD D E T A C ~ I E N T S .  

2. WORK OF TBE I~PERIAL OFFICEPIS. 

3. W O ~ K  DUnINO RECESS. 

SECULAR CEANOE IN H. F. 
D m n ~ a ~  M N O E  IN H. F. IN SOUTH INDIA. 

H. P. DASE LINES AND INSTRUhlEhThL DIFFERENCES IN H. F. 
4. VALUES OF DISTRIDUTIOX COEFFICIENTS IN 1909-10. 
6. PIIOGRAM~IE OF WORK FOn 1910-11. 
6. RESULTS PUBLISHED IN THIS R E P O ~ T .  

1. Work of the field de:acl~ments.-The field season opened on Octobx 26th 
1909, and closed a t  the end of April 1910. 

Four field detachments were employed during the year, under Rlessrs. Bond, 
Morton, Ray and R. B. Mathur. The h s t  two re-ob;erved a t  nearly all the old 
field stations in the area lying between Lat. 16"-19" and Long. 73"-78" in ordeg 
to investigate the abnormal secular change in H. I?. found at four re-occupied field 
stations in this localil y. Both observers also surveyed several small areas in detail, 
and Mr. Morton observed a t  three new stations on the fNngda-Rluttra Railway, and 
took the usual comparative observations a t  the Alibag Observatory. 

, 

, Mr. Ray's detachment was employed on detail survey in Central India, two 
or three areas being dealt with. That under Mr. R. 13. Mathur worked along the 
outer ranges of the Himalaya from Naini Tal to Dharmsala. 

Time did not admit of the magnetic survey of the Audaman and Nicobar 
Islands. It is, however, intended to do this during the coming field season. 

The number of new stlttio~ls of the prelimiunry survey occupied was 69, of 
detail survey stations 71, while 100 old stations were re-occupied including thoso 
visited 1)y the Imperial officers. 
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The total number of stations of the preliminary survey to date is 1,330. 
2. Work of the Inzperial officers.-Two Imperial officers were available through. 

out the year. 

The four observatories were inspected and comperative observatiolls made 
a t  each. All the repeat stations 'were visited wit11 the exception of Port Blair 
(time not being available for this), and in addition observations were made at 
several old field stations. Lieutenant Morshead, R.E., made half-hourly observa- - tions of H. F. a t  Tuticorin for 4 days in January 1910 to investigate the apparent 
rapid increase in diurnal variation in South India. These observations are 
referred to elsewhere in this report. 

3. Work during ~eccss.-The party was inspected by the Superintendent, 
Trigonometrical Surveys, during June 1910. 

The computation of the previous season's field work and the reduction and 
tabulation of the base station results for 1909 have been completed. 

No time has been available to investigate in detail the secular change found 
from the field stations re-occupied during 

Secl~lnr c!lange in H. I'. 
the past field season, but a cursory inspec- 

tion of the values found in the abnormal area mentioned in 1 above seems to show 
that  the agreement between the values a t  the 4 field stations previously occupied 
is a coincidence. These values were -54y and -58y a t  Kirkee and Dhond and 
-34y and -31y a t  Kolhapur and Miraj, and i t  seemed that  in this area the hori- 
zontal force was decreasing rapidly. This has not been borne out by the detailed 
examination of the area. Positive and negative values of secular change are 
equJly common and of amounts varying from 0 to 100y. The reason seems to 
be that  owing to a lack of sufficient details i t  is often impossible to identify the old 
site within several feet. The whole country is composed of Deccan trap,-a 
magnetic rock, which often occurs on the surface,-and a change of 10 feet in the 
position of the station may alter the value of H. F. by 100 or 200y. The 
values originally found are thus not comparable with the later ones and the secular 
change cannot be deduced with any degree of accuracy. 

The remedy is, of course, to mark certain selected field stations permanently, 
and this will be done during the ensuing field season. This procedure was adopted 
for the repeat stations, and though in a few cases the marks have disappeared, it 
is significant that  the values of secular change in H. F. found from them show a 
progressive and fairly regular change over the whole of India, though owing to 
the variation in secular change being large (--40y in Quetta to $ 4 0 ~  in South 
Qurma) the number of repeat stations is insufficient and i t  is essential to obtain 
iurther values. 

In  Part  I ,  page 7,  of last year's narrative report mention was made of the 

Uiurnal range in H. 17. in  South 1r:din. 
intention to take half-hourly observations of 
H. F. a t  Tuticorin to determine whether the 

inweas: i l l  diurnal range was more rapid in low magnetic latitudes than else- 
where. 

The observations a t  Trichinopoly made in January 1909 showed that the r a w  
there was about 8y less than in Kodaikanal, and this difference was @eater thall 

' would be expected. 

In  January 1910, therefore, Lieut.enant Morshead, R.E., made half-hourly ob- 
servations from 8 A.M. to 4 P.M. on 4 days a t  Tuticorin, Lat. 8" 48' and obtained 
a diurnal range born 8 A.M. (minimum) to 11 A.M. (maximup) of 48y. The 



range between the same hours of the same 4 days a t  Kcdailranal (Lat. 10' 14') 
was 43y. I t  seems fairly clear tha t  Kcclail~anal is not ahnormal, and also tha t  
though thc diurnal range dofs  probably increase mole mpiclly in South India, 
the assumed linear relation between this range a ~ ~ d  latitude is sufficiently correct. 

During practically the whole of tlie rcccss season, the Imperial officers have been 
engaged on the investigation of the instru- 

H. F I17.e l17,es and il~strumentirl chffer- 
en(e, 111 H. F. mental differenccs in 11. F. of the field and 

observatory magnetometers from the survey 
standard a t  Dehra Dun. 

As it was thought that  the changes in these differences as published in the 
narrative report of 1907-08 might be eliminated by using the se-ond distribution 

P Q  -1 
coefficient, or " Q term," in the expression (1+ p- + >- + . . . .) , this 

term was computed for all magnets by the forn~ulle given in last year's report. 
With these new distribution coefficients the base lines of the mngrletographs mere 
recomputed and also tlie values of H. F. as obtained with the cliflercnt magneto- 
~netcrs a t  the times of comparison. . 

The initial di6c:llty was to decide when, if cyer, changes in P and Q occurred. 
Such cllanges were usually loolred for when theie was an apparent change 

in  m,, in order to determine whether this change mas real, or could he eliminated 
by using different values of P and Q before and after the apparent change. I n  
practicaily no case could an assumed cliange in the distribution coefficient be 
substantiated, for a suddell change in the base line would be found which cqu!d 
be avoided by keeping P and Q constant ar:cl assmning a real change in m,. 

Some evidence of real instrumental change has, howe~er ,  been found when a 
large drop, of 2 or 3 C. G. S. units, in m, has occurred, and though this change 
has not been eliminated by using new values of P a! d Q, such new values have 
occasionally been taken and the change in the base line corrected for. An actual 
instance will elucidate this point. I11 May 1908 the moment of the Dehra Dun 
standard magnet dropped from 911'2 C. G. S. to 894'2 C. G. S. ; the value of the 
distribution coefficient used before the change was i.99315 while the mean of subse- 
quent observations was i.99332. If no leu2 instrumental change had occurred 
a t  this point this change of P and & mould have prcduced a fall of G y  in the 
base line : actually, however, the recornputcd base line rose suddenly by about 
18y and the comparisons of the field instruments with the standald showed a 
similar change, as the following table will show :- 

Y 

blngnat. Octobcr 1907. May 1008. Chnngo 

(1) (3)-(2). J 

17-2 

17-3 

1 7 - 4  

17-6 

(No~~.-hlnn~.otq Noa. 4 and 10 wore compared just befure (h id  I.)rgc d r q  in tho m h s n t  of 17 rd ' 
do not aLu\, tlu ul~ange.) 

-G8 

-123 

-23 

-28 

- 4 3  

+ 3 

-2 

4 

+ 15 
t 26 

t 21 

+ 24 

Nean +?? 



66 RECOIlDS OF T n E  SURVEY OF INDIA, 1009.10. 
[ VOL. I, 

This shows that  the appnrent rise in the base line is due to a real change in 
magnetometer magnet and not merely in the magnetogmph, and it is therefore 
necessary to correct values of H. F. subsequent to May 1908 by the amount 
this instrumental change. I t  appears, however, that  this change is riot a per- 
manent one, for the instrumental comparisons in October 1908 tcnd to sl~ow that 
the standard magilet had recovered itself. These coniparixons are shown 
below :- 

hlny 1908. Octobcr 1908. Cllnngo 

(3)  - (2 ) ,  

I 

It will be noticed that  the mean change of No. 17 from October 1907 to October 
1908 as shown by the comparisons is -6y, precisely the same anlount as tbot 
produced by the substitution of a new distribution coefficient. I t  wu!d thus 
appear- 

* (1) that  no real change of P and Q occurrcd in May 1908 ; 
(2)  that  an instrumental change of about 25y took place when the moment 

of No. 17 fell suddenly in May 1908 followed by a recoveiy which 
was complete before October 1908. 

Evidence of the truth of (2 )  is found in the con~parisons of the Iiodaikanal 
magnet No. 16 with No. 17 ; these showed that  the difference 17-16 in December 
1907 was -28y and in January 1909 -31y. Thus indicating that  if any change 
in No. 17 occurred in May 1908 the magnet had recoverrd itself by January 1909. 

Other instances of instrumental change taking place when the moment falls 
suddenly occur a t  Barrackpore in November 1906 and a t  Kodaikanal in May 
1909. The latter is too recent to admit of any evidence of subsequent recovery, 
but  in Barrackpore the change seems to have been permanent and of about 
+20y in magnitude. I n  the narrative report of 1907-08, page 14, it will be 

.noticed that  the H. F. in Barrackpore rose 20y between December 1906 and 
January 1907. This rise occurred a t  no other observatory and always seemed 
doubtful, but  i t  is now seen to be due to an instrumental change in the magnet 
and can be confidently corrected for. 

Apart from these sudden changes coincident with a drop in moment there 
seems little evidence that  P and Q have altered appreciably in any of the observa- 
tory magnets. The case of the field magnets is more difficult, as we have 110 such 
good test of their invariability as is given by the base lines in the case of the obser- 
vatory magnets. 

The practice has been to compute the distribution coefficient from 3 or 4 months' 
observations, and when this value differs largely from the previous mean, it ha3 
been used in a preliminary computation of m and H. Such cases are rarc and in 
view of the apparent constancy of the observatory magnets i t  seems probable that 
thcse changes are not real. The differences of all magnets from the standard have 
'been rccomputcd, but  the values obtained cannot as yet be considered final. 



I t  is believed, however, that  the values of the base lines now obtained are 
correct as these have been subjected to a rigid exmination by plotting the mean 

of H. F. in each month, obtained from the ' quiet ' days, and comparing 
the of the different, observatories. The agreement is quite satisfactory 
and the annual variation in force shows a great similarity. 

Tllcse base lines show distinct signs of annual variation, especially in the c u e  
of Barmckpore. I n  each year there is a fall in November and December followed 
by a rise in February and March, and i t  is unfortunate that  these rapid changes -- a 

occur during the field season when i t  is important to know the value of 
the base line on each day in which a field observation has been made, in order to 
correct for disturbance. 

During this general recomputation of base lines and instrumental differences 
several cases of personal error have been noticed. The clearest of these was a t  
Kodailranal in 1908 when the permanent observer proceeded on three months' 
leave and another carried out his duties during this period. Immediately after 
this change of observers, the moment of the magnet dropped 0.46 C. G. S. units 
and the base line 19y, both returning to their previous values when the permanent 
observer resumed his duties. To ensure continuity of record i t  is, of course, 
necessary to allow for this personal error though i t  is difficult to find a reason. 
for it. Similar cases have occurred when the field instruments have changed 
hands (in one case a difference of nearly 30y was found), but these can be easily 
allowed for in the instrumental differences. 

4. Values of distrzbution coefficients in 1909-10.-The table below gives the 
values of Pl.z and P? 3 for the field magnets in bhe season 1909-10. No. 10s 
is the ordinary short magnet of No. 10 mngnetometrr bearing the ,same 
proportion to the deflecting magnet as do the other deflected magnets, while 

10K is somewhat longer being of the long magnet. The distribution factor 
(,-+,I) has been used to obtain the values of H given in the abstract a t  the end 

of this report, and the correction on account of the & term to these and other 
published values of H will be made subsequently. 

P PUOM 22.6 AND 30 cnfs. P BROX 30 AND 40 cus. 
- 

1 L 
c 1 " .  c G.5 

RELIARUS. 

-- 

2 

3A 

BA 

6.4 

GA 

10 

10 

7.45 

6.19 

7.55 

7.22 

7.84 

tj.01 

6.49 

4 . 8 9  

7.60 

6.20 

7.55 

7.22 

7.83 

9.61 

6.40 

4 . 8 7  

80 

60 

01 

50 

79 

6 

81 

60 

16 

3 

1 

1 

1 

. . 

64 

63 

90 

68 

78 

6 

80 

48 

0.70 

7'27 

8.68 

8.06 

8.01 

G'G2 

7.38 

-2.72 

9.75 

7.32 

8.G3 

8.10 

8.01 

6.G2 

7.41 

-2.67 

168 

71 

113 

67 

74 1.1 

48 

30 

15 

18 

13 

I 

80 ; 13 

1 . . 
GO &lognet 10 S a.6: 

ponded. 

119 

66 

95 

8.1 

U 

76 

12 A t  Alibog. 
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I t  has been mentioned in a previous report tha t  the mean value of force on one 
quiet day often differs largely from that  of another, and consequently where these 
days are not the same in any mouth for all observatories the mean values of force 
are not compnmble, and there mould be difficulty in deducing the annual \lariation, 
This is now being remedied. The selection of " quiet days " common to 
the observatories has been made and these are now being measured and tabulated, 
but owing to missing or defcctive traces i t  has been most difficult to find 5 suitable 
quiet days common to all observatories, and in some cases 4 (acd cc~asionall~ 3) 
dnys are being used. 

6 .  Results publisltcd in the report.-A table showing the spproxllnate 
values (uacorrectcd) of the magnetic elements a t  the field and repeat stations is 
appended, together with an index chart showing all stations of observation and 
areas surveyed in detail to date. The tabulation of the results obtained at the 
fear are published for 1909. 

1. GEYER,\I. n s n l a l r l t s  ON \\.ORI(IXD. 

2. hIrlx \'.rl.rES 0 s  8. I'. A S D  DECLm.\TIOI COSST,\NTS. 

3. J I E , ~ ~  v , \ l . v E s  OF nASE LIXES. 

5. AIE.\Y \IlJJ1'IILY \'.\L1108 OK M.\(:SETIC ELEMENT 1N 1'31.9 AYD ST;CUI.AII CHANGE, 
1 9 0 8 - 0 9 .  

1. Gelzeral remarl~s on worliilzy.-The observatory remained in charge of 
Surveyor K. K. Dutta. 

The magnetographs have given good results throughout the year. The H. F. 
instrument has been opened twice to remedy small defects in November 1909 
and June 1910. Sonlc slight interference was observed in the declination 
instrument in December ; this was removed by giving the magnet a large 
deflection. 

The V. P. magnetograph had, as usual, to be opened several times for cleaning 
akd balancing. On one of these ocra~ions some minute insects found their may 
insitle and great difficulty mas experienced in removing them. 

The underground room *mas lcept fairly dry in spite of the heavy rains. 
In' the middle of August, the surrounding passage was flooded to a depth of 3 feet, 
but the water mas lcept out of the magnetograph room by raising the barrier at 
the door. 

The walls and floor nrc now to be plastered with rortlnnd cement to prevent 
tile I~erculation of suLsoil water, and it is hoped that  this prove succeas- 

. ful. 
2. Alean z'nluea 01 11. F .  rrtrd r'cclinnfion coltstn~lts.-Tlle following tablo 

gveu the monthly riican vnlucs of thc nl:~gnctic collitnntion, the tlistrihution 
c.ocllicieots l',? ar~d I',.,, and tho molllent 111, of the mng~lct No. 17 during 
,1909 . - # I  
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lUenn rultles of  the constunts of the mn!jnelomc/er No.  17 i n  1909. 

3. Mean values of base lines.-The table below gives the mean values of, the 
H. F. and declination base lines actually used to obtain the values of force, etc., 
given in the tables a t  the end of this report. These are not the latest values 
(using the Q term) found during this recess. The V. F. base lines are not shown, 
as there have been frequent changes. 

The ctbslract of t l~c  base linz rnlt~e of 

Months. 

+11unry . . 
~ ~ b ~ u ~ r y  . . 
hlsrch . . .  

. . .  ~ ~ f d  

&lay . . .  
~u~~ . , . 

Nonthe. 

hlean 

January . . .  / lo  : 41'.0 1 .. 

DR(.I.I. 
N.LTION 
CON- 

STANTS. 

February . . . I 40'.9 I . . 

H. F. CONSTANTS. 

, h l n r ~  VALUES OF P's. 

(1) By chrono- 
graph. 

894.32 

894.46 

( 804.05 
( 894.5G(1) 

894.26 

a03.94 

894.34 

894.15 

h I ~ r r h .  . , , 

April . . . .  

7.31 

7.25 

1 7.26 

J U I Y  . I .XI. 

8.00 

8.03 

7.0G 

7-03 

8.17 

804.57 

894.67 

694'57 

894'67 

004.57 

694'57 

894.57 

August . . 

S c p h m b e r .  . 
October . . 

May . . . .  

7 2 0  836 

: 30' 

:35" 

: 30' 

hlcan 
rn.rgr;ctic 
collirna- 

tion. 

(-9': 32" 

: ' 

32" 

: 31' 

: 28' 

: 9 

Norcrnbcr . . 

P1.2 

- 
7.14 

7.12 

7.21 

7.23 

7.21 

7.20 

(2)To 12th. 
(3) 15th to 30th. 

e, 

F 

: 30" 1 7.25 

.June . . . .  
July . . . .  
August . , , 

Pz.3 ac. 
erpted, 

-- 

e 
9 1  

Dcccmber . . : 27" / 7.14 

~nqgilrtorlrnph nt Dehrn Dun Obsercatsry in 1909. 

Pl.2 R C -  

cepted, 

-- 

o I ( 891.44 
O [ 804.68(1) 1 ( 814.41 

I 894.58(l) 

40'.7 

w'.S 

4o'.Y 

7.98 

7.71 

8.26 

8.17 

8.15 

8.OG 

89457 

804.57 

R s m ~ s a s .  

ToI l th .  

14th to 18th. 
17th to 2211d. 
231d to 30th. 

1st  to 13th. 
lGth to 30th. 

1st to 12th. 
15th to  19th. 
2Jlh to 25th. 
27th td 29th. 

?Otb Nor .  to end. 

i HORIZONTAL FORCE. 

.. 

. . 

. . 

1 904.20 1 W4.17 

893-83(2) 
1 ( :::::;\?) 80341(3) 1 103.30 1 893.30 

- 
2 
6 

Base 
line ac- 
oeptcd. 

. . 

. . 

. . 

. . 

. . 

. . 

.. 

bme line. 

4s 
2 
= U) 

. . 
F m ~ n  14th . . 
To 221111. . . 

.. . . 

. . . . . . 

.. 

. . 
.33022 . . 

. . 

. . 

. . 

. . 

. . 

. . 
To 12th . . 

33032 

43032 

43034 

33030 

,33034 

33036 

,33032 

,33034 
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4. Agean scale valtce and temperature range.-The mean scale value of the H, 

F. magnetograph up to August 1909 wns 4 . 1 1 ~  for an  ordinate of 0.04". ~ f t ~ ~  
the re-erection in September the scale value fell to 4 . 0 6 ~  and remained 90 up t, 
November 21st, when, the instrument being opened and,thc torsion head tuned, 
the value rose to 4'10. The mean temperature of the H. F. magnetograph 
was 27O.25 C. with a maximunl of 27O.43 in July and a minimum of 26O.90 in 
February. 

The scale value of the V. F.  instrument varied from 4-39 to 5.15. The 
mean temperature was 80°'32 F., the maximum 80°'87 occurring in July and the 

79O.46 in February. 
The temperatures of reduction are 27" C. and 81" F. respectively. 
5. Mean montldy values and secular change.-The following table gives the 

mean monthly values of the magnetic element in 1909 with the secular change 
for 1908-09 deduced therefrom. It will be observed that  the great magnetic 
storm of September 25th, 1909, lowered the value of H. F. greatly, this being the 
usual result. 

Secular change at Dehrn Dun, 7008-09. 

1. GENERAL R E ~ U R K E  ON WORK IN^. 
2. MEAN VALUES OF H. F. AND DECLINATION CONSTANTS. 

3. MEAN VALUES O F ~ B A S E  LINES. 

4. MEAN SOALE VALUE AND TEMPERATURE RANGE. 

5,  NEAN MONTHLY VALUES OW MAQNETIC ELEMENTS IN 1909 AND SECULAR CHANOE, 1908.09 

HORlZONTAL FORCE 
.33M)O C. Q .  9 .  + 

1. General remarks on working.-The observatory remained in charge of K. N. 
MukeSji throughout the year. 

The V. F. instrument had to be opened several times fo;. cleaning and 
balancing, but otherwise the instruments worked satisfactorily. 

2. Mecvl~ values of constants.-The following table gives the monthly mean 
values of the magnetic collirnation, the distribution coefficients and P*-3 

and the rn~urent  m, of the magnct No. 20 during 1909 :- " 

DECLINATION 
k;. 2' t 

DIP 
N. 13" + 

~ E M A W S .  

The m l r s  In 1% 
arcrnea~~+nl  1 dl), 
only. 

Ditto. 

Thc valtle! in 118 
ore from 2 drll 
only. 

The wluer in lQ@ 
nm Iron) 3 day 
only. 

~ h o  w.luea in 
are meam 01 4 dU' 
only. 

i Months. 

- 

V E R T I C ~ L  PORCB 
.31000 C. 0.  8. + 

December . . 280 258 

+00 

Jnnuup . . . 
February . r .  

March . . . 
Apri l  . . 
May  . . . 
Jme . . . 
Ju ly  . . . 
~ o g u s t  . . 

Brpternber . . 

October . . . 

7 

300 

503 

290 

20a 

207 

290 

300 

288 

273 

280 

278 

288 

277 

287 

280 

208 

283 

282 

205 

231 

7 7 '  

-28 

-17 

-22 

+ 5  

-7 

i0 

-7 

4 

-8 

-48 

37.1 

37.5 

37.2 

37.2 

37.0 

38.4 

30.1 

38-0 

38.5 

s . 3  

38'0 

35.8 

85.0 

35.0 

31.8 

31.0 

31.7 

31.4 

31.1 

34.8 

-1.1 

1.7 

1.0 

2.2 

2 - 2  

1.8 

1.4 

1 -8  

2.1 

1.7 

38.7 

80.5 

40.1 

41-0 

41.8 

42B 

42.1 

42-8 

44-1 

41.3 

15.1 

45.7 

15.0 

4 5 4  

40.3 

40.0 

10.7 

18.8 

51.2 

52.3 

+8 .1  

0.2 

6.8 

3.8 

4.5 

1.1 

1.0 

4.0 

7.1 

8.0 

7 

707 

778 

785 

807 

815 

828 

821 

~ 3 3  

838 

815 

j7 

890 

870 

872 

BA:~ 

803 

003 

002 

002 

0x1 

091 

Y 

+02  

07 

87 

70 

78 

75 

78 

60 

123 

IOO 
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4. Mean scale values and temperature range.-The mean scale values of the 
H. F. and V. F. instrulllents were 4 . 8 6 ~  and 4.537 respectively, the 
limiting values being 4'85 and 4'89 in the first case and 4.50 and 4.56 iu the 
second. 

The mean temperatures of the H. F. and V. F. instruments were 31O.60 C. 
and 8 9 O . 2 6  F. respectively with maxima of 33'21 C. and 92O.03 P. in December 

C 
and m-a of 28"-83 C. and 84O.08 F. in January. 

The temperatures of reduction are 31°C and 89°F. 
5.  Mean montlzly valztes and seculcr ~1lange.-The following table gives the 

mean monthly values of the magnetic elements in 1909 with the secular change for 
1908-09 deduced therefrom. 

Secular cl~ange at Earrackpore in 1908-09. 

C.-TOUNGOO OBSERVATOI~Y. 

1. GENERAL REMARKS ON WORIUNO. 

2. MEAN VALUES OF H. F. AND DECLINATION CONSTANTS. 

3. MEAN v n L u P s  OF BASE LINES. 

4. MEAN 8CALm VALUE" AND TEMPERATWILE lIANO1. 

6. MEAN MONTHLY VALUES O F  MAONETIO ELEMENTS LN 1809 AND SECULAR CHANOr,  

1'aos.oo. 
--- 

1. General remarks on working.-The observatory remained in charge of Shri 
Dhar throughout the year. 

With the usual exception of the V. I?. instrument the magnetographs gave 
good results throughout the year. 

2. Meun values of H. k'. and Declination Constants.-The following table 
gives the monthly mean values of the magnetic collimation and distribution 
coefficients P,., and P 2 . a  and the moment m, of the magnet yo.  19A during 
l909 :- 

I L E Y A P . ~ .  

The values in 1003 a n  
LLlOQPs Uf & day8 O P I ~ .  

1)itIo. 

( 
HOYZOSTAL FORCE Y E B T ~ c A L  F O R C ~  

,37000 C. 0 . 9 .  + .2200O C. G. 8. 

- l o n t h s .  

--- 

J ~ ~ ~ B ~ ~  . 

P p b r u o r y .  . 
a r c  . . 
A ~ I I  , . 

my . . 
June . . 

I . . 

August . . 
lcplembcr . 

October . . 
November. . 
Derernber . 

7 

301 

305 

300 

2 

-4.7 

4.0 

4 8  

4 8  

07.0 

07.4 

Yo1 

300 

301 

284 

275 

284 

208 

308 

37 

5.3 

4 .8  

5 .0  

4.9 

5.0 

4.0 

4.0 

5.4 
- 

02.9 

02.5 

7 

301 

307 

205 

315 

60.4 

G5 7 

05.0 

05.1 

01-8 

04.3 

03.8 

83.0 

C.G.S. 

.. 
17 

18 

34 

0 1 8  I 0 2 , I  

0 1 

Ma- . . 

' 

t 4 . 8  

3 -0  

4 0  

2 4  

32.0 

33.0 

3 2 4  

3 4 0  

7 '  

. . 

+ 2  

-11 

t 2 2  

300 

310 

308 

303 

281 

201 

203 

302 

61.1 

00-0 

00.8 

00.2 

59.8 

60-7 

60.2 

69.2 
- 

31  

38 

31  

42 

45 

53 

04 

08 
-- 

3.1 

3 0 

4.1 

4-0 

4-3 

0.2 

8.0 

30.8 

30.0 

37.5 

3 7 0  

-4.0 1 3 4 0  

31.2 

31.5 

1 3 4 . 3  

35.1 

30.1 

35.8 

30.4 

+ 8  

f 10 

+ 7  

f O  

+18  

-33 

-0 

-0 
-- 

C.G.S. 

71 

72 

78 

82  

3 8 7  1 + 4 l  

37.0 

38-1 

38.7 

90.1 

40.4 

42.0 

40.3 

298 300 I + 2  I-- 

C.Q.S. 

+71  

55 

YU 

48 

88 

00 

103 

100 

118 

123 

117 

130 
-- 

30.3 
- 

- 7  

58 I 
09 

04 

73 

I 
70 I DlttOl 

, 50 

02 40.8 1 4-5 
- - 
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Jlean wlue of Be constants of the maqnetomeler Xo.  I Y  wilh magnd 198 in 1979. 

3. Mean values of base lines.-The table below gives the mean monthly base 
lines of the P. and declination magnetographs actually used. Those of t b  
v. me n+wn. 

The obser\ values of the declination base liqe have varied considerably, 
but these changes do not appear to be real, for no sudden slips have been n0tic.y-J 
in the magnetograms mhen the base line has appeared-to alter by 2'. During the 
i~spection of the obscrratory by the officer in charge it was noticed that  the clamp- 
ing screw of the wooden box was loose in its hold, and after this was tightened the 
base lincs remained steady for some months. It appears therefore that  the 
magnetometer was a t  fault, and as, from the comparative observations in 
December 1908 and 1909, the base lines computcd with No. 10 instrlmlent showed 
no appreciable change, a constant value has been assumed for the n llolc of 1009. 

The magnetoructcr mill be carefully esamined mhen thc obsci~atory is n a t  
inspected. 

Months. 

H. F. CONSTANTS 

M B A ~  V A L U ~  or P's. 

DECLI- 
NATION 

CON- 
STANTS. 

IIEMARHB. . 

(1) To  14th. 

(2) From 16th to Feb- 
ruary 17th. 

(3) From 20th 

jRnuorp . 

Februzry . 

~~~b . . 

April . . 

hlsy . . 

June . . 

July . . 

August . . 

Scptemhcr . 

October . 

November . 

December . 

Mcnn 
M.. 

-- 

I 89'3-55 (1) 

804.46 (2) 

f1f19.24 (3) 

M a n  
magnetic 

culli- 
motion. 

1 : 7  

1G" 

32' 

26" 

11" 

28' 

20' 

19" 

23' 

18" 

18' 

18' 

P1.2 

----. 

8.67 

8.63 

899.02 (4)l (4)  To 13th. 
8.63 

8.53 

8.58 

8.52 

8.57 

8.17 

8.52 

8.64 

8.60 

8.64 

P2.3 

9.25 

9'36 

898.83 ( 6 )  ' ( 5 )  From 17th. 
9.14 

9.29 

9.11 

9.29 

9.27 

9.49 

9.30 

9.44 

9.42 

9.46 

p1.2 nc- 
cepted. 

p2 .3  
ac- 

ceptod. 

I '  

* 

4 
3 o 

5 
(0 

'!= 
m 

898.67 (G) 

898.51 (7) 

( 898.32 (8) 

1 898.11 (9) 

397.94 (10; 

% 
e 
d 
P1 
'? 
0, 

[ 

(6) T o  14th. 

(7) From 17th. 

(8) T o  19th. 

(9) From 22nd to Juno 
12th. , 

(10) From 16th. 

897.41 (14) (14) From 18th t o  Sept- 1, cmbcr 8th. 

897.20 (15) 

890.98 (16) 

896.77 (17) 

896.45 (18) 

896.34 (19) 

(15) From l l t h  t o  25th. 

(16) From 29th to Otto- 
h r  13th. 

(17) From lGtl1 toNovcm. 
her 17th. 

(18) From 20th to Deeem. 
bcr 8th. 

(19) From 11th to 29th. 
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Secular change at Toungoo i n  1908-0.9. 

The abstract o/ the base line valrie o/ the mngnetogrnph at Toungoo in 1909. 

BIonths. 

Jenuary . . . 
February . . 
March . . . 
April . . . 
May . . . 

4. Mean scale value and temperature range.-The mean scale value of the H. F. 
instrument mas 5'41 y with limiting values of 5.39 and 5'43. That of the V. F. 
varied from 5'19 to 5.40. 

The mean temperatures were 89O.08 F. and 88O.69 F. for the H. F. and V. P. 
magnetographs respectively with maxima of 8g0'36 and 89O.07 in April and 
minima of 89O.00 and 88O.28 in December. 

.The temperature of reduction is 89" F. in both cases. 
5. Mean monthly values and secular change.-The following table gives the 

mean monthly values of the magnetic elements in 1909 with the secular change 
for 1908-09 deduced therefrom :- 

DECLINATION. 

line. 

G 

B 

R ~ u u s .  

a=base line assumed t o  be 
changing uniformly. 

HORIZONTAL FOBCB. 

Obeerved base 
line with 

lea. 

-38506 
603 
601 
498 
496 
495 
488 
488 
488 
481 
481 
481 

June . . . 
July . . . 
August . . . 
September . . 
October . . . 
November . . 
December . . 

Accepted base 
line reduced 

t o  lo.  

.38485 
482 
480 
477 
475 
a 

467 
467 
a 

460 
460 
460 

4 - 
b 

t 



nIbONETIC SURVEY. 

1. GENERAL REA~ABKS ON WORILTNO. 

2, MEAN VALUES OF H. B. AND DECLINATION CONSTANTS. 

3. MEAN VALUES OB BASE LINES. 

4. hIEAN SCALE VALUE A m  TEMF'EEATUBE BANOE. 

5. h 1 a N  MONTELY VALUE¶ OB DIAQNETIO ELEMENTS IN 1 9 0 9  AND BlOULhB O W O H ,  

1 9 0 8 . 0 9 .  

1. General remarks on working.-The observatory remained in charge of 
Surveyor Ramaswami Iyengar throughout the year. 

Thanks are due to the Director, Solar Physics Observatory, for his cordial 
in all matters pertaining to the magnetic work. 

The magnetographs worked satisfactorily, except that  i t  was necessary to  
adjust the balance of the V. F. instrument on several occasions. 

2. Mean v,alues of H. P. and declination constants.-The following table gives 
the monthly mean values of the magnetic collimation, the distribution coeffi- 
c ient~ PI., and P,., and the moment m, of the magnet No. 16 during 1909 :- 

Mean value of the constant-s of  the magnetometer 16 in 1909. 
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3. nfean values of base lines.-The table below gives the mean montl~ly base 
llues of the H. P. and declination magnetographs actually used. Those of tile V, F* 
are nbt shown. 

TIE abstract o/ 171e base line value o/ the mnqneloqraph ht Iiodnilcanal in 190!). 

I DECLINATION. I HORIZONTAL F o n c r .  

H. F. instrument was 6 . 1 4 ~  with limiting values of 6.13 and 6.15. That of the V. 
F. magnetograph varied from 5'57 to 6'47. 

The mean temperatures were 18O.95 C. and 66O.11 P. for the H. F. and V. 
F. instruments respectively with maxima of 19O.15 and 66O.58 in January and 
minima of 18O.81 and 65"-96 in December. 

The temperatures of reduction are 19" C. and 66" P. 
5. Mean montl~ly values and secular change.-The following table gives the 

mean monthly values of the magnetic elements in 1909 wit,h the secular change 
for 1908-09 deduced therefrom : - . 

Secztlur change at Kodaikanal i n  1908-09. 

Monthe. 

Janunrg . . 
F e b r u a r p  . . 
March . . . 
April . , , 

Mny . . . 
June . 
J u l y  . 
August  . . . 
' September  . . 

October  , . 
N o v c m b c r  . . 
December  . . 

4. Mean scale values and temperature range.-The mean scale value of t,he 

H o a l z o ~ ~ a r ,  Foaoa DEOLINATIOA Dm VBBTIOAL FOBCU 
.37000 0. (1.8. + wor + N. 3- + .02000 c. a. as  

ldonths. DIUAIPJ. 

Menn 
vnlue  of 
blne  linc. 

lo : 32'.8 

32'.D 

3Y.S 

32 .7  

32',8 

32j.7 

32'.S 

32'9 

32'4 

32'4 

32'4 

32'4 

J.nusrp . . 
February . - .  
Uareb . . 
April . . 

. . 
June . . 
I . . 
AWC . . 
leptamber . 
O e b b c r .  . 

-- 
Mean 

vnlue of 
hem lime. 

-- 
.36049 

38 

42 

42 

GI) 

61 

60 

56 

60 

68 

65 

64 

Acceptd 
b"8e line' 

A C C c ~ t c d  
lime' 

'30040 

a 

a 

a 

a 

a 

a 

,3fi95G 

GO 

68 

65 

64 

REMARKS. 

. . 

. . 

438 

434 

438 

430 

436 

431 

438 

431 

424 

437 

-- 
%- . 

RPMABK~.  

- 
n=bp interpololirn, 

+ 0  

18 

12 

30 

28 

83 

28 

43 

43 

2 

7 7 7 '  
4U 

450 

450 

400 

403 

404 

408 

474 

467 

430 
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MAGNETIC SURVEY. 

A.-Mcnn vnlucs of the lnagnetic elements a t  tho ohscrvatori~ s for 1909. 
n.-flnssificntion of curvfo and datcs of ~nnglietic disturbances ill 1909. 

' ('.-'ktblcs of rrs~ll(s nt Dehra Dun. 
D.- ,, ,, ,, Barraclrpore. 

E.- ,, ,, ,, Toungoo. 
F.- ,, ,, ,, Kodaiklrnal. 

For each observatory thc following tables are g i ~ e n  :- 

1. Hourly means corrertcd for ternpernt,ore, of decli~~ation, horizontal force, vertical 
force and dip for f ive sclected q ~ i e t  days per mont;h. 

2. Diurnal inequality of each deduced frcm 1. 

TABLE A. 

Mean values of the mnqnetic elements nt the obsercotoraes in 1909. 

. , , , r17 . 
Dellrn Dun . . . 30' 19' 19" N. 78' 3' 19" E. 2' 34'4 E. .33276 ,31909 43' 48'.0 N. 

Bsrmckpore , . 22' 46' 29' N. 88' 21' 39' E. 1" O'.7 E. .37300 1 .22099 30' 3W.7 N. 

Observatory. Longitude. c i t i  1 C s  1 $2. 1 Dip. 



B.-Dates of magnetic disturbances, 1909. 
. - 

F e b r a q .  k c P .  .April. May. June. Jnly. 

. . . . . . . . . .  
30 . .  M M XI Y . . . . . . . . . . . .  
3 1 .  . G G Q Q  

F.0. . .  ::: :.. . .  
........ ...... - - .rr.-  --" ,,..-.,- .,, .,.- , -- - - -  .-.-.. ' ...... .'.- ... L ---..-..- --->l"---.- ..--. 
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Diurnal Inequality of the Horizontal Force at Dehra D i n  as dedueedfrom the preceding Table. w 
ta - 

Hama. 1 M i J . j  1 1 2  i 3 I 4 1 s  I 6 1 1  1 8  1 .  1 1 0 1 1 1  lN00n.1 1 3 1  1 4 1  1 5 1  16 1 I7 1 1 0  1 1 9  1 t a /  2, I m I Y i d .  
- -- - -- - - -- -- -- - 

Tinter.  

l lonths 7 7 7 7 7 7 7  

October . . -4 - 4  -5 o -1 - 2  -1 -1 -4 ' -7 

Hovember . . -1 -5 -5 -4 -4 -3 -1 +7 ; +9 +12 A16 +l5 +11 

December . -6 -10 -5 ( -5 -7 -7 -5 1: 1 +6 + 8  T 1 O  +la + 8  1 6  

Summer. 

~ { ; l l  . . . -7 -7 -6 -5 -6 1 -4 -4 -; : -7 I 
- 3  1 +i +l5 1 2 2  1 r P S  I +21 +11 + 2  - 6  -8 - 9  

I May . . . -6 -5 1 -6 -6 -7 -6 -3 - 6  ' - -8 -1 I + G  +I1 +18 t19 +16 

June . . . -7 -6 -5 -5 -5 - 5 ,  I -2 -1 01 -2 + 2  +6 + I 2  +la +15 +11 
I 

J z l g  . . . -3 -8 -6 -7 - 6 :  0 + 2 !  +2 +l l 5  A 6  +lo + I  +I1 0 

August . . 

- z, -. - 
1 3 1  -31 -(i -81  1 -6 4 :  -I 

- 
Nor=.-When the sign Is + the H. F. is p r a t e r  and svllen - i t  is less than tho wenn. 
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>neana of Vertical Force i n  C. G .  S. Units (Corrcc ledfor  ten,pcra?ure) at Barrackpore from the selected pui-t day8 i n  1909. 

- 
. 2 m +  

Months. 7 7 1 7  7 

January . 073 073 074 075 

February . 073 073 073 073 

March . 083 0 8 3 ;  083 083 

October . 130 12C1 129 129 

November. 121 1 2 1  121 122 
I 

December . 132 1 3 2  132 132 131 130 131 131 

Summer. 

109 106 

C 
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Hourly dleans o f  tAe Declination as determdl~ed a t  Toungoa from the aelected quiet  daya i n  1909. 

E On+ Winter. 

'Months. ' ' ' I I # , *  I , ,  , I I 

.Tanaery . 32.3 32.4 322 32.1 32.0 31.8 31.6 31.3 81-8 327 33.1 32.7 32.1 32.2 32.3 

February . 320 32.0 31.9 31.9 31'8 31'8 31'3 31.4 81.9 31.9 817 31'6 31.6 322 326 

March . 31.3 31.3 314 31'3 313 31.1 312 31.8 38.5 34'8 32'3 31.6 30.6 30.3 306 

October . 286 28.6 28.8 28.7 28.6 2 8 6  28.8 596 20-8 29% 28'6 27'9 27'3 27.3 28'1 

November . 28.4 28.3 28.3 28.2 28.1 28'0 27.9 28.2 28.4 28.3 28.1 27.8 27.8 28.2 28'5 

December . 276 27.6 27.6 27.3 27.3 27.0 27.0 26.8 27.0 27.6 28.1 28.2 27.9 276 27'4 
----- __------------ -- .- . I  3091  30'0 300 299 289 29.7 296 299 30.3 30.6 30.3 300 20.5 296 29.9 

April . . 1 31.1 1 31.2 I U I .  31.2 312 31.0 

May . . 30.6 30.7 398 30.7 306 

June . . 1 301 303 1 304 1 W 4  1 30.6 

----- 
Mean .I 300 301  i 30.2 j p 2  I 3 0 1  

Bummer. 

30.8 20.7 

29.4 28.6 

30.4 29'4 

29.3 28.8 

27.9 27'2 

28.0 27.1 
-- 



Dirznrl  Inequality of the Deelinotion al Toungoo os deduced from the preceding Table. 

B n n  l M i d . 1  1 1  !4 1 3  1 4  1 5  1 6  1 7  1 8  1 9  ~ I O ~ l l ' ~ N o ~ n ~  1 3 1 1 4  1 1 5 1  16 1 1 7  1 1 8  1 1 9  1 2 0  1 2 1  1 2 3  / M i d .  

Winter. 
.. - 

Monthc. ' I '  ' , , , I , I 

~~b~~~~ . . +0.1 +@I 0 0 -0.1 4 1  -0.B -0.5 0 0 -0.2 -0.4 - 0 . 3  + 0 3  +0.7 +1.1 +@G - 4 1  - 4 ~ 3  - 4 . 3  -0.4 -0 '4  1-0.4 -0.4 
I 

nlmh . 

I 

April . . , 

May . . . 
June . , . 

-July . . . 
Angnst . . 
Geptember . . 

Summel.. - 

+0.l +0.2 +I., c l . 9  

+0.1 f 0 . 2  +0.7 +1.8 

+ 0 4  + Y 4  (1.1 +J's i l . 8  

+(14 +O,3 +l.2 +2-1 +20  

____-____ 
+0.1 +0.2 1 - 1 1  + I  .O +PO 1+2.2 j -- 

NOT~.-When the n i p  in  * themrgnot points to the Enst end when - t, the Weot of tho mean p~eitiun. 



H o u r l y - N e a n ~  o f  Horizontal Force in  C. G.  S. Units (Correctedyor  trmperature) at Toungoo from the selected quiet daya i n  1909. 
-- 

Honn. ) X i d l  1 I 2 I 3 I 4 I 5 I 6 1 7 I 8 I 9 I lo I I1 o n .  IS 1 1 4  I l5 I 16 I 17 I 18 I 19 1 2 0  I Zl I 2'2 1 23 ( Y ~ ~ I Y ~ ~ ~ . .  

Summer. 



Diurnal I~rcqual i ty  o f  tAe Horizontal Force at Tou*goo ar deduced fvom Chapreceding Table. 
fa 
G 

Ranro. l D I i d . 1  1 1  2 1 3 1 4 1 . 5  1 6 1 7  1 0 1 . ~ k o o n . l  1 3 1  J4  11.5 1 1 6  1 1 7  / I 1 1 9 1 m .  

Winter. 

"On'" 1 i i : 1 , i, January . . -14 -13 , -11 -10 

February . . -1s -I? -11 -10 -12 -9 -9 

March. . . -16 -15 -12 -13 -13 -13 -10 

October . . -7 -11 -10 -10 -6 -5 -6 

November . . -18 -13 -14 -14 -12 -11 -9 

December . . -15 - 12 -11 -7 -6 -7 -1 

Summer. 

April a . . 
May . . . 
June . . . 
July . . 
August. . . 
September . 
------ 

Xesns. 

Norm.-When the sign is + the E .. .I .. ..- 

-13 

-12 

-10 

-9 

-6 

-6 

-9 

- - P 

-12 

-12 

-10 

-10 

-5 

-6 

- -  
- 9  

-14 

-12 

-12 

-8 

-0 

-7 

-- 
-10 

-14 

-12 

-14 

-12 

-8 

-8 

-11 

+40 

i-38 

+27 

+22 

+23 

-14 

-13 

-13 

-8 

-7 

-8 

-10 

-15 

-11 

-8 

-9 

-8 

-I-22 

-- 
f M  

+95 

+31 

+2G 

+22 

+19 

C 

-7 -5 

-8 -4 

-111 -101 -9 

Force ~a y n t c r  tlmn tlm mean 
n 

.. e l 8  - 

+21 

-- 

-12 

-8 

-9 

-6 

-3 

+22 

+21 

+?O 

+17 

+13 

0 +9 

+11 

+ 7  

+8 

+ S  

+1G 

+17 134 

-8 1 -7 -4 

-11 1 -6 

+G + I  -2 -3 -1 I - -  
+I6 I +I8 

-6 

-8 

- 4  

-4 

4 
+0 - 1 1 -8 / --I0 -10 / -11 ( 1 1  -10 --9 1 -i 

-- -- 

-15 

-15 

-8 

-11 

-11 

-2 

-0 

-5 

+1 

-4 

I I 
-2 

+1 

-1 

-8 

- _  

-18 

-12 

-8 

-9 

-10 

-14 

-12 

-10 

-14 

-10 

-12 

-7 

-9 

-7  

-10 

+3 

+5 

+6 

4-7 

-6 

-15 

-15 

-8 

-12 

-9 

+15 

+13 

+11 

$11 

+1 ___ 

+29 

+I9 

+17 

+.?O 

+12 

__ 
-1-3 +11 I +I2 



Z70urlg Jfeana o f  r e r l i c o l  zorce  i n  C. G. 8. units (Corrected for  temperature) at  Torngoo f rom the  selected yuiet day8 i n  1909. 

- -  

Apr i l .  . \  4 7 1 '  4.711 4711 47Ul  -1701 470 

June . . I 485 486 1 485 485 1 4R6 1 496 

Summer. 

467 

480 

487 

474 

476 

476 

477 

455 

471 

478 

468 

466 

467 

462 

470 

476 

4 8 2  

472 

477 
--------- 

470 

468 

476 

430 

464 

476 

421 

8 5  

472 

458 
I 

483 

468 

481 

497 

478 

453 

465 

4 7 3  

463 

466 

468 I 
4 0 8  4 6 2 ( 4 6 I  

4 7 6  

480 

4 

471 

48s 

486 

430 

473 

479 

484 

474 

I8G 

484 

4-80 

448 

404 

471 

4G7 

435' 

468 

477 

483 

474 

483 

482 

8 8  

4 4 5  

465 

4 i 4  

4G5 

158 4 6 7  

461 4 8 0  
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Howdy Xeans of Horizontal b r c e  i n  C. G. S. Units (Corrected for temperature) at Kodaikanal from the selected quiet days i n  1909. 3 

Winter. 
.37000+ 

January . 
Fe?,ruary . 
Dlarch . 
October . 
Xovember . 
December . 

Means .I 430 1 431 

Summer. 

536 

631 

517 

504 

522 

528 

623 

U 44% 443 4 4 1  419 1 480 

467 

464 

457 1 465 

158 457 457 461 ,173 491 

4 4 l  450 450 449 458 4 9  

e 1 4 9  4 5  449. 450 I 457 I 474 
1 1 ,  

b 

, 518 

495 

479 

494 

516 

512 
------ 

501 I 621 I 530 

550 

519 

500 

496 

530 

6228 

5 5 1  

5 3 2  

517 

5 0 7  

5 3 0  

5 
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Ifourly N y a s  of t l e  Dep as d r l e r ~ ~ ~ i , t e r l  u t  Kodaiknnal from tAe selectrd quiet days i n  1909. d 

Winter. 
N.3"+ 

Apn! . 
Mny . 

rJone  . 
July . 
Anplat  

Ecptem1,er 
-- 

Meam 

Summer. 

36.2 35 .0  36.4 37.3 38.2 38,6 38.6 

36.7 38.3 36.7 37.3 37.9 38.8 39.1 

38.2 37'8 38.2 38.6 38.7 38.9 38.7 

39.8 39.7 39.8 30 .8  39.9 40.0 40.1 

37'3 37.6 38.1 38'9b39.3  39'8 40.1 

37.5  376  3A.2 39.1 39-8 40'3 403 

37'9 38.6 39.0 39'4 39.6 
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VOL. I.] MAGNETIC StiRVEY. 

Ab&oc; showing approximole magnetic values al stations obaerved at by No. I8 Party during 
season 1909-10. 

FIELD STATIONS. 

Longitude. 

0 , "  

06 2 0 

06 26 10 

00 60 30 

79 7 20 

78 41 20 

78 44 0 

78 55 40 

79 4 40 

79 IG GO 

79 26 0 

79 39 10 

79 47 0 

80 5 30 

Intitude. 

0 , .  
pp 

29 32 40 

29 48 30 

29 52 40 

29 23 30 

29 49 40 

29 64 0 

29 64 GO 

29 83 10 

29 49 0 

29 38 50 

29 35 50 

29 27 10 

29 24 20 

REMARKS. 

- 

< 
0 

8eriol No. 

- 
1262 

12G3 

1264 

1205 

1266 

1267 

1268 

12G9 

1270 

1271 

1272 

1273 

1274 

H ~ ~ , " ~ ~ t a l  

C. 0 .  9. 

'3246 

'3239 

'3238 

,3371 

'3361 

'3352 

'3363 

'3354 

'3342 

'3364 

'3367 

*.3375 

.338l 

Dip. 

0 ,  

42 13 

42 33 

42 49 

42 28 

43 3 ' 
43 8 

43 9 

43 7 

43 2 

42 49 

42 41 

42 28 

42 27 

Name of station. 

Nushki . . . 
Kurdagap . . 
blastung Road . 
Rannagar . . 
Lnnsdomo . . 
Chaumasu . . 
Pokhre . . . 
Saraikhct . . 
Yasi . . . 
Ranikhet . . 
Almora . . . 
blournale . . 
Lohaghat . . 

29 35 0 

29 45 40 

29 64 20 

29 67 0 

29 54 40 

30 13 60 

30 14 10 

30 23 10 

30 33 30 

31 5 30 

31 24 30 

31 41 10 

31 36 0 

31 23 10 

31 11 50 

31 G 20 

31 0 10 

31 8 0 

31 18 40 

31 20 GO 

31 18 40 

31 31 0 

31 40 0 

31 60 60 

31 65 20 

32 7 20 

32 12 0 

Declination. 

0 I 

- 
E 2 20 

,, 2 62 

,, 3 0 

,, 2 17 

., 2 28 

,, 2 30 

,, 2 31 

,, 2 30 

., 2 26 

,, 2 22 

,, 2 23 

,, 2 21 

,, 2 17 

1215 

1276 

1277 

1278 

1279 

1280 

1281 

1282 

1283 

1284 

1285 

1286 

1287 

1288 

1280 

1290 

1291 

1292 

1293 

1294 

1205 

1296 

1297 

1298 

1290 

1300 

1301 

m z 
9 
3 
9 
g 
2 - 
z .- 
-5 
" 
w 

, 

Pithoragarb . . 
Askote . . . 
Nachani . . 
Kafkote . . 
Baijnath . . 
Simli . . . 
Dungripant . . 
Tehri . . . 
Nahan . . 
Abiann . . . 
Bubhor . . 
Hamirpur . . 
Galme . . . 
Pangne . . 
SemaorSemu . 
Jutogh . . . 
Bogond . . 
Hatlroti . . 
Sungri . . . 
Rompur . . 
Hotgorh . . 
Kot . . . 
Monglnur . . 
Bajaurn. . . 
Urla . . . 
Pnlnmpur> . . 
Dharmsala . . 

,3383 

'3372 

.3366 

.3306 

.3360 

.3340 

'3334 

,3325 

,3312 

,3281 

'3263 

'3249 

'3248 

'3277 

,3265 

'3274 

'3283 

'3285 

'3270 

'3262 

'3275 

'32M 

'3240 

'3236 

::: 1 

,. 2 19 

,, 2 27 

,, 2 29 

,, 2 29 

., 2 22 

,, 2 36 

,, 2 34 

,, 2 38 

., 2 46 

,, 2 69 

,, 3 G 

,, 3 2 

.. 3 1 

., 3 2 

., 2 66 

., 2 61 

.. 2 41 

., 2 60 

,. 2 62 

,, 2 49 

,, 2 40 

., 2 61 

,, 2 67 

,, 3 2 

., 3 4 

,, 3 0 

80 12 30 

80 19 30 

80 9 40 

79 63 40 

79 36 50 

79 16 20 

78 52 0 

78 28 40 

77 17 60 

76 33 10 

7G 22 '20 

70 31 20 

76 62 30 

77 7 20 

7G 55 30 

77 G 0 

77 27 30 

77 44 60 

77 41 GO 

77 38 0 

77 28 60 

77 26 10 

77 17 GO 

77 9 GO 

7G 63 10 

70 32 I0 

' 9204 1 . ' 
I 

42 35 

42 68 

43 11 

43 14 

43 8 

43 41 

43 42 

43 65 

44 3 

46 19 

46 22 

45 82 

45 47 

45 46 

45 7 

45 0 

45 CB 

44 68 

45 22 

45 34 

45 22 

46 43 

46 2 

46 11 

46 17 

46 41 

,. 3 10 70 19 30 40 47 
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Abstract showing approximate magnetic vnlues at stations observed at by No. 18 Party during 
1909-10-continued. 

FIELD S T A T I O N S - C O ~ ~ ~ ~ U ~ ~ , ,  

Serial No. Name of station. 

1302 Dera-Gopipur . 31 52 50 76 12 30 46 14 E 3 15 

1303 Hoshiarpur . . 31 31 50 75 54 20 45 31 ,, 3 3 

1304 Khaterna . . 28 54 50 79 58 10 41 41 .. 2 9 

1305 Gulbarga . . 17 18 50 76 40 10 10 49 W 0 8 

1306 Aland . . . 17 33 30 76 34 50 21 0 E 1 9 

1306(a) Nand (a) . . 17 32 50 76 34 40 20 35 ,, 1 13 

1307 Talmud . . 17 49 20 76 45 20 19 56 W 0 21 

1308 Bhblki . . . 18 2 10 77 11 40 20 49 E 0 15 

1309 Kandhar . . 18 51 40 77 11 30 23 0 ,, 0 12 

1310 Rahiri . . . 19 59 40 76 17 20 25 14 ,, 0 29 

1311 Sarsuti . . . 10 59 50 76 29 50 25 28 ,, 0 23 

1312 Kowotah . . 19 49 50 76 50 10 25 3 ,. 0 20 

1313 Jaygad . . . 17 17 50 73 13 20 20 7 W 0 1 

1314 1\1oosa-Kazi-Bmdar 16 37 10 73 20 0 18 27 ,, 0 26 

.,I315 blalvan . . . 16 3 30 73 27 20 17 6 ,, 0 26 

1316 Honivar . . 14 16 40 74 26 30 13 1 .. 0 44 

1317 Chundauver . . 14 23 40 74 29 0 13 25 ,, 0 26 

1318 Tadri . . . 14 31 20 74 21 30 14 11 ,, 0 24 

1319 Khed . . . 18 51 30 73 53 20 23 38 E 0 35 

1320 Ghoda . . . 19 3 10 73 40 50 23 21 W 0 1 

1321 Singtva . . . 10 0 0 74 4 20 23 5 ,, 0 4 

I 1322 Nariyangaon . 10 6 40 73 58 10 23 53 E 0 53 

1323 Jamkhed . . 10 39 40 75 39 0 24 21 ,, 0 39 

1324 Paithan . .. 19 28 30 75 22 50 24 25 ,, 0 34 

1325 Miri . . . 19 17 0 74 58 0 . 24 1 ,, 0 13 

1326 Tadwale . . 18 22 40 76 3 10 24 21 W 1 7 

1327 Alate . . . 23 46 30 75 32 40 33 2 E 0 33 

1328 Darah . . . 24 50 0 76 0 50 34 49 ,, 1 25 

1329 Siwai Madhopw . 26 1 30 76 21 0 36 48 9 9  1 41 

1330 H i n b u n  . . 26 45 30 77 2 10 38 5 ,, 1 51 

Horizontal 
Force. 

R-UPS. 

C. G. S. - 

'3842 2 
,3659 $ 

125 D 

128 D 

127 D 

128 D 

1, D 

Biaogaon . . 
Beoura . . . 
Pachor . . . 
Nanringhgarh . 
~or;.. . . 

24 11 10 

23 65 0 

23 41 40 

23 42 10 

77 2 0 

76 54 20 

70 44 20 

77 4 20 

23 38 30 1 77 26 20 

3:) 10 

32 28 

02 18 

32 45 

31 11 

,, 0 58 

,, 1 115 

,, 1 17 

,, 0 46 

., 1 43 

'3m0 

9607 

'3600 

,3600 

0 .  

8 5 Jc 
3 i: 
.; 9 
2 .- 

,3831 a 
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~ b ~ t m t  showing approzimate magnetic values at elations observed at by NO. 18 Pady  duritrg 
- - season 1909-10-continued. 

DETAIL SURVEY STATIONB- c nl 'nued 

g&d No. 

- 
130. D 

131 D 

Lstitude. 

0 , -  

- 
23 64 50 

24 6 40 

24 10 40 

24 4 0 

23 60 40 

24 3 50 

24 3 60 

24 0 0 

23 67 10 

Name of etation. 

Gunjari . . 
KolAlaa . . 

I 
132 D ' Jbmner . . 

I 

26 13 

26 12 

25 66 

2 5 2 7  

26 7 

25 63 

25 11 

20 4 

26 8 

Longitude. 

0 , .  

77 16 30 

77 15 20 

77 12 30 

77 13 20 

77 8 10 

77 17 20 

77 24 30 

77 41 0 

77 44 10 

., 0 26 I 

., 0 29 ' 
,, 0 16 

,. 0 2 5  

IV 0 16 

E 1 47 

,, 0 42 

,. 0 13 

,, 0 66 

133 D 

I34 D 

135 D 

' 130 D 

137 D 

138 D 

130 D 

140 D 

141 D 

142 D 

143 D 

144 D 

145 D 

146 D 

147 D 

148 D 

140 D 

150 D 

161 D 

152 D 

153 D 

154 D 

'156 D 

156 D 

157 D 

158 D 

159 D 

1CO D 

' 161 D 

102 D 

163 D 

164 D 

106 D 

l(i0 D 

1 7  r 
168 D 

Dip. 

0 ,  

33 31 

34 19 

33 40 

33 61 

33 7 

33 51 

33 20 

32 58 

33 35 

Narkhera . . 
I Sutilia . . . 

Thojpura . . 
Lateri . . . 
Sironj . . . 
Ejda . . . 
Naternn . . 
Gorispur . . 
SiwPs (Begumganj) 

Garhi . . . 
Raescn . . . 
ChandpuraorSultan- 
ganj. 

Bareli . . . 
Udepura . . 

I 
A h  Baro . . 
Jethari . . . 
Bimori!. . . 
Sara . . . 
Soderpur . . 
Sirmaur . . 
Mowakhern . . 
Boaadei . . 
Maria . . . 
Schora . . . 
Rbhatgnrh . . 
nnrodia . 
Khuni  . . : ' 

- 
Rrrrers. 

. . 
32 36 

32 57 

32 67 

32 30 

33 1 

31 10 

31 7 

31 27 

31 32 

31 27 

31 23 

32 27 

32 4 

32 27 

33 34 

33 28 

34 27 

32 14 

32 50 

33 44 

33 32 

,, 1 49 

,, 0 35 

,, 0 47 

,, 0 65 

,, 1 18 

,, 0 48 

,, 0 57 

., 0 54 

., 0 54 

,, 0 58 

,, 0 48 

,. 0 42 

,, 0 50 

,, 1 17 

,, 1 8 

,, 1 26 

., 0 69 

,, 1 18 

,, 0 36 

,, 0 53 

.. 1 22 

Declination. Force. 

23 45 40 

23 40 30 

23 35 60 

23 24 10 

23 19 30 

23 8 0 

23 0 50 

23 4 40 

23 7 10 

23 12 30 

23 12 40 

23 20 60 

23 23 40 

23 24 0 

23 31 10 

23 36 30 

23 44 10 

23 47 30 

23 47 40 

23 64 0 

24 3 20 

Anjnnkhed . I 
I 

20 3 20 

Yeothi . . . ' 20 1 30 

T i m i  . . . 1 20 9 0 

Pipalgaon . 20 3 1 0  

Knlnmba . : I  20 8 50 

Knrli . . . , 20 10 0 

hlangrul.Pir . 20 19 10 

, . : 1 20 25 So 

Cots . . . 20 24 20 

'3644 

'3676 

'3653 

'3733 

'3711 

'3602 

'3703 

'3600 

*370? ( 

'3672 

6672 

'3606 

'3641 I -d 
,3647 4 
.3G85 * 

d 
s 

'3639 a 

,3636 ! 
,3635 $ 
,3031 .: 
,3645 

m .- 
'3650 

'3670 

'3633 

'3581 

'3540 

'3475 

'3580 
, 

'3632 

,3677 

'3613 

, 

E 1 63 

,, 1 16 

,, 1 7 

,, 1 39 

., 1 40 

,, 2 2 

,, 1 6 

,, 1 0 

,, 1 32 

1 77 46 50 

78 13 30 

78 20 30 

78 9 0 

77 47 10 

77 66 0 

78 13 60 

78 31 10 

78 44 50 

78 37 10 

78 17 50 

78 17 20 

78 26 0 

78 32 20 

78 22 40 

78 30 30 

78 24 20 

78 34 60 

78 23 30 

78 I9 50 

78 19 50 

77 8 20 

77 0 10 

77 4 0 

7 7 1 7 1 0  

77 12 20 

77 10 10 

77 21 50 

77 Z6 30 

77 32 20 , 

I C G. a. 

'3603 

'3632 

'3675 

'3528 

'3610 

'3628 

'3510 

.3 698 

'3848 
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Abstract showing approximate magnetic values at stations observed at by No. 19 Party during smon 
1909-10-continued. 

- 

Serial No. 

169 D 

170 D 

171 D 

172 D 

173 D 

174 D 

176 D 

176 D 

1Y7 D 

178 D 

179 D 

180 D 

181 D 

182 D 

186 D 

184 D 

185 D 

I 8 6  D 

187 D 

188 D 

189 D 

190 D 

191 D 

192 D 

193 D 

40 

48 

64(a) 

0% 

07 

81 

88 

02 

105 

134 

Latitude. 
Name of station. 

Sukli . . . 
Aukuthwadi . . 
Ujlesar . . . 
Sakri . . . 
Badnerm . . 
Aaegaon . . 
Ellichpur . . 
Silmenda . . 
Jhallar . . . 
Chicholi. . . 
Khamtpur . . 
Ratemati . . 
Lakajhiri . . 
Biba . . . 
Kharimal . . 
Chikalds . . 
Chikli . . . 
Ghurgipati . . 
Akot . . . 
Susarda . . 
Aki . . . 
Gondwari . . 
Dewali . . . 
Bod . . . 
Jamnapur . . 

Longitude. 

Ruk J~mction. . 
Bubak Road . . 
Sibi . . . 
Rojhanwali . . 
Patihla . . . 
Loln BIusa . . 
Penhownr . . 
Kundion . . 
Sachin . . . 
Blirpur Khem . . 

27 48 20 

20 29 0 

20 32 40 

30 0 50 

30 20 40 

32 42 40 

34 0 40 

32 27 30 

21 4 40 

26 31 40 

Dip. 

I -  I 

68 38 20 

67 40 10 

67 51 40 

73 16 40 

70 24 0 

73 57 0 

71 33 40 

71 28 20 

72 52 40 

GO 0 40 

0 ,  

25 40 

26 25 

26 40 

26 23 

27 12 

27 18 

27 52 

28 40 

28 51 

29 6 

29 1 

28 44 

28 37 

28 27 

29 6 

28 36 

29 12 

27 55 

27 25 

28 38 

28 50 

27 59 

28 5 

28 10 

28 47 

20 28 10 

20 31 40 

20 33 40 

20 42 20 

20 51 20 

21 7 0 

21 18 30 

21 30 20 

21 43 30 

20 0 50 

21 57 10 

39 31 

37 24 

42 31 

43 17 

43 62 

47 26 

48 60 

47 49 

27 83 

36 43 

1 2 4 

., 2 0 

,. 2 44 

,, 2 37 

,, 2 60 

,, 3 24 

,, 3 47 

., 3 20 

,, 0 24 

,, 1 62 

Declination. 

77 38 10 

77 31 60 

77 23 40 

77 39 40 

77 44 20 

77 35 0 

77 31 0 

77 41 40 

77 44 20 

77 39 50 

77 30 0 

Horizo"bl 
Force. 

0 I 

E o 7 

,, 0 25 

,, 0 27 

,, I? 34 

,, 0 33 

.. 0 32 

., 0 57 

,. 0 30 

.. 0 49 

.. 0 47 

., 0 41 

.. 0 35 

,, 0 48 

,. 1 1 

.. 0 27 

,. 0 41 

,, 0 24 

,, 0 45 

,, 0 30 

,. 0 61 

,, 1 2 

W 0 13 

Ii: 1 6 

,. 0 40 

.. 0 45 

- 
'3350 I 

21 48 10 ' 77 29 40 
I 

21 44 30 ' 77 33 30 
I 

-3403 

.3255 

,3299 

3314 

'3148 

,3083 

'3084 

.3Q60 

' 

C. 0 .  S. 

'3669 

'3672 

'3671 

'3700 

'3734 

'3607 

'3706 

'3637 

'3533 

,3688 

3660 

,3625 

,3625 

'3612 

'3685 

,3715 

,3641 

'3589 

'3716 

,3592 

,3685 

,3647 

'364-t 

'3650 

,3669 

21 42 50 

21 36 30 

21 24 0 

21 30 40 

21 19 50 

21 6 10 

21 24 0 

21 28 20 ' 

21 32 10 

21 33 50 1 
21 38 0 

21 60 20 

< 
8 
2 , 
i 
3 
E 
a 
8 
? 
'g a 
.9 

RE~UUUS.  

- - 

G 
Y 

3 
2' 

i 
0 
e u 
g > .- 
h 

4 

w 

77 29 0 

77 26 0 

77 18 50 

77 7 40 

77 1 30 

77 3 0 

76 46 10 

76 55 10 

76 48 40 

76 42 30 

76 57 10 

76 49 40 
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Abrlr& &wing approzimate magnetic values at stations observed at by No. I8 Party during 
1909-10-continued. 

REOBSERVED FIELD S ~ ~ ~ ~ o ~ s - - ~ : n t i n u e d .  

Serial No. 

612 

618 

641 

648 

649 

650 

653 

656 

656 

* 668 

661 

665 

666 

667 

671 . 682 

683 

Name 01 station. 

Kotah . . . 
Naiakila . . 
Sila6ni . . . 
Manohar. site No. 2 

Snngamner . . 
Shevgnon . . 
Ter, site No. 2 . 
Udgir . . . 
Aurad . . . 
Rajaeoor . . 
Bijapur . . 
Gadag . , . 
Alur . . . 
ALimatti . . 
Pandharpur . . 
Kumta . . 
K6iw6r . . 

Declination. 

0 ,  

E 1 32 

,, 2 37 

., 1 3 

,, 0 10 

.. 0 16 

,, 0 29 

W 0 7 

E 0 40 

W 0 32 

E 0 13 

,, 0 4 

TV 0 4 

,, 0 17 

,, 0 13 

E 0 38 

,, 0 16 

W 0 22 

., 0 12 

I3 0 20 

,, 0 33 

W 0 19 

E 0 37 

., 0 43 

W 0 23 

,, 0 23 

E 0 30 

,, 0 49 

,, 1 47 

.. 0 47 

,, 0 33 

,. 0 19 

,, 0 48 

.. 1 4 

,. 0 41 

,, 0 13 

.. 0 36 

,, 0 24 

,, 0 63 

,, 0 41 

,, 0 37 

684 Vengurla . . 
085 Devgad . , 

I 

686 Ratnhgiri . . 
687 Dabhol . . . 

Dip. 

0 1 

36 36 

33 60 

31 16 

22 30 

:: :: :: 
16 59 10 

17 35 20 

17 58 20 

18 32 20 

18 6 40 

15 28 20 

19 67 50 

19 43 30 

20 6 50 

20 28 30 

20 42 40 

20'65 30 

21 54 60 

21 45 20 

21 42 40 

21 32 40 

21 10 40 

21 10 40 

23 16 40 

20 18 40 

19 53 20 

Latitude. 

0 ' .  

25 11 30 

24 3 40 

23 18 20 

10 0 30 

H ~ n z ~ n ( a l  
Force. 

C. G. S. 

'3524 

'3538 

'3660 

'3691 

'3677 

'3708 

'3748 

,3756 

'3743 

'3757 

'3737 

,3741 

'3780 

'3764 

,3725 

,3861 

'3770 

688 

689 

702 

712 

746 

761 

752 

753 

767 

779 

794 

795 

706 

707 

798 

709 

871 

042 

Longitude. 

0 , "  

75 51 40 

77 15 30 

78 26 20 

73 56 4C 

R E M A ~ R U .  

- 

2 
a 
% 
0 
9 ' 
9 
$ 

1 
'3759 

'3675 

'3762 

'3720 

'3679 

'3688 

,3838 

'3809 

.3740 

,3666 

,3653 

,3608 

,3730 

,3647 

'3666 

,3575 

,9059 

'3684 

,3682 

'3703 

,3734 

,3734 

1 '3702 

Binlcot . . . 
Rewadanda . . 
Vizianhgram . . 
Nandyal . . 
Chande . , 

Hingoli . . . 
Bbim . . . 
Karanja . . 
Dhamtari , . 
Amraoti . . 
Betul . . . 
Pabia . . . 
RanguhnLi . . 
D ~ r n i  . . . 
giri . . 
Anjacgaon . . 
Lnkecm . . 
Gihawa . . . 

19 34 20 

19 21 20 

18 19 40 

18 23 30 

18 15 G 

17 48 30 

16 60 0 

16 25 10 

15 49 30 

16 21 10 

17 39 40 

14 26 10 

14 47 30 

2 .- 
h 

4 
m .- 
31 

V 

73 37 20 

I 73 21 50 

73 18 50 

73 10 0 

73 2 30 

72 67 0 

83 24 0 

78 28 0 

79 17 40 

77 9 0 

77 8 20 

77 29 20 

81 32 40 

77 45 50 

77 63 40 

77 31 0 

77 8 20 

76 53 10 

70 50 50 

77 18 30 

91 7 20 

81 54 40 

82 4 20 943 Rai~arh. . . 
4 

16 20 

18 13 

17 36 

19 49 

22 1 

22 44 

' 22 17 

15 59 

' 25 7 

25 31 

26 41 

28 8 

26 40 

27 15 

28 63 

28 39 

28 13 

28 2 

28 41 

27 20 

31 43 

20 11 

25 8 

74 13 30 

75 14 0 

76 -9  10 

77 7 0 

77 24 30 

77 2 30 

75 43 20 

75 38 10 

75 39 0 

75 63 20 

75 19 30 

74 24 50 

74 7 20 

24 10 

24 20 

21 34 

22 8 

21 51 

20 58 

18 20 

16 2 

16 41 . 
17 42 

20 50 

12 68 

14 15 
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Ab81mcl shmuing approximate magnetic vnluea at stnlione obeerved at by No. 18 Party during eeoeor 
1909-10-continued. 

I 

serial No. 

- 
044 

046 

948 

I 

I1 

111 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XI1 

QIII 

' MIV 

XV 

XVI 

XVII 

5VIII 

XIX 

1XX 

EX1 

XXII 

NOTE.-The 

961 Mandalay . . 21 59 50 90 f l  30 

077 Bbamo . . . 24 16 30 97 13 10 
0 

P 
1068 Prome . . . 13 49 40 95 13 20 22 45 , .. 0 23 ( ,3882 ,? 

1071 Bnsseil~ . 16 4li 20 94 44 30 18 0 0 18 ,3918 -; .- 

18 29 40 97 37 30 17 36 1 1: 0 27 1 ,3928 :. 

Latitudh Longitude, ~ i *  

Namc of station. 
, Force. 

REMARK& 
0 . .  0 , .  0 ,  ! C. 0. 8. 
- 

diurnal  ariat ti on, iustrumental difforcncee, etc.. and are to bc oonsidered preliminary valuw only. 
m e r e  blanks occur, values have alrcndy bcen found during previous field seasons, or the observations have 

not been completed. 
All Longitudes are referable to tbat of the Bladrns Observatory token a t  the value 80'14'47' Enst from 

Greenwiob. 
, 

, 

24 35 33 

24 40 GO 

30 11 52 

20 23 27 

33 35 16 

21 13 27 

12 59 35 

15 27 26 

21 38 20 

26 47 27 

21 28 3 

17 42 67 

26 59 49 

24 48 30 

17 27 11 

21 2 46 

23 8 57 

14 4 50 

22 66 47 

20 7 53 

24 49 43 

27 20 24 

Dip, Declination, 

Udaipur . . 
ICnrichi. . . 
Quettn . . . 
Bahiwnlpur . . 
Riwalpindi . . 
Bharatpur . . 
Bangalore . . 
Dhirwir . . 
Porbandar . . 
Fyzabad . . 
Sambalpur . . 
maltair . . 
Dnrjecling . . 
Gaya . . . 
Secunderbbid . 
Bhudval . . 
Jubbulpore . 
Tovoy . . . 
Loshio . . . 
Akyab . . . 
Silchar or C6ch6r . 
Dibrugarh . . 

above values of 

Dabgaon . . 
Jeypom . . 
Bobbili . . . 

10 27 0 

18 51 30 

18 34 30 

E 1 2b 

,. 1 39 

., 3 3 

,. 2 50 

., 3 42 

,. 1 52 

W 0 45 

,. 0 16 

E 1 14 

,, 1 41 

,, 0 41 

., 0 12 

., 1 28 

,, 1 2 

., 0 11 

,. 0 46 

,, 1 0 

.. 0 23 

,. 0 38 

., 0 36 

,, 1 3 

,. 1 8 

are uncomoted 

'3527 

'3454 

'3222 

'3312 

'31 10 

'3458 

'3827 

'3766 

,3608 

'3628 

'3733 

'3701 

'3567 

'3660 

'3795 

'3682 

'3630 

'3958 

'3766 

'3834 

'3690 

'3581 

for secular 

73 41 57 

67 2 2 

67 0 20 

71 40 37 

73 3 6 

77 29 28 

77 35 68 

74 50 35 

69 37 6 

82 7 40 

83 68 24 

83 19 1 

88 16 39 

84 58 54 

78 29 16 

75 47 18 

79 66 44 

98 12 30 

07 44 40 

92 53 18 

S2 47 21 

04 65 40 

and 

82 24 40 

82 34 40 

83 21 10 

a 

3 

2 
3 

2 
E 
g 
a 

: 
? 
'5 a 
.9 • 
0 

s 

obnnge.. 

3.1 4 

34 26 

43 23 

42 21 

48 28 

3S 59 

0 58 

15 33 

29 2 

33 6 

23 7 

21 20 

38 31 

34 25 

20 21 

27 12 

31 15 

12 8 

31 20 

26 29 

34 46 

39 38 

Horizonhl Force 

24 0 

22 68 

22 17 

E 0 16 1 ,3768 

.. 0 18 / ,3737 

,. 0 0 , .3802 

< 
Z 
2 
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VI.-Tidal Operations. ' 

No. 1G Party. 

Work oj the ilmr.--During the y:ar under report t idd registrations by 
~ r n p r i a l  O f i e r .  self-registering tide-gauges were recorded 

Mr. C. F. Erskine, in charge. a t  the ports of Aden, KarBchi, Apollo 
~ ~ o v i n c i a ~  Ofierr Bandar (Bombay), Prince's Dock (Born- 

Messrs. H. G. Sbaw and Syed Zille Hasnain. 

Svbordinale Establishmnl. 
bay), Madras, Kidderpore, Rangoon, Moul- 

1 Clerk, 15 Computers, ArtScers and  3 mdsl mein and Port Blair. In addition, tide 
Observatory Clerks. pole readings of high and low waters were 
take11 during daylight a t  the ports of BhLvnagnr, Akyab and Chittagong, with 
the'object of comparing the actual times and heights with the predictions ; all 

' the  observations were made under the direction of this department and under the 
immediate coqtrol of the Port Officers concerned. 

The reduction by harmonic analysis of the observations for 1909 of the 9 stations 
named above has been completed. The tide tables for 1911 have arrived in India 
and have been distributed. The work of publication of the tide tables for 40 ports 
for $he year 1913 is in progress in England. Data for these predictions were 
despatched from the office in Dehra Dun in January 1910. 

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 were commenced up to the present 
time. 

The permanent stations are shown in italics ; the others are minor stations 
which mere closed on the completion of the requisite registrations. 

Serial 
No. 

Suez . . . I Automatic 

Stations. 

Perim . . . I Ditto . 

Automatic 
or Personal 

observa- 
tions. 

b h s k a t .  . . . . 1 Ditb Ditto . . 
Buehire . . I   itt to'.. 
Karichi . . I Ditto 

Hanstal . . Ditto . 
Nnvhnar . . Ditto , 

Okbe l'oint . . Ditto . 

Porbandar . . I Porsonnl . ( 
Probendnr . ( Automatic ( 

Date of 
commence- 

ment of 
observn- 

tions. 

1003 

1902 5 I 

Still working. 31 1 
I808 

I 
5 1 

Dateof 
closing of 

observst ion~.  

1876 1 1 1 TidoTnblesnot published. ' 

Number ' ' REYARXS. 
O ~ ~ ~ ~ , v  i 

1875 1 1 , TidoTablesnot published. 

1 f 2 Tear ie exc~~idec~.  

;; 1 2 year8 1898. 1809 nnd 
1002 nrc excludud. 

1 



TIDAL OPEBATIONB, 

Working of Obsercator 'es. 
Aden.-This observatory was inspected by Mr. Syed Zille Hnsnnin in 

February 1910. The observatory was found in good order, but the corninunicntion 
hole a t  the both?  of the float cylinder had become enlarged, the reslilt being tha t  
the sea water flowed too freely in and out of the cylinder, causing .?'t times pefl t '  

Serial 
No. 

Stotione. 
tionu. 

obsorra. merit of 

13 

14 

18 

10 

17 

18 

19 

20 

, 21 
22 

23 

ob5~rvn. 
ti011u. 

1003 

1884 

Still working. 

Still working. 

1889 

1883 

1884 

1892 

1803 

189G 

1890 

18W 

1806 

1882 

1888 

1890 
Still working. 

1891 

1885 

cloning of yenrs 

Bornbn!~ (Apollo 
BaTldnr) . . 

Botnhy (Pnnce'a 
~ ~ c k )  . . . 

hlormugk (Goa) . 
KirwLr . . 
Beyporo . . 
Cochin . . . 
Tuticorin . . 
hliuicoy . . 
Gallo . . . 
Colombo . . 
Trineomalee . . 

obscrvu(ion~. 

-. 

4 

5 

32 

22 

G 

5 

6 

G .  

5 

5 

G 

6 

G 

4 

5 

:: 25 

6 

6 

Tide-polo reading. mtill 
taken. 

Property of PortTrusL 

o 

Years 1883-84-85 are 
excluded. 

Ditto . 

Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 

24 

25 

2G 

27 

28 

29 

30 

31 

32 

33 

34 

36 

38 

J 37 

38 

39 

40 

' 4 1  

42 

Tidr-pole readings still 
takeu. 

Tidc.pole rend:nga. 6ti.i 
taken. 

rpnr 1860.81 is escluded. 

06y,bd',"f,~. 

1 1878 

18.98 

1884 

1878 

1878 

1886 

1888 

1891 

1884 

1884 

1890 

Ditto . 
Ditto . 
Ditto . 

Ditto . 
Ditto . 
Ditto . 

Ditto . 
Ditto . 
Ditto . 
Ditto . 

Ditto . 

Ditto . 
Ditto . 
Ditto . 

Ditto . 
Ditto . 
Ditto . 

Ditto . 
Ditto . 

pimbnn Pass . 
Neppatam . . 
Nodma . . 

Cocanide . . 
Vizagapatsm . . 
False-point . . 
Dublat (Saugor 

lslond) . . 
Diamond Harbour . 
Kidderpore . . 
Chittsgong . . 

Akgab . . . 

Diamond Island . 
Bassein (Burma) . 
Elephant Point . 

Rangoon , . . 
Amberat . . 
Mou2,nein . . 

Mergui. . . 
Part Blair . . 

1888 

1886 

Still morlcing.' 

1801 

1692 

Still norldng. 

Still 

RBMARBB. 

1878 

1881 

1880 
Re-atnrted 

1895 

1886 

1879 

1881 

1881 

1881 

1881 

188G 

1887 

1806 

1002 

1880 
Re-started 

1884 

1880 

1880 

1880 
Re-started 

1000 

1889 

1880 

6 

5 

29 

5 

6 
I 

1881 \ 
1888 ) 5 

Still sorliing 

1886 
I 30 

G 

1886 
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oscillation of the float, which affected the movement of the pencil on the diagram. 
The Port Engineer of Aden has been requested to have a new cylicder made and 
arrangements will be made a t  the time of the next inspection of this observatory 
to remove the old cylinder, and fix a new one in its place. 

With the exception of a few short interruptions, owing to the pencil failing to 
mark, or to the stoppage of the driving clock, the tide-gauge has worked 
during the past year. 

1iara'chi.-This observatory was inspected by Mr. C. F. Erskine assisted 
by Mr. Syed Zille Hasnain, in February 1910. The tide-gauge and the auxiliary 
instruments were thoroughly overhauled and cleaned, and the cylinder was 
of mud both from the inside and outside. 

No interruptions have occurred either in the registrations of the tide-gauge 
or of the auxiliary instruments during the past year. 

Apollo Bandar (Bombay).-This observatory was inspected by Mr. C. F. 
Erskine assisted by Mr. Syed Zille Hasnain in January and February 1910. ~h~ 
observatory was found neat and clean, but the tide-gauge was in need of cleaning. 
After having been thoroughly cleaned the instrument was left in adjustment and 
in good working order. 

During $he past year there have been three minor interruptions in the tidal 
registrations due to the stoppage of the driving clock. 

Prince's Dock (Bombay).-This observatory was inspected by Mr. C. F. 
Erskine assisted by Mr. Syed Zille Hasnain, in January and February 1910. On 
ovsrhauling the tide-gauge it was discovered that from some unknown cause the 
band had a double twist in it near its junction with the float; owing to this the 
float was raised nearly three quarters of an inch, and in consequence there was a 
corresponding change in the working zero of the tide-gauge. The float at  this 
observatory was not provided with a swivel on the clip where it was connected with 
the band : to remedy this defect a new float with a swivel a t  the top has been substi- 
tuted for the old one ; there will now be no risk of a similar accident occuring 
again. 

During the past year there have been several interruptions in the tidal regis- 
trations, ranging from two to twenty-seven hours, due to the pencil wire breaking; 
this is a contingency it is impossible to guard against. 

fifadras.-This observatory was inspected by Mr. C. I?. Erskine assisted 
by Mr. Syed Zille Hasnnin in January 1910. I t  was found clean and tidy and tqe 
ti&-gauge mas working well. 

There have been no interruptions in the tidal registrations during the year 
under report. 

, l<idderpore.-This observatory was inspected by Mr. C. I?. Ersltine assisted 
by Mr. Syed Zille Hasnain, in November 1909. The tide-gauge was found to be 

working well ; an examination of the daily reports showed that no breaks in the 
tidal had occurred since the last inspection. The graduated staff 
wae found to be slightly out of position ; i t  was refixed correctly. 

Rrlnyoon.-This observatory was inspected by Mr. C. F. Ersltine assisted 
by nh. Syed Zillc Hasnain, in December 1909. The cabin and the bridge leading 

t o  it rcrluircd some nlinor repairs, and the Deputy Conservator of the Port was 
requested to have tlleni done. 

The tide-gauge was working ~at~isfactorily and there h: d been no breaks in 
t h c  tidal regi.+tration~ .rincc the last inspection. 
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Last year all the auxiliary instruments were removed from this obscmatory 
the Port Commissioners did not consider them necessary. Subsequently the 

Deputy Conservator of the Port intimated that the registrations of the above instru- 
ments were required by the port authorities. In  conformity with this request an 
anemometer and a rain gauge were despatched to Rangoon born Dehra Dun, 
and these instruments were set up in the tidal obsematory a t  the time of inspection. 
The O5cer in charge of the Mathematical Instrument Office, Calcutta, was asked 
to supply 1 standard barometer, 1 self-registering barograph and a maxi- 
mum and minimum thermometer. These instruments had not arrived by the 
time the inspecting o5cers left Rangoon, but have since been received and set up 
at  the observatory. 

Mou1mein.-This observatory was inspected by Mr. C. F. Erskine assisted by 
&. Syed Zille Hasnain, in December 1909. The tide-gauge was found in working 
order but was greatly in need of cleaning. I t  was thorougLly overhauled and 
cleaned and left in correct adjustment. 

A few minor interruptions in the tidal registrations have occurred during the 
past year, these being chiefly due to the stoppage of the driving clock. 

Port Blair.-This observatory was inspected by Mr. Syed Zille Hasaain 
in December 1909. On taking the tide-gauge to pieces for cleaning purposes, it' 
was found that through corrosion the float had lcaktd considprably, and that there 
was a great deal of water in it. The float was carefully repaired and refixed. The 
cylinder a t  this observatory was a very old one and the communication hole in i t  
had become too large. A new cylinder was therefore made under the supervision 
of the Port Officer. The old cylinder was removed with some difficulty, and the 
new one was fixed in position. The tide-gauge and the auxiliary instrurnenL9 ;.ere 
thoroughly overhauled and cleaned and left in adjustment. The opportunity was 
also taken to have the observatory repaired. 

Tidal Constants.-The tidal observations for a year a t  nine stations 
have been reduced, and the tabulated values of the tidal constants thus derived are 
appended. There are no arrears. 
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The following are the amplitudes (R) and epochs ( 5 )  deduced from the 1909 obserrationl 

at Aden ; and also the mean values of the amplitudes (H) and i f  the epochs (a) for each 

particular tide evaluated from the 1909 observations. 

Short! P e r i o d  Tides. 

A,=5.780 feet. 

Long P e r i o d  Tides. 
I 

L 

-- 

28O.56 

17'94 , 

47O.27 

351°'95 

143"'Sb 

, 
Lnaar Monthly Tide . 

,, Fortnightly ,, 

Luni-Solar ,, I 

Solar-Annual I ,  

,, Semi-Annual ,, 

.054 

,052 

-005 

,358 

a070 

336O.38 

333O.11 

180°.37 

71O.58 

3020aG1 

.056 

445 

a005 

.358 

,070 
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The following are the amplitudes ( R )  and epo~ahs (<) deduced from the 1vO8 ob~ervstionm 

st Karachi ; and also the mean values of the amplitudes (13) and of the rpoohs ( K )  for eseh 

prrtioulor tidc evalunted from the 1308 observations. 

Short Period Tides. 

A, = 7'1G3 fcet. 

H = R =  ,095 R = .177 R = ,045 
K = 5 = 2100.63 1; = l l g O . s r  \ < = 3040.45 

1 = 7 5  9 1 = 0 4 5  EI = R =  9 6 2  Ma 
= f = 303'.J2 K = 212O.80 K = 51°,67 ( K = 30G0.25 

B = R  = .Ole R = .(I42 
K = < = 3.&J5.79 f = lOO0.!24 < = 254O.49 

K = 3129.66 
H = R =  ,001 

K = 260°.32 K = 25O.02 
R = ... R = .oe2 
1 ; =  ... 
H = ... 

K = 64O.59 K =  ... ,u = 40°,46 

Lo~zg Period Tides. 

, , Fortnightly ,, 

Lunar XIontl~ly Tide . 

R 1; 

,031 43O.50 

Luni-Solar ,, . . ,009 I 19S0.02 

161O.06 Solar-A nnual 

,, Semi-Annual ,, 

,131 

.15L 

.009 

.131 

130°.Y6 

GO0-61 

321°.76 1 .154 , 160'-S9 

LT 
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The following are the xrnplitu.lea (n) ant1 epoclls (I) deduce11 from the lean obqcrvationa 

at Kararbi ; and also the m e o ~ r  valnes of the amplitudes (H) and of the epoclls (x) for 

p:rrticular title evalr~atetl froin t l ~ c  l90!) ob.;el.vations. 

Short Perio(2 Tides. 

Long Period Tides. 

Solar-Annual 11 -201 i47'.25 

Illfilar hIontllly Tide . I . 021 213O.43 

,, Semi-Annual ,, ,9 02O.30 

' 

,, 1"ortnightly ,, 

Luni-Solar ,, 9 ,  

.050 

,031 

23:{0.04 

272O.52 
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The following are the amplitudes (R) and epochs (0 deduced from the 1009 obnervetions 

,t Bombay ; and also the mean vnlues of the amplitudes ( H )  and of the epochs ( r )  for each 

particular tide evaluated from the 1909 observations. 

Short Period Tidec. 

Long Period Tides. 
9 

Lunar Monthly Tide . .049 313On$7 

' , Fortnightly ,, ,029 -026 29O0'.lqY 332O.57 

-021 

~ 1 2 2  

.121 . 

2JO0.5O 

112O.G2 

354O.29 

Luni-Solar ,, I .021 

Solar-Annual 1 9  .122 

105O.51 

32O.92 

194O.88 

I 

,, Semi-Annus1 ,, . l 2 l  



126 RECORDS OF THE SURVEY OF INDIA, 1909-10. I VOL. I, 

The following are the amplitudes (n) and epochs (Y,) deduced from t,he 1909 observations 

st Prinoe's Dock ; and also the mean values of the amplitudes (H)  and of the epochs (,I 
for each particular tide evaluated from the 1909 olscrvatio~lr. 

Short Period Tides. 

Long Period Tides. 

Lunar Monthly Tide . 

,, Fortnightly ,, 

Luni-Solar ,, I, 

So13r-A nnual II 

,, Semi-Annual ,, 

0 1 9  1 257O08 

0 3 3  306O.06 

,051 

,029 

.025 

.154 

,096 

205O.72 

116O.38 

355O.69 

,026 

,165 

.On6 
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The following are the amplitudes (R)  and epo~bhs (0 cleducetl from the I909 observations 

st Madras ; and also the mean values of the amplitudes (14) and of the epoch8 (K) for each 

tide evaluated from the 1909 observations. 

Short Period Tider. 

A, = 2'364 fret. 

Long Period Tide8 

Lunar Monthly Tide . . 

, ,, Fortnightly ,, 

Luni-Solar ,, ) ,  . . 

Solar-Annual j~ 

,, Semi-rinnual ,, . . 

I1 

.019 

,047 

-042 

R I t  
I 

.018 1 '  %70°.44 

303O.30 

277'-67 

'312 

'320 

,054 

,042 

-312 

.3%0 

s 

326'*1% 

352O.39 
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The following are the nmplitudcs (R) and epochs i<) deduced from the 1909 obserPatiopa 

at Kitlderpore ; and also the mean values of the amplitudes (13) and of the epochs ( E )  for 

particular tide evaluated from the 1909 observations. 

Short Period Tides. 

- 
A,=10770 feet. 

H =  R = .099 R = -158 R = ,033 R = ,104 
K =  < = 204O.23 5 = 272O.38 5 = 91°.3Y < = 205O.41 

s 2  { H =  R = 1,557 = 1 6 2  Ql{H = 0 3 1  H = . lo4 
K =  < = 9G0,73 K = 320°.49 K = 358O.32 K = 206O.54 

I i = R =  a100 
K = 5 = 107'.97 

K = 1; 3 15O.95 K = 72O.02 
H = R =  '005 R = ,074 

K = 2; = 325O.98 

< =  ... 5 = 237O.71 
H = ... H = ,042 

K = 31°.08 K = ... K = 3270a73 

Long Period Tides. 

I 5 

316O.42 

34GC.21 

177O.62 

228O.80 

125'. 

' 
Lpuar Monthly Tide . 

,, Fortnightly ,, 

Luni-Solar ,, ,J 

a Solar-Annual >I . . 

,, Semi-Annual ,, 

I 

H 

-382 

,297 

,888 

2.769 

,912 

a360 

-342 

.880 

2.769 

9 1 2  
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~h~ following are the amplitudes (R) and epochs (1) deduced from the 1909 obMrvations 

Rangoon ; and also the mean values of the amplitodes (H)  and of the epochs ( K )  for ewh 

tide evaluated from the 1909 observations. 

SAort Period TirJe.1. 

A,= 10,303 feet. 

K = 5 = 106O.96 
H = R =  2.130 
K = 5 = 169*.lS 
I1 = R  = ,092 
K = 5 = 267O.4,9 

13 -R = '103 
M = 5 = 2G0.1X 

Lunar hZontllly Tidc 

o, I I1 = R = e003 It = .205 R = 1.101 R = I -163 
K = 5 = 59O.74 5 = 70O.08 5 = 32O.09 1; = 176O.95 

I 2.5 N2[1~1= 1.111 ( 2 S M ) ~  H = 
K = 2S0'17 K = 11S0.34 * K  = 'lO".Ss 

R = .713 R =  . . .  R = ,110 
< = 211°.2.1r 

I1 = '654 ... 
K = 2GY0.09 K = ... K = 27Y0.7S 

R =  ,471 
[ = 34'i0'71 

K r- 171O.33 K = 15A0.91 
R = '195 R = . 5 l l  R =  ,123 

I-I = '124 
K = 1330m89 K = 6!In.21 K = 283O.56 

R = '028 R =  ... R = .I16 
5 = 231°.63 < =  ... 

I3 = ... H =  ,114 
K = 100°.42 K = ... K = 50°.S7 

.2:30 
40O.38 

9 3 7  
003.08 

. I03 
286'47 

1 0 7  
112O.75 

R = 
5 = 

1 4 =  
K = 

R = 
5 = 

"8{14; 
K = 

-- 

R = .033 R = .03G 
5 = 61°.15 

I1 = -022 I-I = '036 
K = 13YO.92 K = 149O.12 

R =  .-1.71) 
5 = 11,1°97 

w = 156O.67 K = 21OC.87 

.143 

' Fortnigl~tly ,, 
. . I  

329O.79 

33Sn.S1 . I33  / lSc'OB 

.14s 200 I I J  
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VALUES OF THE TIDAL CONSTANTS, MOULMEIN, 1909. 

The following ere the amplitudes (R) and epochs ({) deductd from the 1909 obaervstions 

at Moulmein ; eud elao the mean values of the amplitudes (H) and of the epochs (.) for eech 

prticular tide evaluated from the 1909 observations. 

Short Period Tides 

A, = 8.603 feet. 

Jong Period Tides. 

x 

10°'21 

2 7 O . 8 . 9  

3Y0.75 

151°'22 

20S0'4'5 

H 

a235 

1 .  

1.081 

9.4.06 

.456 

, 

' 
Lunar Monthly Tide . . . 

,, Fortnightly ,, 

Luni-Solar ,, )I . . 

Y olar-Annual ,I 

,, Semi-Annual ,, 

' L 
' 

,227 

.3G1 

1.071 

2.406 

,456 

320°.01 

317O.55 

175O.41 

230°.99 

97O.99 
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The following are thearnplit8~~des (R) and epochs (5) deduced from the 1009 bbeervationr 

a t  Port Blair ; oud aleo the mean values of tbe ~mpli tudes (H) and of the epochs (N) for each 

particular tide evaluated frcm the 1909 observations. 

Short Period Tides. 

.013 
sl { "( 680.5% 

s S I  

I-I = R  = .962 
K = = 31S5.62 

S+ I H = R = ,005 
K = 5 = 173O.80 

~ f l  I H = B  = ,001 
K = C  = '221O.16 

H =R = .004* 
K = 5 = 162O.07 

A, = 4.868 feet. 

.003 R = .023 R = .024 { H = 3 , = 343O.23 H 5 = = 286O.47 .024 

K r 250°.A4 N = 287O.61 

K = 30G0.-1, h K =  . . .  K = 281'92 
R =  '2GIs R = .I32 

K = 311O.19 K = 271°,07 K = 322O.24 
R = ,092 

K = 29G0.34 K = 80O.38 
R =  ... 

5 = 147O.60 . . . 
K = 327O.13 K = ... K = 238'23 

J o n g  Period Zides. 

Lunar Monthly Tide . . 

,, Fortnightly ,, . . 
Lusi-Solar ,, I I 

Solar- Annual I ,  

,, Semi-Annus1 ,, 

6 2 

5 

11°.45 

31G0,97 

231°.92 

20G0'20 

350°,94 

R 

.011 

0 3 2  

a017 

,214 

.Ob2 

H 

.011 

.054 

-017 

,214 

.OX! 

J 

N 

61O.89 

7O.60 

95O.58 

lIGC.JJ 

191O.42 
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Sale o f  hb1es.-The amount realized on the sale of tide tables 

during the year ending September 1910 was Rs. 1,967-5-0. 
Errors i n  predictions.-The five tabular statements which are apperdFd 

show the percentage a r d  amount of error in the predihtcd times acd heights of 
high and low water for the year 1909 a t  12 stations, as determined by comparisom 
of the predictions given in the tide tables with the actual values measured born 
the tidal diagrams a t  9 stations, and from the tide poles a t  3 stations ; the former 

are in this office, and the latter by the port officials concerned. 

TABLE A. 

Slatentent showing the percentage and the amount of the errors in  the predicted times 
of high water at the various tidal stations for the year 1909. 

1 Number 

Sta?ions. . 
b 

Aden . . . . . Auto. 682 

Karachi . . . . Auto. 705 

Bhaxnagar . . . 53 6 1 . . 

42 6 3 

Bombay .( 
I 
?Prince's Dock . Auto. 689 34 46 6 4 

* 

Madras . . . . . 1 Auto. 706 

705 

385 

366 

705 

090 

704 

Kidderpore . . . . 
, 

Chittngong . . . . 

Akyab . . . . 

Rangoon - . . . 

bYc~lrnein . . . . 

r i r  . . . . 
.J- 

Auto. 

T. P. 
I 

T. P. 

Auk.  

A u k .  

Allto. 

34 

16 

33 

99 

34 

23 

48 

2 

17 ' 

15 

5 

7 

1 

47 

32 

31 

1 

30 

41 

41 

12 

16 

9 

. . 

12 

13 

6 

5 

19 

12 

. . 

13 

18 

6 
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TABLE B. 

Statement showing the pwoentage and the amount of the errors i n  the predicted times 
of low water at the various tidal s!atims for the year 1909. 

TABLE C. 

Number 

Stations. 

---- 

Aden . . . . . Auto. 076 42 3 

Karachi . . . Auto. 704 30 

Bhavnagar . . . . T. P. 366 62 . . . . 
Apollo Bander . Auto. 703 42 45 6 

Bombay 
1 

Prince's Dock . Auto. 688 37 46 e 2 

Madras . . . . . Auto. 706 46 42 

Kidderpore . . . . 
ChiLtagong . . . . 
Akyab . . . . . 
Rangoon . . . . 
Moulmein . . . . 
Port Blair . . . . 

Statement showing the percentage and the amount of the errors i n  the predicted heights 
of high water at the various tidal stations for the year 1909. 

Auto. 

T. P. 

T. P. 

Auto. 

Auto. 

Auto. 

706 

305 

365 

705 

690 

704 

Number 
of com- 

parisons 

actual and 
predicted 

values. 

Stations. 

Meen 
range a t  0~22 in 

6'7 

0'3 

31'1 

13'9 

13'9 

3'6 

11.7 

13'3 

83 

16'4 

12.7 

G'0 

Automatic 
o r  tide. 

pole 
observs. 

tions. 

20 

36 

98 

20 

23 

43 

I 

Aden . . . . . 
Karachi . . . . 
Bhavnagar . . . . 

Apollo Bandar . 
Bombay 

Prince's Dock . 
lladras . . . . . 
Kiddetporo . . . 
Chittagong . . . 
Akyab . . . . 
Rangoon . . . 
Moulmein . . . . 
Port Blair . . . . 

Errom aver 
12 inches. 

P e r c e n t  

.J 

. . 
1 

1 

1 

. . 
13 

16 

1 

4 

ee 

. . 
1. 

Errors of Over Over 

and under. 

Percent .  

94 

81 

*be 

67 

67 

83 

47 

47 

90 

47 

Sl 

96 

Auto. 

Auto. 

T. P.  

Auto. 

Auto. 

Auto. 

Auto. 

T. P.  

T. P. 

Auto. 

Auto. 

Auto. 

39 

29 

1 

37 

32 

48 

682 

705 

365 

701 

080 

70G 

705 

306 

305 

706 

GO0 

704 

6 

17 

9 

a 1 

18 

17 

4 

13 

8 

. . 
14 

11 

6 

4 inch- 
and under 
8 inches. 

---- 
Percent .  

G 

18 

27 

27 

26 

16 

28 

21 

9 

33 

23 

6 

1 

11 

18 

. . 
6 

17 . 
1 

8 inches 
and under 
12 incher. 

Percent .  

. . 
1 

14 

6 

7 

2 

12 

16 

- 
17 

20 

. . . 
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TABLE D. 

TABLE E. 

8-t shom'ng the percentage and tde amount of the m o r s  in  the pedidrd hkghlr 
01 low water at the ca~ious  tidal stations for'the pear 1909. 

Number 

Btationr 

rnluee. 

*Table of average errors i n  the predicted times and heights of high and low water 
at the several tidal stations for the uear 1909. 

Aden . . . . . 
Kamohi . . . . 
Bhavnagar . . . . 

Apollo Bender . . Bombay 
Prince'nDock . 

Madms . . . . . 
Kidderporn . . . . 

6 

Chittagong . . . . 
Akyab . . . . . T. P. 365 83 : ;; 1; ?angoon . ? . . Auto. 705 10.4 

Moulmein . . . . Auto. 699 12.7 38 24 

port Bisir . . . . Auto. 704 6'6 99 -. - 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

Shtiom. 

Open.Cond. 

Adw . . . . . 
IQrsohi . . . . . 
B h o m n p r  . . . . 

ApoUo Bandar . 
~ o r r h a y  E 

Prince'e Dock . . 
Madwm . . . . . 
dtgpb . . . . . 
PodBla i r  . . . . 

---- 

07s 

704 

365 

703 

688 

705 

705 

365 

Automatic 
' or tide- 

pole 
observe- 

tione. 
I -- 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto, 

T. P. 

Auto. 

Mean range 
a t  epringe 

in feet. 

6'7 

9.3 

31'4 

13'9 

13'9 

3'6 

8'3 

6'6 -- 
General Mean . 

Rivaain. 

Kiddarporo . . . . 
Chittegong . . . . 
Rangoon . . . . 
Moulmein . . . . 

Oeneral Mean . 
, 

6'7 

9'3 

314 

13'9 

13'9 

3'6 

11.7 

13'3 

AVEBAOE ERRORB. 

Of time in 
minutee. 

Per cent. 

94 

78 

, 6 0  

7 1 

65 

89 

48 

H . W .  L .W.  

2 2 

3 3 

6 6 

4 3 

4 4 

3 a 

2 2 

2 2 

H . W .  L.W. 

8 9 

8 9 

6 0 

9 8 

10 9 

10 8 

- 1 

8 8 

.. I .. 

H.W. L.W. 

'025 '025 

'027 '027 

'013 ,013 

'024 '018 

'624 '024 

'071 '048 

'020 '020 

'025 '025 

Auto. 

1 7 7 1.029 ,025) .. -- 

Per cent. 

0 

19 

32 

24 

27 

10 

24 

-- 

11'7 

T. ?. 

Auto. 

Auto. -- 

18 10 

Per cent. 

. . 
3 

8 

6 

7 

1 

17 

16 16 ( '043 '044 ( .. - 

'043 '043 

per cent 

4 

. . 
1 

I1 ; 

6 6 

l3.3 / 15 I6 '044 044 

'025 '041 

'069 ,040 

10'4 

12.7 

7 7 

G 8 

0 7 

12 13 

14 17 
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The foregoing etatemfnts for the year 1909 may be thue aummarieed :- 

Percentage of time predictions within 15 minutes of actuab. 

water. water, I I 
I PI*.L~ hat. 

Open coast 6 at which predictions were tested by S. R .  tide gauge . 
stations. 

tide pole . . 

I I . . 
Percentage of height predictions within 8 inches of actuals. . . 

Riverain t S. R. tide gauge . 1: :: stations. 
I )  tide pole . . 

Percentage of height predictions within one-tenth of mean range of s+ngs. 
I I 

61 

64 

Open coast 6 a t  which predictions were tested by S. R.  tide gauge . 
stations. tide pole . . 

Rivcrain S. R. tide gauge . 
stations. 

I t  tide pole . . 

High Low I water. I watar. 

69 

65 

1 Per aent. I Per aent. 

High Low 
water. watar. I .  -- 

Per aen t. 

a 97 

92 

69 

68 

S. R. tide gauge 
Riverain 

, stations. 1: B 1  tide pole . 

Per omnt. 

97 

94 

65 

64 

predictions were tested by S. R. tide gauge . 
stations. tide pole . . 

I 

Comparison of the predictions at ~iverain stations.-The predictions for the 
riverain stations for the year 1909 were comparrd with those for the previous 
year, with the following results. The predictions for high water times and heights 
for 1909 are about the sime as in 1908 a t  all the riverain stations ; for low water 
times they are the came a t  Rangoon, better at  Kidderpore and Chittngong, and 
worse a t  Moulmein : for low water heights they are worse a t  Chittagong, and 
better a t  all the other riverain stations. The greatest; difference between the 
actual and predicted heights of low watcr for 1909 a t  the riverain stations wee 
as follows :- 

Ridderpore . 3' 3" on 4th September 1909, octunls being higher. 
Chittagong . 2' 6" on 3rd Octobcr 1909, nctnnls bcilig higher. 
Rangoon . 2' 0" on 14th nnd 15th October 1909, nctuab being lower. 
l ou l rneh  2' 0" on 28th to  30th August 1909, octuob being lower. , , 

97 

' I00 

98 

100 



RECOllDS OF THE SURVEY OF INDIA, 1909.10. 

VI1.-Physiographical Changes. 

BY COLONEL S. G. BURRARD, R.E., F.R.8, 
I t  is intended in future to maintain a record of all chniiges that may be noticed 

to have occurred or to be now occurring in the form and features of the land-sudace 
of India. I n  order to ensure the co-operation of the several topographical parties 
the following instructions are being issued :- 

Now that  a new topographical survey of India is being commenced, officers are requested 
to  include in annual narrative reports brief notes on any marlccd physiogaphical cllanges 
that  may come under observation. 

(i) The whole area of loose sand that  constitutes the Rajputana desert is moving en nlosse 

towards the north-easdunder the influence of prevailing winds ; it will be of interest to ascertain 
in the course of the new survey to  what extent the sand has advanced towards Ajrner and Delh; 
and Ferozepore since the last survey was made, and whether in its advance it is abandoning 
areas in Sind ~ n d  Cutch wliich i t  formerly occupied. 

'(ii) When sand advances into regions watered by rain, it is carried by streams into the 
rivers and by rivers into the sea. I t s  advance may consequently not here be apparent. But 
in the struggle f t r  mastery between the sand and the rivers, the courses of the latter are apt to be 
deflected. The Punjab rivers have been driven northwards and have been forced to combine 
by advances of sand from Rajputana ; the Ghaggar has been choked and the Jumna has been 
hushed to the east. It will be of interest to learn whether the rivers are still retiring before the 
sand or whether they are holding their own. 

(iii) If any considerable area that  was formerly cultivated is found now to be desiccated, 
the change will be worthy of mention in narrative reports. 

(iv) All rivers tha t  meander over flat alluvial plains are apt  to change their courses as 
their beds get raised by silt. It is of interest to  know whether these changes of course are 
systematic, i .e.,  always towards one direction, or whether they are oscillatory. Are (for example) 

the junction-points of the Himalayan rivers, Gogra, Gandak, Kosi, etc., with the Ganges in 
Bengal all tending to  move to  the east ? 

(a) Changes in the position of coast-lines are always worthy of record, more especiall!. 
if they appear to  be systematic. 

(vi) Very little is arr yet known of the rate of growth of the deltas of the rivers of North 
and South India and of Burma. The effect of irrigation schemes upon deltaic growth is a 

subject of scientific interest. 
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PART 11. 

I.-The Photo-Litho Office. 
BY LIEUTENANT 0. H. B. TRENCHARD, R.E. 

An endeavour was made in last year's report, while recounting the progress 
of the different sectioris of  the office, to estimate the value of Major Hedley's re- 
organisation scheme, which had been introduced a t  the beginning of that  year, 
in connection with the satisfactory results of tlie year's work. Another year has 
passed during which a policy of consolidating the reforms and maintaining an im- 
provement in methods has been aimed at .  No changes of importance have been 
made in the superior staff of the office, and this fact has materially contributed to- . * 
nards the end in view. The year under report is the first in which the new system . 
of pron~otion, an  essential feature of the reorganisation, has been applied on a . 
large scale, and the results appear to be satisfactory in every way. I n  fact one may 
confidently predict that  increased elliciency and additional progress in the futyre 
will depend on adherence to the broad lines of the reorganisation scheme. . 

The first steps to deal with the steadily growing congestion of space in the Photo 
Branch and Stores Section which was alluded to iri last year's report have now been 
taken, and a comprehensive scheme which includes the erection of a second storey 
to that part of the building occupied by the Photo Branch and an enlargement of 
certain of the Stores Section buildings has received the preliminary sanction of 
the Surveyor General. 

Some time must probably elapse before this scheme is carried out in full, but 
i t  is to be hoped that  every effort will be made to hasten actual building operations 
so that no mere physical check will be placed in the near future on the continuous 
expansion of work. 

Negative Section. 

The outturn of finished negatives in square inches for the year amounts to  
1,943,889 a t  an average cost of Re. 0-5-7 per 100 square inches as compared with 
2,173,868 square inches a t  Re. 0-4-9 per 100 in 1908-09 and 1,649,862 square 
inches a t  Re. 0-6-7 in 1907-08. The slight diminution in outturn and increase in 
cpst is accounted for by a marked decrease in the number of reductions of plane- 
table sections supplied and a corresponding increase in half-tone negatives of bill 
shading, a class of work necessarily involving greater skill and higher chemical 
expenditure. The quality of the negatives has been well maintained, but the d f i -  
culty of effecting by purely ~hotographic processes any material improvement in 
reproduction of an  indifferently drawn and badly typed original has yet to be fully 
overcome. 

' Rhuchinq Section. 

The figures given above for negatives apply also to this section. Outturn by 
area, however, is hardly a fair gauge of the work done, since the proportion of colour 
negatives t o  the total dealt with increases yearly, and these require far nore labour 
than plain negatives. 

A noticeable inprovenlent has been made in the esn~nination of finished 
negatives. , I I 

T 
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Process Engraving S~ctwn.. 
The outturn in photogravure plates and half-tone and line blocks is 371 as 

compared with 305 in the previous year, and the excess ?f income over expenditure 
amounts to Rs. 4,836 as compared with RP. 3,360. 

Although the minimum rates charged for half-tone and line work were reduced 
from Rs. 1-8-0 per square inch to Re. 1 and as. 10 per square inch respectively in 
1908, a further reduction to as. 8 and as. 6 is contemplated in the near future 
the object of attracting an  increased volume of work from present sources, and 
from others, such as scientific societies, t o  whom the present rates are even now 
prohibitive. The section is now fully able t o  increase its outturn without nlunerical 
reinforcement or loss of working profits. 

The new Platen ~ r i n t i n g  machine, the installation of which was just mentioned 
in last year's reporb, has been successfully employed in printing all the half-tone 
and the majority df line work formerly undertaken by the Letterpress Section, and 
also in high gradc proving. 

Colour photography by what is known commercially as the half-tone three- 
colour process was successhlly introduced for the first time by the Manager, Photo . ~;anch. This process in India presents difficulties not met with in Europe or near a 
centre of photographic manufacture. The rapidity with which colour-sensitive 
commercial dry plates deteriorate in Calcutta, their initial high cost and the diffi- 
culty of foretelling requirements, all tend to make their employmellt out of the 

.question for the work of the department. The other alternative is to use plates 
coated with collodion emulsion, of which perhaps the best known is that manufac- 
tuted by Dr. Albert of Berlin. Attempts have been made from time to time to  
introduce i t  in this office, but  without success, owing to its rapid deterioration at 
any temperature above 50" P. 

I n  1907 Mr. Taylor took up the question of manufacturing an emulsion which 
would be workable in Calcutta, and succeeded in making up by an entirely new and 
revolutionary method an emulsion which met the requirements. He has since been 
steadily working to  perfect it, and such good results have been obtained that he ha0 
overcome another dffficulty met with in colour reproduction in India, namely, the 
comparatively low skill of the native etcher which renders satisfactory results un- 
attainable unless colour negatives can be made to give an  accurate reproduction of 
an  original without retouching. 

At  the present time the Photo Branch is able to prepare plates to any reason- 
able size with colour sensitiveness equal to or excelling the best obtainable 
plate. The experimental work is, however, not complete and the actual ~rocedufe 
has not been published. 

Proving and Printing Sections. 

I n  last year's report it was recorded that  the old reproach to the office, arrears 
of publication due to lack of capacity to deal with work in hand, had a t  last been 
done away with ; it is now still more a thing of the past. 

Despite the crcdit due to the Litho Branch for this achievement, the situation 
iq not cntircly satisfactory. Reorganisation has effected order out of the chaos, as 

far  as this branch is particularly concerned, in the short space of three or four years 
a11d that  without incrcaving the total cost cuf the branch. 

Thc certainty of a large increase in the amount of departmental work to bo 
1:odcrtaken ir. the near future dispels any possible inference that  wc are now in 



VOL. I.] PHOTO-LITHO OFFICE. 

position to effect a reduction of establishment. The difficulty is to find 8 snfi- 
ciency of the kind of work required to tide the Litho Branch over the immediate 
present. 

Much economy both bf time and cost has been effected, especially in the Prov- 
ing Section, by an increasing realization throughout the department of the principle 
that originals for reproduction in colours should be so carefully scrutinized before 
submission as to render the supply of two sets of proofs unnecessary. It is now 
becoming more and more an exception to furnish coloured proofs of the standard 
sheets ; results seen1 to prove that  little danger of inaccuracy is incurred by this 
experiment, and i t  is hardly necessary to add that publication is greatly expedited. 
A certain amount of extra work is of course thrown on the Examination Section of 
this office, but this is more than counterbalanced by the necessary decrease in the 
former risk of perfunctory examination. 

With regard to the machines, the quality of the printing bas certainly not de- 
teriorated, the average outturn for any full working day is a trifle bigger, and oue 
or two of the nabive printers have shown marked ilnprovement. 
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11.-'The Mathematical Instrument Office. 

During the year under review, namely, from 1st April 1909 to 31st March 1910, 
there has been a large falling off in the demands made on this office and the accounkq 
of the two departments, store and workshop, show deficits of Rs. 20,176 and 
Rs. 15,270, respectively. 

With regard to the former figure it will be seen from the table below that the 
requisitions made on the stores have decreased by over a lakh of rupees as compared 
with the previous years, and consequently the amount brought to credit in the profit 
and loss statement has diminished by approximately Rs. 25,000, which would have 
more than covered this loss. 

The deficit of Rs. 15,270 on the workshop is also explained in item 2 of the table . below which shows that the demands made on the workshop show a shrinkage of 
about half a Ialih, while standing charges, such as supervision, rent, interest on 
plant and material depreciation, clerical labour, etc., amounting in all to Rs. 65,492, 
say'3O per cent. of the total outlay, were incapable of any reduction. 

Table o f  comparative values for the last three years. ' 

. 
1. Vnlue of insbruments issued to public o!Tices . . . . 
2. Value of work donc in workshops . . . . . 
3. Vdue of repairs to instruments repaired and returned in service- 

able ccjndition. 

4. Vhlue of instruments received ns no longer required. . . 
6. Val~le of instruments manufactured in workshops for serviceable 

store. 

6. Value of instruments and materials obtained from England . 

7. Value of instruments purchnsetl locally . . . . . 

8. B ~ o k  value 01 ntock of instruments in the serviceable store . 
9 B ~ o k  value of stock of instrument8 in repairable storo . . 

Rs. 

2,38.332 

1,88,411 

Rs. 

3,66,334 

2,54,910 

Tlie average nurnber of employbs and their pay were 365 a t  Rs. 81,412 in 1907-08, 
395 a t  Rs. 85,457 in 1908-09 and 353 a t  Rs. 79,810 in 1909-10. 

The progress made by t h  workshops in the way of manufacture has been well 
maintained, but owing to the falling off in demand for such instruments as optical 
squarcs, plane-tables and stands, chains and sight rules, the output has been con- 
siderably less than in former years. On the other hand more delicate instruments, 
such as 5" Everest theodolites, 6" Quintants, Cooke's DeLisle clinometers, scales 
and offsets, protractors, Cookc's reversible lcvels, curve pens and hand presses, have 
been put in hand. 

During the year a large plan-board was dcsigned and constructcd for use in the 
Photo-Litho studio ; it has a surface of 11 feet 9 inches by 10 fcet 3 inches. This 
ia  the largest adjustablc plan-board that has ever been made and used in India; 
owing to thc fact tbat all the wcight is taken by a ball thrust t h e ~ e  is no difictlltY 
iii kvelling it. ' 

Rs. 

3,31,230 

2,41,215 



Vor.. I.] AIP.THEhrATI('AL INBTRC'hlEN1' OFFICE. 
1.11 

The Photo-Litho Office also asked tlie hlathemnticnl I n s t r ~ m l e ~ t  Office to make 
up a hand press, having the down pressure taken up by surface bearers or parallel.. 
similar to a proof printing press, the object of the surface bearers being to enable 
in~x~er i enccd  draftsmen- to  give a uniform blackness of typing. The advisability 
of accepting this pattern is still under consider a t' 1011. 

The Southampton pattern hand press wns also remodelled ; the keyway wne 
replaced by bearers or guides working against the type box, nn improvement which 

has increased the life and efficiency of the instrument. 
Ex~erimeil ts  were undertalcen with a view to manufacture mirrors for argand 

lamps by an electro deposit process. A small mirror was made and the result 
quite satisfactory, but unfortunately whcn a full size mirror was attempted n-er- 
ous difficulties arose, due principally to our native labour not having enough ex- 
~erience.  However, i t  is hoped that  further and renewed efforts rnill result in 
success. .* 

To enable tlie Rfathemntical Instrument Office to turn out straight scales and . 
offsets nlore rapidly and uniformly, an entirc automn!io dividing machine was 
tained from the Soci6tk Genevoise of Gencva. After numerous experiments witll 
different materials and cutting tools the ofice is now able to manufacture wales 
much cheaper, but  owing to the rise in price of ebonite it has been found inpossible 
to reduce the price of the finished scales. 

During the year an electric travelling hoist capable of lifling ohe toll was in- 
stalled in the packing section ; the hoist travels along an I girder dolvn tho centre 
of the room, and so not only serves for lifting and lonlering the cases, but 
picks them up from tlie central gallgmny and carries then1 to the manhole and 
lon,ers them direct on to carts for despatching. 

Another engraving n~acliine by JIessrs. Taylor, Taylor and Hobson lras re- 
ceived during tlie year ; this and tllc n~acl~ine  l~reviously received have practically 
superseded hand engraving. 

The punching machine indented for from England also arrived and has done 
much useful work. 

In October 1909 the Cliief Engineer, Public 1Vorks Department, Madras, 
forwarded three practically new levels made by Messrs. Ottway & Co., London, 
for examillation and report. It seems that  the Superintending Engineer to whom 
they were issued stated that  they were of inferior malte and badly finished and 
for this reason had returned them. The instruments were put  to a very 
searching test and examined in every way for mechanical and optical defects. 

* This work brought up the question as to the advisability of having some first 

class, permanent and more up-to-date testing appliances for fine opticalwork of 
this nature. At first it  mas thought i t  would be necessary to order a conlplete opti- 
cal bench from Ellgland, but after much investigation nnd correspondence with the 
~ ~ d i ~  Store Department, i t  was decided to construct one ourselves which would be 
Inore adapted to Indian labour. 

stoclr-tnlcing of all the stores 11ns been carried out during the year, and nlhero 
discrepancies have been found, the neccssnry enquiries and book corrections were 

lnaclc. 
The list inentioned in last ycar's report \vns conlpl fed and \vas beillg 

passed tl~rough the press when the year closed. 
U 
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