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Maps published by the Survey of India can be obtained from the Map 
Record and Issue Ofloe, 13, Wood Street, Caloutta. 

I .  TOPOGRAPHICAL MAPS are published on the scl~les of 4  MILE^ TO 1 INCH, 

2 MILES TO 1 INCH AND 1 MILE TO 1 INCH :- 

(a) THOSE SUBVEYED AFTER 1905 are printed in colours, h sheeta 23 INCHES x 19 
INCHES, price ONE RUPEE per copy. 

(b) THOSE SURVEYED PRIOR TO 1905 are printed in black only or in black with hills 
in brown, in sheets 40 INCHES x 27 INCHES, price Rs. 1-8-0 per copy. 

(c) 4 miles to 1 inch maps are printed in two editions, vir., LAYERED and 
POLITICAL, as described in para. 4, except those from old surveys, which are ~ r i n t e d  in 
black and styled PROVISIONAL, price ONE RUPEE per copy. 

2. GEOGRAPHICAL MAPS are also obtainable as follows :- 
(a) SOUTHERN ASIA SERIES, scale 1 : 2,000,000 or nearly 32 miles to I inch, in 

LAYERED and POLITICAL editions, as described in para. 4, size 36 inches x 24 inches, 
price Rs. 2 per copy. 

(b) INDIA AND ADJACENT COUNTRIES, scale 1 : 1,000,000 or nearly 16 miles to 1 
inch, in LAYERED and POLITICAL editions, and from old surveys as PROVISIONAL ISSUES, 
size 23 INCHES x 19 INCHES, price ONE RUPEE per copy. 

(c) INTERNATIONAL MAP OF INDIA, scale 1 : 1,000,000 or nearly 16 miles to 1 
inch, in LAYERED edition (without shading of hills), size 30 inches x 26 inches, price 
ONE RUPEE per copy. 

(d) GENERAL MAPS OF INDIA, scale 32 miles to 1 inch, in sets of 12 sheek, 
each sheet 25 inches x 32 inches, in LAYERED and POLITICAL (without hills) editions, 
price Rs. 12 per set. Maps of India on various smaller scales and miscellaneous special 
maps illustrating Railways, etc., are also available. 

3. MISCELLANEOUS maps are also published as below :- 
(a) P R O ~ I N C I A L  MAPS, on scales 16 miles and 32 miles to 1 inch. 
! b )  DlsTlllcT MAPS, on scales 4 miles and 8 miles to 1 inch. 
(c) C~NTONIIENT AND TOWN MAPS AND OTHER R~ISCELLANEOPS MAPS, on various 

scales and prices. 
( d )  FOREST bfars obtainable only from the OFFICER I N  CHARGE, FOREST 3 f . k ~  

OFFICE, DEHILA DUN. 
4. The styles of lirinting of 4 miles to one inch and Geographical maps are as 

follows :- 
(a) LAYERED EDITION, lwinted in colours with contours and graduated layer tints 

to show altitndes, and shading to emphasize the hills. (Coloar ribands along boundaries 
cannot be added to this edition.) 

(b)  POLITICAL EDITION, printed in colours with colour ribands along boundaries; 
contours to show altitudes and shacling to emphasize hills. 

(c) PILOVISIONAL I s s n ~ ,  generally printed in black or black with hills in brown. 
(:olour ribands along boundaries are added by hand when required a t  an extra cost of 2 
annas per sheet. 

5. MAP CATALOGUES can be obtained a t  ONE RUPEE per copy. 

6. Maps can be mounted on clot11 and folded or mounted OII rollers for hengitig, 
ctc., a t  e small extra charge. 

7. Maps approved for issue to Government Officials on the PUBLIC SERVICE 
are supplied on BOOK BEBIT. 

Indent forms and rules governing this supply can be obtained on application. 

All othcr issues of printed maps are made on cash payment or by V. P. p. 
(:ash payrnent,~ may be made by Money Order, or by uncrossecl cheques (usual corn- 
mission cllargrs being added to cheques on Banks outside Calcutta). Crossed cheques, 
Hundis und Receipts for payments into l'reasuries can~rot ire accepted. 

Postage, packing and V. P. P. charges are extra. 

8. TIIF: MAP 1tEcol~D AND ISSUE OFPICE will be g l d  to give, free of charge, 
any further information. 
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PART 1.-TOPOGRAPHICAL SURVEY. 
NORTHERN CIRCLE. 

( Vide Index Map No. 1)  

Summary.-This circle was under the superintendence of Lieutenant-Colonel E. A. 
Tandy, R. E., up to 29th November 1918 and of Lieutenant-Colonel R. T. Crichton, C. I. E.9 
I. 8. from 30th November 1918 to the close of the survey year. It comprised Nos. 1, L and 

3 Topographical Parties, No. 3 Drawing Office and six special parties and detachments. 
During the year Nos. 1, 2 and 3 Parties completed 591 square miles of detail survey 

on the 1-inch, 9-inch and 4-inch scales, besides 124 square miles on larger scales. No triangu- 
latioli or traversing was done except 8 square miles of triangulation and 44 linear miles of 
traversing for large scale surveys. 

The detail survey consisted of :- 
92 square miles of 1-inch original survey, 

228 ,, ,, ,, 3-inch original survey, 
82 ,, ,, ,, 4-inch revision survey, 

189 ,, ,, ,, 4-inch original special forest survey. 

The Punjab Riverain Party and the Sind-Sggar Party continued special work in the 
Punjab for tlie Local Government. The latter carried out the rectangulation work in the 
Sind-Sigar Do& and the former the usual riverain surveys in the Punjab. 

A survey party was formed from 1st October 1918 to work in East Persia. This party 
was disbanded from 30th September 1919. 

A detachment called the Birjand Survey Detachment was formed from 2nd June 1919 
to  complete the work left unfinished in East Persia by tlie East Persia Party. 

A survey party designated the North West Frontier Party mas formed from 11th Map 
1919 for military service with the North West Frontier Force near PeshSn-ar and a survey 
detachment was formed in June 1919 for military service with the above Force near Quetta. 

No. 4 Party was kept in abeyance as a topographical unit. 

No. 1 PARTY (PUNJAB). 

BY BT: LIELIT.-COLONEL A. A. M c H a n ~ ,  D. S. O., R. E. 
The head-quarters of the party remained a t  Rlussoorie throughout the year. 

Field work in one camp was going on from 
PBRBONNBL. the 1st of October 1918 until about the end of 

Imperial Oficerr. the month, in a second from about the 1st of 
~ t .  ~ t . - C O I .  A .  A. McHarg, D. S. O., R. E., December 1918 to the 10th of Mav 1919. and in a 

- - 
in charge from 1st April 1919. third during the month of April 1919 in Ferozepore 

Captain W. E. Perry, Y.C., R.E., in charge from 
let  October 1918 to 24th March 1919. and Lahore cities. The work in these two cities 

Pro~rincial Officer.. mas delayed for a time owing to the riots, but was ." 
Mr. H.H. B. Bnnby, in charge from 26th to 318t 

Mmrch 1919. The country in the Quetta-Pishin district con- 
,. O. J. 8. Rne. sisted of an open cultivated valley a t  an altitude ,, P.A.T. henny. 
,, A.M. Tnlati, L C.E. of about 5000 feet intersected by numerous gener- 
,, R C. Hnnson. ally dry water courses, with broken intricate 
,, 0, A. Normnn. hills, "dimin" ground, and parts of the lower steep 

Upper Subord~nate S H ~ I C ~ .  hills of the two ranges forming the valley; that  in 
Mr. @her Jnng, K. B. the Jhinsi district of an open cultivated plateau a t  ,, Par- Ram. an altitude of about 900 feet with a few hills, and ,, Jnmna R a ~ n d ,  R. S. 
,, Jagclreuh Prnsnd Vaetar. that in the Mhom district of an open cultivated 
,, Afrnr (3111 Khan. plateau a t  an altitude of about 2000 feet with a few 
., Muhammad Khan. isolated hills, and lastly of the congested city a r e a  

Lower ~ u h o r d i ~ t s  Sn*. in both Ferozepore and Lahore cities. 
& 8orreyors etc., inclusive of 9 Boldier 

Gurreyorn. Tlie health of the party was good. 

Plane-labling.-An area of 91 8 square milee 
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of country was surveyed on the I-inch scale viz : 15.9 for the Ptili-Pahiri Artillery Practice 
Camp in the Jhtinsi district and 75.9  for the Killod Artillery Practice Camp in the Mhow 
district, aod en area of 227.6 square miles For Artillery Practice Camps war surveyed on the 
3-inch s b l e  as follows :- 

94.5 for Baleli Artillery Practice C m p  in the Quetta-Pishin district. 

72-4  for Pdi-Pahirri Artillery Practice Camp in the Jhtinsi district, and 
60.7 for Killod Artillery Practice Camp in the Mhow district. 

, I n  addition to this, an area of 2.19 square miles wae surveyed on the s~xteen-inch scale 
for Town Guide maps as follows :- 

0.51 square mile in Ferozepore city and 1.68 square miles in Lahore city a d  
environs. 

The detail of the country has been described above. 
' The distribution of the party for carrying out the above programme was as follows :- 

A camp of nine surveyors under Mr. P. A. T. Kenny during the month of October 
1918 for the Baleli Artillery Practice Camp in sheets 341 J /  parts of 16 and 16. Mr. Kenny 
and most of these surveyors were hurriedly transferred to the East Persia Survey Party about 
the 1st of November 1915 and the work was in consequence not particularly well tested by 
the camp officer, but as mwt  of the surveyors were experienced and reliable, the work was 
probably good. 

A second camp of one upper subordinate and one senior surveyor (as assistant ihstruct- 
ors) and nine soldier surveyors undergoing their first field season under Mr. G. A. Norman 
for t,he Pdi-PahBri Artillery Practice Camp in sheets 5 4 / K /  parts of 6, 7, 10, ~r 11 and Killod 
Artillery Practice Camp in sheets 46/N/parts of lo, 1 1 ,  14and 15. 

The Pili-Pahiri work was thoroughly tested by the OEcer in charge as well as the 
camp officer, and the Killod work by the camp officer. The country was easy and the work 
good. 

A third camp under Mr. R. C. Hanson with oue upper subordinate and two surveyor@ 
eompleted the Ferozepore city survey and four surveyors completed the Lahore city and envir- 
ons survey. Material supplied by the General Staff and old surveys en1arged.b the sixteen- 
inch scale were made use of for the Ferozepore city survey and reductions of Mr. A. J, 
Wilson's ( late Survey of India ) Lahore city survey on the scale of 500 feet to 1-inch to the 
16-inch s a l e  and material supplied by the General Staff were made use of for the Lahore city 
and environs survey. 

The work in both cities mas carried out during rather disturbed times and does not 
appear to be as accurate as i t  should be. This will be rectified. 

The cost-rates of the different classes of survey were:- 
Three-inch Baleli Artillery Practice Camp Rs. 80.2  

One and do. Pili-Pahirri do. ,, 182.8 
One and do. Killod do. ,, 117.6 

Sixteen-inch Ferozepore Town Guide Map i . .. ,, 2359.7 
do. Lahore do. 

Triangulation.-No triangulation in advance was done during the year under report 
for the ordinary programme of the party. 

Trater.ring.-No traversing in advance was done for the ordinary progmmme of the 
party, but a supplementary traverse of 3 .42  miles was run by V r  Jagdeesh Prasad Vaatav 
along the Ferozepore city circular road to assist the two surveyors making the survey of 
that city. 

The cost-rate is included in that of the Town Guide maps. 

Recesr Duties.-During the field season Mr. Rae and Mr. Hanson (except during the 
month of April 1919) were employed a t  head-quarters with an average of 9 draft~men and 
murveyora each, on fair-mapping eheete 4 3 / 0 I e ,  l a ,  16 and4s/P/6 ,  e, 7, e, lo, la, lbon 1)-inch 
e e ~ l e  and the Yaru-Bostin and Baleli Artillery Practice Campe on 3-inch sa le .  During the 
recees Messre. Rae, Hanson and Norman between them as section officers in charge, with 
an average of 10 men in each section, were employed on fair-mapping:- 

On l+inch sale sheets 43/0/e, 12, 16. 43/P/s, lo, 11, la ,  is, 16, bS/A/t, 2, a, 4, a, 7, and on 
Binch scale Yaru-Bostin, Baleli, P~l i -Pahi r i  and Killod Artillery Practice Camps. 
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Mr. R. C. Hanson wag transferred to the N0r6h West Frontier Survey Party on t h e  
18th of May 1919 for field service, and retransferred to NO. 1 Party from the  27th of Au- 
gust 1919, while Mr. Norman was tranciferred for field service the Eas t  Persia Survey P~*Y 
on the 15th of August 1919. These transfers have reacted adversely on the quantity and 

on the quality also, of the fair-mapping, e. g., the three-inch YBru-Bostln Artillery 
Practice Camp survey was being fair-mapped without any one in the party (until  Lt.-Colonel 

McHarg  took over charge) actually knowing the country a i  all and the same partly applied, 
during Mr. Hanson's absence, to  some of the Kashmir sheets surveyed in 1917. 

Rlr. A. M. Talati with one upper subordinate and from 6 to 10 men from t h e  1s t  of 
July 1919 was preparing plane-tables for 1919-20 field season's work. 

This work has been very troublesome for many reasons, some of which are given 
below :- 

(i) the  differelit scales on which ~ o r t i o n s  of sheets were originally surveyed. 

(ii) the difficulty of obtaining published editions of some of these surveys, the pub- 
lished stock having run out. 

(iii) the necessity for reductions and the consequent large amount of work entailed in 
taking out actual as well as reduced dimensions. 

(iv) the delays entailed in receiving reductions from the Dehra Office owing to the 
heavy rainy season this year. 

(v) the pasting up of reductions to form standard sheets and then returning them to 
the Delira Office for reproduction. 

(vi) the necessity for thiclteuing up the line work as  well as  the 250 and 500 feet 
contours on the large scale published sheets in order to  obtain legible reductions. 

(vii) the difficulty in finding out by which party and on what scale, portions of sheets 
had bee11 surveyed; where the original field sections mere kept, and from which 
office published editions of the same mere available. 

(viii)tlle dificulty in making the reductiolls fit as, in some instances, the original 
graticules seemed to have been carelessly drawn, so that  the plotted poiuts did 
not agree properly n-it11 the graticules, necessitating therefore, the redrawing of 
graticules from the plotted points. 

( is)  the labour entailed in  extracting the  triangulation clata from a large number oE 
volumes by sheets and in plotting points oniitted on the pullishecl sbeets. 

(s) the amount of correspouclence entailed iu obtaining certain triangulation corn- , 
pntation volumes. 

The total out-turn of fair-mapping during the year nras;-- 

(i) 1-inch mapping ... ... .., Tot81 161  7 square miles. 
(ii) 3-inch mapping 

Yiru-Bostin ... ... . .  ... 209 square miles, 
Baleli ... ... ... ... ... 111 , , , ,  
Pdi-Paliiri  ... ... ... ..* 46  ,, ,, 
Killod ... ... ... ... ... 55 , , , ,  -- 

Total 421 ,, ,, 
(iii) 16-inch mapping 

Pcrozcpore clty . . . ... ... ... 0 . 4 6  , , , , .  
Lahore city and environs ... ... ... 1 . 3 4  ,, ,, 

Cost-rates per square mile were as fo]lo\vs :- 
l.ilic11 mapping ... ... ... Rs. I6 . 2 per square mile.* 
3-inch mappinq ... ... ... ,, 1 2 . 1  ,, 9 9  

1G-inch mal,ping ... ... . . . . .  607 .7  
The follo\vin: sheets were submitted for publication during the year :- 

l-incll eherts 43 /0 /1a ,  16, 43/P/5, 0, :, 9, 11, 13, 

3-inch T i r u - B o s t ~ n  Artillery Practice Canlp. I 

Tho folloffing still remain to be submitted :- 
sheets 43/0/8, 43/P/lo, 14, 16, 53/A/1, 2, 3, 4, 6, 7 .  

' 
Of tllese~ four sllcets are completed, bu t  have still to be finally examined by the 

section officers. 
- .  

* Th's work carried ant by Soldier Sntveyors whose p ~ y  has not been lncloded in the cost, 
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3-inch Baleli Artillery Practice Camp 
,, Pili-Pahiri do. 
,, Killod do. 

16-inch Town Guide m a p  
Ferozepore city 
Lahore city and environs 

All the computations and rough triangulation charts of the party for the Kashmir and 
Jammu work, which has been going on since 1909, have been handed into the Circle office, 
as well as all spare published charts and published triangulation pamphlets. 

The only computations now with the party are those appertaining to the coming field 
6eason's work. 

A great deal of work devolved on the Officer in charge of the party in sorting out old 
records relating to sheets which had already been sent into the Circle o5ce and sending them 
for storage to the same office. 

dfiscellaneous .-During recess the Royal Air Force supplied the party with a mosaic 
of Lahore city and civil station, mounted on card board and rather indifferently cut into three 
parts for convenience in transit by rail, as well as spare prints of each photograph, also prints 
of the photographs for Ferozepore city and cantonment and the intewening country. 

Ftrozepore .-The average scale for about 20 of these prints of Ferozepore city and 
cantonment was worked out and found to be 8.605 inches to 1 mile. 

Enlargements of the old 1870 edition Ferozepore cantonment and environs map, on 
the scale of 6 inches= 1 mile, in four sheets, were then obtained on the 8.605 inch scale, and 
the four sheets mere pasted together but, owing to the originals having expanded unequally, 
this was rather difficult. The two northerly sheets eventually fitted ,fairly well, but the two 
southerly sheets i. e. the southern half of the cantonment portion did not fit. As all canton- 
ment plans are kept up to date, this however was of no consequence. 

The prints were then pasted in their correct positions, chiefly by making use of roads 
and recognisable points in the centres of the prints and superimposing them on the enlarged 
blue survey prints (black would have been better) over tracing glass. By cutting pieces ofE 
adjoining overlapping prints here and there, good connections were made, so that, eventually, 
a mosaic of Ferozepore city and the northern half of the cantonments with the intervening 
country was obtained. 

The line work of this mosaic was then inked up in crimson lake. Owing to the d i5-  
cnlty in inking up on glazed prints, bromide prints would have been preferable. 

A trace of the area north of the cantonment boundary showing all trees in their correct 
positions mas made on tracing cloth, and copies of this trace, in blue on the six-inch scale, on 
mounted and rolled drawing paper, have been received from the Calcutta office. These will 
be taken out into the field during the coming field season, when the whole work will be classi- 
Ged and tested in the field. I n  addition to this, as there appeared to be some doubt about the 
accuracy of the field work of Ferozepore city surveyed on the twelve-inch scale during this 
last field season and drawn on the eixteen-inch scale during recess, an enlargement of the city 
area, on the sixteen-inch scale, from the tracing on tracing paper was obtained which, on 
being superimposed on the .fair-drawn sheet did not agree satisfactorily. 

It would seem therefore, that the mosaic based on the old 1870 work is more 
accurate than the recent survey of last field season. 

This field work was based on a traverse run from one cantonment boundary pillar 
round the circular road and connected with a second cantonment boundary pillar. The 
traverse stations were computed in rectangular values, and plotted on the twelve-inch scale 
on a mounted plane-table. 

Before taking the field, the detail on the photo prints supplied by the Royal Air 
F o m  was plotted on a blue survey print, on the twelve-inch scale, of the old 1870 
edition Ferozepore and environs map, by means of proportional compasses. Traces of thie 
resultant work were transferred and adjusted on the traverse work by the surveyors in tbe 
field, and the whole was then revised and classified by them. 

The original photo prints supplied by the Royal Air Force were returned to them. 
It ir difficult therefore to say where the error crept in, but waa probably due to faulty 
t m e f e r  work. 
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. .The work, howmer, wre checked by the leotim ofseer in the deld wbo reported 
h v o m b l y  on it. It im proposed, therefom, ta check the  dQ work, thm mmiug W 
season, on a blue drawing print  from the en lugad  m o u i c  on tbe eixtmn-inch -1% i.d 
t h e  same scale on which the fair sheet has beeu drawn this recese. 

Lahore.-The average scale for about 20 prints of the  Lahore city m d  '+U 
found to be 8 822 inches to  1 mile. 

Similar difficulties were found, as in  t h e  case of Ferozepore, i n  making the  north- 
easterly sheet fit on to  the others, but  the eventual results were fair. The mosaic wa 

made in a similar manner; and with the exception of two places, the  photographs fitted, 
on the whole, very well. 

The combined mosaic took in almost the whole area, subsequently asked for  bp 
the Government of the Punjab, to be surveyed on the scale of twelve inches =1  mile. 
It was found that  the photograph prints for the Lahore Railway Workshop area were on 
o slightly larger scale. These photographs had evidently been taken on a later flight, 
but they all agreed very well <' inter se ". For this area therefore, a separate mosaic was 
made and inked up as before. A trace mas then made and enlargements were asked for  
on the twelve-inch scale. 

The original mosaic measured about 60 inches from north to  south and the  same 
distance from east to west and the area enclosed mas as  follows:-from S. W. to N. E. 
s point on the down stream side of the Riivi-Doib canal, about 1 mile from the bridge 
leading from the Jail  Road to Lahore cantonmeuts, to the Railway Workshops bridge 
crossing this canal; thence, in a north-westerly direction, following t h e  N. W. Railway 
line to the bridge over the Rftvi river; thence to a point on the Rftvi river (main river 
bed) due west of Auarkali's tomb and from this point in  a straight line t o  the  first point 
on the Rivi-Doib canal. 

This mosaic was originally intended for reduction to the six-inch scale, on which 
scale thecivil station and environs of Lahore for the Lahore Town Guide map were to  be 
surveyed, but as the Pulljab Government also required a survey of this area on the 
twelve-inch scale, light blue enlargements of the mosaic, in eleven sections, on t h e  
twelve-inch scale on rolled and mounted drawing paper have been asked for from the  
Calcutta ofice and i t  is proposed to revise and classify these eleven sections in  the field. 

Provided the blue enlargements are satisfactory ancl the surveyors are able to 
decipher them in the field, this system of obtaining blue enlargements direct from the  
mosaic will save a great deal of time. 

If,  on the other hand, they prove to be unsatisfactory, the  only alternative is, t o  
ink up the mosaic, make traces and obtain enlargements or reductions, as the case may be, 
and classify and revise these in the field. 

The pasting ~ r p  of the mosaic is a long ancl tedious job and is not one which can 
be left to a surveyor, nor can the mosaic supplied by  the Royal Air Force be relied on, 
except as a general guide. I n  this case, the mosaic was pasted up  by  Lt,-Colonel M c H a r g  
m l ~ o  had the advantage of knowing Lahore city and civil station. One rather unintelli- 
gent surveyor was also employed in inking up  the Ferozepore mosaic, bu t  the work 
proved too mocli for him and Lt.-Colonel McHarg had also finally to wash out a11 hie 
work ancl ink up the mosaic himself afresh. The mosaic graticule was laid off from 
the old enlargement. 

From t,l~is i t  will be seen that  all this initial work requires, anyway a t  present, 
a t  least a Provincial officer and the work is heavy, although i t  is undoubtedly possible 
to  obtain z great deal of minute information which should simplify the eventual field work. 

Lahore civil station is very well wooded. A station less wooded would give much 
better results. 

It is proposed to plot all the trigonometrical data available on the 12-inch blue 
drawing prints and wherever these can be recognised, e. g. mosques etc., to check their 
position before taking the field. 

The Lahore mosaic has proved some of the  field work surveyed during the month 
of April 1919 in the Anarkali area to  be faulty and is very so in other plwes 
ab well, oohide the sctnal city area. This area waa revised on reductions of Mr. A. J. 
Wilson's (late Survey of India) Lahore c i ty  m n e y  on t h e  scale of 5 0 0 f e e t r  1 inch and ' 
should be as accurate as is possible. 
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r Thd fa i td rawing  'of this poition, as  well' as pbssibly part  of' the m i h a y  area, 
k l l  be sccepted, bu t  for the  remainder, msre accurate results will probably be obtained 
by w e p t i n g  the work revised on these mosaic enlargements. 

The procedure for the Lahore survey, excepting the actual city area, was similar 
to tha t  of Ferozepore. 

I~qectionr.-The Superintendent of the Circle inspected the party on several occasions 
auring the recess. 

No. 2 P A R T Y  ( D E L H I ,  U N I T E D  P R O V I N C E S  AND R,AJPUTANA).  

BY H .  P. D.  MORTON. 

Owing to a n  urgent request having been received for the preparation of up-to-date 
Town Guide maps, the usual topographical pro- 

PEBSONNEL. gramme of the  party was postponed with the 
Imperial O$eer. exception of the  second biennial revision survey 

Major R. Foster. I. A ,  in charge from 16th of Imperial Delhi and Delhi new cantonment, 
~ n y  1919 to 19th September 1919. and its activities were therefore mainly confined 

Provincial O$cerr. to  town surveys. 

Mr. H. P. D. Morton, in charge to  15th May 
1919 and from 20th beptember 1919. A t  the close of the field season, however, au 

,, J. A. Cnlvert. urgent request was received from the Secretary, 
,, Doni Cllnnd Pnri. Public Works Department, Rgjputtina, for the 

Uvaer Subordinate Service. survev on the scale of 24 inches=l  mile of the 

Mr. Lnlishmi Dntt Joshi. 
,, Uhnlaru Hasan. 
,, Dndnt Xnm Vohra. 

hill station of Mount  Abu, and its extension as 
acquired on lease by the Government from the 
Sirohi Darbiir, comprising an area of about 5500 

Lower Subordinate Service. acres; of which the leased portion consisted, for 
the most part, of rocky grouncl covered with scrub 

23 Snrkeyors. etc. jungle and trees with some cultivated and grass 
lands, and the inhabited area of intricate details. 

The head-quarters of the party opened in the field a t  Camnpore on 18th November 
1918, and closed on the 5th May 1919. The office reopened on the 14th itlay a t  its 
~ecess  quarters in 3Iussoorie. 

The l ~ a r t y  was employed on the revision surveys of the cities of Allahkbid, 
bawnpore and Benares on the scale of 16 inches= 1 mile, Agra city on the  scale of 
13 .2  inches=l mile, and the cantonments, civil lines and environs of Allahibgd, Agra, 
Lucknow, Cawnpore ancl Benares on scale of 1 6  inches=l mile. (The city of Lucknow 
iiill be mapped on the 16-inch scale from the air-photographs taken for the purpose.) 

I n  addition the second biennial revision survey of the 4-inch maps of Imperial Delhi 
and Delhi new cantonment was carried out. 

The health of the party was remarkably good considering the insanitary conditions 
prevailing in Indian cities, and only a couple of cases of small-pox occurred amongst the 
menials. 

Plane-tabling.-ltr. Calvert was in charge of the surveys of Imperial Delhi and Delhi 
new cantonment and of the towns of Cawnpore and Lueknow, and carried them out as 
Pollows :- 

Revision survey of Imperial Delhi and Delhi new cantonment on the scale of 
4 inches=l mile, comprising an area of 64'square miles, and, in addition, 18 square miles of 
portions outside Imperial limits, on which 3 surveyors were employed the whole season. 

Revision surveys of Cawnpore and Lucknow cantonments, civil lines, ancl environs, 
on the scale of 6 inches = 1 mile, comprising are= of 15,691 and 22,842 acres respectively, 
employing thereon an average of 5 surveyon for 34 months and an average of 8 surveyors for  
2 monthe in each town. 

Revieion survey of Cawnpore c i t i ,  on the scale of 16 inches = 1 mile, comprising an Prea 
01 1,267 acres, employing 6 surveyors for 2 months. 
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Mr. Dun; Chand Puri wadin charge of the survey of Allahibad and carried i t  out w 
below ; after which he proceeded to Benares to  advise and assist Mr.  Daulat Ram V o h n  in 
charge of the work there. 

Revision survey of Allahlbgd cantonment, civil lines, and envimns, on the  6-inch 
scale, comprising an area of 11,290 acres, and employing an average of 6  surveyor^ for  
3 months. 

Revision survey of Allahfibid city on the  16-inch scale comprising a n  area of 2,706 
acres and employing 7 surveyors for 24 months. 

Mr. Ghulam Hasan was in charge of the survey of Agra and carried i t  out  as below; 
after which he proceeded to Lucknow to assist Mr. Calvert in charge of the work there. 

Revision survey of Agra cantonment, civil lines, and environs, on the 6-inch scale, 
comprising a n  area of 10,862 acres, and employing a n  average of 7 surveyolg for 1( months. 

Revision survey of Agra City, on the scale of 1 3 . 2  inches= 1 mile, comprising a n  area 
of 1,703 acres and employing 6 surveyors for 24 months. 

Mr. Daulat Ram Vohra was in charge of the survey of Benares and carried it out as 
follows :- 

Revision survey of Benares cantonment, civil lines, and environs on the  6-inch 
scale comprising an area of 9,166 acres and employing an average of 4 surveyors for 2) 
months. 

Revision survey of Benares city, on the 16-inch scale, comprising a n  area of 1,875 acrea 
and employing an average of 7 surveyors for 24 months. 

The out-turn and cost-rates of the foregoing are as  follows :- 
62 square miles on the 4-inch scale at Rs. 3 6 . 4  per square mile. 
69,851 acres on the 6-iuch scale a t  Rs. 6 . 0  per acre. 
1,703 ,, ,, ,, 1 3 . 2  ,, ,, 9, ,, 4 . 9  ,, 3, 

5,848 ,, ,, ,, 16 ,, ,, ,, ,, 2 . 9  ,, ,, 
The 4-iuch revision surrey of the Delhi maps was carried out ou vandyked blue prints 

pasted on Bristo: boards of p l ~ o t o ~ r a ~ > l ~ i c  reproductions of the  previous biennial revision 
surveys. As town survej-s were undertaken solely for the purpose of providing good Town 
Guide and not Property maps, no triangulation nor theodolite traversing mas resorted to on 
which to base them. They were therefore carried out on vandyked blue priuts, on Bristol 
boards, of photographic enlargements, reproductions or reductions, as the case required, of the  
most recent departmental and municipal maps available. 

During the field season 1 unclassified surveyor, 1 traverser, 4 draftsmen and 1 4  pupils 
received instruction in plane-table traverse, which from its simplicity soon enabled them to 
take an active share in town surveys. 

Mr. Vohra in charge, with two survej-ors, started on the 25th June the detail survey 
of Mount Abu and leased area ou the scale of 24 inches = 1 mile with 10 feet contours for 
the portiou suitable for building sites and 50 feet contours for the rest of the area. ' H e  
mas joined by two more surveyors by the middle of July. The work is based on triangulation 
and traverse, which mas specially executed for the purpose, with the exception of the canton- 
ment area which is being revised on blue prints of t,he most recent map of tha t  area. 

The out-turn up to date is 584 acres, and the cost-rate works out at Hs. 4 .9  per acre. 
I l iangulaf ion . -  This was carried out by hlr .  Puri, shortly after his return to  recess 

quarters for the special purpose of providing data for the Mouut  A ~ L I  survey. The work mas 
based on 3 stations of the Mount Abu triangulation, executed in 1869-70, and an area of 5,000 
acres mas triangulated at a cost-rate of Rs. 138.7 per square mile. 

3'raversrng.-With a view t o  testing the accuracy of the 16 inches = 1 mile blueprint  
enlargements of a 4-inch survey of Lucknow city, on which framework i t  was decided to map 
all details from the air-photographs taken for the purpose, a plane-table traverse starting from 
a cantonment boundary pillar (one of the stations of the theodolit; traverse on which the  
4-inch surrey was based) was run in circuits, over a distance of 24 linear miles, along the  
main streets and alleys. Two surveyors were employed on this work nearly a month and t h e  
cost-rate works out a t  Rs. 9 . 2  per linear mile. 

A traverser was employed, for the special purpose of supplementing the triangulation 
data  provided by Mr. Puri for the Mount Abu survey, in the congested end leased area where 
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41 linear milem of traverse waa run with theodolite and by  subtense bar and crinoline measure- 
menta a t  a cost-rate of Rs. 32.7 per linear mile. 

Recesr 1)utirs.-Consisted of :- 

(a) Arrears of fair-mapping on l &-inch scale of sheets 53/D/16, 54/A/9,13,14 and 
63/M/4. 

(6) Arrears of fair-mapping on $-inch scale of sheets ~ ~ / A / N w ,  NE, SW, SE. 

(c) Fair-mapping of the Delhi revision survey on the &inch scale in 4 sheets. 

(d) Pair-mapping on 16-inch scale for publication on 12-inch scale of the towns of 
A g ~ a ,  Allahtibid, Benares and Camnpore. 

(e) Fair-mapping on 6-inch scale for ~ublicat ion on 4-inch scale of the towns and 
environs of Agra, Allahtibsd, Benares ancl Cawnpore. 

Owing to numerous changes, no officer had continuous charges of a section throughout 
the recess and the sections (lid not remain the same. 

A drawillg section Jvas formed under Mr.  D. C. Puri a t  R'lussoorie on the 4 th  April t o  
work off the arrears of 1-inch mapping of previous seasons ; this was completed and sheets 
53/D/ls, 5&/.1/9,13 I J and G3/M/4 sent for publication. 

i\Iessrs. J. A. Calvert and D.  C. Puri supervised the fair-mapping of half-inch sheets. 
The following sl~eets were taken up and i t  is hoped they will be completed by the end of the 
year :- 

~ ~ / A / N . w ,  N.E, completed from original &-inch survey and 1-inch published sheets 
and 54/A/b IC. completed from original +-inch survey. Sheet ~ ~ / A / s . w .  has 
also been commenced, but remains incomplete as 54/A/7 has not been surveyed. 

hIessrs. D. C. Puri and L. D. Joshi supervised the fair-mapping of the Delhi revision 
survey which conlprised d sheets. As there were few alterations in the N.W. and N.E. sheets, 
these alterations mere drawn on the original fair sheets of seasons 1912- 13 and 1915-16 but 
t h e  S.W. and S.E. sheets have been eatirely redrawn. The N.W. and N.E. sheets have been 
sr~bnlittecl for publication but the other two mill not be completed by the  end of the season. 

XIessrs. H. P. D. Morton, L. D. Joshi, (3hulam Hasan and Daulat Ram Vohra super- 
vised the fair-mapping of the 16-inch and 6-inch Town Guide maps. 

The city areas are being mapped on the 16-inch scale for publication on the 12-inch 
scale and consist of the following sheets :- 

Acra  3 sheets, Allal~fthf~l  2 sheets, Benares 2 sheets, and Cawnpore 2 sheets. The 
environment maps of the above towns are being drawn on the 6-inch scale for publication on 
the 4-inch scale and consist of 8 sheets (two for each town). The maps mill be published on 
one sheet in all cases except the large scale map of Benares. The 16-inch maps of Agra and 
Allahabftd only will be completecl t l ~ l s  season. The mapping of the remainder is backward 
for the following reasons :- 

. (a) Only ~ u p i l  surveyors were employed on fair-mapping, and had to be taught and 
their work carefully snperv~sed, the progress therefore mas very slow. 

(I) Final instructions for the fair-mapping of these maps were not received till late in  
the  season. 

The cost-rates of fair-mapping on the various scales dealt with during the year under 
report are as fol1ow~:- 

16-inch scale for publication on ]%inch scale ... Rs. 5 . 6  per acre. 
6-inch do. do. 4-~nch do. ... Rs. 0 . 5  do. 
4-inch do. do. do. do. . . . Rs. 70 -4 per sq. mile. 
Q-inch do. do. f-inch do. ... Rs. 3 . 3  do. 

Inspectiom.-The party was inspected twice in the field and on several occasions during 
receae by the Superintendent. 
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No. 3 PARTY ( U N I T E D  PROVINCES).  

The head-quarters of the party remained a t  Mussoorie throughout the year, bu t  E aection 
under a Provincial officer, assisted by a n  officer of 

PEBBONNBL. the Upper Subordinate Service took the field during' 
Prouinm'aZ O ~ ~ C M I .  the first week of November to  undertake forest 

Mr.  H. H. D. Elanhy, in charge. surveys in the Dehra D a n  district (U.P.) end in 

,, B. M. BerriII from ~ m t  April 1919. parts of the Dhid i  and Raingarh States  (Punjab). 
,, J .  H.  Jol~naou. The area covered by  operations was hilly through- 
., Moqinludd~n from 13th January 1919. out and densely wooded. 

Upper Subordinate Service. Commencement of field work was delayed some- 
Mr. Pnrns Hnm fro111 16th Febr~~nry to  \\.hat t o  influenza which was epidemic in  

30th June 1919. November. Though there were some serious cases 
,, A. A. S. Mntll~b Al~rnnd. 

of pneumonia following influenza, there were only 
Lotcrrr Subordi,rate Service. 

31 Surveyors, elc.  
two deaths. The mortality mould certainly have 
been much greater but  for the personal attention 

given by Mr. J. 13. Johnson, tlie camp officer, t o  all the patients. 

Plane-la6ling.-The programme allowed for the survey of 189 square miles of 
reserved forest, on the scale of 4 inches= 1 mile, and this was completed by the middle of June. 
Mr .  J. I-I. Jollllson was assisted by Mr. Paras Ram, Sub-Assistant Superintendent in the 
collduct of field operations. 

As there were only a few experienced hill survey;rs available, and it'was foreseen t h a t  
the programme could not possibly be completed with this number, the  field detachment was 
strengthened by the addition of some capable survej-ors who had only experience of surveying 
in the plains. It \\as considered unfair tha t  the Forest Department should be debited with the  
cost of training these surveyors in hill surveying, as progress would for a time be slow, SO i t  
was decidecl that  the expenditure involved under this head should be borne by the  Survey of 
India. 

The cost-rate of the survey on the 4-inch scale works out to  Rs. 115 .4  per square 
mile exclusive of fair-mapping. The Forest Departmect allowed the party to  decide along 
which boundaries a theodolite traverse was necessary. On account of this wise decision, a 
great saving was effected in time ancl exl>enditure and tlie whole area of survey was completed 
within a single field season. 

T r i a n g z ~ l n t i o ~ ~  and Traverse.-Under these heads no fresh worli was undertaken during 
the pear under report. 

Recess Dtt/ies.-The fair-mapping of all sheets was placed under Mr .  Moqimuddin who 
joined the party during the second week in January. Mr. B. M. Berrill who was posted to  
the party in April assisted in the final examination of sheets. Owing to a small staff i t  has 
been found impossible to clear off arrears. 

The following are the sheets clealt with :- 

(n)  For pnblication on %inch scale:-SS/K/5 N ~r s., 53/K/9 N & 8, 53/K/13 N & 8, 

53/K/14 N ,e a. 53/0/1 N ,e 3, SR/O/s N a, s. 
( b )  E'er publication on I -inch scale :-53/K/lo, 53/0/3,4 7,s. Of the sheets under (a) 

the following have been completed and await final examination by the officer in charge- 
53/K/5 N & s. 5Y/K/s N, 53/K/13 N & s. 

Of thc sheets nnder ( b )  sheets 53/0/s,a have been submitted for publication, 53/0/3,7 
arc  nnder correction, and 53/K/lo awaits final examination. 

Sheets 53/K/n 8 ancl 53/K/lc N ac s should be ready for final examination b y  the end 
of October. 

Owing to the issue of fresh orders in connection with the prepara t io~~ of Royal Artil- 
lery Practice Camp maps, the existing map of " Kutwa"  may not meet requirements and 
may therefore have to be redrawn. 

The cost-rate for fair mapping is Rs. 34 .7  per square mile. 
All arrears in computations were completed. 
Inspeclions.-The party was inspected several times during recess by the Superintend- 

ent, Northern Circle, and visited once by the Superintendent of the  Trigonometrical Survey 
and  superintendent, Map Publication respectively. 
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SIMJIA S U R V E Y  D E T A C H h l E N T  (PUNJAB) .  

The detachment took the field on 15th October 1918 for the purpose of preparing a, 
large scale map of certain areas of the Simla 

P ~ s e o x ~ e ~ .  Extension. The area embraced tracts in the vicini- 
Prooinciaz Oficer. t y  of Potter's Hill, Jutogh Ridge, Prospect Hill, 

Mr. W. H. Strong. M.B.E., in oliarge. and Rfashobra. The Mashobra area lies to  the 
west of the Simla-Niildera Road between the old 

LotoerSubordinate Service. Toll Bar and the 8 t h  mile-stone from Simla. 
11 Surveyors, etc. The health of the detachment mas good on 

the whole clnring the influenza epidemic in Novem- 
ber but  one khalasi died. 

Plnne-tabling.-The total area surveyed amounts to  1561 acres. Of this, 1540 
acres were surveyed on the scale of 125 feet = 1 inch, and 11 acres of the  Jutogh Cantonment 
bazar, on the sca!e of 60 feet = 1 inch. 

Trian.qtilntion.-Fifteen new stat,ions were fixed by triangulation with the object of 
providing points to  which subsequent traversing would be connectecl. 

Traversing.-64 linear miles of traversing were run in connection with the  entire 
area for survey. 

Recess ~ t ~ t i e s . - ~ n  the cornpietion of the field work, fair-mapping was taken in hand. 
During the  year nncler report, 11 out of 19 sheets have been sent for publication. Of the 
remaining 8, 5 are well advanced and i t  is hoped they will be submitted for publication by  
the middle of October, the other three are in progress. 

All computations have been completed, including those of about 1200 acres which 
will come under survey on the scale of 220 feet = 1 inch during next field season. 

Inspections.-The Surveyor General inspected the detachment on 29th April 1919 and 
the  Superintendent, Northern Circle on 20th December 1918. 

No. 4 P A R T Y  ( U N I T E D  PROVINCES) .  

The charge of the party mas taken over from Lieut.-Colonel McHarg  on the 10th 
October 1918, by Lieut.-Colonel Tandy, who T V ~ S  

PFRSOTNBL. then officiating as Superintenclent Northern Circle, 
Imper.inZ Oficer.  and who afterwards continued to hold charge of the 

Lieut.-Colon~l E. A. Tandy, R.  E ,  in charge. party the survey year' 
The topographical work of the party remained 

Lotrer St~bordinale S e r ~ i c e .  in abeyance, the officer in charge being employed 
2 Clerka. on various special dutles, which included the charge 

of a special records section, borrowed from other 
parties, for the purpose of assembling, sorting and storing all triangulation and traverse re- 
cords of the Korthern Circle, and dealing with the  arrears of triangulation charts. T h e  

work of assembling, storing and indesing has now been completed, and the ~ r e ~ a r a t i o n  of 
triangulation charts is in hand. 
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The programme of the party undertaken in connection with the Pnnjab Government's 
Sind-Sigar Canal and colonization project consist- 

PEUBONNEL. ed of :- 

Provincial Ssruice. (a). Traversing for the location of the cor- 

Mr. Dhnni Ran1 Vermn, in cl~nrgr.  ners of 4000-acre rectanglee in country too thick 
.. J. C. C. Leers. to  t,riangulate in parts of sheets 39/1/15 and 

;: A. N. Talatl, L.C.E., fron1 lZ th  October 1918 ~ ' J / J / ~ ~ , J ;  a n d  15 ; 3 9 / ~ / 4  ; and 39/N/l  to 4. 
to 30Lh J u n e  1919. 

,, Abd111 Ksrim, R.A., f r o m  3rd December (b ) .  Location of the corners of 4000-acre 

1918. rect;lngles from the briaugnlated and traversed 
,, Moq~mucid in ,  f rom 8tl1 Oclobel 1918 Lo 12th 

Jauu~~ry 1019. 

Upper Subordinate Service. 

Mr. Chuui La1 huyul.. 
,, Nubidad Ellan. 

Lotuer Subordinate Seruice. 

27 S~lrvegors, etr. 

138 TahsiMnrs, Noib Tahsildars,  
Kmnasgos, and Paitoaris. 
(Revenue estnblishment). 

pointsLover the entire tract of the D o i b  comprised 
in sheets ~~/P/~,~,~,IO,I~.IZ,I~,~G; 39/1/16,16, 39/J/ 
13 t o  15;  39/M/1t0 16; 39/N/1 to 11,13; 43/D/3,4,7,88 
and 44/A/1 LO 4. 

(c). Sub-c?emarcation of 4000-acre rectangles 
into 1UO-acre recta12gles in the area comprised i n  
sheets ~ ~ / P / ~ ; I , s , I o , I I  , i z , i 5 , 1 ~  ; 39/~~f/1,2.5,6.9.10,13,14: 

43/D/3,4,7,8; and 4.-k/A/1,?, by the patnrari establish- 
ment, after receiving training in the first t w o  
nlonths of the field season. 

The locale of operations mas the tract commonly kuo\vn as the Sind-SBgar n o i b  
situated between the Indus, Jhelum and Chenib rivers and included parts of bIiin\vili, 
Shftl~pur, Jhang, and Muzaffargarh districts in the Punjab. 

The general nature of t l ~ e  country is t h a t  of a vast rolling desert of sancl dotted over 
with sand hillocks. A large portion is a treeless prairie but  parts are wooded, trees generally 
confining themselves to the strips of land between the hillocks. 

The recess office of the party closed at Mnssoorie on the 17th October 19 18, and the 
field head-quarters opened at Rlidnm?ili on the 24th October 1918. The office a t  Mi iumi l i  
was closed on the 7th Alay 1919 and the recess ofEce was opened a t  Rlussoorie on the 14th 
Rlay 191 9. 

The opening of the field head-quarters a t  k f i ~ n w i l i  unfortunately synchronized with 
the outbreak of a virulent type of influenza epidemic, and although every effoi-t was made t o  
stem the tide of the disease, fort!.-one menials died. The Sub-Assistant Surgeon, who was 
wanted at the beginning of the field season, did not arrive till the 3rd Xovember 1918 and 
t,he warm clothing nrhich was to  be supplied by the Indian Munitions noarc] was received 
very late, with the result that  many sick khalasis had to be sent back to their homes. 
Mr .  Rloqimuddin mas attacked with influenza and was compelled to  take leave from 16th 
November 19  18 to recoup his health. Surveyor Subhan Khan and unclassified draftsman 
Mnnshi Ram were also laid up for a fortnight. After the epidemic abated in November 
19 18, the health of the party became satisfactory. 

.4t the cnmmencement of the field season the party nras divided into 4 camps, from 
the middle of December 1918 into 5 camps ancl from the miclclle of March 1919 again into 
4 camps, as follows :- 

NO. I Camp.-Under Mr. J. C. C. Lears to 14th December 1918, with Mr. Nabidad 
Khan and 3 traversers and under Mr.  Nabidad Khan from 14th December 1918, laid out 
I60  temporary marks by traverse near the 2000 and 4000-acre corners in parts of sheets 
39/1/16; 39/J/lr,14, 3D/bl/s, and 39/N/1 10 4. On  completion of its work in the  first 
week of March 1919 this camp was broken up. The traversers were transferred to  No. 3 
Camp and Mr. Nabidad Khan was transferred to No. 4 Camp. The detail of the traverse 
work is shown under the heading " Traversing ", 

No. 2 Cmt~p.-Under Mr. A. M. Talati with 4 t o  8 surveyon located 1600 actual 
4000-acre and in some csses 2000-acre corners, embracini  an approximate area of 7059 square 
miles in sheets 38/P/4,7.8,10,1!,12 ; 39/I/16,16 ; 39/5/13,14; Qg/M/i to 3,4 to 15,16 ; 39/N/1,2,3,4,6,6, 

7 to 1 1 ~ 3 ;  44/A/i t o  4 and refixed 50 stations of the last year's preliminary triangulation. k f t e r  
completing the demarcation of main corners, this camp undertook 100-acre sub-demarcation 
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from the middle of Marcli 1919 and laid out 360 100-acre corners on the long sides of the 
4000-acre rectangles in slleets 39/M/2,6 and 860 100-acre corners inside the 4000-acre rec- 
tangles, embracing an area of 1G2.5 square miles in the latter sheet. 

No. 3 Camp.-Under Mr. Chuni La1 Kapur with G t o  1 0  surveyors located 230 actllal 
4000-acre and in some cases 2000-acre corners, embracing an area of 603 .8  square miles, in 
sheets 36/P/i5,16, 4Y/D/:j,4.?,s and laid out 3792 100-acre corners on the long side of 
4000-acre rectangles, embracing an area of 3488 square miles, in sheets 38/P/4.7,e,10,~~,12,1a.ls; 
39/M/i,z.5.s,1o,ia.14; 43/D/3,4.5,8; and 44/A/i,p. After completing the allotted work, this 
camp, strengthened by two traversers from the middle of IVIarcll 1919, undertook 100-acre 
sub-tleniarcation aucl laid out 2561 100-acre col-ners inside the 4000-acre rectangles, em- 
bracing an area of 432 square miles, in sheets 39/M/ 2.6,10.14 and 44/A/2. 

11'0s. 4 and 5 Can1ps.-According to arrangements made prior to  taking the field it  was 
expected t h a t  the revenue staff would join a t  the commencement of the field season but  very 
few men were present when a training camp was formed under Mr.  Chuni La1 Kapur for 
their instructions in laying out 100-acre corners in the  open ground in the immediate vicinity 
of Kundiin Railway Station. The training contiuued till the 20th November 1918 when 
the  patwaris were put  on independent work urider the supervision of a tahsildar assisted by 
naib-tahsilclars and kanungos. The revenue staff was subsequer;tly divided into two camps, 
viz., No. 4 Camp under Mr. J. C. C. Lears, who was recalled from the charge of Traverse 
Camp, and No. 5 Camp under Mr. Abdul Karim, who was transferred to  this party from 3rd 
December 1916 to take the place of Mr. Iloqimadclin, who had been invalided for the field. 
After personal representation of the officer in charge t o  the Director of Land Records a t  
Lahore on the 6th January 1919, the revenue staff began to po11r into Miiinwili from the 
15th Janr~ary and continr~ecl joining  he party till t,he end of February 1919. As the Inen 
hail joiliecl a t  different times and were new to the work, considerable time was wasted in 
training the111 individually in t,he course of operations. The number of revenue men deputed 
t o  the party varied from 3 1  in November 1916 to 131  in April 1919. 

Tlie camp under Mr.  J. C. C. Lears assisted by 1 tahsildar, 3 naib-tahsildars, 14 
kannngos, aucl 46 pat\traris laid out 7002 100-acre corners inside tlie 4000-acre rectangles, 
embracing all area of 1-L00 6 scluare miles, in sheets 38/Pl4,7,8 10.11.18; 39/1\1/1,2,5,6,9,10. A h .  
Natillacl kl ian on co~nl,let,iou of traverse work was attached to this camp from the 5th &iarch 
191'3 to  assist tlie camp olGcer in examining the work of the patmaris. 

The camp under J I r .  Xbdul Karim assisted by 1 tahsildar, 3 naib-tahsildars, 16 
Iranungos, and 4S patwaris laid out 8271 100-acre corners inside the 4,000-acre rectangles, 
embracing an area of 16 l.9 J square miles, in sheets 38 /P / i l ,1s , l s ;  39/M/lo,i3.14; 4'3/D/ 
3 .4 .7 .8  and 14/A/1,2. Surveyor Slier G ~ i l  who had joined the party on 2nd February 1919 
on transfer fro111 the IIesopotamian Survey Party was attached to this camp to assist t l ~ c  
camp otficer in examining the work of the patwaris. More details of demarcation are sl~own 
under tlle hencling " Rectangolation ". 

I n  the earlier part of the field season, lower subordinates Partab Singh, Hari Sing11 and 
Abuzar were engaged in recruiting lihalasis. The bulk of the menial establishment was 
recruited from Garhwal, U. P. and the Punjab under great difficulties due to  the heavy 
military recruitment ant1 the prevalence of intluenza. Some local men too were entertained 
but  soon deserted. Their places were filled up by daily local labour. 

,I-(itrtre of the cairntry.-The country rectangnlated is localljr known as "Thal" (sandy 
desert). The entire tract, is sand?-, studded with hillocks called " Tibbis" assuming gener- 
elly a north-met and south-east direction and alternating with narrow st,ripe of hard land 
callpcl "i,cks!' or " ~ ~ o l t i s " .  The eastern portion of the " Thal" which is designated as " High 
l1h(, l" or "Grazing Thal" is distinguisl~able from the  ort ti on called the "i\gricnl- 
tural Thal" by the nncnltnrable ancl more or less bare sand hills which are higl~er  and more 
numcrolls. T l ~ e  north-mst portion ,of the " ThaC" is open and the rest is wooded in parts. 
Tha country is sparsely inhabited, the populatiou being mootly pastoral. The northern part 
of the "Thai" is extensively cultivated with gram and the sor~thern part has scattered wheat 
cultivation around wells in the "pattis ". The people are generally willing and helpfttl. The  
'water is brackish and bitter. The main transport is by camels. 

Triangulation ( Si~pplementory ).-This was carried out to  refix 15 points triangulate$ 
daring the previous eeason which had not . proved . in computetion and 50 points which could 
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not  be found. As the area covered was in scattered portions i t  could not be calculated and  
as i t  had been credited to the area for last year's report, its cost has been included in tha t  of 
the rectangular survey. 

Tra13ersing.-This was run with the theodolite and chain for the purpose of laying 
down temporary marks near the 2000 and 4,000-acre corners in the country too thick to ' 
triangulate. 279.9 linear miles were traversed and connected with one secondary station and 

oe  of the " Thal " 5 principal stations of the Great Indus Series which skirts the western ed, 
and 13  azimuths were observed. The total area traversed was 4.05 square miles. The  

country covered by traverse consisted of sand hills and was thickly wooded with " J a n d "  
trees and high grass which entailed very heavy line clearing and consequently made the  
progress very slow. 

The computations mere carried on as the n.ork progressed and were completed in the 
field. The average angular error mas 3" pel  station and the average linear error was 1 i n  
1000. The average cost-rate per linear mile of traverse iucluding computation wau Rs. 
36.8. 

83  rectangle plots of the area traversed were pre!~ared ancl supplied to  the main 
demarcation camp. . Rectangu1alion.-This, the chief programme, consisted of three successive oper- 
ations :-(1) Location on the ground of the corners of 4,000-acre rectangles. (2)  Location on 
the ground of 100-acre corners on the long sides of the 4000-acre rectangles. (3) Sub-demar- 
cation of the 4000-acre rectangles into 100-acre rectangles. 

The actual main corners were laid out by the surveyors from the  temporary marks 
near the corners of 4,000-acre rectangles with tlleodolite and short and long chains and were 
marked by pyramidal topped monolith pillars, 7 inches square and 36 inches long, enlbedded 
26 iuches deep in the ground and 10 inches dressed portion esposed. 669 such pillars were 
enlbedded on the main corners of the 4000-acre in the agricilltural or " Included 
Thai" aud 430 double headed iron rails 75 B, section and 6 to 8 feet long were embedded 
half length deep a t  the similar corners in the High or " Excluded l ' / ial".  

The 100-acre corners situated on the long sides of tile -1000-acre rectangles were laid 
out by the surveyors by sub-dividing the long sides illto 8 equal parts with theodolite and 
short and long chains and were marked by flat topped monolith I,illars G inches square and 30 
inches long, enlbedded 20 inches deep in the ground and 10 inches rougl~ly dressed portion 
exposed. 4172 such pillars were embedded on the 100-acre corners situated on the long sides. 

After the 100-acre corners had been marked on the ground on the long sides, t h e  
patwari establishnlect broke down the 4000-acre rectangles into 100-acre rectangles by sub- 
divid~ng the cross lines into 5 equal parts by long chain measurement and embedded 18694 
flat topped monolith pillars on the 100-acre corners situated wlthin the 4000-acre rectangles, 

As the bulk of t,he revenue staff did not join the party till after the middle of t h e  
season, i t  was impossible for i t  to  complete the programme of 100-acre sub-demarcation. The  
survey staff, having finished its work proper by the middle of March 1919, undertook inner 
sub-demarcation and laid out 34.21 100-acre corners in the lower area of sheets 39/M/6,10,14, 
and 441/A/2, continuing field work till 2nd May 1919. The revenue staff carried on field 
work till 2Srd April 1919. 

The work was greatly hampered by violent sand storms which mere frequent from t h e  
beginning of April 1919. The party although working under formidable difficulties f rom 
star t  to finish carried out its full programme except for 1 G  large rectangles left undemarcat- 
ed in the lower part of sheet 39/M/2. 

Rectangulation was carried out wjthout much line clearing except in the  very 
densely wooded portions of the country in sheets 43/D/7 and 39/M/l,z,n,s, b a t  with the  help 
of the optical square, much of this line cutting was avoided. 

Tho Inen were made to work from the whole to the part, allowing a maximum erroa 
of 1 in 1000. 

Nearly 13 per cent of the work was tested by 8221.2 linear miles partalled b y  t h e  
s ~ ~ p e r i o r  revenue staff and the survey officers. The total out-turn of rectangulation is shown 
in the annexed table. 
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The traverse cost-rate of rectangulation executed, including computations, works out 
to Rs. 9.4 per corner and Rs. 63'9 per square mile or Re. 0.1 per acre. 

I n  the course of operations the party replaced all the available stakes trigonometri- 
cally fixed in the previous season by monolith pillars having prisrnoidal tops mith O 

engraved on illern. They also replaced all those fixed by traverse, in the season of the year 
under report, by similar stones with x cu t  into the top, with a view to their preservation for 
future use. 

P 

Nature of work. 

Location of main corners of 
41~00-acre rectangles. 

Location of 1 00-acre corners 
on the long sides of 4000- 
acre rectangles. 

Sub-demarcation of 4000- 
acre rectangles into 100- 
acre rectangles. 

Total ... 
.. 

Tlie stakes marking the sites of 157 triangulated points of the previous season were 
lost. 50 points were refixed by t,riangulation and 90 by identification mith old angles, the 
remaining 17, being near the 2000-acre corners, were not refixed. 

Number of 
corners located. 

1920 includ- 
ing 2000- 

acre corners. 

4172 

18694 

24786 

Number of 
4000-acre 

rectangles 
demarcated. 

---- 
1342 

(partial and 
complete) 

. . , 

. . . 

1342 

Recess Ditties.-In recess the strength of the party was much reduced. 6 men mere 
transferrer1 to  Xos. 2 and 3 Parties and 6 men were lent to No. 3 Drawing Office to  assist irl 
fair-mappinq. 311.. A. RI. Talati on return from privilege leave mas transferred to No. 1 
Party. 

The recess work was divided among three sections as follows :- 

Number of 
100-acre 

rectan~lee 
laid out. 

. . . 

. . . 

23324 

23324 

No. 1 Section.-Under Mr. J. C. C. Lears assisted by Mr. Nabidad Khan with 4 
surveyors completed final coml)utn~ions of the points which were refixed in the season of the 
year under report andjplotted more existing triang~llation on the rough triangulation charts 
for  Degree Sheets 338 P, 39 I, 39 M, 39 N, 43 1) and 44 A which mere prepared last year. 
On 11is proceefl in~ onlprivilege leave on 1st  August 191 9, this section was amalgamated with 
S o .  :! section, Mr. Nabiclad Khan and one surveyor being transferred to  the half-inch fair- 
mappin: section. 

No. 2 Section.-Under Mr.  Chuni La1 Kapur with 4 to  6 surveyors completed the 
triangulatiori anrl traverse records of the Sind-Sggar rectangular survey. 

All computations have been completed and bound but  no fair triangulation charts 
hare  been dram-n for want of men. 

A% E::Fd 
demarcation 

in sqoare 
mile8. 

7863 
(approx- 

imate) 

. . .  

.. . 

7863 

No. 3 Section.-Mr. ilbdul Karim was in charge of 6 pupils attached to the party 
from 2nd June 1!)19 for instruction in drawing. Iri addition, he supervised a section 
comprised of 1 Upper Subordinate and 5 surveyors etc. employed on the fair-mapping of 6 
half-inch sheets ~ ~ / N / N u ' .  NE, sitr, sE, and 6 3 / B / ~ w ,  NE, which were allotted to the party 
in the middle of the recess spason. The first four were started in July, ono more was 
taken up in August, and the last one in Septembcr. As the sheets will not be completed 
before the party leaves for the field, they will be made over to No. 3 Drawing Office for 
completion. For the same reason the out-turn and cost-rates of fair-mapping have not been 
calculates. 

cov::; by 
6ub.demar. 

cation 
in square 

miles. 

... 

... 

3644.4 

3644.4 

Miace1laneour.-With a, view to employing the trained surveyors of the party on 
topographical eilrveys in the field season 191 9-20, all bu t  four of them will be transferred t o  
other parties of the Northern Circle from 1st  October 1919. To fill up the vacancies, 18 
men euitable for rectangular survey were entertained from outaide ea purely temporary 
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traversers from the  15th September 1919; They have been given a training a t  Mueeoorie in 

the .rudiments of rectangular survey, but  this preliminary instruction will be supplemented by, 
o further training in the field before putting them on independent work. 

Inupection.9,-The Superintendent, Northern Circle inspected the party in the  field 
f r o b  13th to  16th January 1919 and also during recess. The Superintendent, Mqp Publica- 

tion accompenied by the Superintendent, Northern Circle inspected the half-inch fair-mapping 
of the party on 12th September 1919. - 

... 
R I V E R A I N  DETACHMENT' (PU'NJAB). 

The field season started on the 1st October 1918, and closed early in June  1919. 
The office of.  the detachment-.remained a t  Jhelum 

PERBONREL. till the 11th April 1919, after which it  was shifted 

Provincial Oficer. to  Lahore where i t  remained till  the close of the  
... ... . . ... 

season. 
Mr. Maya Das Puri, It. S.. in charge. 

2. Work on the  Indus was divided into 
Upper Subordinate Senice .  three camps,..which weresuperyised by  three upper 

Mr. Paras Ram up to 14th February 1919. subordinates, Rfessrs. R a m  Narayan Haetir, 
,, Ram ~ a r a i a n  Hastir. 
,, Lakshmi Dutt Joshi up to  21st July 1919. 

Lakshmi D u t t  Joshi, and Vidya Dhar Chopra. 

,, V i d ~ a  Dhar Ohopra. - - - - . .  .The detail traversing on the  1 6  miles of 

Lower Subordinate Service. the  Chenkb, in the Kabirwlla lahsil, was carried 
under Mr.  Paras Ram. The Sut,lej work, main 

73 Surveyors, Traversere, etc. 
a Naib Tahsildars and K;ungo'.isettle;ent., circuits, and the rectangulation were completed 

establishment). under the senior surveyor, Babu Ishwar Singh. 
The base lines on the Chenrib and the Ravi, were 

laid out by Lala Riul Raj, naib tahsildar. 

The.plotting section was mostly looked after by Mr.  Vidya Dhar Chopra. 

3. The detachment continued the work of traversing, and laying down base liues. 556 
linear miles and 611 square miles of main circuits with 3,115 linear miles and 6 1 1  square 
miles of minor traverses were eseci~ted;  944 theodolite stations of the former, and 13,003 of 
the latter, were fixed in 179 villages ; 1,026 corners of 342 squares were demarcated in 982 
square miles with permanent mark-stones on both banks of the rivers Inclus, Sutlej, Chenib, 
and Riv i  in districts Dera Ghrizi Khrin, Muzaffargarh, Rlultan, and BahSwalpur State  to  
serve as bases for the future survey and demarcation of boundaries and fields in the beds of 
the rivers; 2,034 plotted and G4'G boundary n~asCt.is (settlemeut mapping sheets) on the scale 
of 1/2,G40, and 41  four-inch sheets mere traced and supplied in time to the settlement oficers 
concerned. 'J'hree 4-inch sheets of the Chenib in distribt's Rfultrin and Mdiaffargarh mere 
recompiled, owing to large differences in val~les between the old traverse done ,in season 
1900-01 under Rlr. R. B. Smart, and that  now done by this detachment;'and 
I n  addition, 4.36 boundary nzasivis were partly compiled on tile scale of 220 feet= 1 inch 
for the nest  season's work, 190 miscellaneoris iraces were prepared and all the t,raverse 
stations marked during the year were plotted on J8 four-incl sheets. Some of the 
volumes still remain to be completed. 

There was general scarcity of labour and transport especially towards the B a l l i r s a l p ~ ~ r  
side and much jungle cutting bad to be done along the Indus and the Sotlej. 

4. The following tables give full details of the riverain work completed during t h e  
year :- 
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5 , ., F~ELD WORK, . \  ,,,> 1 

i 

OFPICE WORK DONE FOR THE CIDASTRL~L SURVEYS OF RIVERAIN ESTATES. 

C .  . .  ~ 

MAIM.CIB~IT. Hrnoa l'~uvrmem 
WB WAIL BIJ~VXT. BAED Lmme. . . .  

I n d a ~  Riow. 1 
Dlatrict Dent Ohizi  I 
K U ~  ~ n d  h h i w n l -  i p,;fu.Stute. SealeJ 

'""ricta D" ""'4 
W k n  and MilznB=- 
garh. B a l e  Ija.6W. 

Rdni Rirm 
bistrict M U I ~ ~ U '  (K.. 
b-l. tahl).  Scale 
1,2,e40. 

Chrno'b Ricer. 
Diatricta MulUn (Ks.) 
birwIIa fnh* i l )  and 
YuzoEar@rh. Sale  
lia,040. i 

Gutlej Rirrr. 
District Jlelkiu 7 
' ( ln i l s i  tohai l )  nnd 
EIahiwnlp~~r State.] 

~Senle 1,2,WO. 

Besides these, 190 miscellaneous traces were prepared, and 436 boundary m a J v h .  
were partly compiled for the next season's work. 

OFFICE WORK DONE FOR THE &INCH COMPILATION OF RIVERAIN BOUNDARIES. 

. . . . . .  

Name of river. 

6. The Multrin rectangulation.-At the request of the Settlement Officer, Multiin, this 
work wes undertaken during Marcb, end wee finished in April 1910, in 5 riverain villages of 

. . . . . . . .  

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

. . . . . . . . .  

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

District Multin 

... Indus 

Sut,lej ... 
Chenib ... 

i 

Name of district. 

Nnrnher of 
plotted 

masiui8sl1on~- 
ing traversed 

points. 

231 

bid l abr i l r )  nud 1 
Bnluiwalytu Stnte. J 

fnrgnrb. 

... Total 

F~~:b:: 
Nnmher of 
compiler1 

mmit*isshow- 
ing rivernin 
bonndnriea. 

Einrnher of 
sheets traced 
for the use of 

settlement 
officers on 

scale of 4 in- 
the..= I mile. 

. . 
L 

Nnme of river. 

... Cheniib 

..,. 

Dera Ghiz i  K h i n  

Mult5n 

Mul t in  

Total 

':;?yf 
on 

\vbicll nerv 

wi~",:! 

------------ 
611 

64 

132 

.- 

. 

.., 

N"mbrr of- eh'ets 
finally exsnbihcd 
sod completed. 

3 

3 

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

3.116 

278 

611 

! 

. 

Nllrnber of eheets 
rel.yped. 

3 

3 

Name of series. 

MultAn ----- 
Muzaffargarh 

Total 

t 

a 

a0 

40 

10 

65 

Number of el>eeta 
rrcompiled. 

3 

3 

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

13,003 

276 

658 

353 

239 

54 

646 

2 1 

1 6  

4 

4 1  

31264.0 

. . . I .  
a * . . .  

4 5 ,  

. .  

... 

43 

1&3 

410 

944 

16 

1 8  

4 

38 

1,149 

718 

167 

179 

1 2,034 

1,706. 

30 

7e 

253 

1,019 

1.026 

---- 

nm 

126 

s7a 

002 

4,730 

... 

342 

n 

... 

... 

XI 

07 

,.. 

902 

3 a  

108 

231 

. 78 

300 

C( ,a a 
0$2 
cl e 3 
224 
• g.2 

3? 

103 

38 

77 

' 

100 

a 

... 

110 

77 

278 

!j 

z B 
06 2 a 
0 4 

$% 
Q g * 'S 

2 g d  
a E 0  

$;! 
;g 2 
a B 3 
#:: 
a$;g 
% I ~ Y  - 
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t h e  Sutlej in the Mailsi tahi l .  The work was b e d  on the Sutlej riverain traverse. 153 
corners of 51 rectangles were demarcated with pegs in 22 square miles, forming 46 blockr. 
176 statione were fixed with theodolite, and 34 linear miles traversed. 

6. The Jhelum town traverse.-As asked for by  the Deputy Commissioner, the 
Jhelum town traverse was commenced in March 1919, and was finished in April 1919. T h e  
work was based on the  riverain traverse. 209 stations were fixed with theodolite and were 
permanently marked with stones; and 23 linear miles were traversed in 1,280 acres. Two 
plotted sheets, on the scale of 1 6  inches to a mile, were supplied during M a y  to the Deputy 
Commissioner, Jhelum. 

7. The riverain area under water action was usually broken and full of ewamps, shrube, 
high grass, and sand. The Indus which was over 1 2  miles broad, was cu t  into several small 
streams and creeks besides the two main channels, and was in places densely wooded, and 
contained large fertile cultivated tracts which had to be traversed. Portiot~s of villages above 
the high banks were open, flat, and well inhabited. 

8. The influenza attack was very virulent during October and November 1918, and 
retarded the progress of work seriously. Many men suffered. Several khalasis died but  there 
were no deaths amongst the lower subordinates and officers of the detachment, for which 
much credit is due to Dr. Faqir Chand Bhandari, Sub-Assistant Surgeon. Plague was very 
bad in Jhelum during March and April 1919, due to  which all the office hands were pu t  t o  
great inconvenience. For the remaining part of the year the health of the detachment was 
satisfactory. 

9. The main circuits on the Sutlej were connected with Jhok  T.S. X I I ,  Nand La1 
T.S. V I I I ,  Heteji  T.S. X, Godri T.S. XIV,  Bakhideri T.S. X V I ,  and G d d a n  Platform 
Station X V I I I ;  and those on the Chenib with Shah MGsB Pole, and KhinpGr Dome. 

10. The average errors were as follows :- 

(a) Base lines and rectangles :-0.85 foot per corner of a riverain base line ; and 0 .66  foot per 
corner of a rectangle as compared with their theoretical values. 

11. The total espencliture of the detachment from the 1st  October 1918 to the  30 th  
Secptember 1919 was Rs. 1,117,074 as detailed below :- 

Riverain surrey *we ... ... Rs. 1 ,14 ,938  
Jhelum town traverse ,.. *.I ... 9 ,  400 
Mriltin rectangulation ,., ... ... ,, 1,736 
32. 1mpeclions.-The detachment was inspected by tile Superintendent, Northern 

Circle, during January 1919. 

Linear error in link1 
per ten cbeins. 

0 . 2 4  
0 . 2 9  

0 . 9 3  
0 . 5 6  
0 . 8 1  
0 . 6 9  
0 . 8 1  

(b)  Main circuits 
Sutlej ... ... ... 
Chenib ... ... ... 

(c) Minor traverses 
Indus ... ... ... 
Revi ... ... ... 
Sutlej ... ... ... 
Chenab ... ... ... 
Jhelum town ... ... 

Angular 
error per 
station in 
seconda. 

3 . 2 0  
3 - 6 5  

8 . 1 5  
7 . 5 8  
9 - 4 1  
7 . 6 8  
7 . 7 5  
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SOUTHERN CIRCLE. 
( Vide Index M a p  No. 1). 

summory.-This circle was under the silperintendence of Colonel T. F. B. Renny- 
s i l y o u r ,  G .  S. I., R. E. up  to the 5th of March, under t h a t  of Major L. C. Thuillier, I. A. 
from the 6th to  the 28th March and from the 29th March, under t h a t  of Lieut.-Colonel, 
w.M. Coldstream, R. E. It comprised Nos. 5, 6, 7, 8 and Z0 Parties, No. 4 Drawing 
Ofice, the Treining Section, the Salonika Survey Detachment and the South-West Persia 
Survey Detachment. 

 he Salollika Survey Detachment returned to India in April. J 

Doring the year Nos. 5, 6, 7 and 8 Parties completed 7,263 sqaare miles of detail 
survey on 2-inch and smaller scales, besides 3 3 . 5  square miles on larger scales, 3,367 square 
miles of triangulation and 591 linear miles of theodolite traversing. 

Tile detail survey consisted of :- 
178  square miles of +-inch original survey. 

3,479 ,, ,, ,, 1-inch original survey. 
505 ,, ,, ,, 1-inch revision survey. 

0,852 ,, ,, ,, I-inch supplementary survey. 
237 ,, ,, ,, 11-inch original survey. 

12 ,, ,, ,, 2-inch original survey. 
NO. 20 Party sur~e j -ed  an area of 21,451 acres = 33.5 square miles in cantonments 

and military stations. I 

Owing to the shortage of supervising officers on account of the war, topographical survey 
operations were again consiclerably curtailed. Nos. 6 and 7 Parties took the field in corn- 
p ra t ive ly  weak strength and the majority, including the head-quarters, of Nos. 5 and 8 Parties 

a t  Bangalore throughollt the year and mere principally employed on the fair- 
mapping of f-inch sheets compiled from published sheets of the 1-inch map. The Trainillg 
section carried out detail survey on the 14-inch scale. 

N ~ .  5 PARTI- (BERAR, C E N T R A L  I N D I A  A N D  C E N T R A L  PROYINCES). 

BY MAJOR L. C. T H ~ I L L I E R ,  I. A. 

Tllis party took the field in reducecl strength and completed the detail survey on the 
1-inch scale of sheets 55/N/la and 64/B/l, 2, 6 , ~  PEBSOXXEL. 
The party also completed the triangulatio~l of sheets 

Imperial Oflcer. 5b/N/~,  8 ,  i ~ , - t ~ ,  15, 15.  , 

Major L. C. Thnillier, I .  A., in charge from ... The general nature of the countly is highly . . 29th x m c h  1919. cyltivatecl, 1 1 - w o o d e d  j!ains and intricate junglc- 
~ r o r ~ n c i a ~  ~f lcers.  .clad hills. . .. . . . 

Ur. P. R .  Anderson, in charge to l i t h  October 
101R. 

,, V. W. Jforton, i n  charge from 18th Oc- 
toljer 1318 t c ~  28th P1arc.h 1919. 

,, Boji  Ahrllll Hnhim, I<. B. 
,, I?. C, l ' i l c l~er .  

Gppw Subordinals Service. ... 
Mr. P. 8. Vengnnvarni, from 1st Octol~er 19?8. 
,, I ~ a m n ~ l n r  lihaalilliar. ... 
,, Mnsiid Khan, from 1st Soveniber 1018. 

Lower  Sabordit iofs  Serrice. 

33 Snr~ryrlrs, Clc. 

influenza on the 17th October 1018. 

The field season opened on the 1s t  November 
1918 and closed on the 3 l s t  May 1919. The Iread- 
quarters of the party remained a t  Bangalore 
throagl~out  the year. 

The health of the party in the field was no; 
good. There n7ag.p outbreak of influenza among 
the GJd establ is jpent  soon after taking the field 
wllic!l.greatly ret,a;decl work a t  the commencement 
of the field season. One surveyor and several kha- 
lasis dicd and two surveyors had to be sent back to 
Bangalore as unfit for field work. Mr.  P. R. 
Auderson ~ v h o  was in charge of the party died from 

Plane-tnblit~g.-The countrj- sllrveYed is varied in nature. It comprises what is known 
as the plateau of the S i t p u r i  and consists of the mango studded plain around Mandli  and tho 
rugged jangle covcretl j ~ ~ r n b l e  of hills ~vhich enclose the tortuorrs rock bound course of the 
Piarbadfi river in sheets G.I.,'U/ 1, 2, 5,  6,  and the Lakhnidon plateau, a well wooded rolling 
country of alternate ridges and hollows, in sheet 55/N/14. 

The survey was done by 14 snrrej-ore under Mr. F. C. Pilcher, who was assisted by 
Mr. Damoclar Khadilkar and Mr. PIZaeud Khan as assistant instructors to the young surveyors. 
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The I-inch aubvey presented no great difficulties and the I-iqeh revision survey woe 
a r r i e d  out as  ill former years on vandyked blue prints, on Bristol boards, of photogrephio 
reductions of previous 4-inch surveys. 

' A programme amounting to 1,442 square miles was completed. The total out-turn of 

l-inch original survey and of 1-inch revision survey was 979 and 463  square miles respectively, 
the  average monthly out-turn per man was 18.3 and 2 1 . 8  square miles, respectively, and 
the  cost-rate per square mile was 23 - 3  and 22 - 9  respectively. 

fiiang~lation.-The nature of the country triangulated is well-wooded, highly culti- 
vated plaine, interspersed with jungle covered hills which lie round the  civil station of Seoni 
and fall in sheets 55/N/ 4, ~.11,12, 15, 16. An area of 1,652 square miles mas completed by 
Mr.  P. S. Vengusvami and the cost-rate per square mile was Rs. 6 -4. 

Recess Duties.-(a) The fair-mapping during the field season, owing to the shortage of 
officers a t  headquarters, was under Mr. Haj i  Abdul Rahim, K. 13. and consisted of half-inch 
sheets (compiled from I-inch publisl~ed slieets) 457/M/ s.w., 55/G/ N.E., ~ ~ / H / N . w . ,  v.w., N.E. ,B.E. ,  

5 5 / K / ~ . w . ,  s.w., N.E., 55/L/ N W., s.w., S.E. and the following 1-inch sheets not completed last 
recess.-55/C/ 11, 12, 16, 16. 

S i r  +-inch sheets (compiled from 1-inch publislred sheets) were taken over from No. 6 
party on its poceeding to the field, viz. 5G/C/ N.E., s E, SG/G/ N.w. ,  s.w., N.E., R.E, and the  
bfficer in charge of the party personally supervised the fair-mapping of the  two Royal Artil- 
lery Practice Camp maps of Khpra and Rijankunti  on the 3-inch scale. 

On return of the parties from the field, the  six +-inch sheets were returned to No. 6 
Party for completion and the fair-mapping of the party was divided into three sections as 

under :- 

No. 1 Section.- Under Mr. V. W. Morton, &inch sheets (compiled from I-inch pub- 
lifihed sheets) 4"//RII/ s. w., 65/H/ s. E. and I-inch sheets 55/C/ 11, 55/N/ ie and 64/B/ 5 and 6, 

also the 3-inrh maps of Kfipra and Rgjankunti. 

.No. 2 Seclio7~.- Under Mr. Haji Abdul Rahim, K.B., +-iuch sheets (compiled from 
I-inch published sheets) ~ ~ / G / N . E . ,  ~ . ~ / H / N . w . ,  S.W., ~ ~ / K / N . E . ,  ~ ~ / L / B . w . ,  and I-inch 
sheet 55/C/i2. 

No. 3 Section.- Under Mr. F. C. Pilcher, &-inch sheets (compiled from I-inch pub- 
lished sheets) 5 5 / H / ~ .  E., ~ ~ / K / N . w . ,  5 5 / L / ~ .  w., s. E. and I-inch sheets 64/B/1,2. 

1-inch sheets 55/Clll ,  12.15, 16 mere sent for publication during the  year and t h e  
current season's I-inch sheets, 55/N/is  and 64/B/i, z,  5, 6, will also be sent for publication 
before the end of recess. The two Royal Artillery Practice Camp maps of Kgpra and Rsjan- 
kunt i  and +-inch sheet 55/K/ s. w. were sent for publication during the  year. +inch sheets 
47/M/ 8. w. and 55/K/ N,  w will be submitted for publication before the end of the recess 
season. +-inch sheets ~ ~ / G / N . U . ,  ~ ~ / I ( / N . E ,  are also nearly ready for submission and may 
be completed before tlie party takes the field. 4-inch sheets 5 5 / H / ~ .  w., 8. w., N. E,, 8. E. and 
55/L/  N. w., s. w , 3. E. are well on, but will not be completed this recess. 

There will be no arrears of 1-inch fair-mapping by the end of the recess. 

A total area of 2418 1 3 square miles mas mapped by the party on the I -inch scale, a n  
'area of 5489 square miles on the 4-inch scale and an area of 139.4 square miles on the  3-inch 
scale; the cost-rates per silnare mile being Rs. 4.5, Rs. 2-4, Rs. 18 - 2 respectively. 

( b )  A11 computations will be completed up to date and bound before the party takes 
the field. Owing to the dearth of o5cers no work mas done on the preparation of d a t a  
for triangulation charts and pamphlets. 

The arrears of triangulation charts and pamphlets consist of the completion of d e g m  
sheets 4 6 0  and P.48K, 65H, I, J, K, L, M and 0 which have been prepared in old form 
but have to be resubmitted in new form, and degree sheets 55D and G have yet  to bi 
'taken up. 
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No. 0 P A R T Y  (BOMBAY ' A N D  HYDERABAD). 

BY J. O'B. DONAQHEY. I 

Thin party completed the  detail eurvey on the 1-inch scale of portions of the  Hyderf- 
b i d  State  in sheets 56/D/ 7,s on the I-inch ecale, 

Pmmonar~. of sheets 56/D/ 1 to 6 and parts of sheets 56/D/ 7, 8 

Prosi le ia~ O ~ ~ C C W ~ .  and, on the 14-inch scale, of scattered areas of 

Mr. J. O'B. Donnehey, in  charge. Hyderkbid State  reserved forests in  s leets  56/H/ 
,, E. A. Meyer. i,6,6,9, lo, 13,i.i and 56 /L/ i  . The party also 
,, Munslii L ~ I ,  B. A. undertook the triangulation f o r  the &-inch scale of 

Pi. 8. Hurihsre Iyer. 
sheets 5G/0/1, 2, 5,6, 9, lo. 

Upper Subordinate Smice .  The reserved forest areas consist of hills covered 
Mr. ~ k n n t l ~  Bnttu. with open forests, the remainder of the country i s  
,, K. Msndennn. undulating and mostly cultivated. .. E. N. Natesan, B. A. 

The field season opened on the 25th November 
L . D F ~  Subordinate Service. 1918 and closed on t h e  30 th  April 1919. T h e  
28 Barveyora, etc. field head-quarters was a t  Bijipur. 

The health of the party was, on the whole, good, 
though, owing to influenza, the commencement of field work was considerably delayed; 
there mere 15 deaths among the menials, eight being due to influenza. 

Plane-tabling.-The nature of most of the country surveyed is open, undulating and 
highly cultivatecl, with some broken and hilly ground in the south-eastern corner. The 
resen-ed forest areas consist of wooded hills. 

The work was divided among two camps as follows:- 

No. 1 Camp -Under Mr.  Meyer, with one Provincial Oficer, Mr. Harihara Iyer, one 
Upper Subordinate Officer, Mr. E. N. Natesan, B.A. and twelve surveyors, completed the 
original survey on the 4-inch scale of parts of sheets 56/D/ 7,s and, on the 1-inch scale, of 
parts of sheets 56/D/ 3.4,5,6.7.8 and the supplementary survey on the 1-inch scale of sheets 
56/D/ 1,2 and parts of sheets 56/D/ 3,4,5,6,7,8, 

To. 2 Camp.-Under Mr.  Munshi Lal, B. A. with one Upper Subordinate Officer, 
l l r .  K. Blandanna, and four surveyors, was employed on the special survey of scattered 
renamed forests of the IIyderibid State in sheets 56/H/ 1,6,6, 9, lo, 13, 14, and 56/L/ 1. 

Owing to the reduced strength of the party, due to the transfer of members on field 
eervice, the delay caused through influenza in commencing field work, and the late receipt of 
permission from the Hyderidid S ta te  Government to carry on survey operations, the origin;l,l 
pro,oremnle of the party had to be reduced. A total of 2,359 square miles mas completrl?. 
The  out-turn of the 4-inch original, 1-inch original, 1-inch supplementary and 14-inch orig: 21 
eurrep was 178, 274, 1,670 and 237 square miles, the average monthly out-turn per .I?? 

50.4, 32 .0 ,  36.0 ancl 11.7 square miles, and the cost-rates per square mile Rs. 16.2, 
Rs. 21.7, Rs. 13 .7  and Rs. 62 .6  respectively. Of the total area surveyed 1,670 square milrs 
a r e  in the Bij ipur  district of the  Bombay Presidency, the remaining area, 689 square miles, 
being in Hpderibid.  

Triungrrlalron.-The nature of the country is hilly in sheet 56/01 1 and undulating, 
interspersed with rocky knolls, in the r e n ~ a i n ~ n ~  sheets. There was only one triangulator, Mr. 
Eknath Battu, n-ho completed an area of 1,699 square miles in sheets 56/01 1,2,5,6,9, 10 fo r  
survey on the 4-inch scale. 

The cost-rate per square mile was Rs. 8.4 .  The  whole area is in the H y d e r ~ b i d  State. 

Recess Dtttiet.-The fair-mapping was divided as follows :- 

'Vo. I Section.-Under Mr. Meyer, I-inch sheets (surveyed in 1917-18) ~~/C/N.E. ,H.E .  
and 5 R / G / s . ~ . . s  W. and 56/C/y w. which is being fair-mapped from published 1-inch maps, and 
I-inch sheets (surveyed in 1918-1 9) 56/D/1,8,3.4,6.0 7 , ~ .  

No. 2 Section.-Under Mr.  Munrhi Lal, B.A., 4-inch sheets (surveyed in 1917-18) 
66/G/n E .S.E and the fair-mapping on the &-inch ~ c a l e  of the reeerved forests surveyed in 
the Hyderibid State  as follows :-33 sheeta of areas surveyed previously and 7 sheets of are= 
aurveyed during the year. 

The eix 1-inch sheets ~~/C/N.&. ,B .E .  and 5 6 / O / ~ . w . ,  N.E., s.E., which were Corn- 

menced laet year, have been completed and ell have been s u b m i t t d  to the Circle ofice, 
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mcept ~ 6 / G / ~ , k ;  which has been kept back owing to references to  local authoritio., mheet 
b6/C/aw., which is being drawn from component I-inch maps publi~hed in 191 8, is well in 
b a d  and, 1-inch sheets 5G/D/l.2,~,~,a.6,7,8, mill all be completed before the party takes the field I 
19 2-inch specia] forest sheets have been completed and submitted for publication; 14 2-inch 
special forest slleets, which were commenced last year, have also been completed and will 
shortly be for and the fair-mapping of the 7 2-inch special forest sheet. 

surveyecl during the year has been well advanced bu t  i t  will probably not be possible to  submit 
these for publication before the party takes the field. The arrears of fair-mapping are:- 
the +-inch sheet of ~~/G/N.w. and the fourteen 2-inch special forest sheets which were 
commenced last year. 

The shortage of officers has been keenly felt  in tackling the heavy fair-mapping 
programme during the year. 

The cost-rates for fair-mapping are as follows :- 

Rs, 5 . 4  per square mile for 4-inch. 

), 3 .8  ,, ,, ,, ,, I -inch. 
,, 16 .0  1, 9, ,, ,, 2-inch. 

The computations of the triangulation have not been completed. The arrears of 

computations are as follows :-about half of sheet 56H,  a portion of sheet 56L,  sheets 
56/0/1,~,~,r,s.fi,~,~,g,10,~1,12,16,~6, 66/P/1,5,9,13 and portionsof sheets 56/P/2,3,4,5,~,9,10,13,14 which 
have been trian=ula$ed by this party. 

No triangulation charts have been undertaken by the party and the  preparation of 
triangulation charts 56 A,B,C,E,F,G and K has yet  to  be taken up. 

No. 7 PARTY (MADRAS). 

This party completed the detail survey of sheets 57/31/9,10,12,13 to 16 and 66/8/3,4 on  
the 1-inch scale and also reserved forest areas in 

PERSOINEL. 
sheet 57/11/12 on the &-inch scale. 

Prov i i~c in l  OIflce~s.  
The nature of the country generally comprised 

~ r .  IV. A t .  Gormnn, in cllnrge t o  31st Octoljer open expanses of cultivated land, with isolated barren 
1018. 

,, C.E.C. French,  in  chnrgc Prom 1 s t  Norember rocky l~i l ls  standing out conspicuously from the 
1918 10 30th Rlng 1919. plains and \\-ell distributed over the area. 

,, I-I.B. S i i i i o ~ ~ s ,  in  chnrgc froni 31st bfny 1910. The recess office of the party closecl a t  Bangalore 
,, F.W. Smith .  
,, R1.S. Ganesn Aiynr. on the 25t,Ii October 191 6 and the field head-quarters 

Upper  S a l , o v d i ~ ~ n l e  S e r v i c ~ .  openecl a t  Ollgole on 1st November 1916. The office 
Mr. l'ulin ~ c h n v i  R O T .  at Ongole was closed 011 6th May I919 ancl was 

Lotuer Sabord i i~n lc  Scrcicr .  opened in Bangalore on 16th May 19 19. 
18 Snrveyorn. ctc. During the month of November, work mas 
considerably delayed owing to the north-east monsoons. 

The health of the partmy was not xood. Infliienza and cholera, which mere pel-alent  
nrhen the psrty took tlie fielcl, broke out among the n~enibers : Sorveyor Abclul Basit alld 

8 kllalasis diecl, 5 from tlie fornler aod 3 from the latter disease. I n  addition to  the above 
casualties, two men died from natural causes. 

Plane-~abbin,~.-The country surveyecl com1)rised highly cultivated undulations dotted 
over by isolated sn~a l l  groups of hillsJ mostly boulder strewn aod covered 1~7ith thorny scrub. 
A fern clisjointed hill ranges of 5 to 6 miles ill Iengtll and from 11100 to  2000 feet in height, 
mere met mith in the north-west portion of the area, the most important being Podilikonde 
and Chimiikurti. 

The forest-clad areas comprised stretches of lorn scrub mith fern communicat,ions, the  
surrey of which mas completed by much laborious chaining. 

The Paleni, the MBsi, the Upputeru and the Gundlakamma are the principal river. 
and flow from west to east. 

There are numerous tanks for irrigation purposes, the largest being the Bavanisi a t  
Addanki in the Ongole Wluk, which was recently completed, and irrigates a n  area of nearly 
800 wres. The whole country is generally open and easy of survey except towards t h e  sea 
where the ground is covered with numerous cmuarina plantrtions, fringed with a denm belt 
of cocoanut palms, towards the extreme edge of the coast, 
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Difflcnltiee mere experienced with regard t o  sopplies,' water and labour. Scarcitp, 
prevailed in parts of the country owing to a deficient monsoon. Water  is always bad, due to 
guinea worm, and the drying up in April of tanks, which form the main source of supply, 
made matters rather trying for surveyors towards the end of tlie season. 

The party mas divided into 2 camps, one under Mr. F. W. Smith and the  other under 
Mr. M. S. Ganesa Aiyar. 

No. 1 Camp.-IJnder Mr. Ganesa Aiyar, with 8 surveyors, completed a n  area of 
1,144 sqaaro m ~ l e s  on the 1-inch scale in sheets 57/M/9,10,13,1~. One pupil surveyor Ram 
Narayaii Sliarma (since dismissed) absconded during tlie field season. 

11-0. 2 Ctrmnp.-IJnder Mr.  P. W. Smith, with one upper subordinate, Mr .  Pulin Behari 
Roy, and 5 sarveyors, completed a n  area of 1,082 square miles on the 1-inch scale in sheets 
67/-\I/1~,16,16 and 6 6 / A / 3 , ~  and 1 2  square miles on the %-inch scale of Pedairlapadu, Magali- 
cherla, Ayyavaripalle and Pedaclierlopalle reserved forests, falling in sheet 57/M/12. 

A total area of 2238 square miles mas surveyed. The total out-turn of the 2-inch 
survey and I-inch survey was 1 2  and 2226 square miles respectively, the average monthly 
out-tiim per mall being 1 0 . 0  and 30.5 square miles, and the cost-rate per square mile 
RB. 19 .0  and Rs. 13.7 respectively. 

T7inngulalion.-No triangnlation mas esecutecl. 
Recc~ss D11ties.-The fair-mapping was divided into two sections :- 
1Vo. I Section.-Under Mr. F. W. Smith, till the 23rd June  1919, and Mr. H. B. 

Simons, the otficer in charge of party, from the 24th June  1919, assisted by Mr. Pulin Behari 
Roy, drew sheets 57/M/19,15,16 and 66/A/s,s all of whicli will be sent for publication before 
t h e  end of the recess. 

nb. 2 Scclion.-Vnder Mr.  M. S. Ganesa Aiyar, drew sheets 57/R1/9,10,13,14 which 
will also be sent for publication before the  party takes tlie field. 

The total out-turn of fair-mapping is 2,238 square miles and the  cost-rate is Rs. 9 .3  
p r  square mile. 

Tlre arrears of computations of last season in 56 L and 57 I mere completed during 
the  field ant1 early part of the recess seasons. The computations of the northern half of 
67 J were taken in hand by computer Shaikh Sublian assisted by surveyor Saiyid Sulaiman 
iu tlie beginnlug of June  nnil shol~ld be completed bj- the end of the year. N o  progress was 
made with the fair triangnlation charts of the party, as no officer mas arailable for the work. 

The following table sho\rs the present state of work :- 
C'ur~~~utairom~~.-C~lrrent work-nil. 

Arrears-57 J (northern half). Computations of intersected points. 
The conip~itations of 56 P and 57 31 are completed ancl bound and awaiting detail 

rurvep. Those of 57 I are coniliuted and have yet to  be bound. 
Triarrgulntior~ Charts and Pamnph1eis.- 
1. Submitted for publication. 

4s L and P, 57 L and P, I;(i D. 
2.  Remaining for l)repamtion. 

45 K, 57 H and S, €6 B, 57 0 and 66 C (combined). 

Xo. S P.lRT1- (MADRAS).  

BY TI-. 31. CORM-is. 

This party, in reilucecl strength, took the lield with its head-quarters at. Aramboli and 
completed the siil-vey on the 1-inch scale of 

PsRS ~SSET, .  sheets . ' , ~ , ' H / ~ , ; , R , I ~ . ~ Z . I ~ , I ~ .  58/L/3 and the trarers- 
P r o r i n c i u l  0fiwr.v. 

ing of sheets 5cS/K/13,14, 58/0/i.z. 
Mr. R-. 31. O#lrman, in charge from I r c  I\iorernher 

191% The remaining members of the party with 
C. E. U. ~ r r n c h ,  in charge up to  31sl Octriber head-quartere a t  Rangalore, carried out the fair- 
191 B. msppinp of 1-inch and 4-inch sheets. 
M. Mfihntlrrn )I~~dal inr .  \I. A .  The field s a w n  opened on the 2 l s t  November, 

r p y  Fa&,-rBimrrlr Srrr icr .  1918 and closed on the 6th June  1919. 
Mr K. ;Fmnprn.avsn~~ Chclti. During the above period the health of the,  
,, H Irnns~rnhnrnr~rt~ Rno 

., Dba~kh Yuhsmmsd Brllk. section was considerably a f f e c t 4  for the fiwt two 
months by the influenza epidemic, and throughout 

Lnmw Smboni~mole Sorrier. the season by fever while working in the hills. A, 
87 8urre7on. rtr. khalasi sumombed to cholera and sarveyor Muham- 
id W ~ i l  died on the 15th March 1919. 
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~h~ country sumeyed comprises a portion of the Western G h i h  mo8tlJ' forest-cldg 
bold and .  rugged in it8 northern reaches, but losing much of its characteristie boldness and 
#bepneSs , it al>pro.ehe8 the sea on its southward trend to Cape Comorin- It divides the 

on its flanks into undulating and low lying plains, intensely cultivated and do thd  
with numerous scattered h u b  and village sites and covered with a dense growth of PalmYras. 

~ l ~ ~ ~ - l ~ b / i ~ ~ . ~ T h ~  high ground on the Travancore side of the Ghats presented many 
difticulties to the surveyor in its thickly clad and intricate nature, lack of communications 
and transport, malarious climate, and the tendency to be enveloped in fog and cloud; while 
the lower slopes and undulating country a t  its base involved endless labour in the extensive 
cultivated valleys, dotted with numerous scattered huts and gardens and covered with a dense 

growth of palmyras, where the laborious process of traversing with  lane-t,able and chain 
had to be resorted to. 

On the Tinnevelly side of the Ghats, the hills rise abriiptly from the plains, which 
almost imperceptibly to  the sea, with red sand dunes along the coast. The  wide expanse, 

being studded with numerous tanks and covered with a fairly open growth of ~ a l r n y r a s  and 
other trees, was found comparatively easy. 

No. 1 (:anv.-Under Mr. M. Mahadeva Mudaliar, assisted by Mr.  K. Nara~anasvami  
Chetti, with 1 3  surveyors, supplemented later on in the season by two others, completed a 
total area of 1,224 square miles on the 1-inch scale, of which 1,182 square miles were 
supplementary survey ancl 42 square miles revision survey. The monthly average out-turn 

per man for both classes of survey was 1 6 . 4  and 1 7 . 0  square miles, respectively, and t h e  
cost-rate was 1 7  . 6  ancl 14.. 6 square miles respectively. 

Por the above survey, I-inch blue prints on Bristol boards, embodying the 1-inch 
prints supplied by the Madras Revenue Survey and areas previously surveyed on the 4-inch 
scale by the Survey of India, reduced to the l-inch scale, were obtained from the Southern 
Circle Office. These prints were gone over on the ground and rigorously surveyed and tlie 
accurate detail contained in them considerably helped on the work. 

li.iangulalion.-No triangulation was undertaken as the area triangulated in advance 
is sufficient for the nest  two seasons. 

Pi.aversiny.-248 linear miles of theodolite traversing with heights, in sheets 
68/K/13.14 and 58/0/1,4 were run by surveyor V. Varadaraju Nayadu, along the  coast and 
'nland, in flat featureless country with a fairly thick growth of palmyra trees. I n  order t o  
supply data for the survey when undertaken, the traverses were connected with 1Y 
trigonometrical stations and 43 azimuths were observed. 

The cost-rate is Rs. 31 . 3  per linear mile. 
Recess Dlcfics.- 
No. 1 Section.-The current, season's work under Mr.  M. RiIal~ad~va Mudaliar, in  

sheets ~ ~ / H / ~ , ~ . u , I I , I ~ , I ~ , I G  and 58 /L/3 ,  is fairly advanced, considering the late arrival of 

the section from tlie field. Of the above, sheets 56/H/4,1t;, 58/L/ 3 have been completed and 
snbmit.t,ed for l~nblication and the remainder will be ready before the partsy kaves for the 
field. 

In a(ldit,ion, last season's fair-mapping of t,he party, together witll fourteen sheets on 
the li-illcll scale, made FVCr bj- NO. 7 h r t y ,  on their taking the field in NoIrember 191 8, 
wcre conlpletetl a~rd  despat,chetI for publication. 

The total area under 1 4-incli fair-mapping is 1,448 2 square miles and its cost-rate 
is Rs. 23.9 per square mile. 

No. 2 sec'ion.-Uncler Mr. ki. Narayanasvanii Chetti and, after his clepartuye for the 
field, under 1 1  Mullammad Salik, carried on tile fair-nlapping of the following 
h-il'ch 'lleets O n  the f - inc l  Scale co~npiled from previol~s l-illrh publislled sheets, ,,ir.. 4.8/1(/ 
N.E. 7 57/N/y.g. 9 5 7 / O / ~ . 1 ~ . , ~ . ~ . . ~ . ~  , 8 . 8 . ,  ~ ~ / Y / I Y . W . , S . ~ . , N  E . , ~ . E . ,  5S/r)/N.E,,  58/(;le,w,, 
'F/n/s \v fifi/cI W . R . W .  o f  tllese, slleets 4 8 / K / ~ , ~ ,  a7jp/Nw,,s  W,,N.a s,, 58/D/ 

N.E. 9 06/11/s.\~. and ~ G / ~ / , V . I V .  have been submitted for publication the remainder are 
well in hand. 

The total area fair-mapped on the a-inch scale is 6,470.9 square miles and its cost-rate 
is He. 0 .8  per s(1uare mile. 

The prel)aratio~l of triarlgalation charts and con~putationa was under the supervision 
of Mr. I{, T. \\j.att. from the (late of his transfer fmni the Salonika Survey Detachment t o  

the date of llir transfer to  the Northern Circle. I n  this short period, chart 49 M was 
practically conipletcd, leav~ng 56 A and 58 B as arrears. 
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Traverse computations, sufficient to  meet the coming field aeason's programme, have 
haen aompleted. Sheets 68/K/~,6.9,10, traversed in 191 7-1 8, and sheets 58/K/~3.14 of the  
current mason, are arrears. These will be proceeded with during the  coming field season 
and recese. 

No. 20 PARTY (CANTONMENT) .  

BY C. E. C. FRENCH. 
During the year under report this party completed the snrvey of the cantonments: and 

PIIBSONNBL. 
military stations of Bellary, Secunderibid and Boli- 
rum (part) on the 18-inch scale, and portions of the 

P r o o i n i o l  OBcwr. Qa'za'ro of Secunderlbtid on the 64-inch scale. A 
Mr. B. R Hugl~es, In chsrge to 2nd June 1919. revision survey of the biz i rs  of Secundertibad and 
,. C. E. C. Fxenrh, in charge from 3rd June 1919. Bollrum on the scale of 50 feet to  1 inch is in pro- . ,, 0 D. Juckson. gress of which about one-half is completed. 

U p p r  Subortiisole Seroice. 
1 

The triangulation and traversing of the follow- 
Mr. Dl~ar~uu.  ing cantonments etc. have been completed during 
,, Jitendra Mohnn M ~ ~ k a t j ~  the year :- 

h e r  Subordinate Seroics. Wellington, Cordite Factory a t  Aravanghit,  St. 
22 Eurreyors, etc. Thomas' Mount, Pallivaram, Zone of Fort St. 

George, ground required for, ( ( A )  manufacturing 
water supply channel from Bairani stream to Cordite Factory boundary and (b)  drinking 
water supply from Dodabetta to  Cordite Factory boundary, Cordite Factory grounds a t  
Kir ter i  and for the High Tension Line from Kir ter i  to Aravanghat, Keti cemetery (Rest 
Caml~) ,  Lovedale Estate for the Lawrence Memorial School, grounds on which the military 
buildings a t  Ootacamund are erected, West  Hill (Calicut), Secundertibtid and Bolarum. 

Forty fair maps have been submitted for publication, forty-nine remain which mill be 
submitted by the end of 1919. 

The head-quarters of the party remained in Secundertibad during the season. 
The health of the party has been indifferent during the year, several members suffering 

from malaria and influenza. 
Pkcne-tabling. -llhe total area in acres surveyed on the 16-inch, 64-inch and 50-feet 

(revision) scales, is 20,865, 92 aucl 49-1 acres, respectively, a t  a cost-rate of Rs. 0 - 99, 18.45 
and 9 . 7 2  per acre, respectively. 

The accuracy of the detail survey has been tested by Messrs. Hughes, French, 
Jackson an11 Dharmu by 75.40 linear miles and 3.52 In silu fixings. 

' I ' r iar~gulalio~t.- .nIr.  Dharma and surveyor Gokul Chand were employed on the triangu- 
lation in Welliugton and West  Hill, where 1 3  stations and 18 intersected points were fixed 
over a n  area of 16 square miles at a cost-rate of Rs. 14.3 per square mile. 

Truverrin!l.-During the year Messrs. Dharmu and Rfukerji and 4 surveyors have been 
employed on t , l~e  traversing of Yecunderib%d, Wellington, Ootacan~und, Pallivaram, Fort St. 
George, S t .  Thomas' AIount, West  Hill and Madras military lands (nearly completetl) in 
which 843.87 linear miles have been run a t  a cost-rate of Hs. 53.01 per linear mile, the 
quality of which is good. 

Stel's are being talien to supply the local engineers with charts for the preservation of 
the  theodolite p i n t s  fised. 

Ler .e l l i~c~. - . j t i . lF miles of levelling have been run in Secuntleribtid, S t .  Tliomm' 
31ount, YallBvaranl and Port St.  George and 26 bench-marks fised, at  a total cost of Rs. 
4.67, or Ks. 8.67 per mile. 

Rrce.us Dutres.-The fair-mapping for the season included the following cantonments :- 
Chaman, Drosh, Chitral, Thath, Delhi new cantonment, Agar, Erinpura, Jhinsi ,  Ar~ral lgibid,  
,Ihmadnagar, hlanora, Hosiir, Bellary, and comprised sixty-three sheets or] scales of 16 and 
ti4 inchea to a mile. b 

Fair maps of the seven first ~lamecl cantonments, nlso of Jatta,  Zim, Jantlola, ~ r a z i n d a ,  
Nasirabad and Ghairat, completed previously, comprising forty sheets, have been submitted 
for publication, the remainder will be despatched by Ilecernber 1919. 

The programme for season 10 19-80 includes the detail survey of the military stations 
and lands of Wellington, Ootacarnuntl, Yallivaram, Fort  St .  (feorge, St .  ~ h o m a s '  Mount, 
W m t  Hill, Madras military lands as well as the travereing and survey of ~ a n ~ a l o r e ,  Civil a n d  
JZilitary Station, Madras military lands and Cannanore. 
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EASTERN CIRCLE. 
( Vide Index Map No. 1) 

Summary.-This was under the superintenclence of Lieiltenant-Colonel C. L. 

Robertson, C.M.G., R.E., throughout the year. 
For tlle greater part of the yea. it comprised Nos. 9, 10, 11 and 12 Padies, and No. 5 

Drawing Office. A Burma forest survey party was raised on 1st May. 

During the year, the circle completed 9,914, square miles of detail survey, 6,246 square 
miles of triangulation and 758 linear miles of theodolite tmveraing. 19.8 Rquare miles of large 

scale surveys were also completed. 
The detail survey consisted of :- 

3,738 square miles of )-inch revision survey. 
2,316 ,, ,, ,, 4-inch original survey. 
3,676 ,, ,, ,, 1-inch original survey. 

56 ,, ,, ,, 1-inch revision survey. 
98 ,, ,, ,, 2-inch original survey. 

I n  addition to  the four parties mentioned above, a detachment, called the Kiiki Survey 
Detachment, was formed a t  the end of March for the purpose of revising parts of the existing 
*-inch maps of the areas in whicll the Kiiki Punitive Measures Force operated, and, from 
1s t  May, a new forest survey party was formed for the purpose of the execution of the survey 
of the reserved forests of Burma. This party has been given the designation of Special 
Burma Forest Survey Party. Financially i t  is a charge against the provincial revenues, 
though its personnel is entirely that  of the Survey of India Department, and i t  is under the 
control of the Superintendent of the Eastern Circle in all respects. 

The Kcki  Survev Detachment remained in being for about 24 months. 

Nos. 10 and 11 Parties each detailed a surveyor earlier iu the year to  accompany the  
portion of the Kiiki Punitive Measures Force which was operating from the side of Burma. 
These saryegors were $aced under the orders of a military officer of the  force. 

No. 9 PARTI-  (BENGAL) .  

BY E. J. BIOGIE. 
The sanctioned programme of the party for season 1 0  1 8-1 0 had to be abancloneil 

owing to a n  urgent call for Town Guide maps on 
PBRSONNEL. the 12-inch srale of Barrackpore and Durn-Durn, 

Prorincial Oflcrrs. and it  was only near tlle end of the field season 

Mr. E. J. Riggir, in charge. that  the party was able to  undertake the survey 
,, A.  B. Hunter. of sheets 79/B/1 6. 

,, Amsr Kvlsbna Mitra. 

,, II. T. Hughes from 17th July 1919. The areas surveyed, on both the I-inch 
and 12-inch scales lay in Bengal. They are dead 

Upprr Strbordinata Sprairs. level, except where, near the river Hooghly, the  
M r .  Amulgn C h n ~ n n  Ohosh. ground slopes away gently towards i ts  bauks. 
,, Gopnl Lnl Mitrn The country is well cultivated and thickly popu- 

L o ~ o r r  Brrhordtnate Srvl~ice.  lated, though the villages, in almost cvery instance, 

33 Snrveyorn, e t r .  are hidden from view in dense woods. The one 
large and important river which flows due south 

throng11 the work, is the Kooghly which divides sheet 79/B/5 into two almost equal parts. 
A belt of cor~ntrj., a few miles in width, on both banks of the river is very congested, there 
beinq several large towns and villagcs, centres of industry, situated on each bank. On t h e  
right bank are the ancient towns of Chinsura and Serampore and the French Settlement of 
Chandernago~c, while on t l ~ c  left bank are situated the c ~ n t o n m e n t  of Rarraclipore, the towns 
of NailiAti ancl Titiiga1.11, the laqt named possessing the most extensive jute mills of the 
suburbs of Calcntta. I n  the sonth-east corner of sheet 79/B/ 6 ,  Bnriti Bil, one of the  several 
large marshes or bils with which the Twenty-four Parganas, like other deltaic districts, are 
stl~dtled, occupies an area of 61 square miles. There are excellent means of communication, 
the country bcing well served with a net-work of railways, besides a good number of first and 
second class roads which traverse the country in all directions. 

The field season extended over a period of about 7 months from October 1918 to 
April 191!), bnt, lracticrtlly this entire period was taken up by the  large scale snrveys of 
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which mention has already been made. The field office of the party opened a t  D l i n ~ - D u ~ n  on 
the 21st October 1918 and closed on the 2-kth April 1919, but Mr. A. B. Hunter remained 
ou t  with his camp till near the end of iMay to complete sheet 79/B/1 which was started in the 
first week of April. 

A section under Mr. A. I(. Mitra remained a t  Shillong to deal with the arrears of 
one-inch and half-inch mapping. 

The health of the party was anything but  good. A t  the beginning of the season 
there was a great deal of sickness and eight menials died from malaria and influenza. During 
the season, surveyors and menials were, from time to time, ill with malaria ancl a pupil 
surveyor was compelled to take 3 months' leave to  recuperate his health which had suffered 
from a severe attack of malaria. 

Plane-lobling.-The area surveyed on the 12-inch scale covered the cantonments of 
Barrackpore, Ichipur  and Dom-Dum'a,nd countrp within a raclius of about 1;- miles from 
cantounlent limits, and, in the case of Barraclipore and Ichfipur, inclucled a strip about 200 
feet wide on the right bank of the river H o o g h l ~ .  

I n  the cantonnlents of Barrackpore, Ichapur and Dum-Dum s i ~ p p l e m e n t a r ~  surveys 
were carried oa t  and, in the remainder of the area, au original survey. The supplementary 
surveys were executed ou blue-print reductions on the I 2-inch scale, n~hich were obtained 
from the 16-inch cantonment maps of Barrackpore and Dum-Dum and from tlie 0 0  feet t o  
the inch scale map of 1ch;ipur which mas prepared in the previous season. The work was 
divided into two camps. 

The wooded villages ancl clnsters of trees i l l  the area of 1-inch surrey restricted the 
view, and plane-tabling by traversing, rather than by interpolation, had to be resorted to a 
great deal. A t  t l ~ c  start, the work on the I -inch scale was for purely instructional purposes, 
four p11,il snrvexors Lcing placed under training with a senior sur\rj .or as instructor, who 
also helped in the completion of the detail snrvey. As the large scale suiveys for the Town 
Guide maps clainled almost the entire attention of the party in the field, for convenience of 
supervision and instruction, two pupil surveyors each mere allotted LO Mr .  E. J. Biggie and 
Mr .  A. B. Hiinter. As each surveyor completed 11is l%inch work, lie was put into one or 
other of the 2 camps, which were then dealing with the 1-inch work. 

The party was organisecl in 2 camps throughollt the field season, the personnel of 
which was varied from time to time as occasion required. 

NO. 1 Ca~trp.--rnder Mr.  E. J. Biggie, surveyed 842 acres of supplementary survey in 
Durn-Dum, 4,293 acres (original) iri Barrackpore and 950 acres (original) in  Dum-Dum, also 
1 2 8  square miles on the I-inch scale in sheet 79/B/5. 

No. 2 Lirlthp.-Under Mr. A. B. Hunter surveyed 1,639 acres (supplementary) in  
Barrackpore anel Ichapur and 4,019 acres (original) in Barrackpore, also 426 square miles 
on the I-inch sc:~le in sheet 70/B/l. 

Sheet 71)/B/1 was started very late in the season and, to ensure its completion, the 
~ h e e t  had to be tlivided into several plane-table sections. 

The areraFe montlily out-turn per man for original survey on the Id-inch scale was 
4 1 5 . 4  acres and, for supplementary survey on tlie same scale, 367 ' 6  acres. 

Plane-tabling on the 12-inch scale was carried out by direct measurements to detail 
from the stations of a theodolite traverse which were supplemented by a plane-table travelSse, 
and by offsets from the chain lines. JVhere objects werc sharply defined the mcthocl of fixing 
by intersection was also used. 

The cost-rates for survey are-1-inch surrey Its. 31.8 per square mile. 
12-inch original survey Ite. 0.7 per acre. 
12-inch supplementary survey Rs. 1 . 1  per acre. 

Tt.in~pg~~lnlion.-No t,rianR~llation was carrietl out (Inring the srason untler report,. 
Trnrer,qing.-A small sect,ion under &Ir. I\. 13. I111nter consisting of 2 oficers of the! 

TTpper S~~bord inn te  Service and 1 sllrveyor conlmencerl a thcoclolite traverse early i r i  O C ~ O ~ J ~ ~ I .  
in  atlvance of the 12-inch detail survey. This traverse had a lengt,h of 7 5 . 4  mile*. Tho 

coml~utations were carried out p a r i  paasu wit,h the traversing and, on the completio~l of the  
latter, data were ready for in the meanwhile the surveyors werc engagcd 011 the 
sopplementary serve!-s, mentioned in the report under the heading plane-tabling. 

From the stalions of this traverse, the  greater number of which were only temporarily 
marked, 36 intersected points, such as chimneys, corners of building*, lamp posts, flags o n  
jetties and on rifle ranges were tised. 
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In rnheet 79/B/.; traverse statioos and intersected points were found to be inellficient 
for the pupil surveyors wllo mere employed on 1-inch plane-tabling, and a n  upper a u b o d i m t e  

was told off to  run a few supplementary tie-lines through the sheet totalling 69 '3  linear 
mi]es. H e  observed a t  30:J traverse stations and from these fixed the positions of 47 i n t e r ~ e c a  
poiIlts such as trees, buildillas and mile-stones. The traverse data  obtained in previoll8 y a m  
sufficed as a basis for the detail survey of sheet 79/B/1. 

The cost-rates for traversing are Rs. 6 . 7  per linear mile for 1-inch SuNeJ-. 

Rs. 51 '6 ,, ,, ,, ,, 1 2  8 ,  7, 

Recess Duties.-Mr. H. T .  I-Inghes, who was transferred t o  the party from the K ~ k i  
Detachment, supervised the fair-mapping of the Town Guide maps which w a ~  carried out on 
the scale of 1 2  inches to the mile for publication on the same scale. 

The Barrackpore map was drawn in 4 sheets, each sheet measuring 34.5 inches by 
38.5 inches, while Dum-Durn mas in 1 sheet, measuring 27 inches 111 27 inches. The fair- 

mapping of these sheets was carried out by the direct-mapping process, blue lxints for which 
were obtai~led fronl originals prepared in t,he follon-ing manner. ' the actr~al measnrc-ments of 
each sheet, t,aken from the plane-table sections, \\-ere laid out on a sheet of drawing paper. 
The rectangle thus projected was dirided up  into squares of 40 chains t o  correspond with the  
squares on the plane-table sections. Hlue-print reprocluctione, on batikpost paper, of each 
plane-table section n-ere obtained from the Photo-Litho Office. These prints cut  up into sqrtares 
of -1-0 chains or 20 chains, if nccessar~-, \\-ere carefully pasted in t,lieir correct positions on the  
projected sheets ~vliich formed the originals. The actual measurements of each sheet were 
slightly Ixrger than the true measurements ancl were reduced to the latter in the Photo-Litho 
Office. The blue-prints received from Calcutta, for direct-tnapping were found to be very 
accurate. Tlle area. fair mapped is 8,650 acres a t  a cost-rate of Re. 0.7 per acre. 

(a) There was only one section engaged on 1-inch and +-inch fair-mapping. This 
sectiou, under Mr. A. I(. Mitra, fair-mapped sheets 7!9/B/1.5 of the current season's surrey and 
was also engaged in the completion of arrears of I-inch mappiug in sheets i 9/A/:i.j.;.~.io.11,13,1.1. 

and execut,ion of half-inch mapping i n  sheets 63/J/;u IF., 93/l';/x.w., s.E., 9-~/B/s.E., s.E., 

~ ~ / C / K . E , ,  9h/Nih' \V., K.lC., t i , \ V ,  ~ I I L I  : )~ /I ( /N.I \~ ,  

The fair-mappiug of the i-incll sheets n-as carried out by the direct)-mappiug method 
escept for a small area in slleet i9/B/r, \vllich n-as tmusferred by hand. The fair-mapping 
of sheet 79/B/1 was considerably dela?.ccl on lng  to the blue-prints, for direct-mapping, prepar- 
ed in the Ca lca t~a  ollice, bciug run sat is factor^-. Black-print enlargements on bank post. paper 
to the scale of fair-~nal)pi~ig, from cach plane-table section"of sheet 79/B/1 were obtained from 
Calc~itt'n and these prints were pasted in posit,ioll n-itl~in a graticole projected to the scale of 
fair-mapping on a sheet of drawing paper. This original shect nras prepared in bhe part,y a r ~ d  
despatched to Calcutta for obtaining 1,lue-prints on dm\ving paper for direct-mapl>ing. The 
ont-turn of fair-n1apping on the la-inch scale is 737 square miles, n-hiell comprises 329 square 
miles of the crirrent season's ancl 4.08 square miles of arrears of mapping, that on tile $-inch 
scale is 3,160 aclua1.e miles of arrears of nlal)l>irlg. 

The cost-rates of fair-ma.pping per square mile on different scales are as follows :- 

1 4 -inch scale Its. 1%. 0 
$-inch scale Hs. 3 . 0  

Sl~eets 79/;i/3,3,~.10.1:1 n r ~ d  1.k for p~iblicatiou on the 1-inch scale and sheets 93/E/N.w., 
~ - ~ / B / * . I C . ,  for pnblication on the 4-inch scale were sitbmitted cluriug the year under report. 
Tn adtlit'ion, sheets 79/1\17 and 94/E/u,\r,, Y.R.. s.w. for publication on t,he I-inch and ;I-inch 
scnlcs rcspectirel~, \vhirh \\,err not reportetl last year, have also been submitterl for publication. 

( b )  The conil>~lt,ing sect,ion, nndcr Mr. A. I(. Rfitra with 3 compnters, \x7as employed 
in  t'hc ~olnl>letion O f  t,llc conil~nt:~tions of the l>revious ~eason's traversing. Owingto the small 
staff available, t,hc part,y has not, been ahle t,o take up t,he preparation of any of the fair degree 
~ 1 1 ~ l . t ~ .  

In.~lwclions.-The part,!- was inspected in the field by the Superintendent, Easterll 
Circle in 1)ecetnbrr 1918. 1)uriug rrccss it. was inspected ollce by the Surveyor General and, 
on several occesions, 1):. thc Sl~perintenclent, Easter11 Circle. 
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NO.  10 PARTY ( U P P E R  B U R M A ) .  

Thc p r t y  continued the detail survey in the Myitliyini and Putao districts, the area 
snrveyed extending over sheets 92/C/9 and parts 

PERSOSXEL. of sheets 92/B/i2,lti, '32[C/i3, 9 2 / E i ~ .  w., ;u. lz, s. w., 
Fr.>sincial Oflcrrr. P. K. and 9 2 / F / s . ~ .  Triangulation in advance for 

Mr. N. C. Petters, in charge. detail survey on the I-inch scale, and also for 
,, W. G. Jnrbo. ' supplying a. suitable number of well defined points 
,, H. H. Creed. for commencing and dosing theodolite traverses 
,, D. N. Ilwlerji, L. C. E. for purposes of forest surveys on tlie four-inch scale, 

Z+per Xubordinute Seruice. mas extended over sheets 83/P/(;,7,~,s,i0.11,13.1:+,14, 

Nr. l ) l ~ i r e ~ ~ d r e  WaLh Jaba. 15.16. The Forest Survey Detachment, constituted 
,, Ham P ~ e r a d ,  R.s. as a uucleus for the Special Burma Forest Survey 
,, B11al11ba ~ ~ U I I I .  Party, traversed boundaries, and, where necessary, 

Lotorr Subordinate S~roiee .  interior lines, of forest reserves in sheets 83/P/ 9,10, 

27 S~~rrrpol -s ,  etc. 
13.14, 92/D/ 1, 93/D/ 6,6, and surveyed part of 
93/Di 6 .  

The existing survey comprising an area of 367 square miles of portions of sheets 
S:3/K/i1,1~,1;,1t: and 83/0/2,3,7 was revised provisionally on the a-inch scale by the surveyor 
deputed t o  accompany tlie Kaki  Punitive Measures Force operating near tlie Burma-Assam 
frontier. 

The coul~try under survey ranges in altitude from 400 feet a t  Homalin on the bank 
of the Chind\cin river to  19,000 feet on the mountain range forming the divide between 
the Irran-addy and Brahmaputra rivers. The country is almost covered mit,h dense forest 
with a heavy undergrowth of cane and t.horny creepers. Work mas considerably retarded 
in the early months of tlie season by a heavy mist which obscured trigononletrical points 
and made plane-table fixings by interpolation impossible until about 11 o'clock in the 
morning. Heavy jungle clearing was also necessary before the plane-table could be set u p  
a t  suitable places. 

The fieltl season opened on 29th October 1918 and closed about 1st June 1919; hut 
a camp of 6 surveyors under a Provincial officer remained in tlie Putao district during the 
rainy season. The Forest Survey Detachment took the field on 1s t  December 1'318. 

There were 21 deaths among IIaziribagh khalasis as a result of influenza. 

Plane-tubli~r!l.-The total area surveyed on v a r i o ~ ~ s  scales was 3,516 square niiles 
incluclinq 367 square miles of $-inch revision survey. Of this total 1,416 square miles have 
been dealt with in another report. 

No. 1 Cutu/,.-L-nder Mr. D. N. Uanerji, with 8 snrveyors, completed an area of 
1,163 square n~iles OII  the +-inch scale in sheets 92/E/s.\v.,  N.E, .s.\\l., S.E. and ~ ? / F / N . E .  The 
centre of gravity of this camp lay a t  a distance of about 30 marches from the head-quarters 
of the party a t  J l y i t k ~ i n l ,  whence all rations, other than rice, had to be transl~orted on 
mules. With the exception of two surveyors who returned to recess quarters, the ?~er.qonnel 
of this camp remained in the area during the rainy season to complete the survey of the very 
high hills usually under snow during the minter. 

,\-o. 2 C'avap.-Under Mr. D. N. Saha, with 6 surveyors, completetl an area of 515 
square miles on the 1-inch scale in sheets 92/B/lz. 1s and 9'2/C/n, 13. Mr. Ram Prasatl, 12. S., 
on transfer to the party towards the end of the field season, was attached to this camp. The 
area embraced the upper drainage of the 3Iogaung Chaung, which flows into the Irrawaddg 
a t  Sinbo, and is covered with rlense forest; i t  entendetl to the limits of tho A1yitkyin:i 
district where it adjolns the unadministered area known as the Iiukawng valley. The 
existing notification defining the bouudary betwee11 Riyitkyinl tlistrict and rinadministererl 
territory in this area is based on old reconnaissance maps and could not bo reconriled with 
the positions of features as depicted in the modern survey. As a result, the headmen of 
villaRea on either side were consulted during the course of the survey, and an alignment 
separating the areas of their respective jliristlictions was mutually agreed upon. An amende(1 
d r a f t  notification defining this boundary for a length of about 74 miles was forwarded to the  
Deputy Commissioner, and now awaite the approval of the Local Government. 



T O P O G R A P H I C A L  SURVEY.  

Forest Sul.vey Detachment.-Under Mr. Jarbo with 7 pupil surveyom completed an 
area of 55 square miles of 2-inch special forest survey in the Myittha reserve, in sheet ga/D/e. 
This detachment was formed on 1st  December 1918 as 8. U U C ~ U S  of the Special Burma 
Foreat Survey Party and its was increased by transfer from other parti-8 and b~ 
entertainment of purely temporary hands. The area surveyed was additional the 

programme, as i t  was found that  the pupils could be employed on iude~endent  work after a 
fortnight's further tmining in the method of carrying out  forest surveys. The detachment 

was transferred to  the Special Burma Forest Survey Party which was formed on I s t  M a y  
1919. The expenditure incurred by this detachment is debitable t,o the  Forest Department. 

The area, surveyed by the surveyor who was attached to the Ktiki Punitive 
Ifeasures Force, was 367 square miles as already mentioned. It was on the  f-inch scale and 
was revision work. 

The out-turns and cost-rates are as  follows :- 
2-inch original survey, 55 square miles a t  Rs. 1 5 3 . 8  per square mile. 

I -inch do. 748 do. Rs. 3 7 . 6  do. 
&inch do. 2,346 do. Rs. 23.6 do. 
)-inch revision survey, 367 do. Rs. 9 . 3  do. 

The cost-rates for one-inch and half-inch surveys are less than those of last gear 
which were Rs. 4 8  7 and Rs. 24 .7  per square mile, respectively. The cost-ra.te for two-inch 
survey is above the average atld is due to the survey being executed a t  a slow rate by pupils. 

1'1.iungulalioa.-Mr. H.H. Creed triangulated a n  area of 1,700 square miles for detail 
survey on the 1-inch scale in sheets 83/P/6,7,s.  9. lo, 11, 12, 13. 14, 16.16. The country surveyed 
consists of well wooded hills with broad valleys a t  an average elevation of 3,000 feet above 
sea-level. The cost-rate of triangulation n-orks out  to Rs. 8 . 6  per square mile. 

Travevsing.-Mr. W.G. Jarbo was in charge of the traverse camp, which formed part  
of the Forest Surrey Detachment, and, with Mr.  Bhamba Ram and 7 traversers, traversed a n  
area of 254 square miles, representing 273 linear miles, in advance for  special forest surveys 
on the &inch and 2-inch scales, in sheets 83/P/9, lo, 13. 14, 92/D/ I ,  93/D/5,6. The traversing 
comprised the whole area of Hwelit, Nansaung and Rlyittha reserves, and parts of ModC, 
Chaunggyibya, hfezabxa, Yebokson and PI-iunyaung reserves, falling in Rlansi, K a t h i  and 
Meiktila Forest Divisions. Traverse lines were carried out along all forest reserve boundaries; 
in  addition, interior lines were run to sub-divide the larger forests into blocks of suitable size 
for p~;~)oses of starting and closing plane-table traverses for the detail survey. The area is 
well wooded and fairly free from undergrowth, but tlie narrow serrated ridges forming., 

2. 
port,ions of the boundaries of the Rfpittlla and Mod6 reserves proved an obstacle to  rapid work. 
The out-t~irns and cost-rates of traversing are as follo\vs :- 

For 4,-inch special forest survey, 117 square miles a t  Its. !)1.6 per square mile. 
For 2-inch do. 13 7 square miles a t  Rs. 9 1 . 4  per square mile. 
The cost of this trax-crsing is debitable to the Forest Departnient. 

Recr*s D~/fi(,a.-MI. D. N. Snha was in charge of tile fair-mapping of the season's 
out-turn of survey contained in three 1-inch sheets and one $-inell sheet. \Vork was also 
undertaken on three $-inch sheets partly surveyed and mapped last year whose surveys mere 
conll~letecl dllring t,he current year. The d i r e c t - ~ n a ~ ~ p i n g  syst,em was adopted and 
expeditecl 1)rogress of work. Owing to G surveyors being employed during Lire recess seasou 
on detail survey in the l'utao district, the dra~ving power of tile part). was much ,.educed, and 

i t  was not 1)ossible to finish the curretit fair-mapping. Sheet,s 92/F/s,w,J ~z/c/,., lo, ,4  were 
submitted for publiration dul.it~g the pear under report. 1111 fair-rnappinE in hand at the 
close of the recess season will be made over to t l ~ e  Maymyo Drawing Ofice for completion. 

The out-turns ant1 cost-rates of fair-mapping are as follows :- 
I-inch fair mapping, 356 square miles a t  Rs. 1 1 . 7  per square mile. 
&-inch do. 81 44 do. Rs. 7.3 do. 

The compntntiotrs of the season's triangrllation were completed doring the recess by 
M r .  ltam P~xsad,  1t.S. 

Ins~~cctioo~.-Thc Superintendent, Eastern Circle, inspected the party drlring recess. 
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No. I I  PARTY ( L O W E R  BURMA). 

The party mas employed in Lower Burma, in the districts of Mergui and Tavoy, in 
continuation of the previous season's work. The 

PBBIIONNSL. 
drawing office remained up a t  Maymyo. One 

ProoinciaI oflcsrs. surveyor was employed with the Ktiki Punitive 

Mr. J. 0. Greiff, in cbnrge. Measures Force, in Upper Burma. 
,, 0. J. H. Hnrt.  The area surveyed was 2,323 square miles, distri- 
,. E. M. Kenny. 
., C. 0. Picnrd. buted as follows:- 
,, A. V. Dickson from 23rd October 1918. I-inch original survey 1217 square miles, i n  

Upper Subordinate Serwice. sheets 95/P/ I (pnrt), 8 (part). 96/I/  13(part), 96/M/1.6,9 
in Mergui, and in sheet 95/J/ I (part) in Tavoy. 

Mr. P. C. Ben Gnpta, B. Sc. 
1-inch revision survey 26 square miles, in sheets 

Lower Subordinals S m i c a .  95/P/3 (part), 7 (part), Mergui. 
26 Burveyom. etc. )-inch revision survey (provisional), 1,080 square 

miles, in degree sheets 83 K (part), L (part), 0 (part), 
embmin: parts of the Upper Chindwin district and adjoining unadministered territory in 
Burma, and of Manipur in Assam. 

The field season extended from the 12th November 1918 to the 17th June 1919. I n  
hferpui the season was prolonged owing to abnormal rain in  the latter part of May and the 
beginning of June. The health of the party was only fairly good. There was much fever. 
Surveyor J luhammad Yusuf Khan, who rejoined the party from the East  Africa Detachment, 
on the 21st January, died of malarious fever on the 3rd June. His  death is a great loss t o  
the party, as he was n very promising all round surveyor. One menial also died of fever. 

Influenza also brolie out among the menials a t  Rangoon, some of whom were detained 
there for nearly a month and eleven of the senior men succumbed to pneunlonic-influenza. 

The country surveyed in the Mergui district, comprised the basin of the Little 
Tenasserim river, and two of its principal tributaries the Kyein Chaung and Theinkun 
Channg. The river and it,s tributaries have their source in the main watershed, which forms 
the international boundary between India and Siam. From the village of Letpanthaung on 
the Little Tenasserinl, up to  which point big boats ply, to  Thebyu village, the country is more 
or less l~ndulating meadow land, interspersed with cultivation and patches of open forest 

tgromtl~,  encircled by densely woocled irregular hills. From Thgbyu t o  the Maw-daung pass 
on the main watershed, the valley rapidly closes in, the hills and ranges are more defined and  
rise to  an elevation of over 2,000 feet'. I t  is probable tha t  the site of the old village of 
.Jelinga, from whicll the journey to Ayuthia, the ancient capital of Siam, used to be done in 
carts and tlhoolies was on this ronte. 

Plnne-tnbli11g.-The party mas divided into three campa as follows :- 

No. I (.'ov~p.-Directlj- under the Officer in charge of party, consisted of four survey- 
ors. I t  completed the survey on t,he 1-inch scale of 305 square miles in sheets 95/J/1 (psrt), 

95/P/1 and 96/1/13 (part) Also the revision survey on the same scale of 26 square miles in 
sheets 95/P/.i (r~art) .  7 (part). 

No. 2 Camp.-3Ir. Dickson in charge with ten surveyors completed the survey, on the 
one-inch scale, of 912 square miles in sheets 95/P/s (pmrt), 12 (part), 96/1/13 (pnrt), 96/M/1, n, 9. 

The average out-turn per surveyor per month of twent,y-four working days is 20 .7  
square miles. The out-turn is small, and during the first part of the field season did not 
everage more than 16 square miles per man. But  progress thron,ohout t,he season was consi- 

derably impeded bj- the unwillingnese on the part of the villagers to render any assistance. 
There was considemble d i f f ic~ i l t~  in procuring local labour even a t  the high rate of Rs. 1 / 4 / - ~ e r  
day. The area sr~rveyerl is inhabited chiefly by Shans, mostly emigrants from the Shan areas 
of Siam. Their villages are congregated in the low ground lying between the Kyein Cllaungand 
Theinkun Chaung, where these ~ t r e a m s  debouch from the hills and join the Little Tenasserim. 
Thev were most averse to leaving their homes, for long periods a t  a time; to work in wild 
uninhabiteJ parts. They are by nature extremely lazy and addicted to dissipation and gamb- 
ling, and though impressed for service by the local official, provided with supplies and advances 
of p y ,  frequently deserted the surveyors in large numbers, thereby considerably hindering 
progress. 



y01. XIV.] , TOPOGRAPHICAL 9 URVEY. 

Another factor which militated against rapid progress was the denrity ~f forest 
growth and the large areas of low-lying Rround, necessitating a very large amount of plane* 
table traversing. 111 these areas fixed points were not visible, and numerous macd8ns had to 
be built, some times a t  heights of nearly 150 feet above the ground, in order to interpolate 
points on which to close the traversing. Arrangements to guard against accidente to men 
climbing up to these machcinr were necessary and their provision was another cause tending 
to hinder progress. 

i\'o. 3 Camp.-Formed a training camp r o ~ ~ n d  Maymyo. I t  was directly under the  

~ ~ p ~ ~ ~ ~ i s i o n  of Mr. Y. C. Sen Gnpta and under the general supervisio~l and ine~ect ion of Mr. 
A ,  I Four pupil surveyors were under training, and surveyed between them an area 
of 25 square miles on the  two-inch scale. All the pupils except one showed good ~rorn i se  
as plane-tabler.;. The camp was in the field from the beginning of December 1918 to about 
the rniddle of &lay 1919. The area surveyed does not form part of the out-turn area fo r  

whicl~ the party takes credit. 
. One surlreyor from the party was attached to the Kiiki Punit,ive Measures Force for  

the purpose of correcting the existing f-inch map of the Somra tract,  lying to the north-west 
of the Upper Chindwin district. The original progFamme was not adhered to by the military 
authorities ancl the siirveyor was, a t  the beginning of the season, directed to  carry out t h e  
survey of an area in M a r ~ i ~ u r ,  Assam, for which no data had been supplied. The positions 
of prominent peaks in this area Irere 11ricked off from the old quarter-inch maps, on to  the 
plane-table sectiou, and the survey based on these. The whole of the area so surveyed will 
now need to be adjustetl on to the fixed points. There was also delay in providing escorts and 
coolies. The surveyor had a chance of carrying out his original orders later in the  season, bu t  
the revision of the survey nf the whole of the Somra t ract  was not completed. The survey is 
based on the triangnlation data of old No. 6 Party, North-East Frontier. The  country is said 
to  be densely wooded, rising from 400 feet, on the banks of the Chindwin river, to  over 9,000 
feet on the main watershed. I t  is well inhabited chiefly by Kiikis and NBgas. As i t  is a n  
area whicl~ will come under sgstemntic survey on the +-inch scale in the course of a few years, 
i t  has been treated as provisio~lal ancl has not been included in the surrey during the year for 
which credit has been taken by the Eastern Circle. 

Trianyf4lalion.-T1,iangulation was coiltinued by Mr.  Picard in the southern portion 
of the clistrict in parts of sheets 9(;/1/11,12,15,1~, 96/5/9.13, 9G/M/3,4,7,8 and in sheet 96/N/1, 
covering an area of 1,810 square 111iles. 

The country triangulated consists of irregular forest-clad hills, rising to  over 2,000 feet 
in elel-atiou along t,he Siam border, with a fringe of dellse mangrove jungle along its western 
limits, cut up by creelis and estuaries. Mud flats along this coast render parts of it  unapproach- 
able by steamers. 

The out- t t~rn of triangulat'ion for the season cannot. be regarded as satisfactorj-. The 
original programme was not. completed. I n  the last two months of the field season! 
110 work was tlour, owing to nll tlle transport mriles having died. There \vas also much trouble 
in lwocnring I O C R , ~  Iabonr for I i i l l  rlearing. lhte  to these facts the cost-rate of the triangulation 
is double that of prerions seasons. 

Tr,loersing.-In the Tavoy district the traversing'of 28 liuear miles of.the boundary 
of the Heinze and Kaleinanng forest reserve, renlaining over from the previous season, mas 
completed. The portion of the boundar~- lies in the exheme north of the clistrict, away from 
all habitation, ant1 without facilities of access. Conseqrient,ly much time was lost in marching 
and clea,ring patlls. The actllal number of working days was 53.  

The cost-ratcs for the different classes of work are :- 
I-inch original stlt.reJ- Hs. 68 .8  per square mile. 
I-inch revision ., Rs. 43.5 do. 
T r i ~ n ~ t r l a t i o n  11s. 1 4 . 3  (lo. 
l ' r avers i~~g  two-inch Rs. 8 0 . 2  11er linear mile. 

~ ~ C C F R X  Dtrfi~s.--In recess the party was divitled into three sections :- 
Xo .  1 Srctior~ .-With AIr. Kennj- in charge, completed the fair-mapping of 3G6 square 

miles in  slleets 9 6 / 0 / ~ .  4 ,  %/P/l,  N, 12, gG/M/n. The section also completed the mapping of 
7 forest bonntlary plot,s, on the four-inch scale, of the forest areas surveyed in Amherst 
district, in season 1 !I 1 7-1 8. 

N o .  2 Src1ion.-Of wl~ich Mr. I'icard was in charge, completed the c o ~ n ~ t ~ t ~ t i o n s  of 
the season's triangulation, revised part of the computations done by Mr. Dalbir Rai in season 
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1918-19, and made good progress in the prepamtion of degree triangulation charte 95 L, 
96 0, 95 P, 9 6  1, 9 6  M. The first three charts have ~rac t ica l ly  been completed, and wait 
final examination and correction in certain details, in order to make them conform t o  recent 
brdm. Mr. Dickson waa also attached to this section. H e  w&q employed in fully corn- 
Pleting the tield sections of the  current seeeon's work, and wsisting in  the computations. 

No. 3 Section.-The personnel of this section was almost identical with tha t  of No. 3 
Camp. It wee under Mr. P. C. Sen Gupta. Five pupile were under instruction in drawing, 
plotting, t y p ~ n g ,  hand-printing, etc. Mr.  Gopta also completed the  computations of part of 

the  previous season's and the  current reason's traversing, and started the preparation of the 
four-inch boundary plots of the  Heinze and K a l e i ~ ~ a u n g  forest reserve. 

Drmcing Ofice &ction.-This was maintained throughout t h e  year in  Maymyo for the 
porpoee of dealing with I-inch, 1-inch and &inch mapping of Burma and was under 
Mr. 0. J. H. Hart .  The area mapped on each ,of these scales was, 602 square miles in  
I-inch sheets 95/J /1,  s, 95/K/is,  16, 93/P/6, 96/M/6; 5,379 square miles i n  4-inch sheets 
9 2 / D / ~ . a . .  N.E , 9 2 / E / ~ .  E., N.w., ~ ~ / G / N . E . ,  9 . 7 / A / ~  E., N.E.9  9 3 / E / ~  w., 9 3 / I / ~ . w . ,  9 3 / 0 / 8 . ~ . ,  
95/J/s. w ; 1,000 square miles in f-inch sheets 9 3  E, 93 J. About 30 square miles of 
~ - r n ~ ~ p i n g  wee also done in I-inch sheets 95/P/3,4, 7 due to errors in the original survey of 
these &eete. This area of mapping has n i t  been taken credit for in the total area of 1-inch 
mapping done by the drawing ofice. 

The f o l l o ~ n g  sheete were sent for poblimtion in the year under report :-I-inch sheets 
95/K/16,16, 95/0/3.4, 95/P/s. 7 ;  4-inch sheets 92/D/w. w., 92/D/u. E., 92/G/..r. E., ~ ~ / A / N . E . ,  
93/A/s. E., 93/E/s. w , 93/I/x. w. and $-inch sheets 9 3  E, 9 3  J. 

The  area of I-inch mapping done by the party is small, d11e to the party having 
retumeJ from the field late in the season, and t o  a fairly large amount of odd pieces of work 
done in I-inch sheets tlrawn in previous seasons. There are practically no arrears of mapping 
in the party. The  greater portion of sheets 95/J/1,s,  93/P/e, 1 2  was surveyed in season 
1917- I 8, hut tile survey of these sheeta was completed last season. The mapping of these 
sheets hm been completed, and only the final examination remains. It is hoped tha t  i t  
will be possible to despatch the sheets for publication before the party takes the tieltl again. 

The cost-rates for the different classes of mapping are :- 
One-inch . . .  ... Rs. 1 1 . 0  per square mile. 
Half-inch ... . . .  Us. 2 . 1  do. 

... Quarter-inch ... Rs. 2 . 8  do. 
These cost-rates are in excess of the previous season, due to  officers on large salaries, 

and some of the senior surveyors OF the party being attached to the drawing office during the 
field season. 

~ ~ f i ~ r ~ I / ~ ~ i e o l l a . - - T h e  gro~lnd sorveperl last season in one-inch sheets 96/3f/ 1,  ~ , 9  is of 
grc.at historical interest as through this area passed the once famous overland ro~l te  
which for centuries played so important a part in the commerce and history of the ancient 
kinaalorn of Siam. I t  was one of t!ie main channels of her trade, ensured her 
commercial aetivitirbs ilurinz all se:lsons, and made Tenas~erirn one of the first marts for trade 
in the East. From aholit the ell se of the t l ~ i r t e ~ n t h  century, the time of the founding of the 
c:rpital of Ayut hia, t i l i  the ?-ear 171;7, Siarn had established her sovereignt,y over the province 
of Tenassprim, and (luring this period constructed and maintained this route aq one of the 
principal means of ileveloping her tmcle. I t  was along this route that  ambassadors and 
envoys, from t h r  co~rrts of Europe, and r~rincipalities of India, and foreign adventurerR 
t m v e l l ~ l .  The #last India Company l ls~t l  t,llis route for their letters to  Europe, xldressing 
them 'Via 'I'ena.;srrim.' There was also a n o t h ~ r  ro~ite, which falls in sheet 95/P/, s~~rveyed  
1%-t. season, ant1 which was along the Sarn-a Chaung, and crossed the main materuhed a t  the 
T5a-nw or Sarwa paw, now known an the P5lan-da~lng pass. This route was said to he eve11 
rllortcr fhau t 1 1 ~  soutl~crn rol~te, but owina to the great diffir~~lties to  he enco~~ntered was chiefly 
iised b- pruleatrians. This route is still r~seil by the Karens who inhabit the nort,l~-exqt. of tllo 
district;  i t  i~ l)racticahle for mules from t,he jrinction of the Palan-Chaung with the Sarwa- 
Cllaung to the pass. Thc principal route, however, was the uout,hern one, ant1 it  is ero~lnd thiR 
rollte that past and present interests centre. The present village of Tcnasserim wap in the 
d a v ~  of Siamere rule, the capital of the province, and t,he #eat of the Governor. Large sizeil 
craf t  csme I I ~  the river to Tenawerim, where freight and pwsengers were dimhargd. From 
here the jol~rnry was continued in small ha t* ,  'dl~gouts', up the Little Tene~serirn river to the 
village of J e l i n p ,  whence they proceeded overland, either in carts or dhoolies or on elephants, 
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to the esst coast of the  Gulf of Siam, where they again transferred ta boah, and ~ m e e d e d  
up the Menam river to Ayuthia. This route was p r m i t t e d  to fall into disuse and d m y  daring 
the period of Burmese rule. When the province became British no at tempt waa made to re- 
open and maintain these old r o u h .  But, within recent yearn interest in this once famous 
route hm been awakened and there has been much speculation as to its identity, and tha t  of 
the s i b  of the old village of Jelinga. I n  the accounts on record, descriptive of the  journey 
from Tenasserim to Jelinga by boat, there is a general agreement tha t  the duration of t h e  
journey was from six to seven days. Doctor Anderson in his book, "English Intercourse with 
Siam in the seventeenth century" is disposed to place Jelinga on the banks of the  big Tenas- 
scrim about seventy-six miles up stream. This would bring one t o  the  neighbourhood of t h e  
Sarwa route. The whole of this country has now been mapped, and during m y  tours, I 
hvoM much time to tracing the existence of Jelinga and the overland road. But  no- 

wherealong the banks of the Tenasserim is there any evidence of there ever having been a n y  
road suitable for wheeled traffic. The physical features of the c o u ~ ~ t r y  are absolutely againet 
Iruch a pobability. Such a road could only have been constructed a t  tbe cost of tremendous 
labour and expenditure, and would require much engineering skill. Hnd such a road ever 
been constructed, beyond doubt there woold, even to this day, exist evidences of it. On  the  
other hand, there is ample proof, physical, material, and t~adi t ional ,  of such a road having a t  
one time existed along the Theinkun Chaung, the main branch of the Little Tenasserim river. 
During my tour last season, I made i t  a point to  travel by thifi route up to the Maw-daung 
1mss on the main watershed. A six to  seven days' journey by small boats from Tenasserim 
would take one past the junction of the Kalin h a n  Chaung with the Theinkun, into t h e  
~leighbourhood of three deserted sites, within easy reach of each other, known as  Htawng 
Mwun, Leik-pok-Hkun, Naungbwa. All great physical obst.ructions to wheeled traffic 
terminate here. The hill sides descend in gentle slopes to  the banks of the Theinkun 
Chaung, the valley opens out, and the journey from this point t o  the pass is along practically 
level ground wlth an almost imperceptible ascent. The alignment of the  path from here 
conveys also the impression of its having been laid out with some skill, and all along t,he 
route, abundant evidences are met mith, of how closely ~ ~ o p u l a t e d  this part. of t,he district 
must once have been. Vndoubtedly Jelinga must have been in this locality, and in my opinion 
mas identical with the site of Naungbwa. It is the largest of the three sites, an open 
clearing mith a ruined pagoda, toddy palms and domestic vegetation. Both Shan and 
Siamese villagers testify to  its once having been a large important place, from \vhct~e, even 
to this day during the rains, men and goods trarel by raft or small boats. The tlescription 
of the village of Jelinga given by 3l.de Bourges, historian to the French Bishop Uerythe, 
\rho travelled by this route to Siam in 1662, a p p e a r s t o  correspond with the site of 
Naunghn~a. $11.. Leal, Interpreter to Captain Rurney's Biission to BanzLok in 1826, in  the 
account of' his journey from Siam by this route states, " the next da j"  (that is after ha\-ing 
crossed the watershed and starting from the site of a pagoda) I' the march \r.as continued 
"along a good road to the banks of the Tenasserim river, \\-here the l>art,y constructed selrcnty- 
" f i v ~  mfts, for the purpose of completing the journe?- to ;\lerguin. I)octor Tholllas Oldham 
in his 1)allers on the mineral l~rodncts of 3 Ie r~r1 i ,  j~i~blislrcd in 1852, refers t o  Snungbwa as  

t,lle spot from which he proceeded I:! n~iles  along a good road towards the adlninistrative 
h o u n d a r ~ .  Thc map of Lieut. Bagge R .  E. compiled for the settlenlent of the boundary 
bet~vecn the kingdom of Siam and the British province of Tenasserim, ll~tblislled in 1868, 
shows the site of a village in the same IocaIit,j-, and a roacl proceeding from i t  across tile 
;\law-dannS pass to Siam. 

TIIC consensw of evidence is r~ndonbtcdly in favour of Naungb\va being itlentical with 
the old village of Jclinga. 11 day's march from this spot are the ruins of the village 
formerly called Jieuam, nonr known as Jlainam-wat-yo-so. The site is marked by the  
rnins of what mas a t  one time a big pagoda. The platfornl is aborit 150 feet square 
strcwn \\.it11 many broken images of the Buddha cut in stone. The size of the  bricks, the  
class of mortar and style of o~man~entation, point, to  its ronstrrlction being concurrent with 
illat of' thc town of Tcnasserinl, built in 1373. The .\Ia~\r-dal~ng pass (Siamese Kholr-maan) 
is abo~rt two hours mar41 from Mainam-wat-yo-so. 

I1t.qpec1ion.q.-The S~~perintendent  of the circle inspected the party in the tield between 
the 22ntl and 29th January, and again in recess a t  Maymyo on the 10th August. 
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No. 1 2  PARTY (ASSAM). 

During tlie field season 1918-19 the  party carried out original and revision stirvey 
on the 1-inch scale of sheets 831113 (part), 4 (part), 

PBREONNEL. 6 (pnrt). 7. 8(parl.), 10 (part). I I (pnrt) and 14 (part) in  
I711penal Oflcer. the Lakhimpiir and Sibsigar districts and t h e  

Cnprni~~ b', B .  Scott, I .  A. ,  in chnrge from ?3rd Sadiyi  frontier tract of Assam, and original 

April 1919. 2-inch survey of two reserved forests. 
Triangulation and traversing in advance of 

Provi~~cial  Oficers. 
detail survey were also iindertaken in sheet 8 3  C. 

Mr. ll. W. uiggie, in charge up to 28th Febl.nnr~ The country generally is covered wit11 dense jungle 
1919. 

., K.  G .  Hnrdin~e,  in charge from 1st March to and the plains are subject to inundation. 
22nd Aprrl 191 D. The field season extended over a period of 

,, Pramnrlnrmjiln t:ny. I:.s. about seven months, commencing on the Zlst, Octo- 
,, Prniulls Chnndm Milm, B . A .  ber 1918 and closing on different dates between 
,; K.  S. Oopnlnchnri, 1 i . A .  

the 1st May and Gth June 1919. 
G>per Sfrbordinute Se~rice. The party did not take the field in full 

Mr. Girijn ronker Bagchi. strength owing to war conditions. 

Lover Sutordi~~nle Sev~li~.e. 
The health of the party w:as not good. 111- 

Anenza broke out among t,lre Haziiribfio.11 khalasis 
u 

25 Survejorr, etc. on their arrival a t  Dibrngarh and Shillong, resolt- . . 
Ing 111 thirteen deaths out of about 40 cases. 

One surveyor was attacked with infliienza in March, ancl another was gored by a buffalo. 
The health of all those who remained in the field after the commencement of the rains in April 
suffered. 

Plane-tnbliny.-The country in which detail survey was carried out is a flat area,, mostly 

covered with dense jongle consisting of trees, cane brakes and tall grass. It is subject to  
inunclation cluri[l,o tlie rains, and rivers ancl "Lils", or swamps, are numerous. Villages ant1 
patches of cultivation are scattered through the area. The foot hills of the Himtilayas, rising 
t o  about 3,000 feet, came into sheet 83/1/10. The main rivers are the Subansiri, G h u n i  Suti, 
Gherliutii  Suti,  Sivi and Koran. Tlrere are a few cart tracks which can be used in dry weather 
only, and footpaths in the forest areas. 

The party was divided into two camps. 
N o .  1 Camp under Mr. Hardinge up to the 16th February 1919, \vlien Mr. P. Raj-, 

R. S. ,  t'ook charge, with seven surveyors and four plipil surveyors surveyed 8.22 square miles 
of original and 30 square miles of revision survey on the 1-inch scale and 23 square miles of 
reserved forests on the 2-inch scale in parts of sheets 83/1/3,a,~.1o,i1,14. The revision survey 
was nndertak~n in the area previor~sly surveyed in 1916-17 on account of changes caused by 
riverain action. 

21.0. 2 Cumnp r~ncler Mr. I(. S. Gopalacha~~i, with three surveyors up to the 25th February 
1919, and tive surveyors ancl two pupil snrveyors after that  date, surveyed 34,l square miles on 
the 1-i~lch scale in sIieet,s 83/1/1 (part), (; (part). 7.11 of which Mr. Gopal:~cllari himself 
survej-ed 5 i  sllnare miles. The work, except in the small portion of hills falling in tlre area., 
mas carried out by plane-table traversing. 

Tlie total area surveyed by both camps on the 1-inch scale was l , l S ~ l  square miles, 
including Y O  square miles of revision survey, and 23 scluare miles on the 2-i~rcli scale. The 
resl)ect,ive cost-rates are Rs. 3 7 . 1  and Rs. 7 3 . 4  per square mile and the combined cost-rate 
Rs. 3 7 . 6 .  

'liiu~r!/~tlulion.-Triangulation was carried out by Mr. P. C. Mitra in sl~eets 83/C/2,8, 
q p ~ ~ t ) ,  I;,;.H (p:lr~).  10.1 1.1 2, I 6 . 1 ~  and reconnaissance hy Mr.  K. S.  Oopalac1;ari in sheets 83/C/ 
1 .  The country consists of hills rising to 5,000 feet partly open and partly covered wilh 
dense jungle. These hills rise very steeply from the plains to thc south, and, on the north, 
clc~scend ,nradrrallp in a series of flat-toppecl elevations, n rccss i tx t i~ i~  a large anronnt of jrlnale 
clearing, to enable observations to be matle. Lahour and snl)l~lies are both scarce, a ~ ~ d  coolies 
the only nleane of transport. Smoke haze interfered with the work in March and heavy rains 
in April and ;May. An area of 2,735 sclrlare miles was triangulatetl, the cost-rate being Rs. 5 per 
square mile. 

Tracer~ing.-Travers~ng was carried out in the portions of sheets 83/1/:3 and 

83/C/r,sand along portions of tlie artificial boundaries of reserved forests in the hills. The  
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co~lntry is similar t o  that  described under " plane-tabling " and " triangulation " in the 
and hills respectively. One traverser was employed in 831113 and two in 83/C/4,~. The out- 

turn mas 258 linear miles covering an area of 410 square miles. 1,776 stations were fixed, of 

which 126 were permanent,ly marked and 61 were marked with zinc cylinders. The coet-rates 

per linear mile for 246 linear miles of traversing for 1-inch survey, and, for 1 2  linear mile# of 
traversing for &-inch survey are Rs.  3 6 . 4  and Rs. 93 .8  respect.ively. The combined cost-rate 
is Rs. 3 9 . 3  per linear mile. The high cost-rate for forest boundar traversing war due to the  
d i5cu l t  nature of the ground, entailing much line clearing. 

Recess Duties.-A drawing section of six surveyors and one Sub-Assistant Superin- 
tendent under Mr. P. Ray, R.  S., till the middle of February, and nncler the officer in charge 
of party after that  date, remained a t  Shillong during the field season, and carried out a portion 
of the fair-mapping of the '-inch sheets 95/J /s .  E., 83/F/s .  E , 9Y/O/s. R . ,  ancl special contour 
sheets of ~ ~ / B / N . I c . ,  N.W. This work mas delayed on account, of having to wait for material. 

During recess the party was divided into three sections :- 

No. I Section, under Mr.  llardinge with uine surveyors carried out the fair-mapping 
of 1-inch sheets 83/1/7.e, of part of 4-inch sheet 9 5 / J / s . ~ ,  and of the special contour sheet of 
9 3 / J / s . ~ . ,  and took over the mapping of sheets 8 3 / I / ~ , s  (parts) from Mr.  Gopalachari on hie 
transfer to the Trigonometrical survey on the I s t  September 1919. 

NO. 2 Section, under Mr. P. C. hlitra with one Sub-Assistant Superintendent and 
eight surveyors, carried out the fair-mapping of sheets 83/1/10 (part). 1 1 . 1 4  (part) and of +-inch 
sheets 8 3 / F / s . ~ .  and 9 3 / 0 / s , ~ .  including their special contour sheets. 

No. 3 Sectioj,, under Rlr. K. S. Gopalachari and 4 surveyors carriecl out the  fair- 
mapping of sheets 83/I/4,s (parts). Rfr. Gopalachari hancled over to Mr.  Hardinqe on the 

1s t  September 191 9. 
An area of 1,%6 square rniles for publication on the I-inch scale, a t  a cost-rate of 

Rs. 1 4 . 9  per square mile, has been fair-mapped. Sheet 831114 ~vill  not be submitted for  
this year, a- a small portion remains to  be surveyed. 2,011 square nliles of 

+-inell \vorlc hare also been fair-mapped a t  a cost-rate of Rs. 3 . 3  per square mile. 
Rfr. P. C. Rfitra, with one computer, completed the computatioll of the triangrilation 

carriecl out during the field season, and four computers and traversers completed the traverse 
con~putations and the 4-inch bonndary plots of artificial boundaries of reserved forests. 

Miscc. l ln~~eo~~s.-Tl~e smoke haze, which obscures all distant points, interferecl with 
the triangulation daring RIarch and until rain commenced in Aljril. The heary rains ~ v l ~ i c h  
came in April and May this year, and the conseclllent sickness among ofliccrs and their squads 
l'revented the completion of both triangulation and traverse ~ > r o g r a ~ n n ~ e s .  T l ~ e  party's 
elephants were of great assistance in North I~akhimpar  and were the only means of tralisport, 
off the cart traclis. I n  8 3 / C / u  there are no villaqes evccpt along tlie sonthern fringe and the 
only co~llmunicatious are wild elephant paths. A local man en~plo~ec l  as a khalasi nras take11 
by a man-eating tiger in t l~ i s  area. Leeches carlsed some trouble, aud leech proof socks \\.ere 
issued, and proved very nseful in preventing bites. The unsettled state of the boundaries n7as 
again a source of delay and necessitated nunerons references. 

Inspectio~ts.--The Surveyor Genel-a1 inspected the party on the 2Yrd Ju ly  191!). The 
Sul>erintendent, Rlap Publication visited the party dr~rillg October 1916. 

S P E C I A L  DTTRRIA F O R E S T  SlrRVEY PARTY ( I J P P E R  BURRZA). 

BY H.W. BIGOIE. 
This party, n~hich 1vas formed on the 1s t  May 1919, took over ancl carried on the 

I'IERSONNEL. work of t,he Burma Forest Survey Detachment 
which had, up till then, constituted a section of 

Proiii,iriol Oficsrs. 
No. 1 0  Party. The report deals ~ v i t h  the opera- 

M r .  H.W. Higgie, in  rhnrge from 8t,h May 1019. tions of the un i t  as  a party. 
,, W.U. Jarbo, in charge f1.orn 1st to 71.h Al6y 

1919. The m i s o n  d'dfre of the party is amply 
sriggested by its designation. MTork has started Upper  Si~bordiitate Service. 
in reserved forest,s in the Northern and Southern 

Mr. Bhnmbn Ram. Forest Circles. The staff a t  present is the same 
Lorue* Stil~ordina/c Service. as that  which formed the nucleus, and needs t o  

9 ~urreyors, etc. be considerably reinforced to enable i t  to dea l  
fully with the work ahead, 
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The country over wl~ich t.raverse and detail survey operations were mrried out coneish 
of well-wooded hills. 

The field season closed on the 31st May 1919. 
Owing to sickness, one surveyor employed on traversing in the Northern Forest Circle 

wes not able to do any  work during the month of May. Another surveyor similarly employed 
in t h a t  area had to close work on account of fever in the middle of the month. The health 
of the  rest of the party in the field during May was good, but nearly all suffered from 
periodical attacks of malaria after their return to  recess quarters a t  Maymyo. 

P ln~l r - fnh l i~~g  (Souther)! Forest Circle).-This was carried out in sheet 9:i/D/,j in 
wooded hills rising from 2,000 to 5,000 feet in the eastern portion of the Meiktila Porest 
Division in the district of the same name, where i t  borders on the Southern Shan States. 

The work n7as under Mr.  Jarbo with six pupils. The out-turn during the month of 
nfay was 1 9 . 9  square miles of detail survey on t,he 2-inch scale in the Myit tha forest reserve. 

The cost-rate, based on the one montll's out-turn, is Rs. 92.7 per square mile. 
Trinttgz~1ation.-Nil. 

. Traversing (AITorthern. Forest Circle).-The country traversed in sheets 83/PI9, 14 con- 
sists of well-wooded hills, fringed on the east by the Minwun range, starting from the extreme 
northern limit of ICathB, east of the Taungthonlon hill, and running down the centre of the 
d i ~ t r i c t  to  its southern boundary. 

Mr.  Bhamba Ram and three traversers were employed on the mork. This section was 
not inspected c l o r i n ~  May, but t,he arrangements for closing its mork about the beginning of 
J u n e  were delegated to  Mr. Bhamba Ram. 

27.4 linear miles of traversing, covering an area of 2 7 . 8  square miles in the Mod6 
and Chaunggyibya reserves in the Mansi Forest Division mas carried out. 

The cost-rate per linear mile is Rs. 106.0. 
( S o u t h w n  A~rcst Circle).-The country traversed in this forest circle, in sheets 93/DI6,s 

is as described under the head of Plane-tabling, except that. a lower elevation, 1,200 feet, 
abore sea-level, was reached. 

8 7 . 5  linear miles of traversing, covering an area of 1 5  square miles, in the Pyinnyaung 
and Yebokson reserves of the Meiktila Forest Division was carried out. 

The cost-rate per linear mile is Rs. 91.2 .  The combined cost-rate per linear mile for 
traversing in the Northern and Southern Forest Circles is Rs. 98 .6 .  

As in the case of plane-tabling, the cost-rates of traversing have been based on a single 
month's out-turn. 

Rrcrss Duties.--(a) The fair-drawing of the party consisted of the drawing on the 
scale of survey, on the out-line sheet, only, of 74.4 square miles of rletail survey on the 2-inch 
scale rompleted during 1918-19 by t,his ant1 No. 1 0  Party. The surveyed area lies in two 
sheets, 9:1/D,(; N and 9Y/'D/6 8 ,  in both of which additional survey has to be undertaken 
in seasons 1!)1!)-21, so t,he drawing of the hill sheets has bcen held in abeyance until vandyke 
prints of the entire oi~tline areas to  be drawn rnn be obtained. The outline drawing was 
dono by transfer f r o n ~  hand traces prepared from the field sections. 

The estal~lisli~nent employed on fair-tlraming, or instruction in  drawing, under Mr. 
Jar to cc,nsisteql of six surveyors and pupils. Of these only two were found qualified to do 
fair-tlran.inl,.. The rest were kept under instrr~ction in both outline and hill drawing and 
were, later ill t l ~ e  season, put, under ins t rnc t io~~ in con~putations in which they made satisfac- 
tory progress and n-ere able to help to  further the 1v01.k. 

The out-tnrn of fair-mapping is estimated to be 2 5 . 3  square miles, and the cost-rate 
per sqllare mile is Rs. 41.1.  

(h).-Other recess dr~ties inclritled the compi~tations of the seasoa's traversing by four 
lower Puhorclinatea ~ ~ n t l e r  the supervision of 3Ir.  Jarho, assisted by Mr. llhamba Ram. The 
lower s~lbordinates had to be instructetl before t l~e i r  service0 coultl be utilised. 

The work rompri~e,l  t l ~ e  r o n ~ ~ ~ ~ t a t i o n s  of 133 linear miles of traversing in the 
Northerll ForePC Circle for detail snrvl-y on the &inch scale ant1 129 linear miles of traversing 
ip the Sontllern Forest Circle for detail survey on tho ?-inch scale, the cost-rates per linear 
mile being b. 31 - 4  and RR. 33 - 2 re8l>ectiveI~, ant1 the combined cost-rate per linear mile 
3a 32.3. 
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The cost-rate per linear mile for traversing and computations will therefore be the  
ad&tion of Rs. 98.6 and Rs. 32 .3  or Rs. 130 .9 .  

M~sceI1aneo~~a.-The cost-rates for all classes of work are high. This is due t o  
. . 

organlzlng and equipping a new party, entailing abnormal expenditure which is debitable to 
the short period reported on, during which only small out-turns were obtainable from a staff, 

mostly of p p i l s  and purely temporary hands, recruited in an emergency. All of 

these men had to be put under instruction and the results of their actual work are much below 
the average. I n  recess also, a great deal of time and labour had to be spent on instructing 
then, before their services could be utilised to  further the progress of the work. As already 

stated, the present establishment of the party is the same as that  which formed the  nucler ;~ 
which existed as a detachment, but the out-turns of the party are burdened for the period 
under report with the expenditure of a major charge. All the espense incurred on the journey 
to their homes in India of the menial establishment, instead of being debitable to the out-tnrns 
of half a field season, are a charge against work done in the month of R l ~ y  alone, which gives 
an average of only 17 working days for traverse and detail survey. 

Administrative sanction to the erection of an ofice for the party 11as been accorded 
by the Local Government a t  a cost of Rs. 40,000 and i t  is hoped that  the building will be 
ready by the beginning of nest  recess. Mr.  C. G .  Rogers, C.I.E., Chief Conservator of Forests 
has very kindly placed five elepllants a t  the disposal of the party, which have been purchased 
for its use a t  a total cost of Rs. 20,000. 

X scheme for traiuing Burmans as surveyors is a t  present under consideration. 

Inspection.-The Superintendent, Eastern Circle inspected tile party during t h e  
recess season. 

K U K I  STTRVEY D E T A C H M E N T .  

BY H. T. 1 ~ 1 ~ ~ 1 1 ~ s .  

The cletachment was formed a t  the end of March 1019 a t  the request of t l ~ e  General 
Officer C o n ~ m a n d i o ~  the K i k i  Punitive Measures 

PERSOS~VEL Force with the object of revising on the +-inch 
Proetncial  Oficrr. scale as much as possible of the  existing maps of 

31r. H. T. Hugl~e.,  In charge. the areas in ~vhich the Force had been, and then 

was, operating. 
L O I I W  Subordinate Sfr.oice. 

r i  l l le  triangiilation on \vhich it  mas necessary 
3 Surveyors. 

to base the detail revision survey a t  the commence- 
ment of operations was weal< and i t  was proposed tha t  the officer in charge of the  
dctachrnent should carry out a supplementary triangulatiou as soon as he had completed t,he 
arrangements for the plane-tablers. 

This honrever 11e found l~imself unable to do ancl the whole area of revision survey, 
amounting to 2,291 square miles, has had to rest on such points of the existing triangulation 
of the area dealt \vith as could be found by the plane-tablers. 

The out-turn rate of plane-tabling has averaged 1 9  square miles per working day and, 
thong11 in some parts there has been a good deal of generalization, the resulting survey con- 
stitutes a great advance on the existing maps of the area. 

The area survcj rd comprised the southern portion of the Afadipur State  and small 
portions of the Chin IIills and Lushai Hills along the northern boundaries of these areas. 
It falls chiefly in sheet S:3 H, but takes in also small portions of sheets 83 D, 85 A and E. 

As tl~esc arras will come under systematic srlrvry on the $-inch scale in the course of 
the next few years, thc work of the detachment has bren considered as provisiollal and has not 
bren taken credit for as 1)rogress accomplisl~ed. 

The country surveyed was hilly, rising, from a l o o t  375 feet above bea-level in the 
valleys on the western etlge, to 6,675 feet on the Kailam Range, and for the most part mas 
Sol,est clad. Watcr  was p l e n t i f ~ ~ l  but supplies, other than a small amount of rice, unprocur- 
able locally. The surveyors and khalasis \\ere rationed under the same arrangements as  were 
madc for the Military Police with which they were working; and the general health mas good. 
This may have been accounted for partly by the fact tha t  the season was r dry one and t h a t  
work had practically closed when the rains broke on 8 th  June. 

Much help \\?as received from the Political Agent, Manipur aud from the officers of 
the Military Police operating in the country. 
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TABLE I. 

OUT-TURNS OF PLANE-TABLING 1918-19. 

l'er working day. 

Circle. 

E 

E 

E 

8 

E 

S 

S 

S 

E 

E 

E 

E 

N 

S 

S 

E ! 

S a l e .  

- 

+-iuch 

4-inch 

1 -inch 

I 

I-inch , 
I 

Pnrty. 

No. 10 

No.  11 

~ h l i i  ~ e t .  

NO. 6 

No. 1 0  

No. 5 

XO.  6 

ho.  7 

S O .  9 

No. 10 

NO. 11 
i 

Clnss of Survey. 

Revision Sur-  
vey (Provi- 
sionnl) . 

Originnl 
S u r \ e y  . 

O r i g i ~ ~ n l  
Survey . 

Oripirinl 
~ u r 1 . e ~  . I (Military) 

I-inch R e y i ~ i o n  I Survey . 

Locality. 

Upper  Burma ... 

Upper  Burma ... 

Assam ... 

Hydercbiid ... 
Upper Rurmn ... 

Centra lProvinces  ... 

HrderiLbLd ... 
rCIadrns ... 

Eengnl ...' 

Upper  Bnrmn ... 
L o n e r  Burma ... 

i 
1-inch isl~pplementarp 

i Hurvey . 

1:-inch i Oririnnl I Surrey  . 
I 2-itlch Originnl 

3-inch 

NO. 12 1 A ssaln ... 
I 

Survey . 

Original 
Survey , 
(Military) 

Out-turn, 

- 

367 

1,080 

2,291 

178 

2,346 

979 

274 

2,226 

548 

74.8 

1,217 

Aaaam ... 

130mbay ... 
AIndrns ... 

No. 1 

KO.  5 
I 

S o .  8 

KO.  11 

E I R O  12 

S / Ao, 6 1 

squmre 
miles. 

Avernge 
per mnn 

per month 
Of 24 
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days. 

587.2 

296.8 

19.0" 

60.4 

7 7  

18 .3  

82.0 

30 .5  

20.9 

20.0 

20'7 

30 

1,670 

1,182 

2312 

12 

65 

23 

20 
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1 1  

92 

463 

42 

26 

f & ~ , ~ ~ ~ ' ~ ~ f  
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hladraa ... 
1,olver Burma  ... 

8 

1 8 . 1  

36 .0  

1 6 . 4  

1 1 - 7  
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2 . 1  

8 . 1  

4 . 1  

6 . 5  

1 8 ' 1  

21'8 

17 .0  

18 '2  

mile. 

I n  situ (by 
resection). 

--- 

0 . 1  

0 . 2  

7 .6  

0 . 4  

12.9 

12 .8  

8 ' 5  

7 . 3  

0 .9  

1 . 0  

0 . 2  

5 . 3  

5 . 0  

0 . 2  19.G I 8 ' i  

P;o. 8 

I 
No. G i Hyder ih ld  

S l  1 
... 

Plnne-tnble 
trnverse. 

0 . 2  

1.1 

3 . 6  

2 . 0  

1 0 . 2  

8 . 6  

7 .9  

19 .6  

9.G 

2 . 3  

9 . 4  

5 . 0  

19 '8  

15 .8  

8 . 9  

... 

3'6 

40 

' 

11 .7  

3 . 8  

1 8 . 3  

136.9 

43.3 

56 '8  

Madras ... 
r p p e r  Rormn ... 
Awam ... 
Vpper  Rlrrmn ... 

United  province^, 
Central India nnd 
]$n luch i~ t in  ... 

S I Xo. 7 
1 

E 

E 

E 

N 

KO 10 

No. 12 

Spwinl 
H u r ~ ~ t n  
Forent. 

No. 11 
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TABLE I.-Concluded. 

OUT-TURNS OF PLANE-TABLING 1918-19.-Concluded. 
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PART 11.-GEODETIC AND SCIENTIFIC 
OPERATIONS. 

TRIGONOMETRICAL SURVEY. 

ASTRONOMICAL LATITUDES. 

No latitude operations were carried out during the year under sel~ort  and the per600nel 
of this party mas employed a t  the Head Quarters 

PERSONNEL OF NO. 13 P A ~ T Y .  Office of the Trigonornetrical Survey. 
Imperial Oficezs. 

Major H. McC. Cowie, R. E. in charge up to 11th 
May 1919. 

Major C. M. Thompson, I. A., in charge from 12th 
May to 31st Auguet 1919. 

Major M. O'C. Tandy, 0. B. E., D. S. O., R. E. 
in chsrge from 1st to 16th September 1919. 

Bt.-Msjor C. O. Lewie, R. E., in charge from 17th 
September 1919. 

Locuw Subordinate Set-uice. 

2 Computere, elc. 

PENDULUM OPERATIONS. 

No pendulum operations were carried out during the year under report aud the per- 
sonnel of this party was reduced to a minirnam 

PEBSONNEL OF NO. 14 PARTY. and employed in miscellaneoos work. 

Majar H. McC. Cowie, R. E., in charge up to 8th 
Mny 1919. 

Major C. M. Thompson, I. A,, in cbarge from 9th 
May 1919. 

Lotow Sttbosdinole Service. 

1 Clerk, etc. 

TRIANGULATION. 

The party did not take the field during field season 1918-19. 

Major R. Foster, I, A. in chsrge from 30th April 
1919 to  1St11 Mny 1919. 

Bt.-Major C. C t .  Lewis, R. E., in charge from 16th 
Nay 1919 t,o 26tl1 May 1919. 

Major R. H. Thomar, D. S. O., 11. E., in charge 
from 16th Auyost 1919to 30th September 1919. 

Provincial Oflcera. 

Mr. H. G. 81inw, iu charge from la t  October 1918 
to  30111 April 1919 and from 27th Map 1919 
to 15111 August 1919. 
C. S. McInnea. 
Abdnl Earim, B. A. 

Lower Sttlordinate Service. 

9 Compnlers, etc, 
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T I D A L  OPERATIONS. 

During tlie year under report, registrations of the tides by means of self-registering 
tide-gauges were carried out a t  the portr of Aden, 

PERSONNIL OF NO. 16 PARTY. Karichi,Bombay (ApolloBandar), Bombay (Prince'e 
Prooinrial Oflcwr. Dock), Madras, Kidderpore, Rangoon, Moulmein 

Mr. 0. C. Ollenbach, in charge. 
and Port Blair. These operetibns were conducted 

l i l ~ s n  Sahib Syed Z ~ l l e  Hannain. under the direction of this department, the imme- 

Laver  Subordrnate Sevuice. 
diate control of a l i  the  tidal observatories being en- 
trusted t o  the local officers of the ports concerned. 

20 Computers. etc.  I n  addition to the above work, the predictione 
of high and low water for the year 1918 a t  Bhaunagar, Chittagong and Akyab were com- 
pared hgainst actual readings of high and low water supplied by the Port  Officers concerned. 
These readings were taken during day-light on tide-poles throughout the year. The object 
of the above comparisons was to see whether the predictions which ,were based on tidal 
observations taken some years ago still maintained tbe required degree of accuracy. . . .  

T I D A L  O B S E R V A T I O N S  A T  BASRAH.  

Tidal observations on an ordinary wooden tide-gauge a t  Basrah were taken by the  
Nilitary authorities, a copy of which was supplied to this department by the Director of 
Inland Water Transport, Mesopotamia. The observations for t h e  year commencing 1s t  
January 1918 were reduced by the method of harmonic analysis and the constants thus  
deduced were used in the computation of data  for the Basrah tide-tables for 1920. These 
data were forwarded on 30th April 1919 to t h e  Director, National Physical Laboratory Ted- 
dington, England, for the preparation of the tide-tables witli the aid of the tide-predicting 
machine. 

The tide-tables have not yet been received. 

L I S T  O F  T I D A L  STATIONS. 

The following is a complete list of the  ports a t  which tidal observations have been 
carried out from the commencement of the tidal operations in 1874 up t o  the  present time. 
The permanent stations ore shown iu italics ; the others are minor stations which were closed 
on the completion of the requisite registrations. 
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T I D A L  OPERATIONS.  B 1 

The tidal observatories a t  Kidderpore, Rangoon, Moulmein and Port  Blair were ins- 
pected by Mr. 0. C. Ollenbach. 

' Khan Sahib Syed Zille Haanain inspected the  obsewatories a t  Kerichi, Bombey 

(Apollo Bandar), Bombay (Prince's Dock), and Madras. 
The illspectioh of observatory was carried out rigorously, special attention being 

paid to  the following points :- 
( a )  Checking the working zero of the tide-gauge and comparison of the same 

with the true zero. 

( 6 )  Testing the stability of the tide-gauge by check levelling between ite bed 
plate and the bench-mark of reference. 

(c) Testing the zero of the graduated staff with reference to the zero of the  
tide-gauge. 

( d )  Thoroughly cleaning and overhauling all the instruments and put t ing them 
in perfect working order. 

(e) Final adjustment of the tide-gauge and the working zero after cleaning the  
whole apparatus. 

(f) Examination and cleaning of the observatory well and the inlet holes and 
securing free communication between the sea and the well. 

( g )  General examination of the observatory cabin with the object of get t ing any  
repairs done, if necessary. 

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

Aden .-The inspection of this observatory was withheld during the past year chiefly 
owing to the difficulty of travelling to  Aden and back on account of the  war. From t h e  
reports and the tidal diagrams which are being regularly received from the observatory it 
appears that  the tide-gauge has been working satisfactorily. An early opportunity will be 
taken to inspect this observatory during the ensuing field season. 

Karichi.-During the past year there have been twelve minor interruptions in the 
tidal registrations of this observatory owing t o  the  inlet hole being temporarily blocked. 
Wi th  this exception, the tide-gauge has worked satisfactorily. 

Bombay (Apollo Bandar).-The tide-gauge at this observatory has worked without a 
break throughout the past year. 

Boinbay (Prince's Dock).-Since last year the working of this observatory has consi- 
derably improved. The vexatious breaks in the tidal registrations due to the stoppage of the  
driving clock or the breaking of the pencil mire which used to occur very frequently in former 
years have pract,ically disappeared. This is chiefly due to  the care and attention bestowed by 
the  present observatory clerk on his work. 

Madras.-The working of this observatorv during the past year has been continuous 
and t,lioroughly satisfactory. 

Kidderpore.-The tide-gauge has worked very well during the year under report. 
Rangoon.-There have been no breaks in the working of this observatory since the  

last report. 

Moulmei71.-Tlle tide-gauge a t  this observatory has worked well, but  the clerk in  
ellarge of the observatory was found to be grossly negligent in submitting the daily reports, 
tidal diagrams and othcr periodical returns to  the office of the tidal operations a t  Dehra Dhn. 
The matter was brought to  the notice of the Port Officer who eventually changed the observ- 
atory clerk and since then the reports and diagrams have been regularly received. 

Port Blair.--The tidal registrations a t  this observatory have been very satisfactorily 
carried out. The bottom section of the iron cylinder had got morn out and in consequence the  
inlet holes had become larger than their original size and several other holes in the cylinder 
had splung up, with the result that the rush of the water inside the cylinder was too much for  
the smooth and a r c n r a t ~  registration of the tides. The Engineer and Harbour Master of Por t  
Illair mas requested to have the bottom section of tbe cylinder renewed which was done in 
february last. The tidal curves registered on the diagrams have since assumed normal shape 
and been quite satisfactory. 
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CO~~PUTAT~ONS AND REDUCTION OF OBSERVATIONS. 

All the computations pertaining to the past year's work have been con~pleted and there 
are no arrears. The tidal observations at the nine working stations for the year 191 8 have 
been reduced by harmonic analysis. I n  addition, the observations taken a t  Basrah on s 
tide-gauge erected by the Military authorities and sulq>lied to this department by the Director 
of Inland Water  Transport for the year 1918 have been similarly treated. The tidal constants 
tleduced from the above reductions are shown in the attached tables. 

These tables give the amplitudes (R) and the epochs (3) a t  the ;various stations; they 
also give the values of H and K which are connected with R and 5, through the various aetro- 
nomical quantities involved in the positions of the sun and the moon, in such a way that  if 
the  tidal observations were consistent from year to  year H and K would come out the same 
from each year's reductions. 
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219.33 

193.22 
171.81 
180.16 

41.42 

------- 
0 

12.30 

20.17 

1 . 7 7  

0.503233.24 

133.74 

I 

o 

183.06 

209.57 

153.44 
95.19 
70.29 

330.26 
25.00 

330.75 

162.68 
91.33 
48.16 

A.=2.222 

C 

o 

77.61 
4 .330.454268.850.454268.65 

246.80 

284.04 
254.75 

3.62 

322.30 
31H.01 
336.30 

344.83 
110.56 
248'01 

50.21 
164.98 

284.74 
115.20 
21-21 

112.78 
245-98 

1 - 3 6  

302.81 
9.46 

137.05 

226.55 
131.91 
63.44 

45.00 

0 

216.78 

71.66 

279.48 

313.14 

293.53 

326.28 0.148 290.91 
2:34.:35 1 1  0.006 272.98 
85.22/0.071 201.46 

H 

0.028 

0.001 

0.001 
0.004 

1.095 
0.003 
0.005 

0.007 
0.001 
0.096 

0.129 
0.095 

0.018 
0.002 
0 046 

0.243234 
0.076 
0.042 

0.040 
0.004 
0.024 

0.037 
0.005 
0.011 

0.001 

0-108 

0.042 

0.026 

0.367 

Ao= 

C 

o 

198.21 

107.57 

86.01 
298.97 
121.54 

136.36 
278.63 
193.61 

195.37 
231.75 
300.22 

234.97 
235.86 

i357.98 
100.34 
171.37 

281.200.719 
33.23 

335.06 

136.64 
153.47 
281.86 

325.82 
341.87 
259.4* 

328.77 

0 

201.67 

91.18 

324.14 

227.09 

110.14 

73.5710.080 

0.040 

0.012 

0.041 

0.012 

0.402 1 :358.85 

68.97 

93.47 

97.86 

10.318 

H 

0.102 
97.871.511 

0.092 

0.004 
0.006 
0.021 

3.744 
0.023 
0.747 

0.151 

0.217 

0.448 
0.165 

0.023 
0.027 
0.241 

0.314 
0.297 

0.215 
0,667 
0.070 

0.080 
0.272 
0.151 

0.041 

0.258 

0.256 

0.744 

o'858310'31 

0.502'  

0.083 
0.138 
0.100 

1.003 
0.297 
0.238 

1-1-1 

0.042 

0.163 

0.076 

I 

0 

198.21 
97-81 

107.57 

86.01 
298.97 
180.60 

54-62 
336.02 
30.12 

310.14 
0.070264.77 

15.39 

52.80 
92.93 
45.77 

356.30 
20.28 
53.72 

44.23 
22.86 

171.67 

138.09 
71.73 
3.60 

293.62 
23-15 
16-60 

326.29 

0 

356.90 

39-10 

45-88 

2,136147.17 

41.42 

39.S1 
58.68 

250:51 

314.54 
Yl0.15 
309.49 

0.2171 29.42 
0.129'  36-42 
0 . 0 4 6 ~ l l 8 . 2 6  

I 
12.23 0.042 

56.98 

320-3-1. 

0.163 

0.076 
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O 

136.82 
166.83 
262.97 

21.080-013 
263.09 
111.23 

128.96 
149-290.028 
164.440.966 

86.99 
95.95 

33.590.460 
166.53 
51.39 

29.74 
52.61 

137.16 

116.71 
116.17 
287.94.0.333 

180.G9 
210.59 
5 2 . 7 0 0 ~ 1 5 7  

2,7.330.168:152.23Oa075 
162.48 
65.4'4 

60.11 

-------- 
o 

23.500.338 

59.67 

43.99 
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- 
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Period 
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p, 
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0.156 
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0.324 
0.198 
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0.682 

-- 
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-- 

0 
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141.96 
208.71 
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1.90 
155.56 
243.49 
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0 
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DATA POltlVARDED TO ENGLAND. 

The following data were prepared and supplied to  the Director, National P h y r i d  
Laboratory, Teddington, England, during the year under report :- 

( a )  Values of the tidal constants for 40 ports for the tide-tables for 1922, ready 
for use for the tide-predicting machine. 

( b )  Values of the tidal constants for the tide-tables for Basrah for the year 1920. 

(c) Actual values of high and  low water during 19  17 a t  12 stations. These in- 
clude nine s t a t i o ~ ~ s  a t  which regular tidal observations by self-registering 
tide-gauges were carried out and three stations a t  which high and low 
water readings were taken during day-light on tide-poles. 

( d )  Comparisons of the above wit11 predicted values for 1917, the errors being 
tabulated in such form as to  be of use in improving the predictiona, if 
possible. 

The predicted times and heights for high and low water for the year 191 8, as given 
in the tide-tables, have been compared against the actual values obtained from tidal obaerv- 
ations a t  the nine stations now working and a t  three other stations where tidal legistrations 
by self-registering tide-gauges were stopped but  the times and heights of high and low water 
were read on the tide-poles. 

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

No. 1. 

Percentages and amoutzts of the errors in the predicted limes of high water 

at the varioucu tidal statiorrs jor  the year 1918. 

E m r s  aver 
16 n,l~~~~tc.. 
und under 
a0 m i u ~ ~ t e s .  

P e r  c e n t  

8 

12 

0 

6 

8 

10 

13 

10 

0 

9 

12 

4 

S T A T I O N C . .  

Adeu ... 
K a r i c l ~ i  ... 
Bhnunagnr ... 

(Apollo Bander) 
Ijon!bay 

(Prince's Dock) 

hlndras . . . 

Kidderpors . , . 
C l ~ i t h p o n ~  ... 

A L J J  . . . 
Rsngoon ... 
Moulmein . . . 
Port Blair ... 

Automtie 
or 

tide.yole 
ohnerplrtions. 

Alllo. 

T. P. 

Auto.  

,, 

T . P .  

Auto .  

I 

9mr .3  over 
b ~ninotes 
and under 
IS lninotee. 

I 
P e r  cent 

4 1  

4 0  

2 4 

60 

43 

4 4 

43 

34 

0 

48 

4 I 

38 

Nllrnber of 
conlpnrieons 

between 
aotunl und 
predicted 

vnl11e8. 

692 

703 

366 

699 

703 

705 

704 

365 

365 

703 

705 

70 

Emra orer 
U) minutee 
and under 

90 minutce. 

P e r  c e n t  

9 

10 

0 

4 

6 

8 

19 

9 

0 

6 

12 

2 

of 
min"tee 

under' 

P e r  cent  

37 

36 

i 6  

38 

41 

34 

29 

45 

100 

36 

31 

66 

Errors over 
30 minuten. 

P e r  cent 

6 

3 

0 

2 

2 

4 

3 

2 

0 

2 

4 

1 



b& RECORDS OF THE SURVEY OF INDIA, 1918-19. $ V O ~ . . ~ I V ,  

No. 2. 

Percentages and amounte of the error8 in the predicted times of tow water 

at the various tadat stalwns for the year 1918. 

No. 3. 

Percentager and amounte of the errors in the predicted height8 of high 

water at the varioue tidal station8 for the year 1918. 

I 

S T A T I ~ ~ ~ .  

--. -- 

Aden ... 
Karirchi ... 
Bhermagar ... 

(Apollo Bander) 
Bomlmy 

(Prince's Dock) 

M a d m  ... 
K~drlerpore ... 
Chi t tagonp  ... 
Akg.b ... 
Rangoon ... 

Moolmein ... 
Port Dla~r ... 

- 

Automatto 
or 

tide yole 
ohwrvat~ona. 

-- 

A 

htween  

- 

Aden ... 

Number ot  
comperlsoun 

betweau 
actr~sl and 
pretllcted 

values. 

Auto. 

Errom of 
mlnlltes 

and under, 

Auto. 

T.P. 

Anto. 

,, 

T.P. 

Auto. 

Per cent 

8 

11 

0 

6 

6 

9 

12 

12 

0 

14 

19 

8 

692 

K e r i c h ~  

Bhanungsr 

Rombaj 
(Prmcen Dock) ,, 

E m r s  over 
5 m~netee  
bnd under 
15 mlhutes. 

Per cent 

5 

6 

0 

1 

2 

6 

4 

'i 

0 

3 

' 16 

0 

691 

704 

366 

690 

701 

704 

704 

365 

3fi5 

706 

706 

7 05 

i 0 3  

365 

699 

703 

705 

704 

385 

3% 

iOB 

Madrao ... 
Kidderpore ... 
Chlttn&ong ... 
Ah J& ... 

T P 

Errom over 
Id rn~natea 
nud uuder 
20 ~ u ~ n u t e s .  

Per cent 

36 

32 

72 

35 

37 

28 

23 

39 

100 

28 

20 

63 

6 . 7  

: 
B . u ~ u  ... I Anto. 

Moulme~n ... 
Port Blair ... 

_I 

Per cent 

7 

Per cent 

93 

9 3 

31.1 

13.8 

13.9 

3 . 6  

11 7 

13 3  

8 3 

16.4 

Errom over 
20 m~nntea 
nud uuder 
YO m~nutes. 

Per cent 

42 

40 

28 

61 

47 

48 

48 

31 

0 

39 

32 

41 

29 

18 

22 

3 1 

17 

24 

29 

19 

28 

66 

RO 

74 

62 

82 

36 

33 

RO 

30 
I 

Prmm over 
80 rutnuten. 

Per cent 

9 

12 

0 

8 

8 

9 

13 

I1  

0 

16 

13 

3 

27 

Per cent 

0 

33 
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7% 

Per cent 
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1 

4 
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16 

21 

1 

17 

7% 

0 
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0 
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No. 5 .  
Table of average ewers in thepredictecl lil~tes c t ~ ~ d  IreigA,ts of high and 

low water at t l ~ c  several tidal stations fov the year 1918, 
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Summary for 1918. 

CONPALISONS OF THE PREDICTIONS FOR THE YEAIL 1918 WITH THOSE FOR THE 

PREVIOUS YEAR. 

On comparing t,he tidal predictions a t  the nine working stations for the year 1918 
against those for the year 1917, i t  appeared that the predictions of times for 1918 a t  Aden 
and Port Blair had improved in accuracy since the previous year. The predictions of times 
a t  the other stations and of heights a t  all the stations were practically of the same standard 
of accuracy as those for t,he year 191 7. 

6 Open roast 

2 ,, 

3 Riverain 

I ,, 

The greatest difference between the actrial and predicted heights of lorn water for 
1918 a t  the riverain ports was as follows :- 

Predictlono testad 
by 

8. R. Tide-gauge 

1'1do-pole 

S. R. Tide-gn~~ge 

T~de-polo 

PlRcICRTAal Or PREDICTIONS, AT EIGE At7D LOW WATRn wmal. 

Kidderpore ... 3 feet I inch on 22nd October 1918, ac tua l~  being lower. 
Rangoon . . . 2 feet 2 inches on 6th November 1918, actuala being lower. 
Moulmein .. . 4 feet 10 inches on 28th May 1918, actuals being higher. 

The tide-tables for the year 1919 were received from England on 30th October 1918 
and  were immediately distributed to the various people requiring them. 

l o  minutes of actuslo. 

Hiwh. ( Low. 

The tide-tables for the year 1920 have not yet been received from England. 

83 

100 

76 

79 

The tide-tables for Basrah for 1919 were printed a t  the office of the Trigonometrical 
Survey a t  Dehra Dfin and despatched to the Director of Inland Water Transport Basrah on 
22nd October 1918. The tide-tables for Basrah for the year 1920 are being printed in 
England and will be supplied to the Baarah authorities as soon as received. 

one.tenth of m a n  w e  

97 

100 

90 

93 

82 

100 

63 

70 

8 inches of uctu~ls .  

High. ( Low. 

The amount realized on the sale of tide-tables during the year ending 30th September 
1919 is Rs. 1,989/5/-. 

97 

99 

65 

62 

Tidal observations during the coming year will be continued at the nine observatories 
now working. 

97 

98 

65 

43 
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LEVELLING 

Levelling i n  the Punjob. 
PIUFONNIL of NO. 17 PARTY. 

Provincial O@CHB 
One double detachment, coneirting d 2 

(Messre. Pushong and Kitchen), 3 Recorders and 33 
Mr. H. Q. 6haw, in cl~arge.  Retired: in 

1111 Feb rnmv 
menials, wan employed in April and M a y  1919 on 

1919. the revision of the line from Pathankot to Dharmkot 
,, 0. N. Pnshnng, from let April 1919 to hill (Dharmsila). The out-turn amounted to 56 

 POL^ J U I ~  1919. miles OF "simultaneous double levelling" (old eystem) 
,, D. El. Lnxn, from 1st May 1919. 
,, I.,Mccmk.o, u, a, E,.fro,,, 

,919 in the course of which the heights of 'J primary and 

to 14th beptember 1919. 65 secondary bench-marks were redetermined. Full 
., T. F. Kitchen, from 1 5 t h  March 1919 to details of the out-turn of work are given in Table I 

33th Joly 1919 attached. 
,, K .  8.  Gopalachari, A. A , ,  from 16th Pep- 

tembrr 1919. The health of the detachment was.on the whole 

,, N. N .  Chnckrrbntty, L. C.  E.. from 26th very good. 
Nag 1919. This revision mas undertaken in order to  nscer- 

LTpppr S s b , ~ r d i n a t e  Prvuicr. tain whether the seismic disturbance which occorred 

Mr. K, h'. Dn!. R .  A, .  from 7t .1~  December in that  locality in the summer of 1916 had had any  
1918. effect in the relative levels of the hills and plains. The 

,, 8.  C. hfnkerjee, from 1st Rlag 1 9 1 9 .  test was made possible by the existence of carefully 
Lower Rsbordinntp S ~ m i c e .  selected bench-marks laid down in April and May 

6 Coml~uters. 1910 with a view to such a contingency. 
6 Recorders This line mas originally levelled in April and 
1 Clerk. May 1010 under the old system of "simultnneol~s 
double levelling" and in order to make the two levellings as strictly comparable as possible, 
the revision of 1919 was carried out under the same system, confining the operations to the 
same time of the Fear and as fa.r as feasible reproducing the conditions of 1010. 

From PathLnkot,, 1081 feet above mean sea level, the road rises gradually for the 
first 11 miles and then ascends the hill to Ntirpur Fort, 89-1, feet above Pathiinkot.; i t  then 
alter~lately rises and falls up to Chambi bridge which is about 1OSS feet above Pat,hAnkot and 
distant 44 miles from i t ;  from this point i t  ascends st,eadily xnd rapidly 4967 feet,, in a 
distance of I 2  miles to the terminal mark a t  1)harrnliot 11ill (Dharmeda)  7136 feet above 
mean sea level. 

Using the formula 0.6745 dz given in G. T. S. Bolume X I X ,  the probable 

accidental error per mile of the original levelling in 19 10 works out to  L- 0.007 f t .  and t h a t  
of the revisionary levelling in 191 9 to + 0 . 0 0 4  f t .  

Table 111 shows the discrepancies between the old and new values of hnch-marks,  
from which it will be seen that  except where the bench-marks have been disturbed by traffic 
etc., the discrepancies are very small indeed. The greatest discrepancy between any two 
bench-marks occurs between those a t  miles 35 - 7  and 39.9, i. e.,- 0 .066  f t .  in 4.2 miles, and 

if we use the test formula for identity of bench-marks x = 4 1 6  ( ya + ?/:) M +  (O.OOY)a M' 
given in the Records of the Survey of India Volume XI,  me obtain k 0 . 0 6 7  f t .  as the value 
of x, so that  this discrepancy is fairly attributable to accidental and systematic errors. T h e  
formula J y2 hf + ( O .  00034 )l M2 + k2 D2 from G.T.S. Voltime X I X ,  expresses the probable 
error of the terminal result of a line X miles long, where D is the difference in height 
between the starting and the terminal points, y is the probable accidental error per mile, and 

A ia the probable error per foot of the mean length of tile staves. IF the line be revised then 
the  roba able error of the discrepancy between the original and the revised levelling is the 
square root of the sum of the squares of the probable errors of the original and the revised level- 

ling respectivrly which is expressed an J( y2 + y:) M + 2 (0,000;34)2 M 2 +  % (0.00002 I )9 Ds 
where y and y, are the probable errors per mile respectively of the original and the revised level- 
lings. The terminal discrepancy between the results of the 1910 and the 1919 levellings wan 
found to be -0 ,246  of a foot, of this amount, (i) -0 .097 ft .  was generated in the first 44 
miles from Pathinkot, in which the rise is 1088 feet, and (ii) the remaining - 0 .149  ft. i n  
the last 12 miles, in which there is a steady rise of 4967 feet. For the purpose of detsrmining 
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the   roba able error of the discrepancy between the original and the revised levellings, i t  has 
been considered advisable to  divide the line into the above two parts so tha t  each p a d  is 
prectically uniform in the nature of the gradients encountered. 

P a r t  (i). From B.M. No. 22/43 P ( initial bench-mark) t o  B.M. No. 27/52 D, where 
M = 4 S e 7  miles, D =  1088 ft., y = + 0.007 ft., y, = f 0 .004  f t .  and X=0.000021 from G:T.S. 
Volume XIX, we get the probable error of the discrepancy _+Oe066 f t .  The actual discrep- 

,ancy a t  B.M. No. 27/52 D is -0.097 ft., bu t  from a comparison of the discrepancies a t  
flanking bench-marks i t  is evident tha t  this mark has ~uf fe red  a small subsidence of roughly 
0.030 ft., so that. the actual discrepancy, after neglecting 0 .030  ft., hits off, almost exactly, 
the probable error above determined. 

P a r t  (ii). From B.M. No. 27/52 D to B.M. No. 53/52 D (terminal bench-mark), 
where M =  1 2  miles, D=4967 f t .  and the other factors are the same as  in part (I), we get  the  
probab!e error of the discrepancy = +. 0.151 f t .  The actual discrepancy is -0.149 f t .  

It is also worthy of note t h a t  the  total difference between the results of the two 
levellers amounted t o  0 . 2 1 4  f t .  in 1910, and to 0 . 2 4 8  ft.  in 1919. Thesequantities are very 
nearly equal to the total discrepancy between the mean results of the  1010 and the 1919 
observations. The result by one of the levellers of 1910 was practically identical with tha t  
of one of the levellers of 1919. 

It is therefore safe to conclude that  the discrepancy of 0 . 2 4 6  ft.  is due to  the errors, 
accidental and systematic, which are inherent in the conditions of mountain levelling and that  
no measurable change has resulted from the earthquake of 1916. 

Levelling of Mesopotamia. 

For administxative purposes the pe 

PEESONNXL 

Tigris Detachment. 

Provincial  Oflcer. 

Mr. D. H.  Lnxa. 

Upper Subordi~urte Seivier. 

Mr. S. C. Mukerjee. 

L o w e r  S ~ ~ b w d i n o l e  ~Yervice. 

3 Computers. 

rsonnel of the  levelling detachments, as shown i n  
the margin, mere transferred to  the Mesopotamia 
Survey Party for levelling operations in Meso- 
potamia, but  the work was carried out under the  
supervision of the Officer in charge, No. 17  Party 
(Levelling), and on the completion of the work 
they were re-transferred to No.  17 Party. 

The detachments left Dehra Diin on 20th 
September 19 18 and arrived a t  Ba.srah on 4th 
October 1918, and returned to recess quarters, 
Mussoorie, on 12th May 10 19. 

Euphrates Detachment. The out-turn amounted to 956 miles, includ- 

Prooinciol O#cera. 
ing branch-lines, of "simultaneous double level- 
ling" In the course of which the heights of 26 

Mr. .I. MeCrakcn, M .  B. E. primary ( Standard ), 406 secondary and 467 
,, X. N. C b ~ ~ ~ k c ~ b ~ r l y ,  L. C. E. 

tertiary bench-marks were determined. Full 
L o w r r  ~uh, , -d innt r  Scruitr. details of the out-turn of work are given in Table I 

s Computers. attached. 
1 Recorder. The health of the detachments was on the  
whole good. Two khaliuis died, one from fever and the other from dysentry. 

The object of the levelling was primarily to  provide trustworthy bench-marks 
for the use of Irrigation Engineers, and to serve as a frame-work on which the eeveral 
schemes of irrigation emanating from the Tigris and the Euphrates could be based, but  
should geodetic operations be undertaken in Mesopotamia these lines of levels will be of 
value. This levelling was undertaken by the Survey of Jnclie at the request of the  
Director of Irrigation, Mesopotamia. 

The  levelling was carried out on the system of dtsimultaneous double levelling of 
precision" which was in use in India from 1858 to 1913. This syctem was adopted 

instead of the present system of independent fore and back double levelling of precirion " 
on account of the prevailing war conditions and transport difficulties. 

The lines run were :- 

(1) From Basrah to Nasiriyah, along the railway, thence northwrrrds *:id 
Sumawah to Hilla along the Hilla branch of the Euphrates, and 
finally, leaving the Euphra te~ ,  to Baghdad. Distance 410 miles. 
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(2) From Baghdad to Kut-el-Amara and thence to Shaikh S B ' ~  where 
a junction was made with a good line run in 1916-17 up  the Tigris 
from Basrah by a party of levellers sent from India by the Public 
Works Department. Distance 147 miles. 

(3) From Kut-el-Amara vid Hai along the Shatt-al-Gharrnf to  Suwaij 

and thence by road to Nasiriyah. Distance 130 miles. 

(4) From Baghdad to Ramadi vid Feluja. Distance 66 miles. 
. (5) From Baghdad to Table Mountain along the railway line. Distance 

71 miles. 

( 6 )  From Baghdad to Baiji (Rail head) along the railway line. Distance 

132 miles 
Lines (l), (2) and (3) form t\ro circuits, namely:- 

(=) Basrall-Nasiriyah-Kut-e]-Amara ( tic;* Hai )- Shaik l~  Sa' ad- -B~rah .  
LengtIl 526 miles. I n  this circuit the line from Sllaikh Sa 'ad t o  

Basrah, a distance of 227 miles, was done by the Public Works 
Department in 1916- 17 as n ~ e n t ~ o n e d  The closing error 
of this circuit amounted to -0 .593  f t .  
The circuit includes several river crossings and the closing error though 
greater than would be expected from the Ienqth of the lines ih on 
the whole tolerably satisfactory. 

(6) Nasiriyah-Su~niwal~-Hilla-Baghdad-Knt-el-~imara-Nasiriyah. 
Length 482 miles. The closing error of this circuit amounted to + 0 '  141 ft .  

This result is very good. The probable error of the circuit as calculated by the  
formula which has been found applicable to the Indian work is -10.186 f t .  

Mean Sea Level a t  Fno has been accepted and employed as the datum for the  
heights of all bench-marks in Rlesopotamia. The height of this datum above the zero 
of the Tide Gauge a t  P i o  mas deduced from the readings of the Tide Gauge a t  the 
Tidal Observatory a t  F i o  set up under the direction of Sir  G. Buchanan. The observations 
for mean sea level a t  this Tidal Observatory extended over several months v i z . ,  from 
8th July to 1st  December 1916. A line of levels was run from this observatory to  Basra11 
in 1916-17 by the Public Works Department levellers, connecting the bench-mark on the 
landing of the masonry steps on the west bank of the Shatt-&'Arab opposite Messrs. Gray 
Mackenzie & Co., (Willcocks' bench-mark) i. e., bench-mark No. 30 in the Line A ( F i o  to  
Basrah) given In page 4 of the hlesopotamia Levelltng Pamphlet I,oblisl~ed in 1919. 
This levelling \\.as done with qreat care and there is e\ ~dence that  the degree of accuracy 
attained was high, it was, therefore, decided to accept tlre heiqht of this bench-mark as 
correct ancl it mas m ~ d e  the in i t~a l  point of the levelling of preclslon 111 hIesopotamia. 

Primarv or Standard bench-marks were erected a t  ~mpor tan t  towns a t  about 40 t o  60 
~niles apart. 'rhe sites of such bench-marks are well away from railway lines ancl above flood 
level. Secondary or embedclecl Le~~cll-marks \\,ere also built and connected a t  towns of lesser 
importance and in the \ icinity of conspicuous tombs and buildings, a t  distances of about 1 0  
miles apart, these were supl~lemented by tertiary or inscribed bench-marks on buildings, cul- 
verts and bridges established a t  intervals of 4 mile to 2 miles apart. Full details of the con- 
struction and build of all tlte different kinds of bench-marks in hlesopotamia are given in the 
Levelling Pamphlet puhlishecl in 1!919. 

As the nature of the soil a t  Basra11 is not such as to offer much certainty of stability in 
the bench-marks bnilt there, a standard beuch-mark ant1 four auxiliaries mere built in the  
neighbourl~ood of Znbair, ~vherc tlle ground is safe from inundation and where good stability 
may be expected, and a good connection mas made between the Rasrah bench-marks and this 
Zubair group. Hepetrtions of thts short line Zubair-Basra11 made from time to time will shon. 
whether the gror~nd rountl about Basra11 is movit~g or not,. This standa~cl bench-mark near 
Zubair IS to be regarrlerl as tlrr Bench-mark of reference for the whole of Mesopotamia. 

Most of the conntry traversed was flat, featureless and liable to  inundation. T h e  
portion near Hamidi is undulatin~. with low gravel hills. From ShahrabBn to Table Mountain 
and from S ~ n l a r r a  to l{aiji the ground grndually ascends to the hills. I n  many places the 
mil is inlpregnnttd with s a l t ~ r t r e  which, nben  slightly heated, caused the atmosphere to boil 
and made the observations difficult on account of radiation. 

32O N. Latitude has been adopted as the central latitude for the orthometric corrections 
for the levelling in Mesopotamia. 
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TABLE 11.-YUNJAB DETACHMENT. 

Resultr of comparison of s t o v e s  wi th  Standard S t e e l  Tape No. 4, season  1918-19. 

TABLE 11-(Continued).- TIGRIS DETACHMENT. 

Reeult* of c o m p a r i s o n  of stoves with S t u n d a r d  Steel Tape N o .  2, s e a s o n  1918-19. 

Place ant1 date of comparison. 

Pathiinhot 8-4-1919 ... 
N urpnr 16-4-1919 ... 
Kotla 25-4-1919 ... 

Chambi bridge 1-5-1919 ... 

Dharmsila Kachahri 6-5-1919 

hIcLeodganj I ~ i z i r  12-5-1919 . 

H e m n r k x .  

-- - . . - -- 

Clear, Ylirht breeze, 

Cloudy, slight breeze. 

Brieht k hot, clouds 
on all hc~rieons, ac~ t t e red  
clouds overhead. 

Light scatteredclouds 
a ~ l d  light cool breeze. 

Cloudy, thundering. 

Cloudy and cool. 

DIFPBRBNCE OF LENGTH OF STAFF FROX I 0  FEET. 

Number of staff. 

- 

19 A. I 19 B. I I. 1 01. 

R e n r a r k r .  Place and date  of compnrison. 

Foot. 

-0'0016437 

-0.0022297 

-0~0017764 

-0.0021&18 

-0.0018087 

-0  0017056 

DIPFRRENCE OF LEXQTH OF STAFF FBOM 10 FEET. 

- p.p-ppp. ~ 

Nnmber of ataff. 
~. 

But-el-Amara 21-10-18 ... 
Dij-slab 3 1 . lo-18 ... 
Lajj 7-11-18 ... 

Azizirnh 15-11-18 . 
Shitlhn~f ?:(-I 1-18 .. 
Imiruhlnh~l i30-11-18 ... 
Knt-el-Jmnm 7-12-18 ... 
N n r c h i i ~ ~  I'wt No. In 

( ~ ~ ~ i a h i p a h )  i5-12-I8 
bhalulr 5a'nil 1!l-12-18 ... 

Raehdad 2;-19-18 ... 

Foot. 

- 0.00183 10 

-0.0019647 

-0'0011313 

-0.0024713 

-0.0023905 

-0~0019120 

Foot. 

-0'0006637 

-0  0011905 

- 0.0010113 

-0~0011968 

-0.0013429 

-0.0010120 

- - - - . 

Clear and dry. 
h t r t~ng cool hreexc, 
dusty. 

Ka~ninp,  cloud^ and 
r w l  tmeeae. 

Clcr~r and cool brpezc. 
Light sca r t~ red  cloudn, 
cool brecze. 

L ~ ~ h t ~ c n t ~ e r e d c l o n d s .  
Scattered clnnds, roul 

brceac.. 
Cloudy. 

Ligllt scattered clonds 
with ~udclen gnsts of 
cold hreeac. 

Foggy. 

Foot. 

-0.0024387 

-0.0029287 

- 0  0028599 

-0.0034718 

-0.0031988 

-0.0024183 

Light srnttererl cluucls, 
cool I~reeac. 

Light rcatterecl cloudh 
nnrl r ~ ~ o l  Ilrecze. 

Clo~rcly. dnmp mi l  colcl 
I,rueac. 

(:lc:rr n~rrl ~.ool brcrze. 
I~ iph t  ncnttcrecl cloncls. 
c , ~ ~ l  hrecze 

I . i~ l l t  scatterecl clonrln. 
~ ~ i d i l e n  plint.~ oE s t r o n ~  
cool I,rcoar. 

s c ~ t ~ e r c ~ l  rlnncls. 
Clrnr ovcrbracl. Ra t -  
tererl c.londs on N 
hnriarln. 

22 B. 

-- - 

Foot. 

+0.00005 
-0.UOL2O 

-0.(10274 

-0~001150  
+ 0 (toUCi8 

+0.00001 
l J .O~l~00  

+0.00024 

+ 0.011014 

+ O  00022 

25 A. 

Foot. 

+ 0.00003 
-0.U0071: 

-0.0015.' 

- 0 0 0  
+ O.OUO!IJ 

+0 ,0006 t  
+0,0U08'J 

+0.00057 

+ 0.00077 

+ O  00127 
+ IJ'Ot<OBY 

+0.00100 

+ 0.00207 

+ 0 ~ 0 ~ 1 5 1  
+ o 0 ~ 1 2 7  

+ 0.00200 

& n  onlr;e 
+ ~ . ( I O I G ! I  

26 B. 

Foot. 

- 0.00140 
-0.00304 

- 0  00.1?:! 

-0 0022; 
- 0~00129 

-0.00177 
- 0 . 0 ~ 1 6 0  

-0~001!I7 

- 0.00180 

-0 .0nl66 
Abil Jicmh 3-1-13 ... 
Cortingbnm'a Poat 10-1-18 ... 
Hnghdad 20-1-19 ... 

Tkji 27-1-19 ... 
auulaichah 4-2-19 ... 
lrtabnlnt 11-2.l!l , 

Daur 19-2- 19 ... 
Uaiji 98-2-19 ... 

23 D. 
- -- 

Foot. 

+ 0 00371 
-0.00031 

-0.00105 

+ 0.00031 
+ 0 00i53 

+0.00086 
+ O.VUIOB 

+O.OOOBO 

+ O.crOOd9 

+0 .00145  
- 0 . 0 0 1 ~ 0  

-0.00107 

+ 0 00020 

- o.flu027 
- 0  00019 

+ 0.1)002-, . 

+ 0  01)].10 

r0 .00173 

+ 0 00297 

+0 .0017~ ,  
+ 0.0t1lj4 

+ 0.00~!11 

+ 0 . 0 0 1 ~ 1  
+ o  o, , I ;~A 

+ O  01~138 

+O~UO196 

+ 0.00279 

+ n . 0 0 1 8 ~  
+ 0,00173 

+ 0.00252 
I 

- 0 on"44 I + 0 . 0 r ) l ~ f i  
-0.00028 I + 0.(10182 
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TABLE 11-(Conlinaed).- EUPHEATE~ D E T A C E ~ E ~ .  
Henrlts of compurison of staves wilh Standard Steel Tape NO. 6 ,  oeaaon 1918-19. 

TABLE 111.-REVISION LEVELLING.-PUNJAEI DETACHMENT. 
Discrepancies between the old and new hcipl~ts of bench-marka. 

Tanlmsh 13-10-18 ,.. 
Znbair 26-10-18 ... 
Qhabishiyah C- 1 1 - 18 .. 
~ ~ l . ~ l - L ~ h ~  18-11-18 ... 
Khidhr 2-12- 18 ... 
R~~maithah 16-12-18 ... 
~ l b o  bhanawah 1-1-19 ... 

MahmQdipah 16-1-19 ... 
Felnja 31-1-19 ... 
Kut-el-Amua 14.2-19 ... 
Kerridi 44-19 ... 
Nasiriyah 16-3-19 ... 

R e m a r k s .  

-- 

Place and dste of comparison. 

- 0.00383 
-0.1~~623 

-0.00695 

-0 00487 - 0 00576 
-0.00524 
-0 00440 

-0.00362 

-0 01,383 
-0.00381 

-0.00322 

-0.00181 

DI~PBBENCE OF LLNQTH OY @TIFF PPOY 10 PEST. 

- 
Number of staff. 

Benoh-mkrks of the original 
levelling that were connected 

during tha rsvisionary operatious. 

-.- 

24 A- I 24 11. 

F0.t. I Foot. 

-0.00185 
-0.00166 

-0.00499 

-0'00388 - 0.00413 
-0.0C331 
-0.00284 

-0.0031 

- 0.00131 
-0.00162 

-0.00215 

-0.00327 

3 

; id 
:$ 
-& 
0'; 

Milrs. 

1 12 B. 
l2 / . 

Foot. Foot. 

-- ~- 
Deeoriptiou. 

- 

$ a z 

+0.00164 
+0.0UOlI 

-0 00138 

+O 00101 
-0 00010 
+ 0-00062 
+ 0 OOllU 

+ 0.00080 

+ 0.00.206 
+ 0.00121 

+0.00212 

+0.00144 

64 
-- 

21 
'22 
23 
24 
25 
26 
27 
28 
49 
30 
31 
32 
33 
34. 
35 
36 
37 
38 
39 
430 
41 
42 
43 
4.4 
45 
46 
47 
48 

Observed heighta,abo~e (+) or below ( - )  
the starting bench-mark. 

Reuzsion 
43 P 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
. 
,, 
,, 
,, 
,, 

+ 0.00229 
+0.00109 

c0.00069 

+0.00177 
+ 0.00077 
+ 0.00102 
+ 3.00144 
+0.00188 

+ 3.00217 
+ 0.00224 

+0.00306 

+0.00192 

Difference 
(Berigion- 

$f:z,"A'; 
dmotea 
t b n t  t,hs 

heightwna 
greater and 
the sip- 
less in 1919 
t k n  
o r i ~ i n a l l ~  
levelled. 

- 
Feet. 

. 

From 
origiml 
~evefiug. 

Feet. 

of line 
Embedded ... 
Station platform ... 
Mile pillar . .. 
Mile pillar ... 
Mile pillar ... 
Mile pillar . .. 
Milepillar ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge ... 
Bridge . . .  
Bridge ... 
Rock ... 
Rock ... 
Rock ... 
Rock ... 
Rock ... 
Rock ... 
Bridge ... 
Rock ... 
Milepillar 
Bridge ... 
Embedded stone ... 
Rock ... 

Clear and cool breece. 
LightscetteredcloUdE 
and cool breeze. 
Scattered clonds and 
cool breeze. 
Clear. 
Clear end cool breeze. 
Cloudy and mol breese. 
Cloudy, rained in the 
morning and overnight. 
Light clonda and cool 
breeze. 
Light scattered clouds. 
Clear and strong cool 

breeze. 
Licbt clouds and strong 
breeze. 
Clear and cool breece. 

P c m s r k s .  
. -- -- -- - 

I d:tf.",{ i From rrrisiou 

levsitcg. 1 191s. 

I Fael. 

No. 56 B 
0.000 

+ 7.126 
+ 48.467 
+ 90.038 
+ 118.083 
+ 156.650 
+ 
+ 1&.774+n':001 
+ 244.319 
+ 
+ 313.122 
+ 353 .466 
+ 365.741 
+ 402.473 

+ 750.105 
+ 894.041 
+ 6U9.4.19 
+ 
+ 854'504 
+ 
+ 882.045 
+ 861,855 
+1003.477-0-075( 
t 
+ 8gg:715 
+10 '7~-097  

of line 
1909-10 

,, 
,, 
,, 
,, 
, 
,, 
. . . 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
. . . 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

Pathdnkol-Dharmsa'la. Part (Lahore-Dharrnscila). 
0.00 
0 .23 
1 -41  
2.43 
3.43 
4.44 
5 . 4 5 +  
. . ,  

7.48 
8.76 

l 0 . 3 0 +  
11.58 
12.47 
12 98 
13.9.13 

.., 
15.30 
15.fi8 
16-25 
16.72 
17-50 
18.21 
19.21 
19.83 

22 .42+  
? Y  .31 
24.74 

-0'002 
+ 0.049 
+0.002 
-0.005 - 0.007 

189.291-0.023 

-0.019 
291.154-0.023[~;~~;;~;~d 

- 0.013 
-0.011 
-0.012 

-0:006 
-0.033 
-0.036 

750.667-0.021 
-0.034 

894.942-0.040 
-0 .034 
-0.040 

866.768-0.038 
-0.044 
-0.027 

0.000 
-+ 7.128 
+ 48.418 
+ 90.086 
+ 118.088 
+ 156.657 

189.314 

+ 199.773 
+ 244.338 

291.177 
+ 313.157 
+ 353.479 
+ 365.752 
+ 402.485 

+ 760.111 
+ 894.074 
+ 809.456 
-i 750.688 
+ 854.538 
+ 894.982 
+ 882.079 
+ RG1.895 

. . .21 .31+1003.552 
866.806 

+ 899.759 
+1074.124 

1 

fDidwbOdpo'@ibl 
< b y  tmffio. 

llestrajad. 

-0'()35<out,bradma 
Waced on onesid' 

Dastroyed. 

Distmbed v d b ~  
by tninc. 
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TABLE 111.-REVISION LEVELLINO.-(~?O~~~~~~~~). 

aacrepanciea between the old and new heights of bench-morks, 

Bench-rnmrks of th8 origIn.1 
levellin. that m connecte* 

during tb8 rerimionarj operatioom. #$ 
8 z 
5 d 
; 
E$ 

4 
- .  

$ 
! 
B 

( hlilrs. 
~ - - p  -- . . -. - - 

..... 

Obemed helmhta bore (+) or below (-) 
the starti& bench-mark. 

$!G 

!8; p. -- 
Feet. 

Ibiflerence 
(Revision- 

denotes 
that the 

tbr sign- 
less in l9lB 

originally 

h e i ~ h t  ww 
treater and 

than when 

levelled. 

...... -- 

Fmln 
OripiDal 
levelling. 

Beet,. 
-- 

Description. 

1 
R e m a r k a .  

Feet. 

Destroyed. 

Destroyed. 

necoastructaa. 
1)rstroyed. 

Not found. 
s l i ~ h t  s u b ~ i a e n c ~  
Reconetrllctea. 

. 
den,, ms boulder 

( A  poasible aubri. 

i2v",';f&::~ded 
by wet soil end 
water channela. 

Peatroyed. 

Revisio~z of  line Pathinkot-Dharmsilo.  Par t  qf line No. 56 U ( Lahore-llhnrusila).-(Contd.) 
1 52 D Rock ... 

,, Rock ... 

z~i:nz{ 
levelling. 

4 
5 
6 

From revinion 
I9lD. 

,, 
,, 
,, 

7 ,, Rock ... 688.940, ,, 

,, 
,, 
, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

45 
46 
47 
48 
49 
50 
51 
52 
53 

Rock 
Plinthoftemple ... 
Bridge ... 

53.43 
.i3.53 
54.00 
54.29 
5 4 4 8  
54 82 
64.9-E 
54.97 
55.42 
55.88 

+ 

+ 4736. 105 
-4810 650 
+51fi1 ,553 
+ 5363.000 
+ 552:1.838 
+ 5747.518 
+:i8l6 ,421 
+ 5~35.51:1 
+6016.141 
+6054.955 

+481O-510 
+5161.381 
+5362.816 
+5523 578 
+5747.505 
+5616.200 
+ 5~35 .290  
+61115.907 
+6054.709 

... 
,, 1 Rock ... 

. . . . . .  
.!9.10+ 
"9 9.L+ 

6F3.939-0001 

,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

+0.012 
... 

- 0 0 0 5  
-0.004. 
-0 .018 
-0.031 
+ 0.598 

. , . 

... 
-0.11 6 
+ 0.439 
-0.097 
-0.102 
-0.095 
-0,074 
-0.078 
-0'064 
- 0 ' 066 
-0,097 
-0.060 
-0.OHG 
-0.066 
-0.065 

-0.1 13 
-0.148 

... 

-0.185 

-0.187 
-0,158 

-0.340 
-0.172 
- 0.184. 
- 0.260 
-0 ,213 
. 0.221 
- 0 223 
-0.234. 
- 0.246 

... Rock 
Rock .., 
l3oulder ... 

... ' Hock 
Rock ... 

... Rock 
Rock ... ... Rock 

... 
635.711 

735.781 ... 
... 

A , ,UB~I- 

( dence in thlm 
bench-mark. 

- 

,, + 735.793 
... 

... 
,, 

,, ... 

,, ... 

... 

... 

... 

... 
+ 635.709-0:&2 

640.0761 ,, 

J4.2G 
J.i.00 
35.75 
Y ( i .  33 

. . .  
. . . . . .  

38.31 
31) .Y1 
:39.86,+ 

40.83 
11.87 
42.33 
4 2 . 5 1  
42 82 
43 . 69 
4 5 . ( ~ 7  
46.13 
47 '06 
-1.7.20 

49.20 
10.19 

. . . . . .  

51 -58 

51 a83 
.52.22 

52.7% 

+ 7:1~210-0.001 

1.5 
16 

771.211 
899362  

+ lISO.201 
+ 12;.1..871 
$ 1232,342 
+ 1391 -937 

... 

... 
+ 1550.570 
+ 1478 690 

1-1.05.272 
4 0 ~ 1 0 + 1 9 H I ~ 1 4 2  

+ 1323.059 
+1265.803 
+ L247.57J 
1-1231.222 
+ 1 220' 283 
+ 1088.369 
+ 14.01 a876 
+ 1632.384 
+ 173-1..P21 
+ 1766.364 

18 . l4+2091 .765  
+ 2334.121 
+276:;.4.60 

. . .  
51 .40 t3366 .499  

+3455.547 
51.72~6471.f ;OO 

+ 8640.127 
.t3816.546 

52.%8+3940.064 
+4131 -543 

52.91 

+ 

+4310.610 

1: + 899.357 

,, 
,, 

6d.0.071-0.005 

,, 
,, 
,, 
,, 
... 
... 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
,, 
... 
,, 
,, 
,, 
,, 
,, 
,, 
,, 

Jlile pillar ... 
Rock ,.. 

1 7  ,, 
18 , 
9 1 , 

+]180.197 
+ 1 2 1 4 . ~ 5 3  
+]252.311 
+ 1392.535 

... 

. . .  
+ 1550.464 
+ 14.79.069 
+ 14.05.175 
+ 1381 .040 
+ 1322.964. 
+ 1285,729 
+ 12-&74,95 
+1231-156 
+ 1220.2 17 
+ 1088.272 
+ 1401.815 
+ 1632.298 
+ 1734.15:) 
+1766.29!) 
+2091.664-0.104. 
+2334.008 
+2753.312 

... 
+33fi6.31fi-O~1R3 
+ 3455 362 
+3471-422-0.178 
+363!4.910 
+3816.38H 
+3939.893-0.171 

Boulder 
Bridge ... 
Alile pillar ... 

20 
:!I 
2 
8:3 
21. 
2.5 

,, Big Boulder ... 
,, I Boulder ... 
,, ( Rock ... 
,, Iiock ... 
, e p i  ... 
,, 1 Rock ... 

P6 I ,, Rock 
2 7 ,, 
2 1 , 

... 
Boulder ... 
Boulder ... 
Boulder ... , Bridge ... 
Boulder. ... 

3 % :  ,, i Rock ... 
3 3 )  ,, 1 Rock ... 
31 ,, Rock ... 
3, 
36 
37 

,, 1 Rock ., ,Roofoverspr ing  
, Bridge 

I8  ,, / Rock ... 
... 
... 
... 
... 
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TABLE IV. 

Dzferences betweelt levellers. 

Detachment. 

Punjab 

Tigris 

Section. 

Line Pathinkot to Dharmkot hill 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 

Line E, Kut-el-Amara to Shaikh Sa'ad 
Ditto 
Ditto 

Tine F, Baghdad to Kut-el-Amara 
Ditto 
Ditto 
Ditto 
Ditto 

Line H, Table Mountain to Baghdad 

Difference. 
First - Second. 

At 10th mile +O.O38 
,, 20th ,, +0.042 
,, 30th ,, I- 0.047 
,, 40th ,, +0.010 
,, 44th ,, -0.020 
., 50th ,, -0.124 
,, 56 miles or 

end of line - 0.248 

At 14th mile - 0 . 0 ~ ' 6  
,, 25th ,, -0.013 
,, 32 miles or 

end of line -0.019 
,, 25th mile + 0.036 
,, 50th ,, + 0.076 
,, 75th ,, t 0.059 
,, 100th ,, f 0 . 0 2 4  
,, 110 miles or 

end of line + 0 001 
,, 24th mile - 0.033 
,, 50th ,, - 0 OY7 
,, C9 miles or 

end of line - 0.041 
,, 2.5th mile +0.040 
,, 50th ,, - O.04,B 
,, 75th ,, +0.006 
,, 100tll ,, 0.000 
,, 133 mlles or 

end of line + 0.027 
- --- - -  - 

- i t  50th mile + 0.024 
,, lciOth ,, t 0 037 
,, 139 miles or 

end of line - 0 . 0 ~ ~ .  
, i t  5znd mile  - 0 .  O l R  
,, 1~)OtIl ,, - 0 .  O:j1 
,, 130 miles or 

end of line - u O:J? 
,, 51st mile +O 018 
,, IOlst ,, -0.013 
,, 150tli ,, + 0 . 0 1 ~  
9 ,  199tll ,, + 0.058 
,, 238th ,, + 0.017 
,, 242 tniles or 

end of line -r 0.021 
,, 48th mile -0.016 
,, 66 miles or 

end of line + 0.0'10 

- 

Jcuphrates 

I Ditto 
Ditto 

Line I, Baghdad to Baiji 
Ditto 
Ditto 
Ditto 
Ditto 

- -- 

Line C, Basrah to Nasiriyah 
Ditto 
Ditto 

Line D, Kut-el-Amam to Nasiriyah 
Ditto 
Ditto 

I~ine G, Nasiri~ah to naglidad 
Ditto 
Ditto 
Ditto 
Ditto 
Ditto 

Line J, Baghtlad to ltamidi 
Ditto 





M A G N E T I C  SURVEY.  
By E. C. J. BOND. 

The present report on the work of the meg- 
P ~ ~ U O N N R L  OE NO.  18 PARTY. netic party in 1918-19 comprises :- 

Provincial ~ ~ ~ e m s .  I.-An account of the work during the  
field and recess seasons. 

Mr. E. C. J. Bond. V. D., in charge. 
,, N. R Mazumdsr. 

11.-A note on each of the observatories. 
111.-Tablerr of the mean values of the  mag- 

U p p r r  Subordinalr Sercirr. netic elements. dates of magnetio dis- - 
MT. H .  R .  ~ h o r n e .  turbances and hourly means and diur- 

Lower Snbordinnts Sersirp. nal inequality of t.he magnetic elemenb 
2 Magnetio Observers. a t  observatories in 1918. 
IS Compl~ters etc. 

l , -WOI1~ ~ " 1 1 1 ~ ~  THE FIELD AND 11ECk;SS SEASONS. 

-00 were 1.- fYork dflsing the field season.-The observatories a t  Debra Dun and T o u b  

inspected by the i n  charge and a complete set of observations of declination, dip and 

horizontal force were taken a t  each for the comparison of instruments. 
~h~ Alibig and Kodaikgnal observatories, under the Rfeteorological Department, were 

also visited for the samc purpose. 
No field work ivas undertaken during the year. 
The staff of the party was employed on the computation and tabulation of the prelimi- 

nary of the observations a t  observatories and in the reduction of observations a t  

detail stations to the epoch 1909 - 0. 
2. Work during the recess.-Tlie computation of the comparative observations taken 

at the observatories, and the computation and tabulation of the provisional values of Declina- 
tion, Dip, Horizontal Force and Vertical Force for the three observatories (Dehra Den,  Toungoo 
and Kodaiklnal) for 1918 have been completed. The mean values of these elements for the 

year, derived from the measurement of traces of all available days, excludinz those of great 
dist.urbance, are given in the table a t  the end of this report. 

The reduction of the observations of the detail survey was completed during the early 
part of the recess season and the computations for investigat,ing the disturbance effects in the  
detail survey areas are iu hand., 

Special 06set~ratio~~s.-111 response to  a request from Dr. L. A. Ijauer, Director of the 
Department of Terrestrial Rlagnetism of t,he Carnegie Institiit,ion of Washington, to all 
countries for co-operation il l  special simultaneous magnetic observations in counection with the 
Total Solar Eclipse of the 29th May 1919, observations of tlie three magnetic elements were 
taken a t  the Dehra Dun observatoq on the ;?Sth, 29th 2nd 30th May 1919, in accordance 
with the programme issued by the Director. Observations were required at observatories 
situated both inside and outside the zone of visibility of tlie eclipse. The Dehra D i n  observa- 
tory fell outside this zone. No unusual changes were noticed in the magnetic elements a t  
Dehra Dun during the t l ~ r e r  days' observations, but i t  is hoped t,liat even a resiilt of this nature 
will be of use t'o 1)r. Rauer in his investigation of the efl'ects of the eclipse on the Earth's 
magnetism. 

T l ~ e  observations were commenced a t  2 P. M. in natural light and had to be continued 
with artificial light to 10 P. M. Electric lights were employed as these mere easier to manipu- 
late t,han oil lamps or candles and tliere was no difficulty in Iiaving the observatory connected 
with tho mains. Refore using the electric lights, however, a trial was made to find out whether 
the electric current mould have any action on the magnets, no effect was produced as  was 
indeed to be expected as tlie cnrrent is an alternating one. 

3. P ~ o ! ~ ~ n ~ ) i m e . f o ~ .  1919-20.-Observations a t  Repeat Stations were last taken in field 
season 1914-16 an11 as i t  has been decided that  observations are to be repeated every fifth year 
for determining reliable values of tlie annual changes in the magnetic elements, three detach- 
ments will be emploxed in the c o m i n ~  field season to take magnetic observations a t  the 75 

Repeat Stations distributed over India, Burma and Ceylon : these stations are in map 
No. 10 in this report.. 

The reduction of the observations a t  the Repeat Stations will be taken in hand during 
the next recess season and the secular changes derived from these for the period 19 15 to 1920 
will be utilized in reducing the values of the magnetic elements a t  all stations to a new 
and in preparing revised editions of the maps of the magnetic elements, 



v e RECORDS OF THE SIJRVEY OF INDIA, 1918-19. [vo~.  XIV. 
I n  addition to this and to the usual computations for the reduction of the year's observa- 

tions at the observatories, the computations for investigating the disturbance effects a t  the 
detail stations will be continued. 

11.-THE OBSERVATORIES IN 1918-19. 

Dehra Dun Observatory. 
I .  The n~agne tograp l~s  have worked satisfactorily during the year, except that the 

V. P. clock went out of order on two occasions and had to be cleaned and adjusted. , 

The mirror of the V. F. magnet system has become doll, probably from the effects of 
the dampness of the underground room, and the magnet lines on the magnetograms are in 
consequence somewhat faint. A new mirror will be substituted early in t,he coming field 
season. 

The declinat'ion magnetograph was adjusted on the 1 s t  April 1919 on account of the  
magnet  line on the magnetogram approaching too close to  the base line, owing to the gradual 
shif t  in tlie direction of the magnet clue to secular change. 

The underground observatory mas free from inundation during the rainy season this 
verr. There have been frequent heavy sl~on.ers of rain but these were not continuous beyond a 
day or two and the subsoil water did not probably have time to accumulate in sufficient 
quantity in the boulder trench to cause enough pressure for the percolation of water into the  
observatory. 

.is electric lights had proved so satisfactory for taking tlie absolute observations during 
the total solar eclipse of the 29th J l a y  1919, a further trial was made with them in the 
u~iclerground o b ~ e r v a t d r ~  with a view of introducing such lights for the magnetogral~hs in 
place of oil lamps which often smoke and foul the air in the observatory. The lights were 
switched on and off a t  intervals but gave no indication n~hatever of ally action of the electric 
current on the sensitive magnets of t,he magnetographs; it  has therefore been considered advis- 
able to install electric lights in tlie observatory in place of the existinq oil lamps as boon as it 
is  possible to  procure a suitable form of electric lamp for use with the magnetographs. 

2. Mcnn v / ~ l i t e a  of thc drclinalion u ~ r d  H .  F. conslnnfs.-The table below gives the 
mean rnouthly values of the magnetic collimation, the distribution constants PI., and P,.,, and 
the accepted values of p ant1 q used in determining the values of the revised distribution factor. 
The v a l ~ ~ e s  of 'm' are also given, as determined by the revised distribution factor and moment 
of inertia used for the co~nputations for 1915. The values of 'm' are liighe~. than the previously 
accepted value; w this is probably due to a decrease in the moment of inertia the values will 
require rr correction when the moment of inertia is redetermined t l ~ i s  field season. 

The values of 'rn' in the table mere derived from the vibration observatiolis with ;,Lu 

r h  ronograph. 
iMeun values of the  conslnnb8 o f  magnet  h. 17 i r ~  1915. 

COIBTARTS.  
H.F. CONSTANTS. 

-- -. --- 

Yoarea. D I S T R I B ~ T I ~ X  F ~ r ~ o n r .  B l a r ~  V A L W E B  or m. 

! Mean - -- - -- - 
' n~npnetic Accepte,l I cnllimation. 

I' 

I , ,, 
.Inuuarj . . . ' - 7 1 8  5 . 6 8  

Februar J . 1 - 7 26 6 69 7 . 1 6  

>I are h - 7 20 8.72 

.\pril . - 7 1, 6 07 6.38 

vnlues. 

q 

: I 

n 
I 

,\I sy ... 
Jnne ... 
July . . . 

Monthly 
menno. 

--- 

~ 7 . 3 7  

807.24 

807. 07 

807.21) 

80701 

8W7.06 

807 04 

807.02 

807.04 

80i. 1:) 

19 

Xorernber ... 1 - 7 i 5 . 8 8  7.18 

1)ecembar ...I - 6 57 7 0 6  

I 

5 89 

5 89 

6.81 

6.88 

5 06 

K.86 

- 7 13 

.- 6 59 

- 7  3 

Accepted 
m. 

] 

1 
806 '00 

i 

J 

duguet . . I  - i 5 

Septernbrr 

October ... i - - 7 2 

6 93 

7.21 

7 .07  

i . 2 6  

a 
t- 

, 7 0 6  
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3. Metan hose line values.-The table below givee the  mean monthly o h r v e d  and 
m e p t e d  values of the Ileelination and Horizontal Force h e  lines : the accepted rr lues  have 
been used to compute the values of these elements for 1918. The H.F. base line values have 

been derived from H as determined with the moment of inertia and distribution coefficient 
used in the  computations for 1915. 

Base l ine values of mognetoyrnphs in 1918. 

4. Mron scale valves and temperalure ra11ge.-The mean scale values for 1918 for a n  
ordinate of 1/25 inch are :- 

Horizontal Force 4 - 4 2  gammas. 
Declination 1 03 minutes. 
Vertical Force 5 - 72 to  8 . 7 6  gammas. 

The mean temperature for the year was 26O.5 C.; with maximum and minimum 
monthly ~a!ues of 26'mO C, and 2 7 O . 0  C. The temperature of reduction is 2 7 O . 0  C. 

5. Mean rnor~tlily 7:nllre.v and an i~uol  changes -The following table show6 the monthly 
mean values of the magnetic elements for 1917 and 1918 and the annual changes for t h a t  
period : these annual cllanges are dedrlced from the values of H corrected for the moment of 
inertia and the distr~bution factor used in the computations for 1915. 

Annual changes at Dehra D i n  in 1917-18. 

Momras. 

Jsaasrp ... 
Frbrltary ... 
March . 
April ... 

... 

June ... 
July ... 
Allgust ... 
Seplet~~ber  ... 
October ... 
November ... 
I)rre~~bher ... 

H o n ~ z o r ~ r ~  Y O S C ~ .  

Mean 
l o  1 , 1 E~.A-.. 

llrse line. 

DECLI~ATION. 

Mean 
vm~ue of 

Brae line. 

0 I 

1 3 1 . 3  

1 32.2 

1 3 0 . 5  

1311.8 

1 30.7* 

I a 1 . 9 t  

1 31 ' 8  

1 9 1 . 7  

1 3 . 2 0  

1 31.9 

1 32.1 

1 32.0 

1 3 1 . 6  

\ 1.0 14th 
) Frou~ 16th 

\ TO 19th 
) From 20111 

C. G. 8 

-32691 

.32690 

.32691 

.32C88 

,32695 

.32697 

,32697 

' 32t;96 

-32696 

-32691 

'32686 

'32681 

C . G  S 

(a) .32695 
(b )  32688 

.32690 

.32691 

a 32688 

(a) ,32693 
(b) .32697 

.32697 

.A2697 

.32696 

.32696 

*32691 

*i126:6 

'32GB1 

&fOlITBB. 

January . 

P r h r l ~ l ~ r y  . 
March . 
Apri l  . 
b1117 ... 
.111nr ... 
J t ~ l j  ... 
A I I P I I ~ ~  , ,  

f i ~ j ~ t ~ t ~ n h ~ r  . 

0 ~ 1 0 h p r  , , 

h ' o v r ~ i ~ h r r  , ,  

[ ) C P C I I I I V P ~  ., 

nlennq , , ,  - 

B"e line Brr~srs.  I -- 

UICLI~ATIOB 

E .  lo + 

1917. 1 1918. 1 :%:, 

L I P  

h'.4b" + 

1917. 1 1918. El 

0 I 

1 31.8 

1 31.8 

1 31.8 

1 31.9 

1 31.9 

1 31.8 

1 31.7 

I 32 0 

1 31.9 

1 32.1 

1 32 .0  

1 31.6 

~ I O R I P O N T ~ L  FOEICE 

.32W C. 0. S. + 
- 

1917. 1 1018. 1 
V r n r c r ~  Fomcm 

.32000 C. 0. S. + 

1917. 1 1918. 1 fzln'$. 

Obsd. by K.K.U. 

t ,, ,, s.D. 

Y 

1 0 1  

0 

1 

4 

1022 

11~24  

1'120 

987 

999 

993 

696 

994 

-- 

1010 

-4.7 

- 4  4 

- 6 ' 0  

- 6 . 0  

- 4 9 

- 6 . 2  

-6 .4  

- 6 . 9  

- 6 3 

- 6  5 

- 4 . 9  

- 4 9  

-6  1 

' 7 7  

6 i 7  

679 

681 

685 

692 

699 

i13  

724 

71: :  

722 

752 

i3:{ 

i0J  

+ 3 . 7  

I 

+ 6 . 0  

+ 6 ' 1  

+ 5  0 

+ 5 . 8  

+ 5 . 6  

4 

+ 6 . 0  

t 6 1 

+ 6 . 6  

+6.R 

- - - -  
+ 5 . 5  

42.6 

42 1 

42 1 

42.3 

42.8 

43.0 

44 0 

4 6 . 2  

46 fi 

43.8 

4 6 h  

IG.4 

44 1 

' I  ' 4 6 2  

47 2 

48.1 

4 8 4  

47 .8  

-18 8 

49 6 

60.6 

51 6 

51.9 

5 2 . 3  

5 3 - 2  

49.1; 

68.3 

67.7 

108.0 

67.5 

6 G 9  

69.6 

66.4 

6 9 . 7  

1:S.i 

G5 8 

61.7 

G4.l 

-- 
66.6 

7 

994 

989 

988 

982 

992 

994 

992 

981 

ST1 

9G3 

968 

961 

!I89 

729 

544 

560 

761 

i67 

780 

790 

84~1 

811 

808 

2 

820 

782 

63.6 

I,.? 3 

63 0 

62.6 

6 2 - 0  

(;I 3 

61 0 

60.8 

63 .4  

l iO-:i  

: 9 H  

59.2 

GI -4  

7 

- l i  

-32 

-37 

-42 

-30 

-30 

-28 

- 6 

-28 

-30 

- 2 7  

-43 

-- 
-30 

' 7 -  

+ 5 2  

+fis 

+ 7 9  

+;G 

+ 65 

+ 81 

+ 7 7  

+ i 6  

+ 8 8  

+ 8 6  

+!)a 

+ a 7  

+ 7 8  - 
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Toungoo Observatory. 

1. The magnetographs worked sat)isfactorily throughout the year. During the ins- 
pection of the observatory in February the lenses of all the magnetographs were cleaned and 
the lines on the n~agnetograms were very much improved. 

The V. F. magnet was adjusted on the 26th Febroary on account of the magnet 
line on the ma,onet,ogram sl~ift . ing to  the edge of the paper owing to secular change and loss 
of magnetism. 

Earth lndrictor No. -16, which was temporarily in use a t  the observatory for part of 
the month of September last year, was replaced by the original instrument, No. 46, which 
was put into morkinq order. The cause of the trouble in the latter instrument was due t o  
the  wire connection between the commutator and one of the binding screws touching the 
horizontal plate of the instrumeut from wear of the casing of the wire. 

s 

The moment of the observatory magnet, No. 19 ti, fcll by 5 units on the 20th 
December 191s. The observer was unable to  give any reason for the change; i t  was pro- 
bably due to  carclessness on his part in accidentally giving the magnet a knock or in causing 
l t  to come in contact witll some m a g ~ ~ e t i c  substance. 

2. Ilfen~i ra//ces of fhc l ) r c l i n ~ ~ t i o n  trnd II. 3'. co~~stnnts.-The table below gives the 
monthly mean values of the magnetic collimation, revised distribution constants, and moment 
I(,,, as deter~nined wit11 the revised distriblition factor and moment of inertia used for the 

computations in 1915. 

~ M r n ~ t  c r r lu~s  of the co~rsttrnfs of mrcynet No. 19A i n  1918. 

3. Mean base Iine value8.-The following table gives tbe mean monthly observed and 
accepted base line values of the Declination and H. F. magnetographs : the accepted  value^ 
have been used to compute the value6 of these elements for 191 6. 

The H .  P. base line valnee have been derived from H as determined with the moment 
of inertia and distribution coefficient used in the computations for 1915. 

B e m a r k m .  

- 

U p  to 7th May. 

to 7th Ileccmber. 

tn19t.h ,, 
Prom 2 1 s t  ., 

DrrLln.iTlon 
CONSTALTS.  

-- 

H. P. CONSTANTS. 

- - ---- 

SIorrns. 

- 

Jnnl~nry ... 
Febl.uary ... 
hlnreh ... 
Apr~l  . . . 

MIIT . . . 

Jurle ... 
July ... 

D ~ S T R I ~ U T I O H  FACTORS. MBAN VAL US^ or  rn. 
BIeln -- -- 

magnetic 
O V I I I I Y ~ I ~ O ~ .  I Accepted mloew. Monthly Accepted 

means. m. 
- 

1 ,, 

- 11 18 

- 1 1  10 

Auguet . I - 1 1  I 0  

Yeptember ... -11 43 

October . 1 1 32 

Sovamber ... -11  29 

D s r e ~ r ~ b e r  11 34 

8 . 2 1  

S.14 

9 18 1 
9.04 

9.14 

9 -  I8 

9.06 

8.26 

8 . 2 8  

8 2 2  

8  20 

8 . 2 1  

9 24 

9 -00  

- 1 1  3 1 8 . 1 4  

... 
.48 

. 36  

. I 8  
Rf i7 .  I 6  

9.09 

9 . 2 4  

9 . 1 8  

9 . 2 3  

9 .31  

-10 5 i  

-11 st;? -,, 5 ,  

- 11 28 

- 1 1  31 

872.48 

873.36 

R72.18 
867.16 

872.66  

8 ' 3 0  

8 . 2 2  

8 .31  

8 . 2 8  

) 

$ 
0 

-r 
-a 
w 
I 

.S6 

'"872 66 

J 
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Base line valuer of magnetographr in 1918. 

Monrss. 

Jauuary ... 
February ... 

( March ... 
... April 

Ysy ... 

J u n e  ... 
July ... 
Augnat ... 
Beptentber ... 
Octoher . 
November ... 
December ... 

HORIZONTAL low=.  

- -  -- _ - 

Bnse line 
Drae line. nccepted. I I Y e m a r k s -  - -  

DECLINATION. 
- -. --- v,9"ro, Bue line ( 1 B e m n r k s .  

Bane line. ncmpted' 

4. Mean scale values temperature rnnge.-The mean scale vallles for 1918 for 

a n  ordinate of 1/25 inch are :- 

i 
5 . 4 1  gammas to 9 hours on 29t.h March. 

Horizontal Force 
5 - 3 5  ,, from 2 0  ,, ,, 91 , )  

Declination 1 ~ 0 4  minutes. 
Vertical Force 5.61 gammas. 

The mean hmperature for the year was 89O.2 Fahr. which remained uniform 
tfhroiighout. The temperature of reduction is 89O.0 Fahr. 

5. ,Wean monthly values and  annual changes.-The table below gives t,he mean 
monthly values of the magnetic elements for 1917 and 191 8 and the anllual changes for t h a t  
period : the values of annual change are deduced from the values of H corrected for changes 
in the moment of inertia and the distribution factor used in  the computations for 1915. 

Annual changes at Toungoo i s  1917-15. 

To 9h. on 29th. 

From 10h. on 29th. 

C. a. s. 
-38b67 

-386fil 

.38669 

.38710 

.3.9;04 

,38700 

.3.9694 

3369.5 

-38697 

38700 

.3869; 

-38696 

c. Q. s. 
.38657 

.38561 

'38669 

-38710 

.38704 

.38700 

'38694 

' 38696 

' 38GY7 

'39700 

.38fi97 

'38696 

-- 

Up to loll. 6?t11. on 28bh 1 
From 14h. 48m. on 28th) 

O I  

0 62.1 

0 62.4 

0 62.3 
1 17.1 

1 16.9 

1 16.7 
1 1 6 7 l  
1 16.6) 

1 16.6 

1 16.8 

1 16'6 

1 16.3 

1 1 

1 16.1 

1 16.2 

MOSTUS. 

o I  

0 52'2 

0 62.4 

0 53 .;3 
1 17.1 

1 16'9 

I 16.6 

1 16.6 

1 16.8 

1 16.6 

1 1G.3 

1 16.9 

1 IG.1 

1 16.2 

DIP 
N. 23O+ 

1917. 1 1918. 1 f ~ ~ ~ ~ ~ .  

January ... 
Febrnar j  ... 
March ... 
April ... 
May ... 
June ... 
July  ... 
Allgnst ... 
September ... 
Gcl.ober . 
I'io"eln')W -.. 

... 

VERTICAL FORCE 
-16UOO C. G. S. + 

1917. 1 lP1.9. 1 Annunl 
chon pe. 

HORIZONTAL FORCE 
.30000 C. 0. S. + 

1917. 1 101M. 1 tt;';:. 

DECLINATION 

W. O0 + 
-- 

1917. 1 1918. 1 :!,"$. 

Means 1 37 1 67 / +30 
C 

Y 

+27 

+17 

+16 

+29 

+3l  

+29 

+36 

+52 

+29 

+SB 

+3G 

+24 

v 
- 1  

+ 4 

+11  

+15 

+ 6 

+14 

-17 

+16 

+15 

+1g 

+15 

+15 

684 / ~ 9 6  

11.1 

11.3 

11.G 

12.1 

12.6 

12.7 

13.0 

13.0 

13.6 

13.7 

13.9 

14.4 

Y 

26 

38 

48 

BR 

39 

44 

38 

16 

37 

3(i 

44 

- . - - I  

' Y Y  

687 

686 

686 

689 

696 

682 

678 

681 

681 

681 

683 

686 

+ l r  12.7 

Y 

63 

56 

64 

(ii 

70 

73 

73 

70 

66 

71 

59 

88 

686 

690 

697 

698 

700 

696 

695 

697 

696 

699 

698 

701 
1 

14.; 

15.3 

16.4 

16.0 

16.0 

16.5 

1G.8 

16.9 

17.3 

17.4 

17.8 

18.4 

16.5 1 + l a  1 W E  8.4 1 -0.1 

-- . - - . - 

' i '  
- 

8.1 

8.4 

8 .7  

8.5 

e.6 

8.3 

8.2 

8.4 

8 6  

8.5 

8.2 

8.7 

+3.6 

+4.0 

+3.8 

+3.9 

+ 3 , 4  

+ 3 . 8  

+3.8  

+3.9  

+ 3 . 8  

+3.7  

+3.9  

+4.0 

- 

-0.9 

-0.2 

+ 0 . 4  

+0.1  

-0.6 

+0.2  

+ 0 . 2  

-0.5 

+0 .3  

+0.2  

0.0 

+0.3 

9.0 

8.6 

8 . 3  

8 . 1  

9 .2  

6.1 

8 .0  

8.9 

R.2 

8 . 3  

8 .2  

8.4 
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K o d a l k a n a l  O b s e r v a t o r y .  

1- This observatory is under the  control of the Meteorological Department, but  the 
absolute observations and the records of the self-registering instruments are forwarded 
periodically by the Director of the observatory for comp~~tatioll  and for record in the party. 

The results of the Ti. F. and V. F. magnetographs have been satisfactory except for 
a n  occasional break in the magnet lines on the mag~letogratns from the failllre of the lights 
and stoppage of the clocks of these instruments. 

From the Zlst  t,o the 26th March 1919 the decltnation magnetograph is reported to 

have been opened, cleaned ancl adjustecl. A new suspensio~~ ribbon of phosphor-bronze was 
introduced and a new mirror fixed or1 the magnet system. While this was being done one of 
the  magnets of the system broke, the broken magnet was fixed in position by a light 
aluminium holder and a similar piece of metal was attached to the opposite end of the 
~ n a g n e t  as a coutlterpoise. When it was found tha t  this device was unsllitable the Directol- 
applied for a spare magnet, which was supplied to  him. 

From April to  September 1919 no satisfactory adjustment of the magnet system mas 
effected and consecluently for a period of 6 months no reliable base line vallles can be obtained 
to compute the hourly mean values of declination or the diarual inequality. 

The Magnetic Observer reported that  the observatory Earth Indt~ctor  (No. 45) worked 
unsatisfactorily and that  i t  was taken to pieces, cleaned and adjusted on the 18th and 19th 
December. It gave trouble again and the cause was reported t o  be due to wear of the 
commutator which was turned true by the Director in December 1918. On the 1st  February 
1'319 i t  was readjusted and from the 12th to  16th Al)ril 1910 both the Earth lncluctor and 
galvanometer mere reported to be working ~lnsatisfactorily. From t,he 23rd April to the 6th 
May 1919 these instrr~lnents were again reported to  be out of orcler. No observations were 
taken from the 27th June to the 3rd July. 

The Director of the observatory applied to t,he officer in charge of the party for a 
spare Earth Inductor ancl galvauometer. Earth I t~dnctor  No. 46, with its galvanometer, was 
sent to  him early In June  1919ancl the instraments were taken into use on the 4th July 1019. 
This galvanometer was reported to be out of orcler from the 19th to the 23rd August 1919. 

The dip observations a t  this observatory continriecl to be ~~nsatisfactory and the records 
received up to the encl of Septcmbel- 1919 show no improvement in the observations. 

The magnetograms of all the three n~ngnetograpl~s, from the 7th to  the 9th 
November 191 8, mere reported to be missing ant1 have not been found. 

I n  the statenlent of the \veekly returns of theobservator!- of the $ l s t  December 1918 
the magnetic observer makes the folloning remarks, in accounting for the fall in the magnetic 
moment of the observatory magnet:-"The moment of the magnet has dropped since tlte 16th 
wltile experimenting with a, small piece of metal mhic11 the Director gave as nl~inziniurn but  
which n.ns sahseqttently found to he a lae l .  T l ~ e  experiment was with a i i e w  to finding out 
what effect a small ntlditionnl n~eight  has on the val~le of ' m '. The piece of metal came in 
contact with the magnet and this has ca~lsed the drop in the moment, ." 

On the 25th September 1919 i t  was reported tha t  when thc magnet of thc observatory 
magnetometer mas raised the suspension ribbon freq~iently slipped through the chuck attached 
t o  the lower cncl of the ribbon and that  the chuck was therefore slightly repaired,, and i t  was 
remarked that  & '  the moment of inert,ia of the maguet may recl~iire to be redetermined". 

It is very ~~nfor t ,una te  that. i t  was not t , l~ought  necessary to cletermine the moment of 
inertia of tile magnet before the c h ~ ~ c k  mas repaired as an after determination alone will not, 
throw any- light on t,he act,rial change in the moment of inertia that  has occnrretl between the 
last determination in 1915 and up to t,he time of repairing the chuck. 

I t  is regrettable that the several mishal~s mentioned 'above shoultl have occorretl as i t  
means that there is little hope of obtaining reliable values of the ,magnetic elements a t  this 
observatory (Illring the yea,r under report. 

2. n f ~ n n  r .al~ra.~ of !/re Declit~ntion and JI. F. con8ta~tl.v.-The table below gives the 

mean mollthly of tile magnetic collin~ation, revised distribotion constants and m ~ m e n t  
11 , ,, as determined ~vi th  the distrib~ttion factor anfl moment of inert'ia used for the comput- 

ations i n  191.5. TIle of m l P  in the table are all dcl.ivet1 from vibration observatiolls 

as determined with tile chronograph. 
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Mean value, of the constanfa ofmagnet No. 16 in 1918. 

3. Mean base dine va11ies.-The following table gives the mean monthly observed 
and accepted base line values of the Declination and H. I?. magnetographs: the accepted 
values have been used to compute the values of these elements for 1918. 

The H. F. base line values have been derived from H as determined with the moment 
of inertia and distribution coe5cient used in the computations for 1915. 

Yonrae. 

Januarg .. . 
February ... 
March . . . 
April ... 
May ... 
June ... 
July ... 
August ... 
beptember ... 
October ... 
November ... 
December ... 

Base l ine values of magtre/ogrnphs in  l9lCq. 

Dxc~lrATloN 
COUBTANTB. 

Mnrn 
magnetic 

collimtion. 

I " 
- 3 33 

- 3 30 

- 3 32 

- 3 28 

- 3 30 

- 3 28 

- 3 28 

- 3 28 

- 3 29 

- 3 32 

- 3 29 

- 3 27 

H. F. coIlsTAIlT8. 

D I B ~ B I B ~ T I O ~  FACTORS. MEAU rAroPe or m. 

MONTH& 

January ... ... 
February ... ... 
March . . s ... 
April . . . ... 
May . . . ... 
June . . . ... 
July . . . ... 
A U ~ U S ~  . . . ... 
September . . . ... 
October . . . ... 
November . . . ... 
Dccem ber ... ... 

Monthly 
mesM 

883.66 

883.69 

883.34 

883.15 

883.19 

883.35 

883.33 

882.88 

883.20 

882.90 

883 10 

883.16 
881 

P l . 2  

6.27 

6.32 

6.29 

6.27 

6.11 

6.13 

6.27 

6-20 

6.26 

6.26 

6.24 

6.16 

Accepted 
m. 

882.77 
(up t o  

14th Dec.) 

881'33 
(from 18th 

p 2 . 3  

8.40 

8.39 

8.45 

8.37 

8.54 

8.63 

8.44 

8.6G 

8.70 

8.64 

8.45 

8.62 

Accepted 

P -- 

0) 
m 
.-I 
.-I 

- 

H O ~ I Z O N T A L  

Mean 
vnlue of 

Hnse line -- 

C. G. S. 
.37YY5 

.37332 

-37339 

,37843 

,37344 

~37313  

-37338 

- 37338 

37340 

37315 

,37342 

37343 

DECLINATION. 

values 

!l 

4 
F.l 

* a 
I 

FORCE 

Hace line 
accepted 

C. G. S .  
a37335 

-37332 

-37339 

-37343 

-3734'4 

~37343  

-37338 

-37338 

~ 3 7 3 4 0  

-37345 

37342 

-37343 

blear1 vnlue of 
Base line 

0 I 

2 33.2 

2 32.9 

2 32.0 

2 33.3 

2 33 .1  

2 33.1 

2 33.0 

e 32.8 

2 32.9 

2 32 .8  

2 33.3 

2 3 3 - 1  

Bnsc 11ne 
nccepl ed 

0 I 

2 33.2 

. 2  32.9 

2 32.9 

2 3 3 - 3  

2 33.1 

2 33 .1  

2 33.0  

2 32.8 

2 32.9 

2 3 F 8  

2 33.3 

2 33.1 
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4. Mean s p l e  values qnd temperature range.-The mean scale values for 1918 for 
a n  ordinate of 1/25 inch are :- 

Horizontal Force 6 .90  gammas. 
Declination 1 . 0 3  minutes. 
Vertical Force 6 . 0 8  to 7 40 gammas. 

The mean temperature for the year was 17O.4 C., with maximum and minimum 
monthly values of 16"-5  C. and 18". 1 C. The temperature of reduction is 1 9 O . 0  C. 

5 .  Mean monthly vulues and  annual clan,qes.-The table below gives the mean month- 
ly  values of the magnetic elements for 1917 and 1918 and t h e  annual changes for t h a t  
period : the annual change values are deduced from the values of H corrected for cl~anges i n  
the moment of inertia and distribution factor used in the computations for 1915. 

Annual changes at  KodaikZnal in 1918. 

Mean ualues of the magnetic elements a l  observatories in 1918. 
. . 

Monrus. 

January ... 
February ... 
March ... 
April ... 
3d.y ... 
June ... 
July ... 
August ... 
September ... 
October ... 
November ... 
December ... 

I~ORIEONTAL FORCE 

V. F. 

c. a. s. 

-32782 

1 6 6 9 6  

.O2969 

Oh8ervatorp. 1,atltuqle nnrl 

I 
1,ongltocle. 

1917. 

7 
630 

618 

658 

667 

662 

666 

665 

653 

673 

6il 

873 

671 

hlnos ... / 601 1 694 + 33 

Ihp. 

UECLINATION 

-37000 C. 

1918. 

7 
682 

677 

684 

687 

694 

697 

699 

698 

098 

701 

706 

701. 

- 8  

VER~ICAL FORCE DIP  

G. S.+ 

A n n ~ m 1  
change. 

------ 
7 

+ 62 
29 

26 

30 

32 

32 

34 

46 

25 

30 

33 

30 

33.8 

1817. 

7 
906 

913 

916 

922 

930 

938 

933 

937 

948 

942 

947 

950 

931 

I 
I lerl~nnt~on.  1 FI. F. 

. I - 1  I , ,, i c8 I 

Dehra D i n  f N.'l N. 44 j ! ) . ~  ' " 1 1 7 8  :1 19 E . j  
I 

+ 

$2;:: 

+ 5'4 

5.2 

5 2 

5.7 

6 - 4  

5.7 

6.6 

6 .2  

6,2 

6.5 

6.6 

5.4 

39.2 

1917. 

31.4 

31.8 

32.2 

3P.G 

33.0 

33.4 

33.8 

34.6 

36.1 

36.4 

36.0 

36.0 
I 

+ 5.1 271 I 

- -- 

o 

E. 9 1 . 4  

. 6 

W. 1 6 9 . 2  

Toungoo ... 

Kodaikinal ... 

+ 
- - 

,"c;: 

+ 3 7 

1.1 

3.9 

3'3 

3.3 

3.0 

3.3 

3.4 

2'6 

2.4 

2.8 

2'9 

W. lo 

1918. 

36'8 

37'0 

3i.4 

38.3 

38.4 

39.1 

39.3 

39.8 

40.3 

40.9 

41.6 

41.4 

30.1 + 3 2  I 

1017. 

25.2 

26'4 

25.7 

26.3 

26.9 

27.6 

27.2 

27.6 

28.0 

28.0 

28.4 

28.6 

.02000 C. G. 

1018. 

7 
953 

959 

961 

961 

969 

973 

972 

977 

973 

971 

980 

984 

969 

- - 

C, a. a. 

-32980 

0 7  

-37694 

{I"' 4"i" 1 N. 23 8 -  
96 27 3 E. 

{ : y  ,!j: :! E:} N. 4 3 0 . 3  
I 

N. 4 O  

----- 

1918. 

28.9 

29.5 

29.6 

29'6 

30'2 

30.6 

30.5 

31.0 

30.5 

30.4 

31.2 

31.5 

S. + 

Annun1 
change. 

7 
+ 47 

46 

45 

39 

39 

35 

39 

40 

30 

29 

33 

34 

+ 38 



thong .  YO L I  o s. 
nces rn I ~ I U .  5 

U 

1918 I Jmuary. February. March. April. Nay.  Jiine. J l ~ l y .  Augu8t. September. October. Noveu~ber. December. 

Date,. D T K D T K D T K D T K D T K D T K ~ ) T K D T K D T K D T K D T K D T K  -------- (:::--------- ------ 
1 ... C C C M S S S S S S S S S S S C C C  S C C M M A I S ~ S B S ~ @ G M  
2 ... C C C 8 S S 8 ~ S S C 8 6 8 8 c c c  s ~ S S ~ S S S ~ ~ ~ ~ M M M  
3 ... S S S S C C M M S S Y Y C C C C C C  S S S S S S * B S C C C S b Y  
4 . . . 8 S S C C C S ~ S 8 S S S 3 8 C c C C C C ~ S c S 8 S 6 s S C C C ~ 8 S  
5 . . . S S S G 0 M C C C S S S b 8 S S C C C c C ~ 8 S S h 8 ~ ~ b C C C c C c  
6 . . . S Y S S S S C C C U M M C C C 8 8 S C C C & B S S S S S S S C C C C C u  
7 ... C C C S b C : C C C Y S S C C C ~ ~ t ) C C C s ; Y S . * S S ~ S ~ 8 6 - ~ , S b ;  
8 ... C C C C C C v . o . v . o . v . G . 9 S S C C C 8 C C Y  s S 8 S S 6 S S M M h l  8 S - Q G G  
Q . . . C C C S Y S ~ ~ ~ S S S C C C S & ~ ~ ~ ~ S S ~ S S S S ~ S Y ~ - M M ~ :  

10 ... S C S S Y S S ~ S S Y ~ S S S ( ~ G G S ~ C S S ~ ~ S S Y R C S ~ ~ ~ ~ ~ .  ... 11 C C C S ~ S ~ S ~ M M S ~ S B ~ S S ~ ~ ~ S S S S C C C C M Y M ~ B B  
12 . . M M J G Q M S ~ S S N S ~ S S ~ ~ ~ ~ S ~ S S S C ! C C C C -  M M M S S ~  
l a  ... sss~asnsccccussssssssccc:ssccc- M M M S B S  

... 14 

... 16 ... 16 
17 ... 
18 ... 
19 ... 
20 ... 

... 21 ... 22 

... 23 
24 ... 
26 ... 
26 ... 
27 ... 
28 ... 
29 ... M B I M  . . . .  

... . . . . . . . . .  ao A I M U  
. . . . .  . . . . . . . . .  . . . . . . . . .  31 . . . . M . . . . . . . .  C C c -- - 

... ... ... 
. . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . .  . . . . . . . . . . . .  a 3 ... 

. . . . . . . . . . . .  v.0. . . . . . . . . . . . . . . . . . . .  a 2 ... 1 1 1 . . . , . . .  1 1 
. . . . . . . . .  . . . . . a  T n c .  1.d . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . I . . .  a . . . . . .  ... 1 . .  

i 

c - Csh.  B - Slight. Y -Moderate. Q - Oroat. T.Q. -Po17 Qrrat. - ~ T I L Q O  lwt. 
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Howlu Means of Horizontal Force in C 0. S. units (corrected for temwra 

[Jma. 

: 4 
5 Oct. I Nor. 

(Deo. 
- - - -. -. - - - 

~ e u .  ( wo i 9 i 0 1  8121  (1111 972 I 9 7  1 0741  il;li) 977 I 981 I-. 
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Diurnal Inequality of the Vertical Force at  Toungoo in 1878, deduced from t7rs abwe Table. 
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BASE LINE. 

No work was undertaken by this party as a 
P~asoNNnh OF No. 18  PARTY. Party during the year under report. Theo5cera and 

Imperial O R e r r .  establishment from time to time posted to it for ad- 
Colone, sir Gerald I.enrsr Congnpllem, B.E., ministrative purposes were employed on mhl laneour 
B.11.8., in ~ l ~ a r ~ e  frotl~ 1st to 911) Oelober 1918. work. 

BI.-Colonel A A .  YcHaru, 1j.LI.0, R E ,  i n  
e l ~ n l . ~ e  from l u ~ 1 1  October 1918 to 3191 March 
1919. 

Y sjor H. McC. Cowie, E E., in charge from 
Ir t  April lo 8th Mu? 1919. 

Major C. Id. Tbompnon, 1.11 , in cllsrge from 
9th &lay 1919. 

Lower Subordinate Sauicn. 

1 Clerk, etc. 
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pmsonnn~. Isorta.y.-From the geodetic point of view the 
~mp&z Ssroiw. most interesting event of the year was the publication 

Major H.McC. Cowie, R.E. till 18th Bfarch of Professional Paper No. 1 7 by Colonel s i r  Sidney 

19 IS. Burrard, K.C.S.I., R.E., F.R.S. 
Major C. I.*. from 19th March The title of this paper is Inv,estigations of 180s- 

1919. 
tasy i n  I i ~ n Z l a y a ? ~  uud Neighbouring Regions, and i t  

~roninn'al ~ e r ~ i r ~ .  puts forward the proposition that  the anomalies both 
Mr. Hanuulau Prsead, E.A.S., i n  charge Wort-  in  the values of g and in the  attractions of the 

shops sud Storea. plumb-line, which remain after the effects of isostatic 
Uppm Subordinuts Service. compensation on the Hayford hypotllesis have been 

Mr. Ssrnt gllmar Mukerji, s,A.8,, in charge allowed for, may be due to imperfections in the 
Printing Office. application of the hypothesis rather than to departures 

Rai Snhib Idhan Chandru &pa, R.A., Head 
Computer, 11 Senior Computers and 6 Junior Hitherto in computing the compensation all Computem. 

masses standing above the mean level of the sea 
1 Proof Render, e2 C o m ~ o ~ i t o r s ,  5 pressmen, have been assumed t o  have a density of 2.67 (mean 

and 3 boob-binders. 
density of the earth's crust);  if, however, the rocks 

1 Head Artificer and 23 fittarn and carpenters. over any area are known t o  be for  considerable depths 
Habu Gm:a P r a e ~ d  1Inthur. 2nd Computer, of an appreciably different density, i t  is only reason- 

retlrad from service on 19th Ocrober 1918. 
Bahll Cl, l ,ndrn DerR A ,  wtls able to  take account of this difference in deducing 
~rppointed o n  24111 Februur3- 1919. the density of the compensating mass, just as in the 

case of ocean areas the presence of the sea water is taken account of. 

Sir  Sidney Burrard's discussion is chiefly concerned with the Gangetic trough over 
which area of deep alluvial deposits the gravity anomalies &re generally negative, whereas in  
the Himilayas to the north and along the margin of the trough to the south they tend to 
be positive. His  argument is clearly given in the following passage.*- 

" I f  the Gangetic trough contains light deposits to a considerable depth, and if the 
"light density of these cleposits is isostatically compensated to a depth of 113 kilometers by 
"equivalent heavy density in the crust, the gravity anomalies a t  stations over the trongh will 
"be negative, because the light deposits are nearer to  the srirface than the deep heavy roaks, 
'&which form the  compensation : the light rocks thus having a more immediate effect on the 
''l~endiilum than the heavy. 

" On the other hand the l ight  deposits mill have no appreciable effect a t  stations north 
"and south of the troug-h, mliilst the heavy compensation-rock will increase the intensity of 
"gravity a t  these stations and will tend to make their anomalies positive. A pendolum is 
"actllated by the vertical component of gravi ty:  the vertical component due to  surface rock 
"tleposits, situated in a horizontal direction to one side of the l~endulum will be very small, hut 
"the vertical component of the compensation rocks situated a t  a. great depth will be consider- 
&'able. 

" It is in this way that  the l~ypothesis of isostatic compensation, if applied to the 
"Gangetic trough, may esplain the presence of positive anomalies north and south of the 
bit,rough." 

The reduction of these ideas to figures has present,ed formidable di5cuIties for neither 
the ~ h a p e  nor the depth of the Ganget,ic t ror~gh is known with any accuracy. A series of 
calculations have been made to obtain an approximation to the t r u t l ~ ,  and it  has been found 
t h a t  if a V-shaped trough is asa~inlecl for the Indo-Gangetic belt witah an average depth of 
50,000 feet and 120 miles \\.ide, filled with light materials of densit,y 2.4, anrl i~ontatirally 
compensated i t  offers a solrition for the anomalies. 

Triangic2ation.-(a) The adjustment of t,he pendent of the Hrrrma Coast 

Series which exknds  to the south of latitude 18", and of the Bangkok Series has been carrietl 
out. The  etations ant1 intersected points of the followinfr series rerluired for inclusion in the 
triangulation pamphlets have also been adjusted.-(1) Rllrma Coast Series (2) Mandalay 
Longitudinal and Mer id io~~al  Series (3) hIanipur Meridional Series (4) Thayetmyo Series 
extending to Cape Negrais t.id Prome, Myanaung and Bassein (5) T h a ~ e t m y o  and Toongoo 
Series (6) Pegu, Rangoon and Coast Series. @ 

- - -- - - -- - --A 

P a p  1% Prof8as1onel Paper Ro. 17 Imaedigaliolu of I 8 a r l q  by  Rurrerd. 



COMPUTING OFFICE. 96 
Vol. XIV.] 

( b )  ~h~ initial heighta for the triangulation in Burma am of h m ~ h a n  and 

~ ~ k b ~ i  of the Manipur Longitudinal Series, and thme of Gojalia and Tulamun of the. 
@hillong Moridional (Eastern Frontier) Series. All of them Stations b e l o n ~  the N'E' 
quadrilateral of the Indian triangulation. Tbe Burma heights have been based On the heighb 
of these stations and an adjustment has been effected on the following lines :- 

~ ~ i ~ h t ~  base been computed fmm G o j a l i a - T ~ l a m ~ n ( a e e  J i a g n m )  through the Eu te r~  
Frontier Series, (now 
Burma Coast Series,) 
and from Rampllan- 
Tukbai through t h e  
Manipur Meridional 
Seriesto theirjunction 
a t  the  st:itions Rong- 
d o n g - A n g r a n t o n g  
(Ingrantaung). T h e  
small error met  with 
a t  the junction sta- 
tions Rongdong and 
Angrantong(1ngran- 
taung) was distri- 
buted amongst t h e  
stations of the t w o  
series proportionately 
to  their distances 
from the  s tar t ing 
stations. W i t h  these 
adjusted values of 
heights of Rongdong 
and Angrantong 
(Ingrantaung) t h e  
heights of the Burma 
Coast Series, up t o  
M y a y a b e n g l i y o ,  
tl,ose of the Man- 

dalay Meridional Series and hlanipur Lo~git i idinal  Series up to Tamunja ancl Khambiching 
have been revised and the error found a t  the closing stations similarly distributed, with ad- 
ditional adjustments wherever spirit-levelled heights were available. The heights of t h e  
Mandalay Longitudinal Series have also been adjusted between the final values of 3Ianipur 
and Mandalay hleridional Series. The ~ e n d e n t  series-Great Salween and Upper Irran.addy 
have also been brought into terms of the final values of the lfandalay Meridional Series. 

Levtiling.-The following have been published :- 
(a)  2nd edition of levelling pamphlet 57 incorporating the results of the revision of 

the ~ o o t ~ - - ~ e l l a r ~ * l i n e  (1914-15). I n  this edition the infor~nstion relating to  distances has 
been added and the descriptions of beuch-marks have been materially revised and corrected. 

(6) iiddendum to Levellil?g Pamphlet 56 embodying the line R,igalkot to  I l a i c h ~ r  
(1914.). In  atldition to these, addendum slips have been issued for pamplllets 43 and  47. 

(c) A reprint of the Levelling Pamphlet 53 having been called for on account of 
extensive revisions carried out in that  sheet, a corrected 2nd edition has been and is 
in course of printing. It will be ready for publication early nest  year. 

Con~pulu~ioits and 1n~:estGati~ns.- 

(1) In  complia.nce with a reqnestfrom the Chief of the Genera] Staff, Simla, 
co-or(linates weye computed for over five hundre~l points to furnisll data for the construction 
of an index of the Peshiiwar Division of the N. IT. 1". Provinces for the use of the 
Army Dcpartwent. 

(2) Deflections mere compr~ted for the stations of Burma triangulation required for 
inclusion in the t,riang~llation pamphlets published dur ing  the year. 

(3)  For purposes of investigation the following were computed :- 
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(a) Bouguer corrections for the 20 gravity stations in Turkistkn given on page 215 
of Professional Paper No. 16. (b) Compensated deflections with modified values of Hayford 
factors for the  102 latitude and 18  longitude station* dealt with in Professional l'aper No. 18, 

I n  addition t o  above, computations were carried out  in connection with the conversion 
of rectangular co-ordinates to  spherical and r ice  versa. Some gratiuules were also computed 
for  the Officer in Charge No. 13 Party. 

The remodelling of professional forms to reduce them to foolscap size is being carried 
o u t  in the Coml~nting Oftice. 

Revision of the  IAitcnd Ilook of Topography.-Chapter I11 (1914) of the Hand-Book of 
'Topography is being re-mrit,ten. The revised edition will be ready for publication in the 
course of t,he next year. 

Requisitions.-158 requisitions for data  were received from departmental and non- 
departmental officials. I n  some cases these requisitions mere met by the supply of printed 
publications; irl others i t  was cecessary t o  extract the required information from manuscript 
records. 

Ti.ian.qulnfion pamphlets.-Sustained progress has been made in the compilation and 
publication of triangulation pamphlets. 6 1  pamphlets were published and issued during the 
year and press copies for 107 pamphlets including 14 for the O5cer  in charge, Eas t  Persie 
Survey Party, were compiled and made ready for  the 

The following were printed in the course of the year :- 

Volume XI11 of the  Records of the Survey of India, 1917-18, Triangulation pamph- 
lets covering 220 degree sheets, Levelling pamphlets 57 (2nd Edition) and 56 (Addendum) 
including correction slips for pamphlets 43  and 47, Levelling pamphlet for Mesopotamia, 
Professional Paper No. 17 ,  Extracts from Auxiliary Tables for the use of Explorers, Tables 
a f  reduced results of Blagnetic Observations by 18 Party, a glossary of Tibetian names, and 
a large amount of miscellaneous work. 

I n  the book-binding section the work dealt with comprised 350 copies of Professional 
Paper No. 17, 3050 triangulation pamphlets, 600 Levelling pamphlets, 200 copies of the 
Tide Tables for the Port of Basrah and over 3000 copies of miscellaneous publications in- 
cluding the distribution lists for Professional Papers 16 and 37. The binding of the Recorde 
Volume X I  (350 copies) was completed. 

The work of this section consisted principally in the construction of a number of 
racks for the new godown and one for Computing Office, and in carrying out alterations 
in the racks of the Forest Map Office. Photo carriers were made for the Photo-Zinco Office 
a n d  the Thomason Civil Engineering College, Roorkee, and a number of almirahs mere 
constructed for the Library of the Trigonometrical Survey Office. The departmeutal instru- 
ments were cleaned and repaired, and a large amount of other petty work was carried out. 

(1) Srcsmograpky and Meteorology.-The Omori Seismograph was in operation 
throughout the year and the usual daily meteorological observations were made. 

(2)  Solar Photography.- The Pholol~elio Ohbrrvatory continnc~tl its work as in past 
years. 

The following statements show t h ~ ' e n r t h ( ~ u e k e s  recorded. and the number of days on 
which solar photographs were taken. 
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1. Statement of earthquake8 recorded during the year 1918-19. 

2. Statement shozoing the riumber of days on which solar photograph8 
were taken during the year 1918-19. 

- 

October 1918 30 55 5 ... ... 1 April 1819 28 51  

November ,, 30 4 5 1 ... ... May ,, 30 62 2 

Decemher ,, 28 48 4 2 ... 3 June ? 

January 1919 23 36 4 1 ... H July ,, 13 34 4 8 

February ,, 26, 46 4 1 1 

March , 26 47  3 2 2 6 September,, 27 47 3 2 1 3 -------- 
Tolmla ... 314 1 5 1  46 17 7 4 1  1 ) 

BEMABKI  

Intensity &. 

- -- 

slight 
severe 

9P 

moderate 
7, 

slight 

severe 
9 )  

very great 

moderate 
great 

moderate 

TI 

slight (local) 
slight 

DwaLion 

mtr. 

24 
132 
92 

6 0 
138 

10 

41 
60 

240 

120 
100 

2 5 

40 
10 

5 

Distance of Epicentre. 

o 
!z 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
1 1  
12 

IS 
1 4  
15 

miles. 

235 
3,850 
3,780 

630 
6,720 

630 

3,570 
2,520 
9,8'iO 

3,850 
5,680 

470 

630 
140 
420 

Month and Date 

1-1 0-18 
9-11-18 

19-11-18 

1-12-18 
5-12-18 

11-12-18 

1- 1-19 
1- 1-19 
1- 5-19 

3- 5-19 
7- 5-19 

23- 5-19 

24- 7-19 
6- 9-19 

14- 9-19 

-- 

f imlr 
(from W.B.) 

miles. 

200 
3,000 
3,000 

300 
6,500 

200 

5,500 
4,500 

... 

5,000 
... 

400 
. . . 
200 

Time of beginning 
(corrected) 

Pirnl I-- (from W.R.) 

hrr. mlr .  

6 49 
10 19 
0 22 

8 7 1  
1 7 3 9 4  
14 494 

7 13 
8 4 6 4  

13  8 

5 313 
1 2 2  

11 43 

7 37 
13 231 
18 10 

hrs. mtr. 

6 50 
10 18 
0 22 

8 8  
1 7 3 9  
14 46 

7 13 
8 4 7  

. . . 

l"22 
. . . 

7 37 
13 24 
18 9 
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Vol. XIV.] APPENDIX. 

A-HISTORY AND GENERAL REPORTS. 

(Oblainah/e from the Superintendent, Map PuBlication, 13, Wood Street, Calcutta). 

MEMOIRS. 
1. A Memoir on the Indian Surveys. By C. R. Markhanc, India Office, London, 1871. 

Price Rs. 6 or 101. 
2. Ditto (second edition). By G. R. Markham, C. H., F.R. S., 

India Office, London, 1878. Price RI.  5-8 or I F .  
3. Abstractof the Reports of the Surveys and of other 

Geographical Operations in India, 1869-78. By C.  R. 
Markkam a n d  C. E. D. Black, Iildia Ofice, London. 
Published annually between 1871 and 1879. (Out  
of p i n t ) .  

4. A lMemoir on the Indian Surveys, 1875-1890. By C. E.D. Black, 
India Office, London, 1891. Price Rs. 5-8 or 1 1 s .  

ANNUAL REPORTS. 
Reports of the Revenue Branch. 1851-1877. -(1851-67 nnd 1869-70, out of print). 

Price Re. 3 or 6 3 .  

Ditto Topographical Branch . 1860-1877.-(Out of print). 
 itt to Trig0110metrical Branch . 1861.1878.-(18'31-71, out of print). 

Price Rs. 2 or 4J .  
111 1878 the three branches were amalgamated, and from that dnte onwards annual report8 

in single volumes for the whole department, are available as follows : - 
from 1877-1900 (1877-79, 1S87-88, 1895-96 aud 1807-98, out of print) 

General Reports at Rc. 3 01. 61 per vo lunr .  
(from 1000-1919 (1902-04 m ~ d  1906.08, out of print) a t  Rs 20r 4 J p e ~  

volrrme. 

From 1900 onwards the Heport llns been issued annually in the form of a condensed 
statenier~t Itnown as the "General Report" supplemented by fuller reports, which were 
called "Extracts from Narrative Reports" tip to  1009, nnd since then have been styled 
"Records of the Survey of India. " These fuller reports are available ns follows :- 

( a )  "Extracts" Volumes at Rs. 1-8 or 3 9 e t  volunte 
1900-01-Hecent Improverneuts in Photo-Zincography. Q. T. Triangulation in Upper 

Burma. Latitude Operations. Experimental Baee Men~urement with Jaderin Appnratus. 
Mngnctic Survey Tidal and Levelling. Topography in Upper Burma. Cnlcuttn, 1903. 
(Out of print). 

1901-02-Q. T. Triangulation in Upper Burnla. Latitude Operntions. Magnetic Survey. 
Tidnl nnd Levelli~lg. Topography in Upper Burma. Topography in Sind. Topography in the 
Punjnb. C~~lcut tn,  1904 (Out ot' print.) 

1902-03-cPrincipnl Triangulation in Upper Burma. Topography in Upper Burma. 
Topogrnpl~y in Shnn States. Survey of Siitubhar Lnke. Latitude Operations. Tidd and Levelling. 
Maglretic Survey. Iut,roductio~~ of the Contract System of Pnyment in Traverse Surveys. 
Traversing with the Subtense Bar. Compilation and Heproduction of T l ~ i n a  filape. Cnlcuttn, 
1905. 

1903-04-hfngnetic Survey. Pend~illtm. Tidnl and Levelling. Astronomicnl Azimuthe. 
Uti l i ra t io~~ of oltl Traveree Data for Modern Surveys in the United Provinces. Identification 
of Snow Penks in NepSl. Topogrnphicnl Surveys in Sind. Notes on town and Municipal Surveye. 
Notes on ltivernin Surveys in the Punjnb. Calcutta, 1906. 

1904-05-Magnetic Survey. Pendulum Operntions. Tidal and Levelling. Trinngula- 
tion in B;tIucl~iatin. Survey Operations with the Somnliland Field Force. Cnlcutta, 1907. 

1905-06-Magnetic Survey. Pendulum Operations. Tidal and Levelling. Topo- 
graphy in shan States. Calcuttn, 1908. 

1906-07-Mngnetic Survey. Pendulum Operations. 'I'idnl and Levelling. Triangu- 
lation in Rnluchistin. Afltrollomicnl Latitudes. Topography in Shan States. Calcutta, 1909. 

1907-08-Magnetic Survey. Tidal and Levelling. Astronomical Latitudes. Pendulum 
Operations. Topography in Shnn Statee. Cnlcutta. 1910. 

1908-09-Magnetic Survey. Tidnl nnd Levelling. Pendulum Operations. Trimgula- 
tion. Calcutta, 1911. 



~ o e  RECORDS OF THE SURVEY OF INDIA, 1918-19. [VOI. XIV. 

ANNUAL REPORTS -(Continued). 
( b )  "Records of the Survey of India" a t  Rs. 4 or 8; per volume, escept where 

ofherwke stated. 
Vol. I-1909-10-Annunl reports of parties and offices ... ... Calcuttn, 1912. 

11-1910-11-Annual reports of parties nnd office8 . . . ... Calcutta, 1912. 
IIl-l9ll-l2-Annual reports of parties nud o%ces . . . ... Calcutta, 1913. 
IV-1911-13-Explorations on the North-East Prontier ... ... Calcutta, 1914. 

8-1912-13-Annunl reports of part,ies and offices . . . ... Calcutta, 1914. 
TI-1912-13-Link conneciing the Triangulations of India ar~d Russia Dellra Duo, 1914. 

VII-1913-14-Annud reports of pnrties and offices ... ... Calcutta, 1015. 

VIII-  { 1865-79-Part I 1 E.rplorntior,n in Tibet and 1)eIira Dun, 1915. 
1 8 7 9 - 9 2 - P a r t  11 ) neighlouril~g reqionr { Price ofeachpavt Rs. 4 or 8.. 

IX-1914-15--Anuunl reports of p ~ ~ r t i e s  and ofices . . . ... Calcutta, 1916. 
Y-1915-16-Annual reports of parties n ~ ~ d  offices ... 1)ehrn Duq, 1917. 

XI-1916-17-Annunl reports of parties and offices ... Dehra Dun, 1918. 
XII-Notes on Survey OF Illdin 31aps and the modern develcpment of 

Indinn Carto,nr:~phy. B!y Lt.-Col. KM. Coldstrean,, R.E., C"lcUttnl lgLg' 
Sttperintendeie,rt, N i p  Publication. 1 Price Rs. 3 or 6 5 .  

9111-1917-18-Annual reports of parties nlld offices ... Dehra Dun, 1919. 
XIV-1918-19-Annunl reports oE parties aud office$ . . . Delrra Dun, 1920. 

SPECIAL REPORTS.  
1. Ilteport on the illussoorie and Lnudour, Kumaun and GarbwSl, ltanilthet aud Kosi 

Valley Surveys extended to PesllBmar null IihZgBn Tria~lgulation during 1860-70. By Xajor 
T. B. Ym~tgomerie, B . E .  (Out  of print). 

2. *Accou111, of the Survey Operations iu connection wit11 the Mission to Yjrltand and 
Knshghar in 1873-71. By Captain Henry Trotter, R.E. Cnlcuttn, 1875. (Out of print). 

3. Heport on the Trans-Him5.laya.n ~;splorationu during 1869. (011t of print). 
4. Report on the Trnus-HimLlnyau Esl)lorations during 1870. Dehra Dun, 1871. 

(Out  of print). 
5. Report on the Trnns-I-li~nLln~an Explorations during 18i8. Calcuttn, 1880. (Out 

c - f  print). 
" N o t e s  of the Survey of Indiaw are issued monthly. (Stocl~ed ill the Surveyor Genernl's 
Office, Cnlcultr). Price as. 2 o r  3". 

B-GEODETIC WORKS OF REFERENCE. 
(Obtainable from the Supe~.intendent of the Ti.igonornetrica2 Survey, Dehra DGL, U.P.) 

EVEREST'S GREAT ARC BOOK. 
1. A l l  account of the hlenuurel~~eut of an Arc of the Meridian between the parallels of 

18" 3' and 24" 7'. B y  Crpt. George Euerest. East India Conlpany, L o n d o ~ ~ ,  1830. (Out of print). 
2. An account of the nleasurenlrnt of two Sections of the IlIeridional Arc of India, 

bounded by the pnrnllclw of 18' 3' 16", 2 b" 7' 11" nnd 29" 30' 48". B y  Lt.-Co2. G. Everest, 
F. R. S. East India Colnpnny, London, 1847 (Out of print). 

3. Engravings to illrrstrate the above. Loudon, 1847. (Out of print). 
G . T . S .  V O L U M E S - r l e ~ c r i b i n ~  the Operations of the Great 'I'rigonolnetricnl Survey. 

Price Rs. 10-9 or .?I5 per volume, except tc-Aere otherwise stated. 
Vol. I-Staudards of Measure a n d  Base-Lines, also l\n I~ltroductory Account of 

the early Operations of the Surrey, during the period of 1800-1830. 
Dehra Duo, 1870. (Out of print). 

Appendix No. 1. Description of the  nlet,llod of comparin,g, and 1.11~ apparntus employed. 
Appendix No. 2. Compnr~sons of the  Lengths of 10.feet Standnrcls A and D, and determina- 

tions ol  t,l~n D~Eerence of their Expensionr. 
Appendix No. 3. Comparisons between the  10-feet Slsndnrds I B  IS and A. 
Append~x  No. 4. Comparisons of  the 6-inch Hrose Scales of the Con~pensntrd ~licroscopes. 
Appendix No. 6.  Determination of the  L e ~ ~ g t h  of the  Inch [7.8] on Csry's %foot 1 3 ~ 1 ~ 8  8c.I~. 
Appendix No. 6. Compnrieons hetween the I0.feet Standard Bars IS and A for determining 

t l ~ e  Expansion of bar A. 
Appendix No. 7. Final determination of the  Differences in Length between the 10-feet 9tsn 

dards Ig lg and A.  
Appendix No. 8. On the  Thermomelers employed with I.he Btandards of Length. 
Appendix No. 0. Determination of the  Lengths of t l ~ e  Sub-divisions of t l ~ e  I n c l ~  [a .bJ .  
Append11 No. 10. Bcport on the  Yrncticnl Errora o l  the Meaellrement or the Cape Comaria 

Base. 

11-A Hietory and General Deecription of the Reduotion of the 
Principal Triangulation. . . . Debra LIiin, 1879. (Out of print). 
Appendix No. 1. Invcsligations applying to the  Indian Geodefly. 
Appendix No. Z. The Micrometer Microscope Theodolitee. 
Appmdlx  No. 8. On Oheervations of Terreetrial Refraction a t  certain stations sitnated on 

t h e  plains of the  Pnnjab. 
Appendix No. 4. O n  the  Periodic Errors of Qrndnated Circles, kc. 
Appendix No. 6. On certain Modihcatlons a t  Colonel Evereat's 8ystem of Observing intra- 



APPENDIX. 

Q.T.S. VOLUMES-(Conlinwd). 
Appendix No. 6. On Tidal Observations a t  Kurrachee in  1855. 
~ ~ ~ ~ ~ d i ~  N ~ ,  7. alt,ernative Method of ohtainine the  F o r ~ ~ n l l e  i n  Chapters VII1 ad 

xv ill she Reduction of ~ r i a n p 1 n t i o n . - A d d i t i o ~ d  x 0 r m n b  
and Demonstrations. 

dppeudix NO. 8. On the  J)ispersion of Circuit Errors of Triangulation af ter  t he  A n g l a  
have been corrected for Fignral conditions. 

~ ~ ~ ~ ~ d i ~  N ~ .  9. Corrections t o  azimuthal Observations for imperfect Ins t rumental  Ad- 
justments. 

dppendix N ~ ,  10. Reduction of t he  N.W. Qnadrilateral-the Non-Circoit Triangl- a n d  
their Final Figural Adjnstments. 

Appendix No. 11. The 'J'beoretical Errors of t h e  Triangulotion of t h e  North-West Qnadri- 
lateral. 

Appendix No. 12. Gimnltaneous Hedoction of t he  N.W. Quadrilateral-the Compntations. 

Tola ~ ~ ~ - ~ ~ ~ t h - W e s t  Q u a d r i 1 a t e r a l . - ' l ' h e  P r i n c i p a l  T r i n n g u l n t i o n ,  t h e  B a s e - L i n e  

F igu res ,  t h e  K a r a c h i  L o n g i t u d i n a l ,  N. W. H i m a l a y a ,  n n d  the Great Indur 
... Series .  ... ... D e h r a  Dun, 1873. ( O u t  of print.) 

lV-North-West Q u a d r i l a t e r a l - T h e  I ' i i nc ipn l  ' I ' r iangulnt ion,  the Greet Arc- 
Section 24'-30°, I tn l run,  Qurhi igar l l  n n d  J o g i - T i l a  h l e r i d i o n a l  S e r i e s  and the 

... ... S u t l e j  S e r i e s .  ... ... D e h r n  Dun, 1876. 

~Vb-North-West Q u a d r i l a t e r a l - T h e  P r i n c i p a l  T r i n n g u l n t i o n ,  the J o d l l ~ o r e  
alld tile E a s t e r u  S i u d  Bfer idionnl  S e r i e s  w i t h  t h e  d e t a i l s  of t h e i r  I l e d u c t i o u  a n d  

t h e  F i n a l  R e s u l t s .  ... ... ... D e h r a  D u n ,  1886. 

V-pendulum Operations of  C a p t n i n s  J. I?. Basev i  n n d  W. J. H e r v i a i d e ,  
a n d  t h e i r  l i e d u c t i o ~ l .  Ue l l rn  U u n  a n d  C n l c u t t a ,  1879. 
Appendix No. 1. Account of t he  Remells~~rernent of the  Length of Hater's Pendulum at 

the O r d n a ~ ~ c e  Survry ottide, Southrrmplon. 
Appendix No, 2. On the  Relatiun between the  Indinn Pendulum Operatione, a n d  those 

which llnre been c o ~ ~ d u c t e d  elsewl~ere. 
Appendix No. 3. On t l ~ e  Theory, Use and History oC the Convertible tleud"lum. 
Appe~bdix No. 4. On the  Length oE t l ~ e  Seconds Pendulum determinublo from M~te r i a l s  

now existil~g. 
Appendix No. 6. A Uihliograpl~ical I.ist of Works relating t o  Fend~rlum Operations i n  

co~~uect iou ~ r i t l ~  the Problem of tho Figure of the  Enrth. 

VI-South-East Q u a d r i l a t e r a l - T h e  P r i n c i p a l  T r i l rngu ln t iou  a n d  S i n ~ u l t a n e o u s  

R e d u c t i o n  of t h e  fo l lowiug  Se r i6s : -Grea t  Arc-Sect ion 18- t o  2-bO, t h e  E a s t  

Connt,  t h e  C a l c u t t n  a n d  t h e  B i d e r  Lo11gitudiua1, the J a b a l p u r  a u d  t h e  1 3 i l L ~ p u r  

M e r i d i o ~ ~ n l ~ .  ... ... D e h r a  D u n ,  1880. ( O u t  o f  p r i n t . )  

VII-North-East Quadrilateral- O e u e r a l  Desc r ip t , i on  n u d  S i m u l t ; i u e o u s  h d u c -  
t i on .  ~ l l n o  detni lu  of t h e  S o l l o ~ r i n ~  five se r i e s  : - N o r t h - E a s t  L o n g i t u d ~ u n l ,  t h e  

B u d h o u  M e ~ , i d i o n a l ,  t h e  l i n n g i r  BIer idional ,  t h e  A u ~ u a  3Ier idioun1,  a u d  tho 
K u l . i r a  n l e r i d i o ~ ~ a l .  ... ... ... D e l ~ r a  Dun, 1862. 
Appendix No. 1. Y l ~ e  Details of the Srnbrnte Redur.tion of tho Budbon Xeridicnnl Sories 

or b e r ~ r s  J of t he  Nor th .Ea~ t  Quadrilulornl. 
Appendix No. 2. Rcdnctiou of t hc  Norlh-IInst Qundrilaterol. The Xou-circuit Triangles 

and their Fiunl Figural Adjostments. 
Appendix So .  3. On the  'I'bc*oreticnl Ilrrors gcuernted respectively in  Side, dzimuth,  

Latitnde and I.ongitu(te i n  a Chniu of 'l'rinngles. 
Appcnclis 30. 4. Ou the  Ilispersion of the  Residunl Errors of n Simultaneous Reduction 

of severnl Chniov of '1 rinugles. 
0 

VIII-North-East Quadrilateral-Details of  t h e  f o l l o w i n g  el eve^^ s e r i e s  :- 

( $ l ~ r \ ~ i i ~ ~ i  A le r id ion~ l l ,  C4o1.a h l r r i d i t ~ t l n l ,  E l r ~ r i l % o l l ~  n Ie r id ioun l ,  (-![lendw%r bIeri- 
d i o ~ l n l ,  K o r t I ~  PiLra?(~~iLt l~  Rlericlionr~l,  N o r t h  h l a lunch : l  ~ l e r i ( l i o l l a l ,  Ca lcu t t a  
M(:ridiorlnl,  II'ast C : ~ l c u t t l r  L o n g i t u d i ~ r n l ,  B r ~ t l ~ m n ~ u t r a  nIer idionnl ,  Eas t e rn  Prou- 
t ier-Secl ion 23"-OGC, a1111 .ARS:IIII L o ~ ~ ~ i t u d i ~ ~ a l .  ... 1)el l rn  D u u ,  1883. 

IX-Telegraphic L o n g i t u d e s - d u r i n g  t h e  y e a r s  1575-77 a n d  1850-81. 
D e h r n  Du l l .  1883. 

1 
1 .  I)~lcrlnillnti(lu of tho Ge<~~le t i c  R l r~nc~ l tn  or Longitude Stntions. 
2. I ) r f i~~ i l , t . i o l~s  of k'oillts LISC,~ 1.01. L ~ r ~ ~ i t ~ l d ~  Stations. 

Aypcl~(lico. to Pnrt 1. :i. ('1~1lll~nl.laou of (ieo(lt.tin wirh Elcctro-'l'clegraphic Xrcsof Longitude, 
4. Clrl:uit, Errol.s uE Obscrvr(l Arcs or Lougitutlr. 
5 .  l(Vfilllts Id io~octcr  Obscrvntiuus made <loring Season 1880.81. 

1 1 .  Pitllntit~lls of the Longit~ltlc Stut io t~s  nt Bomb"?, d d e n  and sUez, 
2 .  +nrvey Opcrntiol~s a t  r \ d~ ,u .  

Appcn(livrs to I'nrt 11. 
3. 1Ics11ltn of the 'I'rinngnlation, 
4. Riglrt Ascellsion~ of Clock Stars, 

X-Telegraphic L o n g i t u d e s - d u r i n g  t i l e  y e a r s  1881-82, 1882-83, and 1 8 8 3 - a .  

l ) e l ~ r n  D u n ,  1887. 

\ 
1.  ])etc~lllin:rl.i~u t,bc (;co(let,ic IClor~lcuts of  the  ~ ~ ~ ~ i t ~ ~ d ~  stations. 

2 .  1)elcript.lonn of  Stntioun of the  Connecting ~r iauC. , l~nt ion of 
Ll1os~ lrt \ rh i r l~  tllu I.on~itudo 0bscrvcltio"s wore taken. 

Appendices to Yurt I. 3. 0 1 1  tl~cj I'rrora in a l .  cnusctl by iirmature-tiuc and the ~ ~ t ~ ~ d ~ t j ~ ~  
of Lbr lilcctric (:urrent. 

4. On L ~ c  l{?ject,ioll of 6o111e doobllul Arcs of Season 1881-82. 
6. On tllc prnl)rrl~le Cnuses of t he  Errors of Arc-meRsoremeDts, and on 

the  Nntllre of the  Defects In the'l'renait Ins tmmenb wj*oh 
",<,.h+ --,.. :--- .L.-. 



RECORDS OF THE SURVEY OF INDIA, 1918-19. Val. XIV. 
Q.T.S. VOLU MES-(Ooatinusd). 

Vol. XI-Astronomical L a t i t u d e s - d u n n g  the period 1805-1885. Dehra Dun, 1890. 
XII-Southern T r i g o n - G e n e r a l  1 )eac r ip t ion  lrnd S i m u l t a ~ ~ e o u s  Reduction. A l s o  - -- 

d e t n i l s  of t h e  f o l l o w i n g  t w o  a e r i e s  : -Great  Arc-Sect ion 8'-lBO, and Bombay 
... L o n c i t u d i n a l .  ... ... ... Debra Dun, 1890. 

SIII-Southern T r i g o n - D e t a i l e  of the fo l lowing  five s e r i e s  :-South Konkan Coact, 
Mnnglr lore  M e r i d i o u a l ,  l l n d r ~ s  Ale r id ioun l  and Coast, S o u t h - E n s t  Coast, and 
M a d r a s  L o n g i t u d i n a l .  ... ... ... Dehra Dun, 1890. 

XIF-South-West Q u a d r i l a t e r a l - D e t a i l s  o f  P r i n c i p a l  T r i n g u l n t i o n  and S i m u l -  

... t a n e o u s  R e d u c t i o n  of i t s  c u u ~ p o u e n t  series. Dehra D u n ,  1890. 
XF-Telegraphic L o n g i t u d e s - f r o m  1885 to  1892 a n d  t h e  Rev i sed  Resu l t e  of 

T o l l l m e s  I X  a n d  9 : a l s o  t h e  S i m u l t a n e o u s  R e d u c t i o n  a n d  F i n a l  R e s u l t s  of the 
w h o l e  O p e r a t i o n s .  ... ... ... D e h r n  U u n ,  1893. 
A p p ~ n d i x  No. 1. Deternlinat~on of the Geodetic Elements of the Longitude Stations. 
Appencl~x No. 2. On Retardation. (A r~unrerlcal nlistake was made in this appendix in the 

rr,~~varsion of a fo r~ i i r l l~~  from l i i l ou~e t r e~  to miles: the  eonclusioll8 drawn 
cannot tl~errfore be upl~eld).  

XVI-Tidal o b s e r v a t i o n s - r ' r o m  1873 to  1 8 9 2 ,  and t h e  Methods O F  R e d u c t i o n .  

D e h r a  D u n ,  1901. 
XFII-Telegraphic L o n g i t u d e s - d u r i n g  t h e  years 1894-95-96. T h e  Indo-European 

A r c s  f r o n i  K a r g c h i  t o  G r e e n w i c h .  ... Debra Dun, 1901. 
Appendix No. 1. Descriptions of Pointy used for Longitude Stations. 
Sppelldix No. 3. The Longitude of bladras. 

XVI11-Astronomical Latitudes from 1885 to 1905 a n d  t h e  D e d u c e d  V a l u e s  o f  
... P l u m b - l i n e  L)eflections. ... ... Dehra Dun, 1906. 

Appendix No. 1. On Deflections of the Plumb-line in I n d i s  
Appand~x  NO. 2. Determination of t he  Geodetic Elements of the  Latitude Statione of 

Bajumara, Balruk, Lanrbnl~ch and Kjdarkunla. 
Appendix No. 3. On the  (N-S) Ulffrrence exlribitcd by Zenit.11 Sector No. 1. 
Appendix No. 4. On Ihe Value of the  N ~ c r o n ~ e t e r  of tlre Zeni l l~  Telescope. 
Appendix No. 6. On Lhe Azimutlr Observations of the Great Trigonometrical Survey of India. 
A p p e ~ ~ d ~ x  No. 6. A Catalogue of the  Publications o l rhe  Great l'rigonon~elricul Survey of Indis, 
Appendix No. 7. On t h e  combination weights employed. 

SIX-Levelling of Precision i n  India f r o m  1959 t o  1909. D e h r n  Duo, 1910. 
Appendix No. 1. Bspe r iu~en t  to test t hc  chnugcs, doe to  Moisture and  Temperature, i n  t h e  

Length of n Levelling braff. 
Appendix KO, ?. Un tbe  erection of Standar(l Bench-Marks in  India daring t h e  years 

1904-1910. 
Appendix No. 3. Nemorandnm on the  sleps tnken in  1905-1010 to  enable movements of t h e  

Earth's crnst to be detected. 
Appendix Ao. 4. Dynamic nncl Orthometric rorrections to the  Himilnynn levelling lines 

nnd circuit;  nor1 a consideration of t he  order of magnitude of possible 
~.elrnclion errors. 

AIIpendix h'o. 5. The pa.s.age of rivers by the  Levelling Operations. 

Appendix No. 6. The Xrrors of the  Trigonomctrical V ~ U C S  of Height,s of stations of t he  
principnl triangolalion. 

Appendix No. 7.  The effert on the  spberolclal correction of employing 'lheoretical instead 
of Observed vnlnes of C:l.avit.? and a diicnssion of different formnlz  
giving variation c ~ f  Gravity with Latitude nnrl Height.  

~ ~ ~ ~ ~ ~ d i ~  8. oI1 tile clircrel~nncp hrtn.een the  Triyonometrical nod spirit-levcl values of 
the  difference nE height betnreen Dchra b i n  and Ynssoorce. 

~ ~ ~ ~ - B e ~ c h - M a r k s  on t h e  Southern L i n e s  of Le\ .e l l ing.  ! D e l l r e  UGn,  1910. 
P r i c e  Rs. 5 op 10.'. 

~ 1 Y B - B ~ ~ c h - M a r k s  on  t h e  Northern L i n e s  o f  L e v e l l i ~ l g .  D e l l r a  D u n ,  1910. 
P r i c e  Kq.  6 o r  10.'. 

gyNOpTICAL V o L U M E s - g i v i ~ ~ g  c 1 1 n 1 . t ~ ~  t l e ~ c r i p t i o n s  o f  ~ t a t i o n s ,  a n d  f u l l  synopnes  of 

o l lordlnatea  nud Ilnc;.lltn of all s t a t i o n s  nntl  p o i ~ i t s  fixed by 1'riucil)nl u r ~ d  S e c o n d a r y  Trian- - .. - - 

g u l a t i o n . +  P r i c e  Ex. 2 or  4,' per uoltime 1c111ess otherwise  stated. 

l t o l i c j i y u r e n  o r e  i~r chrr~nologieol o r d e r  n t ~ d  1.Qer to t h e  111dex C h n r t  of the Cf. T. Survey. 
North-West Quadrilateral 

Val. l - T ] ~ r  G r r n t  l u d u v  S e r i e a  ( .73).  l ) e l i r : ~  ])fin, 1 8 7 4 .  

II-TIle (:reat Biz-Spct iou 24°-:Ji)" (6'). Dehrn 1 1 ~ 1 1 ,  1874.  

JII--'l'llo T i n r a c l ~ i  Longi tudin; t l  S e r i e s  (2.5). Dehr l i  Dun, 137- l .  

lV-Tllt~ ( ; I J ~ J I ~ ~ I ~ I ~  > I e l . i d i ~ l ~ a l  S r r inn  (2,?). 1)el l ra  D i n .  1875. 

V-The l l n l ~ u n  J I e r i c l i o~ rn l  Yerien (.3.7). 1)eh r r  D i l n ,  1876. 

1-1-The .Jttgi-Tila h r e r i d i o u r l  S e r i e s  (5'7). nl:d t h e  n u t l e j  h Ie r id ionn l  Ser iea  (4.5). 
l)e11ri1 DGn,  137.5. 

V I I - T h e  N. W. H i u ~ i i l r ~ n  S e r i e e  ( 2 2 )  a n d  t h e  T r i a n g u l a t i o n  of K a s h m i r  (36). D e h r s  

Durr, 1879 .  

V I I A - T h e  .Todl~pol.e Bieriditln:il Se r i ee  (62) and t h e  E n s t e r n  Sind M e r i d i o n n l  S e r i e s  
(64). 1 ) e h m  L)un, lbS7 .  

- - 

r sp&ial &errs can he ropplied ot tbora scriea for which no bpnoptiral Volllmerr are nvailable, rig. :- all 
B , , ~ ~ ~  c h { l w 0 n g  and Udochistio triangulation, t he  Assam I.ongitudinal, the Sarnbalpor Meridional. end the  
aillib 8ofia, with few recent ~ c c o n c l n r ~  merim in India. 
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SYNOPTICAL VOT,UMES-(Continued). 

South-East Q u a d r i l a t e r a l  
vo l .  VIII-Tlle Great, ~rc-Section 18'-24' (8). Debra Den, 1878. 

IX-Tlle Jllbnlpur nleridional Series (53). Dehra Dun, 1878- 

X-Tlle Bider Longitudinal Series (43). Dehra Dun, 1880. 

XI-'rhe Bil&apur Meridionnl Series (58). Dehrn Dun, 1880. 

XT[-The Cnlcut,tn Longitudinal Series (5). Dehra Dun, 1880. 

XTTI-'l')le B a ~ t  Coast Series (24). Dehrn Dun, 1880. 
X ~ I I A - . ~ ~ ~  south paraSll%th (I) and the  South Mnliincha Meridionel Series (17). 

1)eht.n L)un, 1885. 
North-East Quadrilateral 

vol. XIV-'l'he Bljdl~on Meridionnl Series (2). Dehra Dun, 1883. 
XV-Thn ltnngir Meridional Series (4). Dehra Dun, 1883. 

XV1-The Alnrla Meritlionnl Series (3) and the KnrHrn Meridional series (12). Dehm 

Dun, 1883. 
XVII-The Glll.n.%ni lleridional Series ( I . ' ) )  and the Gora Meridional Series (15). 

J)el~rn 1)un. 1883. 
XVIII-The ~I-~u~~iI%ong itleridional Series (21) nnd the Chendwir Meridion81 Serieb (14). 

Dehra Dun. 1883. 
XIX-The Norlh P%l>asn%th (27) m d  the North Maluncha Meridionnl Series (13). 

D r h r ~  I ) ~ ~ I I .  1883. 
XX-The C n l c ~ ~ t t a  Rleridional (16) and the Brahmaputra Meridionnl Series (56). 

Ilehrn I ) ~ I I ,  1893. 
XYI-Tho Ihs t  (.nlcutta Longitndinnl (48) and the Eastern Frontier Series- 

Seclion ? 3 ' - 9 6 O  (44). Del~rn Dun, 1883. 
XXII-l'lle dssnru Valley Triangulation, E. of Meridian 92" (55). Dehra Dun, 1891. 

(Out of print.) 
XXXV-The North-lcr~st 1,ongitudinal Series (20) with the volume of charts. Dehra Dun, 

1909. Price Rs. 5 or los. 

Southern Trigon 
Vol. XXIII-'l 'l~e Sorrth Ronlcnn Coast Series (11). Dehra DGn, 1891. 

XXIV-The R'll~~~fi:~lot.e Meridional Series (49). Dehrn Dun, 1891. 
XSV-The S~~uth-Ens t  Coast Serics (6.3). De11r:t Dun, 1891. 

XX\'I-l'lle Bon1l)xy Longitudi~~al Seriea (7). Dehra Uiin, 1892. 
XXV11-'l'l1e Rlntlrns Longitudinal Series (54). Dehrn Dun, 1892. 

X X \ ' I J T - ' ~ ' ~ I ~  it1;1Jl.ns R.Irr.idionnl and Coast Series (46). Uehra Dun, 1893. 
XXlY-The Grent Rleridiorlnl Series-Sectiou 8'-18' (9). Dehrn Dun, 1899. 

South-West Quadrilateral 
Vol. 199.- ' J ' l~e r\l)~r 3let.i1liollnl Series (26) nud the Gujnrit  Longitudinnl Series (29). 

l)rht.n D I ~ I I ,  1SR2. 
XXS1-'l'htr 1Cltii11lrir;nrn itferidionnl Series (18). D e h r ~  Dun, 1893. 

XXSII-'l'he S i ~ ~ c i  i\le~.idiol~nl Series (10). Dellrn Dun, 1593. \ 
X?(lill[-'l'he Cr~t,cl~ Const Series (35). Dehrn Dun, 1893. 

~ d ~ l ( . n ~ l u ~ n  t,o the Cutcl~ Coirst Series, Indus de l ta ,  (separate pamphlet). 
J J C I I I . : ~  1)ull,  1902. 

xXS[V-'r'llc I<iLt\~iiL\\..i~. iIIevidionn1 Series (28). Dellrn Dun,  1894. 

T R I A N G U L A T I O N  PAMPHLETS with charts, Itre now Ltriug issued for every 
aqll:lre t l r ~ r c e .  ~ i v i l l : :  t,l~e ~esnltu of all lt~inor tri:l~~giilntion, as well as that shornn in Synop- 
t.iCnl ~ T c ~ l l l l l l ~ ~ .  l'rire I l r  1 or 2# per p a ~ ~ , ~ / ~ / ~ t .  r i d e  page 1 13. 

LEVELTJI - N G  PAM PHLETS-giving heights nlld d ~ e c r i ~ t i o n s  of nll Bench-marks, 
fire(\ by Irvelling of  L'r~evi*ie~rr ill Indin nnd BUPUIR. Ench pnmphlet embraces RII area of 
4' x 4' nnll 1110 t~nmbr~.i~l::  is the Axme nn t l ~ n t  of the c o r r e s p o ~ ~ d i ~ ~ g  s1leets the 1/M lnnp 
of Illrli:1. Itncl~ i~ 11111st,t.11ted by a 1n:\p OP tile area. P r i c e  zs. 2 or 45 per pan,phlet 
r.rrrpt ta/rr~r ollre~.toisc ,staled. 

P~rnl~hlet  Nos. Lnl i tn ( i r .  Lcl~l~iln(lc. 1'ul)lishcd Pnlnplllct Nos. Lnt,it,nde. Longitude Published. 
l t ~ c l ~ n  34 24"-:I?'' GIo-68' Vehrn D i u .  1916. Iudin 44 28'-3?' $25-;6) ~~h~~ ~ , i ~ ,  1912. 

,. Sli 24"-?no c;p-(;s0 1011. ,, 45 24" - 26" i2°-;60 
8 ,  191 1. , 88 32"-31;' fi13°-7.'o 1912. ,, 46 20"-21" 72°-iGD ,, 1912. .. 39 2H"- :1Z' 66°-i20 1010. 47 16"-20' 72'-76- ,, 1912 .. Arl~ icn r lo rn  1916. .. ,. 'Addendum ,, 1916. 

, 40 21"-28' FRO-72' 1911. ,, 45 12'-16' 72"-' I G  " 1912. 
,. 41 20"-24" 68"-72" 1913. ,, 49* 8"- 12" 72"-76" ,, 1911. .. 48 32'-at;" 720-760 19l3. ,, 62 32"-3G" 7tj"-80" , 1913. ., Adrler~, lurn - 191.5. ,. 63 28"-320 76'-8u0 .. 1912. 

Price lie. 1 or 2'. 
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LEVELLING PAMPHLETS-(Continued). 
Pamphlet Nos. I~at~itude. Longitude. Published. Pnmphlet Nos. Latitude. Longitude. Pnbliehed. 

India 64 24'-20' 76'-80' DehraDiin. 1914.' India 78 24'-28' 88'-92' Dehra Diin, 1912. 
,, 66 20'-24" 76'-80' ,, 1912. ,, , tAddcndnm ,, 1916. ,, 86 160-20" 76O-80' ,, 1912. ,, 7920"-24' 88"-92. en 1912. 
,, +Addendum ,, 1919 ,, ,, Addendum .. 1916. 
,, 67 12°-160 76'-80' ,, 1919.* ,, 8324'-28" 9T.O-96O 

$ 9  1912.t .. 6 8  8'- 12' 76-80' 1914. 
,. 68 24'-28" 80"-84" , 1911. Surrnn 84 20'-2P" 92O-96' ,, 1918.5 
,, 8 4 2 0 " - 2 i 0  80"-84" ., 1912. , 85 16"-20" 92"-96" .. 1917.8 ,, 66 16'-20" 80"-84" ,, 1913. ,, 92 24'-28' 96°-1000 , 1918.5 
,, 66 12°-160 80"-84' ,, 1912. ,, 93 20'-24" 06D-J000 ,, 1917.5 
,, 72 24'-28" 84'-88" , 1912. ,, ( 94 I 6"- 20" 96"- 100" ' 
, 73 20'-24" 84"-88" ,, 1913. ,, 195 12"-16" 96"-100' ,, 1916.§ 

,. 74 16"-20" 84"-88" ,, 1913. 
* 2nd Edition (reriaed and enlarged). t Price Re. 1 or 2' f Heights on pa:es 45 & 46 revised in 1918. 

5 Heighta ravlsed. 
Levelling of Precision in leaopotnmia- 
Descriptions and heights of bench-marks, Dehra D l n ,  1 9  19. Price Rs. 3 or 8. 
TIDE TABLES- 

Since 1681 Tidal predictions based on the observations of the Survey of India have 
been published annually by the India OEce, London. The tables give the time and height of 
high and low water for every day in the year a t  each port, and are published early in the  
previous year. Current tables are available for the following 4(1 ports :- 

Western Ports- 
Suez (Epypt)-Basrah-Perirn-Aden-MaskadB~el~ire-Kar%chi-Okha Point and Bet  

Harbour (Gulf of Cutch)-Porbnndar-Port Albert Victor (RLt11iLwBr)-Bhaunagar-Bombay 
(Apollo Bnndar)-Bornbay (Prince's Dock)-Mormugao (Goa)-X%rwBr-Beypore (ncar 
Ca1icut)-Cochin-Miuicoy (Indian Ocean)-Tuticorin-Pamban Pass (Jsland of rimes ma^-am). 

Eastern Ports- 
Gnlle (Ceylon)-Trincomalee (Ceylon)-Colombo (Ceylon)-Negaprtam-Madras- 

Cocanada-Tizagapatnm-Fal~e-Poir~t-Dublat (Sauror 1slnnd)-Diamclnd H arbour-Kidderpore 
(Calcutta)-Cl~ittagong-Alryab-Diamond Island (Rurmn)-Ba~sein-Elepl~ant Point (Burma) 
-Rangoon-Amherst-Moultnein-Mergui-Port Blair. 

The Tlde Tablra a r e  issued i ~ t  tAe follozcing forms :- 

( i )  Combined Volume-including all tho above port~-Price Rs. 4 o r  8 3 .  

( i i )  Part I and Part 11-including Western and Eaeter~i ports respectively- 
Xach part Rs. 2 o r  4 3 .  

( i i i )  P a m p h l e t s - g i v i n g  separately the tables for individual ports or for smnll 
local groupa of ports-Price vorying j r o n i  As. 8 o r  1"to Re. 1-8 or .?# par 
pampi le t .  

C-CATALOGUES AND INSTRUCTIONS. 
(OCtninoble from the Strperinte~~d[~nt, Map Pi~l/lication, 13, lI%od Street, Calcutta). 

DEPARTMENTAL ORDERS.- 
From 1878 to  188.5 the S u r v e ~ o r  General's orders nrcre all issued as " Circular 

Orders. " Since then they have been classified a s  follotvs :- 
( I-Government o f  India Orders (called "Circular Oi.dersl' 

111) to 1398.) 1935 t o  
as ' 2 - D e p a r t m e n t a l  Orders ( A d m i n i s t r a t i v e ) .  

( 3 - ~ e ~ a r t m e n t a l  Orders I P r o f e s s i o n a l ) .  
I n  1904 the various orders issr~ed since 1878 were rcclxssificd as follows :- 

Rfrn~hrr t o  dnto. 

1 . - G o v e r n m e n t  of India O r d e r s . -  720 
2.-Circular Orders ( A d m i n i s t r a t i v e ) . - -  :384 
3.-Circular Orders ( P r o f e s s i o n a l ) . -  196 
4.-Departmental Orders ( a p p o i n t m e ~ ~ t ~ ,  pro~notions, t r a ~ i s f e r ~ ,  etc.) 

These are nonlbered serially and had rcached t.hc abovc nnmbers by September 191 9. 
Government ?f India  Ordrra nad Circular Orders (Admini.vlralice) are bound up in v o l ~ ~ m e s  
from time to time, as shown below, while Circt~lnr  order.^ (Prof~ssionob) arc g r a d ~ ~ a l l y  incor- 
porated in the Survey Hand-hooks. Besides the above, temporary orders havo been issued 
since 1910 in the form of "Circular M e m o s . "  These eithcr lapse or become incorporated 
in some mote permanent form, and are thcrcfore only numbered scrially for each year. Bound 

volumetl of orders are available a8 follow8:- 
1. e*Government of Indin Orders (Departmental) 1878-1903.-Calcutta, 1904. 

Ditto ditto 190-E-19OA.-Calcuttn, 1909. (Out of print). 
Ditto ditto 1909-19l3.-Cnlc11ttn, 191.5. 
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DEPARTBTENTAL 0 RDERS-(Cmtinu86) 
2. Wirculnr Orders (Administrative) 1878-1903.-Calcutta, 1904. 

Ditto ditto 1904.1908.-Calcutta, 1909. 
Ditto ditto 1909-1913.-Calcutta, 1915. 

3. * Regulations on the subject of Language Examinations for Officers of the Survey of 
India. ~ a l c u t t a ,  1914. 

4. * Map Publication Orders 1908-1914 (Nuperifitendent, Nap Publicatwn'n Order#.)- 
.Calcutta, 1914. 

5.  Specimens of papers set a t  Examinations for the Provincinl Service.-Dehra Diin. 
1903.-(Out of print). 

CATALOGUES AND LISTS. 
1. Catalogue of Maps published by the Survey of India. Corrected to  l e t  October 

- ~ 

1917 Calcutta, 1i18. P r i c e  R e .  1 -or  2 5 .  

NOTE.-Lists are insued quarterly of new maps published during each quarter, 
and similar lists for each month appear in  the monthly NOTES O F  

THE SURVEY OF INDIA.  
2. Catalogue of Maps of the Bombay Presidency, Calcutta, 19i3. P r i c e  An. 4 o r  68. 

3. List of the publications of the Survey of India (published annually)--Dehre 
Diin. Qratis. 

4. Price List of Mathematical Instrument Omce. Calcutta, 1913. G r a t i s .  
-5. Cataloglie of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print). 
6. Catalogue of Scientific B o o h  and Subjects in the Library of the Trigonometrical Survey 

Office. Dehra Dun, 1908. P r i c e  R e .  1 or  25 .  
7. Catalogue of Books in the Library of the Tri,qonometrical Survey Office. Dehrn Dun, 

1911. (Out of print.) 
8. Green Lists-PART I-List of officers in the Survey ( h a l f    early t o  dates  1 s t  Ju~~ztary 

and 1st Ju1u)-Calcutta. Price A s .  6 o r  gd. 
PAKT 11-History of Services of Officers of the Survey of India 

(annually t o  date  1st JIL{~)-Calcutta. P r i c e  As. 8 or  I s .  
9 Blue Lists-Ministerial and Subordinate Establishments of the Survey of India. 

PART I-Head quarters and Debra Dun offices (published anuually to dnte 1s t  
April)-Calcutta. Pr icc  R e .  1 o r  2". 

PART 11-Circles and parties (published annually to date 1st January).-Calcutta. 
Price  R s .  1 - 8  or 3'. 

(NOR. 8 and 9 are stocked in the Surl-epor General's Office, Calcutta). 

TABLES AND STAR CHARTS. 
1. Auxiliary Tables - to fac~l~ ta te  the cnlculatious of the Survey of India. Fourth 

Edition, revised. Dehm Dim, 1906. Pr ice  R s .  4 or Ss in cloth n ~ t d  calf ,  o r  R s .  2 or  i' ipr paper and 
boards. 

2.  Auxiliary Tables-oE t,he Survey of India. Wifth Edition, reviaed and extended by 
J .  de Graaff Hunter, Bl.A. 111 parts- 

PART I-Gratic~~les of BIxps. Yelrra Diin, 1916. Price  Re. 1 o r  28. 
l'AH,T 11-Rlatl~cmaticnl Tables Dehra Dun, 1918. P r i c e  R e .  1  o r  2 # .  

3. Tallies fo% Grnticules of Naps. Est,ract,s for the use of Explorers. Dehra Dun, 
1918. Price A s .  4 or G d .  

4. " Bletric Weights and lnenaures and other Tables. Photo-Litho Office. Calcutta, 
1889. (Out; of print.) 

6 .  Lognrithnlic Sines and Cosiues to 5 places of decimals. Dehra Dun, 1886. (Out of print.). 
6. Lojiarithmic Sines, Cosines, 'rauqents and Cotangents to  5 places of decimals. Dehra Dun,  

1915. (Out. of print). 
7. Common Logarithms to 6 placea of decimals 1685. P r i c e  A s .  4 or  6d. 
8. Table for detertnining Heights in Traversing. Dehra Dun, 1898. Price  As. 8 or  1 3 .  
9. Tables of dist,ances in Chains and Liults correspondil~g to a subtense of 20 feet. Dehra 

Diln, 1889. Price  As. 4 or fi'f. 
10. + Dit,to ditto 10 feet. Calcutta, 1915. 
11. * Ditto ditto 8 feet. Ditto. 
13. Stnr Charts tor latitude 20' N. B.y Colonel J .  R. Hobday,  I.S.C. Calcutta, 1904. 

Pricc  R s .  1-9 or 3 s .  
13. Stnr Charts for latitude 30' N. By Lt.-Col.  Burrard ,  R . E . ,  3 B . S .  Dehrr D b ,  1906. 

P r i c e  R s .  1-8 or  35. 
14. * Catalogue of 24'9 Stars for epoch Jan.  1, 1802, from observations by the Survey. 

Dehm Dun, 1893. P r i c e  Re. 2 or  45. 
15. * Rainfall from lSG8 to 1903, measured a t  the Trigonometrical Survey Office. Dehra Diin. 

(Out of print.) 

* For I)eparlmenlal use only. 
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OLD MANUALS. 
1. A Mnnnal of Surveying for India, detailing the mode of operations on the Revenue 

Clurveyn in Bengnl nnd the North-Wostern Provinces. Compiled by Captain; R. Smyth and H.  A. 
Thuillier. Cnlcutta l8B1. (Out  of print.) 

2. Ditto ditto ditto. Second Edition. London, 1855. 
(Out of print). 

3. A Manual of Surveying for India, detniling the mode of operntions on the Trigonomet. 
rical, Topographicnl nud Revenue Surveys of Indin. Compiled by Colonel H.  L. Thuillier, C.S.I., 
F.R.S. ,  atad Lieatena~tt-Colo~ael R. Ssayth. Third Edition, revised and enlarged. Calcuttn, 1875. 
(Out of print.) 

4. Hand-book, Revenue Branch. Cnlcutta, 1893. Price Rs. 2-8 OT 55. 

BURVEY OF INEIA HAND-BOOKS. 

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914. Pries 
Rs. 3 or 63. 

2. Hand-book, Trigonometrical Branch, Second Edition. Cnlcutta 1902. 
(Out of print.) 

. 3. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. (Out of 
print.) 

4. Hand-book of Topography.-Fourth Edition Cnlcuttn 1911. Chapters, in 
pamphlet forms- 

Cbnpter I-Introductory.-reprinted with additions, 1917. (Out of print). 
1, 11-Constitution nnd Organization of a Survey Party.-reprinted, 1913. 

Price As. 4 or 6d. 
,, 111-Trinngulation nnd its Computntion.-reprinted, 1914. Price As. 8or 1s. 
,, IV-Tmverning and its Computation.-reprinted, 1913. Price As. 8 or 1% 
11 V-Plane-tabling.-reprinted 1915. Price As. 8 or 1 8 .  

,, VI-Fair Mapping.-reprinted 1917. Price As. 8 or 18. 
,, VII-Trans-frontier 1leconnnissnnce.-reprinted 1914. Price As. 4 09. fin. 

,, VIII-Surveys in time oE wnr (not ready). 
,, IS-Forest Surveys nnd Maps.-reprinted 1914. Price As. 4 or 6d. 
,, X-Map 1teproduction.-reprinted 1919. Price As. 4 or 6d. 
,, XI-Geographical maps.-1917. Price As. 4 or 6d. 

5 .  +Photo-Litho Office, Notes on Orgnnizntion, Methods and Processes. B,y Major 
W. C. H r d l ~ y ,  R. E. Xevised and nmplified b,y Cnpt. S. W. S. Hamilton, R. E. Calcutta, 1914, 

6 .  The Reproduction (for the guidance of other Departments), of Mnps, 
P l n n ~ ,  Photograph*, Diagrams, and Line Illustrations. Calcutta, 1914. Price Rs. 3 or 63. 

NOTE3 A N D  INSTRUCTIONS. 
Drawing and Paper. 

1. *Soten on L'rinting Papers nuitnble for Maps, and on Whatman Draming Paper. By 
dlajor W. AIL Colclstreat~l, R. E. Calcutta, 1911. 

Printing and Field Litho processes. 
( 

2. *ltrport 011 ltubber Offjet Printing for Rfnps. By Xajor W. dl. cold st re an^, R. E. 
Cnlc~~ttn.  1911. 

3. 'Note.; on the "Vnndyke" or Direct Zinc Printing Procem, with clrtailn of Apl1nmlus 
ant1 Cl~*~lnicnla req~liretl for nsmall ~ect iou.  Compiled in the Photo and Lit110 Office, Survey of 
Indin. C~~lcu t ta ,  1013. 

4. *I(eport. 011 the Working of  the Light Field 1,itho Preaa (experiment:ll) in Korernber 
and Dece~nber 1910 with Apper~tlice~. Bey Lietttc.~,ant A. A. Chase, R. E., C:llcutt:~, 1911. 

(1)  S o t e ~  ou Rolne of the 3letlloda of Rel~roductiou ~ui table  for the Picld. 
( 2 )  Suggested Equipment Tables For the Light Field Lit110 I'ress (experimen- 

tal). 

5. 'Report on a trial of the equipnlent of the 1st (Prince of Walea' O\vn) Snppcrs nnd 
Miner3 Tor reprocl~lcing malra in the field. By Lieutenant A. A.  Chase, R. E. Cnlcutta, 1912. 
(Uut  of ~>r.illt). 

Base Lines and Magnetic. 
6. 'Sates on ure of the .liderin Rn~e-line Appnratus. Dehra Dun. 1904. (01lt of ~ r i n t ) .  

7. 'nIiacellnne~ucl P n p r r ~  relating to the Measurement of Geodetic Bi~ses by Jiiderin Invar 
Apparatus. Dehra Llun, 1012. 
- - . . . -- - w 
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NOTES AND INSTRUCTIONS.-(Continlied). 
8. *Instructions for  taking Magnetic Observations. By J. Ecctss, M. A. Dehrn Db, 1896. 

(Out of print). 
9. Rectangular C o o r d i n a t e s . - O n  a Simplification of t h e  Cornputntiort~ relnting to- 

By J .  Eccles, M. A .  Dehra Dun,  1911. Price Re. 1 or 2'. 

10. +For E x p l o r e r s . - N o t e s  on  the use  of Tl~ermometers,  Bnrometers and Hypaometerr  
with 'Yitbles for  the  Computation of Heights. By J. de GraafHunter ,  M. A. Dehra  Diin, 1911. 
(Out of \print). 

11. Amended Instructions for  the  Survey and Mapping of Town Guide Maps.  Auguet  1919. 

D-MISCELLANEOUS PAPERS. 

(Obtainable front the Superintendent,  map Publication, 13, Wood Street, Calcutta).  

UNCLASSIFIED PAPERS. 

G e o g r a p h y .  
1. A Sketch of the  Geography and  Geology of t he  HimBlaya Rfountains and Tibet (in four  

parts). B!, Colonel S Cf. I luward,  R. E., F, R S. ,  Supdt., Trigonomrtrical Surveys, and H.  H. 
nayden, n. A, ,  F. Cf. S., Supdt., Beologicc~l Survey of India. Calcutta,  1907-08. 

Par t  I.-The High Peaks of Asia. 

,, 11.-The Principal Mountain Itanges of Asia. 
,, 111.-The Rivers of t he  HirnLlaya and Tibet. Price Rs' Or 45per part' 

,, 1V.-The Geology of the  Hirnitlaya. 1 
2. +Report on the  Identification and Nomenclatilre of t h e  HimLlayan Peaks as seen f rom 

KitmBudu, NepB1. B y  Capt. H. Wood, R E Calcutta, 1904. 
3, Routes in the  Western  IIimLlnyn, Kaahmir, e tc  By Lieut.-Colonel I! Q. iWontgome~e, 

R. E., '.R. S. ,  F. R. G .  S .  Third Edition,  revised and  corrected. Dehra  Diiu, 1909. (Ou t  
of print.) 

Special R e p o r t s .  
4 Report  on the Recent L)etermination of t h e  Longitude of Madras.  By Capt. S .  Q, 

Bur la rd ,  R. E. Calcutta, 1897. (Ou t  of print). 
5. *I<eport on the  Observation of t he  Totnl Solnr Eclipse of 6 th  Apr i l  1875 a t  Cnrnorta, 

Nicobnr Islands. B y  Colonel J. Waterlrouse. Calcutta, 1875. ( O u t  of  print). 
G. *The Totnl Solar Eclipse, January  22, 1898. Dehra 1)1in, 1895. 

(1) lleport  on the  obserrations a t  Dumraon. 
(2) l leport  on  the  obserratious a t  Pulgnon. 

(3) lleport on the  observations a t  Snhdol. 
7. +Report on Locnl Attrnct~otl  in Jndin, 1893.94. B y  Captain S .  G .  Blcrl.nrd, 3 .E.  

Calcuttn, 1895. (Ou t  o f  print.) 

8. 'Ileport on the  'I'ri~o~lometrical Result5 of t he  E a r t l ~ ~ u a l t e  in k s snm.  Bsv Capfain 8. 8. 
B u r r a d .  Calcutta, 1898. ( O a t  of l)t.int.) 

9. *Notes on the  yopoglsapllical Survey of t he  1/50,000 Sheets of Algeria by the  T ~ ~ ~ .  
graphiwl Sectioll of the  "Service G e o g r n p l ~ i ~ u e  d e  1'Armeev. B~ cupfain IV. x. 

Coldsfreant, R.E. Calcntta, 1906. 

10. * T l ~ e  Simln Estates J3onndary Surrey  on tile Ecxle of 50 feet lo 1 inch. sy captain 
E.A.  Taj~dy,  R.E. Cnlcuttn, 190G. 

Geodesy. 
11. Notes on the  Theory of Errors  of Observation. B y  J. Eccles, N .A .  Dehra  Uuu, 1903. 

Pricr As. 8 or 1". 
12. *Koto on n Cllnnge of t he  Axes of the  Te r re~ t r i a l  Sp l~e~ ,o id  i n  rclrrtiou to  t h e  Tri~n.  

g ~ l l a ( i o ~ l  of the  Cf.'l'. SIII-VCY of Jndin. R!l J. de Groccf Hrcnfrr, dl.d. Dehra  DGn. 
(Ou t  of p r ~ n t . )  Now incorl)orated in Professional Pa1)er No.  16. 

13. lieport on the  T rca t~nen t  attrl use of Jnvnr ill ~ n e a s u r i t ~ g  Geodetic Bases. By Capf. 
H .  H. Turner, B. E. London, 1907. Price As. 8 or 1'. 

Projections. 
14. 011 thc ~~rr r jec t iou  11sr~d fo r  tlle Getiernl i\Inl)n of India  Dehln  I ? ~ I I ,  1903. (Ou t  of 

p ~ i t i t ) .  
1.5. * O n  tile tlcforma.tion r~s~r l l i~ l : :  frc11n t!~e 111et11od of constructin: t he  Internrtionel 

A t l n ~  of the  w o r l d  011 ihe  ~ c n l e  of one (0  nuR miliiot\. B,q Ch. Ln.llemnnd. Tranalahd h,y J .  Rccl~s. itf.d., togetllrl with tables for t he  projection of 1/M Maps on the  
Intert~ntinnnl P ~ R ~ A I I ~ .  1kh1.n I ) i ~ n ,  1912. (Out  of print). 

-- ---~. . - - - ~ - -  - . .. - 
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UNCLASSIFIED PAPERS-( Continued). 

Mapping. 
16. *A Note on the  different methods by which hills can be represented upon mapa. 

B y  Colonel S. Q. Burrard, C.B.I., R.E., P.R.S., Surve.yor General of India. Yimla, 1912, 
17. *A Note on the representation of hills. B? diajor 0. L. Robertsog,, C.X,Q., R.E. 

Dehra Diin, 1912. 
18. *A Note on the repre~entation of hills on the Maps of India. By N n j m  F. W, Pirnie, 

1 .A .  Dehra Dun, 1912. 
19. *A consideration of tlie Contour intervals nnd Colour Scnles best suited t o  Indian 

1/bI maps. By Captain X. O'C. Tandy, R.E.  Calcutta, 1913. (Out of print). 
P R O F E S S I O N A L  P A P E R S - P r i c e  Rupee 1 09. 2s per  volume, except where othertvise 

stated. 
No. 1 -Pro jec t ion-On the Projection for a Map of Indin and adjacent Countries on 

the scnle of 1 : 1,000,000. By Colonel St. Q. C. Gore, R.E. Second Edition, 
Dehrn Dun, 1903. 

No. 2 * B a s e  Lines-Method of measuring Geodetic Bases by means of Metnllic 
Wires. Ry N. Jaderin. (Transluted from NEmoiras Praentcs p a r  Divers 
Savtl~zts ti, Z'Acad~ntie des Sciences de l'lnstitut de Prance). Dehrn Dun, 1899. 
(Out of print.) 

No. 3-Base Lines-Method oE measuring Geodetic Bases by menns of Colby'a 
Compensated .Bars. Compiled by Lieutenant H. I E C .  Cowie, R. E. Dehrr 
])in, 1900. (Out of print.) 

No. 4-Spir i t - levels-Notes  on the Calibration of Levels. By Lieutenant E. A. 
Tandy, R. E. Dehra Dun, 1900. (Out of print.) 

No. 5-Geodesy-The Attrnction of the EIimLlayn Mountains upon the Plumb-Line 
in India. Considerntions of recent data. By Bajov S. Q. Burrard, R. E. 
Second Edition, Dehra Dun, 1901. Price Bs. 2 or 4 5 .  

No. 6-Base  Lines-Account of n Determinntion of the Co-efficients of 1Sxpansion 
of the Wires of the Jaderin Bnse-Line Appnratus. By Captah a. P. Lenos- 
Conynghnm, R.  E. Dehrn Dun, 1902. (Out  of print.) 

No. 7 - * M i s c e l l a n e o u s .  Cnlcuttn, 1903. 
(1) On the vnlues of Lonfitude employed in mnps of the Survey of Indin. 

(2) Levelling across the Ganges nt DiLmultdia. 

(3) Experiment to test the incrense in tlie length of a Levelling Stnff due to 
moisture m d  temperature. 

(4) Description of n Sun-din1 designed for use with tide gnuges. 
(5) Nickel-steel nlloys and their npplicntion to Geodesy. (1'1~onslntedfiom 

the French.) 
( G )  Theory of electric projectors. (T~.anslated from the French.) 

No. 9-Magnetic-Ezi)erinients made to determine the temperature co-efficients of 
\Vntson's RInguetogrnphs. By Captnil~ H. d .  DenLolnt Praser, R. E. Cnlcuttn 
1905. 

No, 9-Geodesy-An Account of tlie Scientific work of the Survey of India nnd n 
Cornl)nri.qon of  itn proxress with that of l'oreign Surveyn. f l . q ) n ~ e d  for tlbe 
use qf the S~cruey Co~~rnritt~o rtssemble,/ i ] ~  1903. By Lieufe~ant-Colunel S.  Q. 
B ~ i r ~ n r r l ,  R .  E., F. E S .  Cnlc~rttn, 190.5. 

No. 1 0 - P e n d ~ d ~ ~ m s - T l ~ e  Pcntloln~n Ol~erntiolis in Intlin, 1903-1907. B!/ AIajor 
G .  P. Loro.r-Cony~tghnt, R. 2. L)olirn Uiin, 1908. P9,icc Rs. 2-8 OT 5". 

No. 11-Refraction-0bsel.rstions of A t rno~~)heric  llefrnction, 1905-00. By H. a, 
Shale, S~ir t~eq of I t~d ic~ .  L)eI~rri D ~ I I I ,  1911. (01rt  of print.) 

NO. 12-Geodesy-011 the Origin of the Ili~lii~Iaya ntountt~ins. By Colonel S. C3. 
Btrrr.n].tl, C. S. I.. R. E., li'. R. S. Cnlcr~ttn, 1912. 

No. 1 3 - I s 0 s t a s  J-Inve~tigntion of the 'I'heory of l s o s t ~ ~ ~ y  in India. By .Iffljor H.  L. 
Crosthtcait, R . E .  1)eIira Diln, 1012. (Out of print.) 

No. l & - R ~ f r a c t i o n - F o r ~ n ~ ~ l m  for A trni~s~,l~eric I<trfrnct,ion nnd tllcil' npplication to 
'I 'e~~rr.st~~i:~I I{+:fractio~~ nntl C;eotIc~y. .By J. dc O ~ ~ r ~ f N u n t r ~ . ,  111. A. 1)ehrn 

I ,  1 Price R.7. 2 or I*. 
No. 15-Pendulums-'1111r! [ 'rntllll~~~n Operation. i n  I nilin nritl nlllnm:l, 1908-13, 

By Cnlltoin H. J .  Couclrr~~nr~, R B. 1)rllra Diln, 1915. ( 0 1 1 h  of print). 
No. 16-Ge0desy-- 'rl1r E R ~ ~ I I ' A  A x e 3  nntl 'l'ri:ing~~lntion. B y  ,L da Qraq t  Huntal', N.A. 

Drllrn Dull, 1918. Price RR. 4 01. 8'. 
N ~ .  17-180st~8y-111vestigntio11~ of Imostnsy in I I i~~l i In jan  nnd Neighbollring l f r ~ i o " ~ .  

By (;>lotar?l S i r  8. Q. Rurrard, K. (I &Y. I., R. E., P. R.  19. l)ellrn Dilrl, 1918. - . , . 

For Depnrt~~~ent~l IISC o ~ ~ l y .  
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DEPARTMENTAL PAPERS SERIES. (a* dcpaft-tal w e  only.) 

No, 1-Type-A considerntion of the most suitable forms of type for use on mspr. 
By Captain M. O'C. Tandy, R. E. Dehra Dun, 1913. 

No. 2 -Symbols -8  review of the Boundary Symbols used on the mays of veriour 
countries. By Captain M. O'C. Tandy, R. E. Dehra Dun, 1913. 

No. 3 - ~ ~ ~ ~ - ~ x t r a c t  from "The New Map of Italy, Scale 1 :  100,000." By Luigi 
Oiannitrqani.  Translaled from the Ifalialb by Major W. M. Cold8tream, R.B. 
Delirn Dun, 1013. 

No. ~-TowD. S U ~ V B ~ ~ - A  report on the practice of Town Surveys in the United 
Kingdom and its applicntion to India. By Major C. L. Robertaon, C.M.Q., R.E. 
Dehra Dun, 1913. 

No. 5- S t e r e o - p l o t t e r - T h e  Tl~onzpson Stereo-plotter and its use, with notes on the 
$eld xork B y  Lieutenant K. Adlmofr, R. E. Dellra Dun 1913. 

NO. G-Levelling-Levelling o f  High Preci~ion. B y  Ch. Lnllemand. Tranalated 
fvonr the Frenclr bay J de Qraa fHun ter ,  A1.A. Uelirn L)uu, 1014. 

No. 7-Standard Bars -Bar  Comparisons of 1907-08. By Nqjor H. McC. Cowie, 
R. E. Delira ])Go, 1915. 

No. 8-Helio-zincography-Iteport on Itubbet- Off-set Flat bed Machine Printing. 
By Captaitz S IV. Sacliutllr: H a ~ ~ r i l t o ~ r ,  R . E .  Calcutta, 1915. 

No- 9 - R e c t a n g u l a r  Coordinates-ltect;irlsular Coordiuntes and their use in map 
~~ro jec t io~l .  By M ~ j o r  C di. Thompson, I.A. and C. C. Byrne, S r ~ r u e ~  of L d i n  
(at press). 

P R O F E S S I O N A L  FORMS. 
A large number of forms for the record and reduction of Survey Operations are stocked 

a t  Dehra Diin. A list of these call be obtained from the S~iperinte~iclent of the Trigonornetd- 
cal Survey, Dehra Dun, U. P. 

P U B L I C A T I O N S  O F  THE ROYAL SOCIETY. 

(Oblni~iahle f rom A?essrs. Dula~c 4 Co., 37, Soho Square ,  Lonrlotl, CV., or i+fessrs. 
Hawison  8 Sous, St. J far l in ' s  Lane, L o d o n ,  or the  Roya l  Society nl H u r l i ~ i g t o ~ ~  House,  
London.) 

1. Pl~ilosopl~icnl Transactions, 5eric.s A ,  Volume 186, 1895. India's Corrtribution t o  
Geodesy, by Gene~n l  J. l'. '.Valker, R.E., C.B., P.R.S . ,  LL. D. 

2. Philosopliical Trn~lsncl io~~s,  Series A ,  T'olunle 205, pages 289-318, 1905. 011 the Inten- 
sity and Direction O F  the Force of Qravity in India, by Lieutenant-Colonel 
S.Q. B ~ r l ~ a r d ,  R . E ,  8 R . S .  

3. Proceedings, Series A ,  Volu~ne 90, pages 33-40, 1914. On the effect of the Gnugetic 
Alluviuul on tlre Plumb-Line ill Nortlrern lndin, b,y R. D. Oldham, EIR.8 .  

4. Proceed~ngs, Series A ,  Voluole 01, pages 220-238, 1915. On the oriziu of the Indo- - 
Galigetic trough, com~nonly called the  IIini%lnyan Foredeep, by Colonel Sip. S.  Q. 
Bur1.ar8, R.C.S.I . ,  R.Z., 3 .R .S .  
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AGENT8 FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS. 

LONDON. 

A. CONETADLE & Co., 10, Ornnge Street, Leices- 
ter Yqunre, W.C. 

P. 9. KING & SON, 3 nnd 4, Grent Smith Street, 
Westminster, S. W. 

KEQAN PAUL, TRENCH, TRUBNEB & CO., 
68, Carter Lane, E.C. 

B. &WARITCH, 11, Cfrafton Street, New Bond 
Street, W. 

HENUY Q, KING A CO., 65, Cornhill, E.C. 
GRINDLAY Co., 54, Parlinment Street, S.W. 
T. FIEHER UNWIN, LTD., 1, Adelphi Terrace, 

W.C. 
W. THACKER & CO., 2, Creed Lane, Ludgate 

Hill, E.C. 
LUZAC & Co., 46, Great Russell Street, W.C. 
EDWARD STANFOUD, LTD. (for maps only ) ,  

12-14, Long Acre, W.C. 

EDINBURGH.  

OLIVER AND BOYD, Tweeddale Court. 

DUBLIN.  

E. PONSONBY, LTD., 116, Grsfton Street. 

CAMBRIDGE. 
DRIO~TON,  BELL & CO., LTD., Trinity Street. 

O N  THE CONTINENT. 
EMERT LEBOUX, Rue Honnpnrte, Paris, France. 
MARTINUS NIJHOFF, The Hngue, Hollnnd. 

I N D I A .  
THACKER, SPINK & CO., NO. 3, Esplanade, East, 

Cnlcuttn, nnd Simln. 
NEWMAN & CO., NO. 4, Dalbousie Square, 

Calcutta. 
LAL CHAND & SONS, NO. 76, Lower Circular 

Road, Calcutta. 
MANAGER, THE INDIAN SCHOOL SUPPLY DEPBT, 

No. 309, Bow Bazar Street, Calcutta, and 
Dacca. 

RAI S A ~ I B  M. GULAB SINGE & SONS, Lahore. 
THICKER & CO., LTD., Bombay. 
D. B. T ~ R A P O ~ E V A L A ,  SONS & CO., Bombay. 
H I Q Q I N ~ O T ~ A M ~ ,  LTD., Madras. 
PROPBIETOR, MAFASILITE PBIATING WORKS, 

Mussoorie. 

CURATOR, GOVEUNMENT BOOK D E P ~ T ,  BURMA, 
Rangoon. 

OXFORD. I COCKBUBKE AGENCY, Srinagar. 

B. H. BLACKWELL, 50 nnd 51, Brond Street. ( BnnaraN & CO., Muzaffarpur. 
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