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GENERAL REPORT 

ON THE 

DURING THE S U R V E Y  Y E A R  

PART I. 
SUMMARY. 

ADMINISTRATION.  

I .  T h e  operations of the department that are  now reported on are for 
the  survey year ending 30th September 1894. 

2, 'The general administration of the  department and the  superintendence 
o f  the Topographical Branch remained in the hands of Colonel H. R. Thuillier, 
R.E.,  Surveyor-General of India, throughout the year. T h e  direct supervision 
of  the  Revenue Branch and of the Bengal Survey Branch has continued in 
the hands of Colonel C. Strahan, R.E., Deputy Surveyor-General, and Colonel 
J.  E. Sandeman, S.C., Director of Bengal Surveys, except for a period ot about 
three months during the recess season, when both these officers were absent 
on privilege leave, and during that time Colonel LV. H. Wilkins, S.C., con- 
ducted the duties of both posts. Colonel G. Strahan, R.E., Deputy Surveyor- 
General, continued to superintend the Trigonometrical Branch un~ i l  the 30th 
April 1894, when he retired from the department. This  second post of Deputy 
Surveyor-General was then abolished, and in place thereof an  officer of junior 
rank has been appointed in charge of the  trigonometrical operations and of the  
allied head-quartrrs office a t  Dehra with the title of Superintendent, Trigono- 
metrical Surveys. Rlajor St .  G. C. Gore, R.E. ,  Deputy Superintendent, 1st 
grade, was selected for this post, and has conducted the duties from the 1st 
May 1894. 

l~zspection Tours of the Admi~zistrnlive Oflcevs.  
3. T h e  Sur\.eyor-General left Calcutta on the 7th October 1893 for Dehra 

Dun, and returned on the 28th idem, during which time he inspected the Trigo- 
nometrical Eranch offices, and the oflice of the Forest Survey Branch, which is 
under the direction of the Inspector-General of Forests. On the 1st May 1894 
he proceeded to Sirnlaunder the orders of  t he  Government of India to be in per- 
sonal communication with them for the arrangement of the programme of  field 
operations and various other important matters, and he returned to Calcutta on 
the 19th July 1894. While a t  Silnla he inspected the Survey offices located 
there, v iz . ,  the Drawing ofice of the North-West Trans-Frontier Surveys and 
No. 18 (H~malayn)  Party. Colonel Thuillier left Calcutta again on the 27th 
August 1894 to inspect the field parties located in the Madras and Bombay 
Presidencies. At Bang  lore he inspected the offices of Nos. I I ,  rg, 2 0  and 
21 Parties, and a t  Poona those of Nos. 10, I 7 and 25 Parties. H e  returned 
to Calrutta on the 21st September and on the 29th idem proceeded t o  
Dehra Dun, where he inspected the Trigonometrical Branch o h c e s  and the 
ofice of the Forest Survey Branch, 
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4. T h e  Deputy Surveyor-General in charge of t he  Revenue Branch pro- 
ceeded to ICamptee in thi Central Provinces in October 1 8 ~ 3 ,  to visit N ~ ,  
Party ; he inspected the recess office and  arranged with the executive officer 
a Progralnme for the field season, to  complete the work required in the Central 
Provinces. As there was some doubt a s  to the possibility of this baing accom- 
plished, the  Deputy Superintendent was directed to consult the Commis- 
sioner of Agriculture a s  t o  which portions should be taken up first, so as  to 
ensure the completion of t he  most important work. After leaving the Central 
Provinces the Deputy Surveyor-General proceeded to Naini Tal  to inspect the 
Garhwal de tachment ;  he examined the  maps of the previous season and 
discussed the programme for  the  ensuing season, which was to complete the 
cadastral survey of all the more accessible parts of the  district and all that was 
required. 

In January 1894, Colonel C. Strahan again proceeded to the Central Provin- 
ces and inspected in the field two out of the three camps of No, g Party. He 
thence went on t o  the Belgaum district in Bombay to inspect No. l o  Party, and 
marched for  5 days through the country under survey, examining the work of 
such sub-surveyors a s  were met  with. 

T h e  Deputy Surveyor-General visited t he  forest and all the cadastral 
survey parties in Burma during March and .4pril 1894. In Lower Burma, No. 7 
Party, whose work lay mainly in the Amherst district, was first inspected, two 
of the field camps being visited, the one a t  Amherst itself and the other a t  Pa-an 
on the  Salween river. T h e  forest survey party (No. 2 0 ) ,  whose head-quarters 
were a t  Toungoo, was then visited, and after an  inspection of the  otiice a t  that 
place, a tour was made into the forests under survey, and the surveyors whilst 
actually a t  work in the  field were visited and their sheets examined. 

In Upper Burma, No. 3 Party was first inspected. After an examination of 
the head-quarters office a t  Mandalay, Colonel Strahan, accompanied by Mr. Scott,  
t he  executive officer, made a tour through Shwebo t o  Kawlin, where a halt was 
made to see the work in progress in Wuntho;  thence he went to Katha, where 
Lieutenant Burn, t he  officer in charge of the triangulation party in Upper Burma, 
was met with. From Katha he proceeded to Letkobyin, the country around 
which was being topographically surveyed to assist in the search for coal in that 
neighbourhood. H e  then returned to  Mandalay where he met Captain Longe, 
R.E., in charge of No. 2 1  Party, who had been demarcating and surveying the 
boundary between Manipur and the  Chin Hills, and whose maps he examined. 
Finally, No. I 2 (cadastral) Party was inspected a t  Magwe, and the Commissioner 
of the  Division was visited a t  Minbu, where the  progress of the work, both past  
and future, was discussed with him. 

During his stay in Rangoon, Colonel Strahan visited the  Chief and the 
Financial Commissioners and consulted them regarding the programme of 
cadastral work in Upper Burma during 1894.95. It  was then decided that after 
the  recess season of 1895, one cadastral party would suffice for Upper Burma 
and tha t  No. 1 2  Party should be transferred to India, a s  the progress made in 
the survey had been so  rapid that  it was impossible for the settlement opera- 
tions to keep pace with it. 

In May 1894, the Deputy Surveyor-General proceeded to Pachmarhi in the 
Central Provinces in order t o  consult the Local Government on the advisability 
of retaining No. g Party for yet another year, as  it had been impossible to com- 
plete the entire programme allotted for the field season of 1893-94 It  was 
ascertained that  there was other additional work required a s  well, which would 
be sufficient to keep the party profitably employed for another year, and it was 
then decided that  the sanction of the Ciovernment of India should be asked for 
its retention until October 1895. 

5 .  Colonel Sandkman, Director of Bengal Surveys, left Calcutta on t h e  
23rd October 1893 for a tour of inspection in Eihar. H e  ~ r o c e e d e d  first to  Gaya, 
and remained in that district inspecting the  work in progress until the 26th, 

he went on to Motihari where the camps of the Champaran cadastral and 
traverse sections were inspected. On the 28th October he ~ r o c e e d e d  to  Muzaf- 
f a rpu r l  where h r  lvas ensrgcd  in inspecting the  two cadastral camps ancl work 
i n  the field until the mlddle of November. (.In the 17th November, ~ o l o n e l  
Sar ldeman left [or Sonepur, where several meetings were held, a t  which the 
Director of Land Records, the Sihar Settlement O h c e r s  and the SecreLarJ' of 
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the Indian Planters1 Association were present. On the 27th November he return- 
ed to  Muzaffarpur and from the 30th November to the 5th December was 

in  inspecting the two cadastral camps in that district. On the 5th 
he returned to Calcutta, where some of the difficulties of thp work were explained 
to  His' Honour the Lieutenant-Governor. On the 13th I>ecember the Director 
left Calcutta again and was engaged on inspection duties in Muzaffarpur and 
Champaran until the 27th, when he returned to Calcutta to attend a conference 
on the maintenance of land records which sat daily until the 6th January 1894. 
On the 10th January 1894, he proceeded to Gaya, where he inspected the 
cadastral camp and the work in the field. 

On the 16th January, Colonel Sandeman marched for Aurungabad, where he 
arrived on the 2 1st and met the Collector with whom survey matters were discuss- 
ed. On the 23rd January he left  for Palarnau, and from the 24th to 27th idem was 
engaged in inspecting the field work in that district, in companv with the Deputy 
Comm~ssioner. On the 28th idem he returned to Gaya and joined the Survey 
camp a t  Shergotty, and on the 9th February he left Gaya for Muzaffarpur and 
was *engaged in inspecting the cadastral and khnnap~~vz'calnps in the field until 
the 15th idem. On the 16th February, he proceeded to meet the Lieutenant- 
Governor, with whom he remained until the 20th during His  Honour's inspection 
of the survey operations in Bihar, On the 27th February, the Director proceeded 
to Saran and was occupied until the 6th kIarch in inspecting the offices of the 
traverse and cadastral camps, dnd the \\fork in the field in that district. 

On the loth March, Colonel Sandeman returned to Calcutta, and on the 13th 
idem proceeded to Balasore and was engaged in that district until the zznd, 
inspecting the Orissa survey office and checking the work in the field, and 
returned to  Calcutta on the 25th March. 

0 1 1  the 7th Apr~l ,  he left Calcutta lor Comilla to inspect the office of the 
Tippers survey, and t h e  discussed matters with t he  Collector and Mr. Mac- 
Minn, the Manager of the Maharaja's estates which were under survey. On 
the  I r th, he arrived a t  the survey camp a t  Chauddagram, and was engag?d 
until the 15th inspecting the field and oficc work, returning to Calcutta again 
on the 18th. 

On the 2 I s t  April, Colonel Sandemnn proceeded once more to Muzaffar- 
pur, under the orders of  the Lieutenant-Governor, to arrange for the recording 
of rents, and after discussing with the  Settlement Oficers  the  best method o f  
making rent entries, con~municated the necessary orders to the camp officer. 
On the 26th April, the Director inspected and tested the worlc of the Rajapur 
drainage survey, and on the 29th and 30th idem was engaged in testing the 
Jaipur estates survey in the Bogra district. 

On the 7th July, Colonel Sandeman proceeded to Muzaffarpur and was 
occupied in inspecting the c .~daslral  survey office there until the loth idem. 
On the 12th he inspected the Patna College survey school, and lrorn the 13th 
to  20th held an inspection of the tour cadastral survey camps in their recess 
quarters a t  D i n a ~ u r .  On the a r s t  July he proceeded to Lucknow by special 
permission to meet His Honour the Lieutenant-Governor of the North-Western 
Provinces to  advise in the matter of settlement surveys for that province, and 
on the 26th July he proceeded to  Mussooree to  inspect the traverse sections of 
the Bihar survey parties which were recessing there. 

6. T h e  Superintendent, 'Trigonometrical Surveys, duly inspected, from time 
to time, the recess offices of the parties under his immediate superintendence, 
which are located a t  Mussooree, near his head-quarters, via., Nos. 14, 2 2 ,  23 
and a 4  Parties. 

F IELD PARTIES .  

7. The  field operations of the year under report were carried on by 20 

parties (of which two were double parties), and 4 smlll  detachments. Of these, 
one party was employed on trigonometrical surveys; three parties and t\vo 
det;~chrnents on topographical surveys; four parties on forest surveys ; six 
parties and two detachments on cadastral surveys ; one party on traverse sur- 
veys ; three parties on scientific operations ; and two parties on geographical 
survt2ys. Besides the above, the small detachments o f  the Forest Survey Branclr 
(included in this report for the first time) have been employed on forest surveys. 
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The following tabular statement shows collectively the whole of these 
operations, grouped according to the scope and nature of the work on which the 

Administrative 
Superintendent. 

Supt.  Trig. 

D. S. G. Rev. 

Ditto, Tope. 

Supt. Trig. 

D. S. G. Topo. 

Ditto Rev. 

Supt. Trig. 

D. S. G. Topo. 

Ditto Topo. 

Ditto Rev. 

I .  G. Forests. 

Ditto. 

Ditto. 

Ditto. 

Director, Bengal Survep .  

D. S. G. Rev. 

Director, Bengal Surveys. 

D. S. G. Rev. 

Ditto Rev. 

Ditto Rev. 

Ditto Rev. 

Director, Bengel Survey. 

D. S. G. Rev. 

Supt. Trig. 

Do. Trig. 

D. S. G. Topo. 

Ditto Topo. 

Ditto Topo. 

-- -- 

parties were severally employed :- 

Nature and locale of 
o operations. 

Statement 

V) .- 
eL 
. 
u o 
$D2 
a 
- 

19 

lo( 

21 

a3{ 

05 

27 

31 i 
34( 

35 

38 

40 

40 

41 

43 ( 
61 

68 

74 

76 

79 1 
82 

86 

90 

9l 

93 

94 

98 

d z - 

y 

Trigononutrical Suwey. 
Burma . , . 
Topo.paphica1 Surveys. 

of Survey Opevalions and Parties. 

11  

~~~~~~i~~ Oficers. 

Lieutenant J. M. Burn, R.E. 

Major J. R. Hobday, S. C. . 
Lieutenant H. A. D. Fraser, 

R.E. 

Colonel T. H. Moldich, C.B., 
C.I.E., R.E. 

hlajor St .  G. C. Gore, R.E. 
Major R.  A. Wahab, R.E. . 

Mr. G. P. Tate . . . 
Mr. H. E.  T .  Keelan . . 
Colonel J. R. Warner. S.  C.  
Captain W ). Bythell, H.E. 

lo  

15 

18 

Det. 

Det. 

I4  

Captain F. B. Longe, R. E. 

Scale of Survey. 

...... 

Z"=I mile forreduction ') to half scale. 

a " = I  mile, I "= I  mile, 
f 31 mile, a"= I mile 
and  mile for re- 
production. 

4"=1 mile for repro- 

. 
and zN=l  mile for 
reproduction. 

8"- mile and #"--I mile 
for reproduction. 

I"-I mile for reproduc- 
tion. 

mlle for repro- ] 4"~:ti0.. 

' ' ' 

Baluchistan . . . 

Himalayas . . . 

Aden Peninsula . . 
Indus River . . . 

Forest Surveys. 
Provinces' ' 

1"-I mfle and t"-l mile. 
.I 

Ditto . . 100 

17 

,g 

ao 

u m 

,,[ 
a ' 

3 

4 & 5 

6 

7 

la  

Dot. 

Det. 

9 

2 1  

23 

25 

8 1  

Colonel H. S. Hutchinson, ' 16"=l mile, 8"-I mile 
s.. . I and 4"-I mile for 

hlajor J. R. Hobday, S.C. . reproduction. 

P a j o r R .  A. Wahab. R.E. . ' ) 4 " 7 1  mile, for repro- 
aptaln H. M .  Jackson, R.E. uct~on. 

Bombay . . . 
Madla . . . 
Bunna, . . . 
Central Provinces. . 
Punjab . . .' 
O u d h .  . . . 
Burma . . . 

Cadastral Surveys. 

Bihar and Bengal ' 

Upper Burma . . 
Bihar . . . 
Assam . . . . 
tower  Burma . 

upper ' 

Garhwal . . . 
Oriara . . . . 
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Central Provinces . 
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Tidal and Lrocllinf 
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Geographical Surveys. 
Uppar Burma . . 

Mr. G. H. Cooke . . 
Mr. W. H. Reynolds. . 

4"=1 mile and Z"=I 
mile for reproduction. 
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mile for reproduction. 
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Ditto . : 
Ditto . . 

Captain J. M. Flerninp, S.C.,  
Lieutenant R. T .  Crichton, 

S.C. 

Mr. G. B. Scott . , . 
Captain G. B. Hodgson, S.C. 

Mr. E. C. Barrett . . 
Mr. C. Wood . . . 
Mr. A. E. Spring . 
Mr. H R. Littlewood . : 
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Mr. E. J. Jackson . . 
Captain S. G. Burrard,R.E. 
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Lieut. Colonel J. Hill, R.E. . 
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16"=1 lrnile (skeleton 
plots). 

...... 

...... 

...... 
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O U T - T U R N .  

8. During the year under report the aggregate area surveyed on all scales 
amounts to 1~27,477 square miles. This  area is exclusive of that embraced by 
the traverse operations in the Central Provinces, carried on for the purpose of 
furnishing a basis for field surveys under the Settlement Department, and of 
the slteleton survey of village boundaries in Bengal, which together amount to 
3,572 square miles. 

The  operations of the  various field parties will be found summarised in the 
following paragraphs, in the order in which they appear in the foregoing state- 
ment. A de ta~led  report on the operations of each party for the year under 
review is given in Part  11, 

T R I G O N O M E T R I C A L  SURVEYS.  

g. T h e  principal triangulation in Upper Burma, on the meridian of 96" 30' 
E. longitude, was extended northwards over a direct distance of go miles, em- 
bracing an area of 1,480 square miles, comprising three quadrilateral figures 
formed by eight stations, and reaching the parallel of 24" 40' N. latitude. Astro- 
nomical azimuths were observed a t  two stations. 

T h e  fixing of beacons a t  convenient intervals along the mouth of t h e  
Indus river was undertaken to furnish a basis for the operations of the  Marine 
Survey Department. A secondary series of triangles, comprising 26 stations 
of observation, was carried over a distance of 70 miles along the coast, from 
which the positions of I 7 beacons have been fixed. Thirteen more beacons 
were erected, the positions of which \\(i l l  be obtained during the ensuing season, 
and this will complete the work required. 

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

lo. As in the two   receding years, three parties and two detachments have 
been again engaged on topographical opera<ions. Nos. 10, 15  and 18 Parties 
continued the topographical surveys on various scales in the Bombay Presi. 
dency, in Baluchistan, and in the Hinlalayas, respectively ; the detachment or- 
ganized in the preceding year for the survey of the Indus river in Sind con- 
tinued its operations, and a second detachment was formed for the survey of 
the Aden Peninsula, and to complete the survey of t he  portion of the Yafi'i 
country which was not included in the operations carried out in Arabia in 
189 1-92. 

I I .  In addition to the topographical work executed by these parties, small 
areas were topographically surveyed by the cadastral parties in the Shwebo and 
Amherst districts for special purposes, and by the Forest Survey Branch in 
the Bashahr State. T h e  topographical survey of Upper Burma on the )-inch 
scale was commenced d u r ~ n g  the year by a detachment of No. 2 1  Party, the 
preliminary geographical survey of that province having been practically Snished. 

12. ?'he areas topographically surveyed on various scales during the year 
amount t o  16,072 square miles, against 10,215 square miles executed in the 
previous year. 

T h e  total is made up as  fo l lo \~s  :- 

7,662 square miles surveyed on the 1 inch scale. 
3,440 1, I #  11 11 1 1 ,  J l  

4.552 1, , l  11 1, 2 1, 1 ,  

379 11 11 9 ,  11 4 11 11 

39 ,, 1 8  1 I 11 8 ,, ,, 

F O R E S T  S U R V E Y S .  

13.  Forest survey operations were continued by the four parties previously 
employed on this class of surveys, in the Central Provinces, the Bombay and 
Madras Presidencies and in Lower Burma ; and a further small area of forest 
lands was surveyed by the  party worlting in the Himalayas, 

14. In the Central Provinces, the detail survey of the  forests in the Nimar 
district mas continued, and an area of 565 square miles was completed on the 
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4.inch scale;  besides this a large area of advance triar~gulation was effected in 
the Nimar and Betul districts. As usual, the classification of the forest growth 
and soils was carried out over the area surveyed in detail. T h e  out-turn of 
detail survey is less by 6 3  square m ~ l e s  than that  of the  previous year, which is 
chiefly owing to the more difficult nature of the country operated in and to  the 
prevalence of sickness among the  surveyors, but the out-turn of work is quite 
satisfactory, considering that  the field operations are necessarily restricted to a 
period of about four months only, owing to the unhealthy character of the tracts 
under survey. T h e  cost-rate of t he  survey has been further reduced this year 
by over lo per cent, 

I j. In the  Bombay Presidency, work was carried on in the Northern, Central 
and Southern Forest Circles, and comprised surveys on the 16-inch scale of  
b l ~  bul (acacia arabica) reserves in the Poona, Ahnlednagar and Sholapur dis- 
tricts ; on the  8-inch scale of teak reserves in the  Poona, Ahmednagar, Thanil 
and Kolaba districts;  and on the 4-inch scale of ordinary forest reserves in t he  
North Kanara and Poona districts. T h e  total area surveyed amounts Ito 489 
square miles, or 63 square miles in excess of the out-turn of the preceding year. 
T h e  cost-rates per square mile of the surveys on each scale compare favour- 
ably with those oi the previous year, and during the past three years have 
shown a steady annual diminution, 

16. In the Madras Presidency, t he  survey of forest reserves on the 4-inch 
scale was continued in t h e  Madura, Salem and North Arcot districts, and an 
area of 881 square miles of detail survey was effected during the year, or 93 
square miles more than the out-turn of last year. T h e  cost-rate of the survey 
again shows a diminution, being 8 7 2 - 1  2 per square mile for all the operations, 
which is 8 5 - 6  less than that  of last year. 

17 .  In Lower Burma, the survey on thz 4-inch scale of forest reserves in 
the Hanthawaddy and Toungoo districts was carried on, the intermediate 
unreserved tracts being surveyed, a s  before, on the 2-inch scale T h e  area com- 
pleted amounts to  426 square miles, which is 81 square miles in excess of last 
year's out-turn. T h e  cost-rates of these operations have been somewhat 
reduced during the year under report, tnough they are still high a s  compared 
with those of similar work in India. T h e  causes for the disparity are explained 
in the detailed account of the operations in Part 11. 

18. In the Himalayas an area of 161 square miles of forest land was sur- 
veyed on the  4-inch scale by No. 18 Party, in addition to its ordinary operations. 

19. T h e  operations of the Forest Survey Branch, which are incorporated 
in this report for the first time, are under the administration of the Inspector 
General of Forest., and under the superintendence of Mr. W. H. Reynolds, De-  
puty Superintendent. T h e  officers are  now included in the cadres of  the Survey 
Department, and the establishment is organized into small detachments for tak- 
ing up local forest surveys of a small and scattered nature for which the regular 
parties of the Imperial Department are too large. 

T h e  operations were carried on in several districts of the Central Provinces, 
in the Bashahr State, in the Kheri and Cionda districts in  Oudh, and in the 
Salween and Pyinmana forest divisions in Lower and Upper Hurrna, respectively. 

T h e  aggregate forest area surveyed by the various derachnler~ts amounts 
to 1,433 square miles, of \vhich I I I square miles of exterior forest boundaries 
were done on the 16-inch scale and I ,32a square miles of forest reserves on the 
+inch scale. In addition, the detachment in Bashahr surveyed an  area o f  287 
square miles on the ]-inch scale of non-forest lands for the purpose of complet- 
in: the topographical survey of that  State. This area has been included in the 
out-turn under the head of Topographical Surveys 

For all the areas surveyed on the 4.inch scale a rvcorcl was prepared during 
the progress of the survey, illustratil~g tht: divt.ribution of forests ; and for the 
forests in the Central Provinces the classifcation of soils \v;~s :~ lso  recorded. 

T h e  cost-rates of the various forest surveys ex -cu:etl by the Forest Survey 
Branch are considerably lower than those of the Imperial survey parties. This 
is entirely due to the difference in the  organization o f  the two establislimrnts, 
and to the very limited European supervision which is employed in the former. 
In some of  the detachments the supervision of  the professional \r.orI< was 
entrusted entirtly to  low-psid natives, which cannot be considered a sufficient 
safe-guard for obtaining accurate wo,-k. 



qo. Tile total out-turn of forest surveys executed on various scales during 
the year amounts to 3,955 square miles, of which 1,433 square miles was Fur. 
veyed by the Forest Survey Branch. l 'he area surveyed by the Imperial 
survey parties, v lz , ,  2,522 Equare miles, is 352 square miles in excess of the 
out-turn of the previous year by the same parties. 

The areas on the different scales are a s  follows :- 
144 square miles surveyed on the ~ . i n c h  scale. 

38413 ,J ~r P I  1, 4 J )  1, 

2 2 2  J ,  I *  ,I 9 8 ,, ,, 
176 ,, ,, I I ,, 16 ,, ,, 

C A D A S T R A L  SURVEYS. 

2 I .  The  number of p r t i e s  engaged on cadastral cperaticns during the year 
has been as follo\vs :-TIYO double parties and one detachment in Rengal ; three 
p;irties i n  Burma ; one party in Assam ; and a detachment in t h t  North-Western 
Provinces. 

22. In the Bengal Province, the parties which are under the administration 
of the Bengal Government and the superintendence of Colonel Sandeman, Direc- 
tor of Bengal Surveys, were engaged a s  before in the  cadastral survey and pre- 
paration of the record of rights In temporarily settled tracts and Governn~rnt  
estates,  and in private estates. During the year t h e  principal operations have 
beell carrird on In the districts of Muzaffarpur, Champaran and Saran in North 
Bih;lr; in the 'l'ikari estate in Gaya ; in the Government estate in Palamau ; and 
in the districts of Tippera and Balasore in which the cadastral survey work has 
been completed. 

23. l'he following is a summary of the progress of work in each district in 
which the larger surveys were carried on. 

111 Muzaffarpur the area c i ~ d a s t r a l l ~  surveyed during the year amounted t o  
979 square miles and that of the record-writing to 788 square miles. T h e  cost- 
rates per square mile for these operations are K68 and 8 7 8 ,  respectively. The  
traverse survey in this district had been completed during the  ~ r e v i o u s  year, in 
which also an area of 529 square miles was cadastrally surveyed, bringing the 
total of survey to 1,508 square m~les,  out of a total area to be dealt with of 3,000 
square miles, including the 500 square miles which were surveyed experimentally 
in 1885-86, 

In the  Champaran district, the area of which is estimated a t  3,531 square 
miles, the traversesurvey \\!as extended during the yearover an area of 1,320 
square miles, bringing t l ~ e  total of  traverse work to 2,425 square miles. l ' h e  
season's cadastral survey covered an area of 5 1 7  square miles, which, with that 
done in the previous season, makes a total of 933 square miles of field survey. 
T h e  record-writing completed in the previous year covered an area of 320 square 
miles ; that of  the year under report amounted to 599 square miles or a total of 
919 square miles. T h e  cost-rates of these operations for 1893-94 are, traversing 
K38, cadastral survey 875 ,  and record-writing 8 5 4 .  

In the Saran district the traverse survey effected during the year under 
report covered an area of 932 square miles, and in the previous year the out-turn 
was 894 square miles or a total to the end of 1893-94 of 1,826 square miles. 
T h e  cadastral operations were commenced during this year, and the out-turn of  
survey was 549 square miles, and of record-writing 527 square miles. T h e  
cost-rates per square mile of  the year's operations are, for traversing 837, for 
cadastral survey 870 ,  and for record-writing 850 .  

In the Orissa divi~ion,  the survey and record-writing of the temporarily 
settled lands in the district of Puri, and also in Cuttack with the exception of 
the unirrigated portion of killa Aul, had been completed in the previous 
year. In the Balasore district, an area of I ,084 square miles had been cadastrally 
survtyed in 1882.83, and this work was continued during the year'under report, 
when an area of  (349 square miles was completed, and the records apper- 
taining thereto were wri t~en.  The  cost-rates per square mile of the season's 
work are, for cad;istral surveys 8 7 5  and for record-writing R70. T h e  survey of 
all the temporarily settled areas in the Orissa division has now been completed 
with ihe exception of 148 villages in killa Aul, which will be undertaken 
during the present season of 1 S34-95. 
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T h e  survey and record-writing of  t he  Pa l an~au  Government estate in the 
Chota Nagpur division was commenced during the year. T h e  total area of the 
estate was estimated to  be 428 square miles, and the  cultivated area therein, of  
which a survey was required, was estimated to beabout I 78 square miles, but this 
has been found to  be much below the  truth. T h e  traverse operations have 
already covered an area of 318 square lniles, and the  cadastral survey with re- 
cords has been carried out over 131 square miles, I t  is now estimated tha t  154 
square miles still remain for survey, T h e  cost-rates per square mile of t he  
different operations are, traverse Ra4,  cadastral survey and record-writing 
8 74. 

T h e  survey o f  the Jaipur Government estates in district Bogra, embracing 
an area of 55 square miles, which had been commenced in the previous season, 
when an area of 13  square miles was surveyed, was continued and brought to  
a conclusion during the year under report. T h e  out-turn of cadastral survey was 
4 a  square miles, and the records were written of the entire area of 55 square 
miles. T h e  cost-rate per square mile of these operations, excluding the traverse 
which was done the year before, amounted to  R 1 3 8 ,  

'The survey of the estates o f  the Maharaja of Hill Tippera known by the name 
of Chakla Roshnnbad, in the districts of 'f ippera and Noakhali, was continued and 
has been completed. T h e  out-turn of cadastral survey for the  year was 261 
square miles and of the record-writing 348 square miles ; the cost-rates per square 
mile being R I 5 I and 43 t02 ,  respectively. T h e  total area of these estates is 559 
square m~les,  and the cost of the survey has been enhanced by the  operations 
being prolonged over two years a t  the special request of the Maharaja. T h e  
survey of the  Gangamand;~l estate in Tippera, with an area of 1.16 square miles, 
was also taken up by the  party employed on the Chakla Roshnabad estates. T h e  
traverse survey was completed of the three villages comprised therein, and the 
cadastral survey and records were completed in two of the villages, the survey of 
the third having been suspended by an order of the Collector of the district. 

In the Tikari Ward's estate, district Gaya, the total area to be dealt with 
according t o  thelatest information is 71 r square miles comprised in 936 scattered 
villages. During 1892-9-3, the traverse survey was commenced and an area of 21 7 
square miles was preparzd. During 1893-94 the traverse work was extended over 
a further area of 334 square miles, and an area of 408 square miles was cadas- 
t r a l ] ~  surveyed. 'Lhe records were written for 458 villages covering an area 
of 332 square miles. T h e  cost-rates per square mile for these operations were 
for traverse 8 4 3 ,  for cadastral survey 8 8 6  and for record-writing 8 6 1 .  T h e  
revision of the 32-inch scale maps and records of the Tikari villages included 
in the irrigation survey of I 875-76 was also undertaken, and the mapping of  63 
square miles and records of  27  square miles were revised. A boundary survey 
on the 16-inch scale, of n t r ~ k a r r a r i  villages (held on fixed and permanent lease) 
in this estate was also commenced, and an area of 147 square miles, comprising 
the boundaries of 2 2 4  villages, was so surveyed. 

In the Burdwan Raj estate in the Bankura district, the completion of the 
maps and professional records of the 4-inch scale boundary skeleton surveys 
which had been in progress for some years was accomplished. 'I'he cadastral 
survey and record-writing of 1 2  new mahals of this estate in the Uurdwan and 
Hooghly districts, embracing an area of about ro square miles, which had been 
omitted from the previous survey, was u~idertaken. T h e  traverse and cadastral 
survey was completed, but the record-writing was not qliite firrished, an area of 
about 3 square miles remaining to  be written. 

The survey of the lands reclaimed under the Rajapur d r a i n ~ g e  scheme, 
which had been corllmenced in 1891-92, were completer1 during the season under 
report,when an area of 36 square miles was c;tdastrally surveved and the 
record-writing for 106 villages covering an area of 5 7  square miles, was complet- 
ed. The  total drainage area that has been surveyed amounts to 8 3  square 
miles, 

24. In the Burma Province, three parties were again engaped on cadastral 
operations this year; one in Lower Burrna and two in Upper Burma. In the 
former, cadastral operations were continuctl by No. 7 Party in tlre tlistricts o f  
Mergui, Amherst and Shwegyin. T h e  tot;ll area surveyed on the 16-i11c.h scale 
amounted to  831 square miles which are distribured as  follows ; i l l  M(:rgui 123, 
in Amherst 679 and in Shwegyin 79 square miles. Advance traverse survey 



was carried on in Amherst and Shwegyin. T h e  cost-r.lte of the cadastral 
survey in  Mergui during the  year under report is about g per cent. less than that 
of the previous year, while in Amherst and Shwegyin together the cost-rate of 
the traverse and cadastral operations is 8 2 1 3  per square mile, which is about 
the same as in last year. .4 survey of the tin mines in Maliulun 2nd Bahuni, on 
the scale of 64  inches to the  mile, and covering an area of I 9 square miles, was 
also carried out. In addition to the cadastral survey, an area of 2 2 1  square 
miles of intervening unculturable country was topographically surveyed on the 
1.inch and 2-inch scales by this party to  complett: the  topographical maps. 

The  survey of the cultivated lands in the Mergui district has now been 
completed. In Amherst, owing to  the  add~tional areas assigned for survey, re- 
ferred to in last report, being larger than was estimated, there still remain 
about 550 square miles to be cadastrally surveyed ; this area will be cornpleted 
during season 1894-95. T h e  number of Burmans and Karens employed during 
the  year was 36, of whom 23 had been enlisted under Mr. Bridge's scheme, 
which is alluded to  in last year's report. Their average out-turn of survey has 
improved this year, being six-sevenths of that of the Hindustanis, whereas last 
year it was only two-thirds. During the recess the revision survey of the pre- 
liminary sheets of the  Rangoon town which was commenced last year was 
carried on and will be completed early in the  recess season of 1895. 

25. In Upper Burma, the work allotted t o  No. 3 Party was scattered over 
portions of six different districts and was of a varied nature. T h e  main portion 
of it consisted in the cadastral survey on the scale of 16 inches to the mile of 630  
square miles in Yeu, 226 square miles in Katha, and 820 square miles in .NIeik- 
tila; in addition to this, small areas aggregating 282 square miles were 
cadas t r a l l~  surveyed in the districts of Shwebo, Y amethin, and Upper Chindwin. 
T h e  total out-turn of cadastral survey accomplished in these districts amounted to  
I ,958 square miles ; the large area thus surveyed, which is nearly 2 0 0  square miles 
in excess of last year's out-turn, is owing to the  entertainment of a large number 
of Burman field surveyors from the local Survey Department, who were employed 
in addition t o  the original establishment. 

T h e  cost of the above surveys varied considerably in the different districts 
according to the conditions met with. T h e  average aggregate cost-rate of  the 
traverse and cadastral survey amounted to  three annas six pies per acre. 

T h e  cadastral survey in I<atha was undertaken with a view to facilitate 
enquiries regarding tenants' rights, and in order to prevent a great loss of time 
and money the Deputy Superintendent in charge of the survey party directed 
the Burman field surveyors to mark off the holdings and to make a register of  
the tenants' names, which was duly carried out and made over to the special 
officer appointed to make the enquiries. This  is the first time tha t  any attempt 
a t  writing arecord-of-rights has betn made in Burma by the Survey Department, 
and it is satisfactory to  note that it was pronounced to be on the whole very 
accurate. A similar record was written for  the S t a t e  lands surveyed in the 
Upper Chindwin district. Local labour was again extensively employed this 
year and the number of menials imported from India reduced. An at tempt 
was made to induce more Burmans to join the party to learn sur\.eying, and in 
the Yeu district 14 men joined the  survey camp, remaining under training 
from one to four months. 

In addition to the cadastral surveys, an area of 183 square miles of country 
was topographically surveyed on the 2-inch scale in the  coal-bearing tract 
in the Shwebo district, wllile, a s  a preliminary to the survey of the gold- 
n r in i~~g  grants on the Katha district, traverses were run round the outer limits 
o f  one PI-ospecting and four mining grants. 

26. T h e  second party in Upper Burma (No. l a  Party) continued the survey 
of the Magwe district and carried out the traverse and cadastral survey of certain 
islands in the Irrawaddy river situated in the Pakokku district. Advance 
traverse work was carried on in the  Myingyan district. T h e  total out-turn of 
the party amounted to 1,276 square miles of 16-inch survey, of which a l l  bu t  
26 square miles lay in the Magwe district. T h e  cost-rates per square mile for  
the d~fferent classes of work are for the traverse survey and permanent marks 
b149 and for the cadastral survey 8 I I I ,  which on the aggregate is about R23 per 
square mile less than the rate of the previous year. T h e  establishment of field 
surveyors consisted of qo Burrnans and 92 Hindustanis imported from India;  
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the work done by the former was good, but their progress was much slower, the 
average monthly out-turn being only three-fourths of that of the Hindustani. 
Local chainmen were again employed as  much as possible this year and no diffi- 
culty was experienced In getting men to serve. 

Nearly goo square miles still remain for survey in the Magwe district, 
and this, with the continuation of traverse work in Myingyan, wiil  form 
the programme for 1894-95. Owing to the large areas that have been 
annually accomplished by the two survey parties in Upper Burma, the survey 
\%fork has got too far in advance of the settlement operations, and it has, therefore, 
been decided to withdraw No. 1 2  Party from Upper Burma in October 1895 
and to continue the cadastral survey operations there with one party only. 

27. In Assam, traverse and cadastral operations were carried on in the 
Cachar district, where 360 square miles of traverse and I 50 square miles of detail 
survey were completed. The total area to  be surveyed in this district amounts 
to only 1,roo or 1,200 square miles, about one-half of which comprises lands 
under grants. As the existing settlement does not expire unlil March 1898, 
there was no necessity for a speedy completion of the survey ; hence it was 
arranged that it should extend over four seasons, and the programme for 1893-94 
was accordingly laid down at  1 5 0  square miles of cadastral and about 400 
square miles of traverse survey : this was adhered to. The  cost-rate of the 
combined operations amounted to 8 I 77  per square mile, which is high, but this 
is due to the operations having been restricted to such a small area. The com- 
pletion of the work a year earlier has since been decided on, so as to allow 
suffic~ent time f3r the completion of all papers connected with the new settlement 
before the existing settlement expires. The field to  field survey was carried out 
for the first time in Assam exclusively by local and Bengali field surveyors, 
supervised by Bengali inspectors, but the latter proved to be lax in their duties, 
and it will be necessary to revert to Hindustani inspectors in future. 

28. The detachment in the North-Western Provinces continued the cadas- 
tral survey of the Garhwal district and completed the cultivated portions which 
had been allotted for survey. The season's out-turn consisted of 261 square 
miles of cadastral survey on the 32-inch scale and it was mainly executed by 
local surveyors, whose work averaged that of the Hindustani amins both in 
quantity and in quality. In the course of the survey over 300 hill men have 
been trained and are now available for any other surveys which may be required 
in the Kumaun division. The cost-rate of the field operations in detail survey 
and record writing of the area surveyed this season is Rgg, as  compared with 
R I 74 per square mile during I 892-93 and R I 83 the year before ; this reduction is 
mainly due to the steadily increasing experience of the hill men, but much credit 
is also due to the good management of Mr. Freeman who has held charge of the 
detachment since October I 891, He has had unusual difficulties t o  contend with ; 
the severity of the climate made the work very unpopular with men from the plains 
on whom he was dependent until he had trained hill men ; the natives of the 
country objected to the survey and threw all kinds of obstacles in his way at  
first ; and in addition he had to make arrangements for the importation of supplies 
for his men on account of local famine. 

ag. 'The areas of cadastral survey completed during the year in the different 
provinces are as  follows :- 

Square miles. 
Bengal . 3,754 
Burma . 4,115 
Assarn 150 
North-Weetern Provinces . 26 I 

This out-turn shows an increase of 525 square miles over that of the previous 
year, when the number of parties employed was the same. 

TRAVERSE SURVEYS. 
30. One party was again employed this year in the Central Provinces 

on traverse surveys, which are designed to furnish a skeleton basis for settlement 
surveys by local agency. The operations were continued in distri cts Bilaspur, 



Sambalpur and Balaghat, and in the zaminddri villages of Chanda district. 
T h e  areas traversed amounted to 845 square miles in San~balpur,  1,500 square 
miles in Bilaspur, I 76 square miles in Balaghat, and 956 square miles in Chanda, 
making a total of 3,397 square miles, of which skeleton plots on the 16-inch 
scale were supplied to the Settlement Department. This out-turn is con- 
siderably in excess of last year, and the cost-rate of the work has been reduced 
to R2o per square mile-results which must be considered very satisfactory. 

It  had been hoped that all the traverse survey required in the Central 
Provinces would have been completed, but this could not be accomplished, a s  
the operations were seriously retarded in the early part of the field season by 
an abnormal amount of sickness, and the work in Chanda and Bilaspur remained 
incomplete. I t  has been ascertained that additional traverse work is also required 
t o  complete forest and zamindcfri boundaries elsewhere, and it has been decided 
to  retain the  party in the Central Provinces for another year to  complete all the  
work reauired. 

31. '1n Bengal, the traverse survey of certain village boundaries was carried 
out in the Gaya and Shahabad districts, in which an area of 175  square miles 
was completed. 

32. T h e  areas which have been thus traversed during the year, in 
addition to the preliminary traversing connected with the cadastral surveys done 
by this department, are a follonls :- 

Square miles. 

Central Provinces . 3,397 
Bengal . . . . 175 

S P E C I A L  O P E R A T I O N S .  

33. T h e  two astronomical ~ a r t i e s  under Captain Burrard and Lieutenant 
Lenox-Conyngham resumed the latitude observations that  were in progress last 
season. T h e  former officer was employed on the  J o d h ~ o r e  Meridional Series, 
near the meridian of 72O, beginning with Bithnok in latitude 27" 53' and ending 
with Dera Din Panah in latitude 30' 34') and he completed observations a t  six 
stations besides those a t  Agra and Amritsar which were donea t  the cornmence- 
ment and close respectively of the field season. T h e  latter officer was 
employed along the Bider Longitudinal Series, beginning a t  Bolarum longitude 
station, on the meridian of 78" 34' and closing a t  Waltair longitude station, on 
the  meridian of 83' 20', having observed a t  seven stations in 211. 

A valuable note on local attraction in India, based on the data obtained by 
the trigonometrical survey, has been drawn up by Captain Burrard and will be 
found in the appendix to this report a t  page xiii. 

34. T h e  tidal operations have been continued a s  usual. Observations with 
the self-registering tide-gauges have been made a t  thirteen stations in India, 
Burma, the Persian Gulf, Ceylon, the Andaman Islands and Minicoy, T h e  
tidal observatories a t  Mergui and Bhavnagar were closed during the year, on the  
completion of the five years' observations. No new observatories were opened 
during the year, the resumption of tidal observations a t  Madras and the starting 
of new observatories a t  Dia~iiond Island and Port Albert Victor having been 
delzyed from various causes : observations a t  these three stations will commence 
early in the ensuing year. T h e  tidal observatory a t  Bushire was destroyed by 
a cyclone in December 1893, but was re-erected on a secure foundation, and 
observations resumed in April 1894. 

35. In connection with the tidal operations, spirit-levelling was carried on 
in a continuous line from Sakti station on the Bengal-Nagpur Railway, where the 
work closed a t  the end of season r 891-92, to Sarnbalpur, and thence along the 
~ r o p o s e d  new line of railway to Kendrapara, near False Point, thus connecting 
Bombay by levelling with False Point and Calcutta. The  total out-turn of these 
operaticns for  the season amounts to 3694 miles of double kvelling, f ixing 355 
permanent, I I railway, 2 Public Works Department, 25 irrigation and 32 tem- 
porary bench-marks, and determining the values of two stations of the Great 
Trigonometrical Survey. 
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GEOCiRAPHICAL S U l i V E Y S  A N D  RECONNAISANCES.  

36. There has again beer1 a large increase in the area geographically 
surveyed during the year, which is due to  t he  very large extent of country 
embraced by the reconnaissance surveys in Persia and Arabia carried out by 
three native surveyors o f  No. I j Party. T h e  area mapped in Upper Burma i s  
aqain slnaller, owing to the  fact that  but little of the preliminary geographical 
sGrvey remained to be done. T h e  first survey of  Upper Burma may now be 
con~idered  a s  closed, a s  with the exception of the eutreme northern part of the 
province where the country is not yet sufficiently settled to  allow of survey 
parties entering, the  topography is practically complete. 

77. O f  the two parties employed in Upper Burma, the area geographically 
surveyed by No. I I Party on the !-inch scale amounted t o  10.870 square miles, 
of which 7,880 square miles were mapped by the main body of the  party in the 
Southern Shan States, 2,570 square miles by the  detachment which was 
empl3yed on the  Anglo-Siam boundary, and 420 square miles by a native 
surveyor in the Karenni country. T h e  area mapped by No. 21 Party on the 
$-inch scale amounted to 3,920 square miles, of which 2,550 square miles was 
mapped by a detachment working in the Chin-Manipur hills where the country 
is very difficult and intricate. T h e  remaining area of 1,370 square miles was 
obtained by a native surveyor who accompanied an expedition to the Konke 
country. 

38. T h e  total areas mapped on the $-inch scale in Upper Burma amount to  
I 4,790 square miles. 

39. Of the  geographical work done on the western frontier by No. 15 
Party, by far the greater portion lay in Persia, where one surveyor alone effect. 
ed a reccinnaissance survey on the  +inch scale of 54,030 square miles, of which 
the greater part is country either not previously mapped or with nothing more 
than rollte traverses intersecting it. T h e  reconnaissance of ro,ogo square miles 
of country on the Persian coast was also carried out on the +-inch scale, and a 
further area of I 2,000 square miles on the same scale was obtained by Imam 
Sharif, Khan Bahadur, while at tached t o  an exploring party under Mr. Theodore 
Bent in Soutllern Arabia. Recor~naissance surveys on the a-inch scale were 
also carried on by this party in Gilgit, Kurram, and Zhob, amounting in area 
to 8,290 squbre miles. 

40. The  aggregate areas geographically surveyed during the year on the 
eastern and western frontiers amount to 99, I 70 square miles. 

H EAD-QUARTER'S O F F I C E S .  

41. T h e  details of the work done in the various offices a t  the headquarters  
are  given in Part 111 of this report. 

42. T h e  offices located in Calcutta were, a s  usual, supervised by three 
Assistant Surveyor-Generals. T h e  Drzwing and Engraving Offices remained in 
the charge of Colonel W. H. Wilkins, S. C . ,  except during the  last. three months 
of the year, when the charge was held temporarily by Mr. B. G. Gilbert-Cooper. 
Colonel J .  Waterhouse, S. C., continued to superintend the Photograp$ic and 
Lithographic Ofice until July, when he proceeded to England on special leave 
and the charge then devolved upon Mr. T. A. Pope for  the  remainder of the 
year. T h e  charge of the Correspondence and hlathematical Instrument Offices 
remained in the hands of Colonel M. W. Rogers, R. E., throughout the  
year. 

43. In the Drawing Office, the preparation of  maps of Burma on various 
scales continued to be the principal work of the year. Besides a large number 
of  sheets of the North-East and South-East Frontier series, a second edition 
of  the map of Upper Burma on the 16-mile scale was in hand during the year, 
and was nearly ready for publication in two colours a t  its close. Compilations of 
t he  provincial maps of the Bombay and Madras Presidencies were colnpleted 
and made over to the Engraving Office forengraving on copper. 'Thelhird edition 
of the 32-mile map of India, which still awaits the orders of Government 
in respect of frontier boundaries, has been brought up to date, all available 
new material having been incorporated. T h e  principal non-departmental 



S U M M A R Y .  '3 

work has been the preparation of t he  maps for a new edition of the 
statistical ~~l~~ of India ; and of nine statistical maps o f  India, on the  32-mile 
scale, for the Antwerp exhibition. 

44, A drawing for the preparation of topographical maps from the 
results of the cadastral surveys in progress in Bengal was organized a t  head- 
quarters during the year under the  designation of the Bengal Provincial Draw- 
ing Ofice, in order to  relieve the field parties of this work, a s  it was found that 
they were unable to cope with it. T h e  maps dealt with during the year were 
those of  Jalpaiguri, Orissa and Bihar. Those of  Jalpaiguri had been chiefly 

i n  the of the party, and their completion and examination 
formed the greater part of the work of thenew office during the year. Sat isfac-  
tory progress was made with the Orissa and Bihar mapping. 

45. In  the Engraving Office, t he  preparation of the quarter-sheets of t he  
Atlas of India was steadily pushed on, eight new plates having been completed 
an t i  published during the year and 40 others being in various s tages of  progress. 
Eight districts maps for administration reports were engraved and five more were 
in hand, Corrections t a  date were made to  the six plates of the skeleton 
32-mile map of India, while that on the 128-mile scale was still in progress. The  
256-mile map of India, without hills, was completed and poblished. T h e  plate 
of the 96-mile r~ i lway  map of India was nearly completed. Of provincial maps, 
those o[ the Bombay and Madras Presidencies, of Gujarat, and of the North- 
Western Provinces and Oudh, on the 16-inch scale, were all in hand and made 
good progress; tvhile a map of Bengal on the 80-mile scale was completely en- 
graved and another on the  64-mile scale was in hand. T h e  nine plates of the 
map of the  city of Calcutta on the 16-inch scale were begun during the  year 
and completed in outline, the  lettering, ornamentation and shading of buildings 
was well advanced, and the whole map is expected to be ready for publication 
before the close of the ensuing year. 

46. In the Calcutta City Survey Office, the  73 fairsheets,  on the  scale of 50 
feet  to the inch, the drawing of  which was in hand a t  the commencement o f  the 
year, were all completed and sent to press by the  5th March 1894. T h e  out- 
standing block maps which were under examination by the municipality, u7ere all 
received back and finally sent to press before the end of August. All disputed 
boundaries were finally settled, and the whole work in connection with the city 
survey was brought to completion by the 3 r s t  August, when the office was broken 
up and the permanent members of the establishment were transferred t o  other 
field parties. 

47. In the Photographic and Lithographic Office, the number of subjects 
dealt with has somewhat fallen off owing to  the demands from other de- 
partments being smaller, but the numberof printed impressions from zinc, stone, 
and type was greater even than in the year before, when the out-turn had reach- 
ed the number of a million pulls. T h e  total number of original maps and 
drawings received for reproduction was 7,076, of which 1,100 were departmental, 
4,782 were cadastral maps of the North-Western Provinces, Assam and Burma, 
and 1 , 1 9 4  were miscellaneous subjects from other departments. T h e  depart- 
mental work shows a large increase and the value of it has risen from 8 8 1 ,  1 28 
to R98,760, but on the other hand the extra-departmental work is much less 
and the value of it has decreased from about R g l  , I  1 8 to 87 1,141. 

T h e  out-turn of the lithographic and zincographic presses and machines 
was I ,o3g,o7 I pulls of maps, etc., which is an increase of I 2,389 over the out-turn 
of the previous year. The work of the other presses, etc., comprised r ,56+4s3 
impressions from type, 50,678 heliogravure prints and 4,013 other photographic 
prints, which also compares favourably with the  former year's work. T h e  total 
value of the work done was about 82,37,673. 

l ' h e  new publications of the year include a map of Indo-China, on the 
scale of I inch=32 miles, printed in two colours; 81 standard maps o f  the top,,- 
graphical and revenue surveys on various scales ; maps of the  Atlahabad divi- 
sion and of  districts Hooghly, Bhagalpur, Goalpara, Cachar, Nadia, Palamau, 
T i ~ p e r a ,  and of Naga Hills and Ruby Mines (second editions), all on the quar- 
ter-inch scale ; 5 5  sheets of the Madras Forest Surveys, and 38  of the Forest 
reserves in the Jalpaiguri district on the 4-inch scale. Of  the  Calcutta survey, 
on the ~ o - f e e t  scale, 127 sheets a e r e  reproduced by photo-zincopraphy and 
~ r i n t e d  off and the work has since been completed. A second edition of the 
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p!an of the Quetta civil station has been published ; also plans of Tounggyi 
clv~l station and Kolhapur town and environs. 

The  publication of the third edit~on of the 32-mile map of India is still 
deferred for want of orders regarding frontier boundaries, but further addi- 
tions have been made to it and all new  irater rial incorporated. The delay in the 
issue of this map is much to be deprecated as  the lithographic stones cannot be 
further corrected, and it is therefore likely to be out of date before i t  is publish- 
ed. A new edition of the 24-mile map of Afghanistan, to be lithographed in 
three colours, has been taken in hand. 

Among the extra departmental work may be mentioned 28 plates for the 
new edition of the Statistical Atlas of India ; a geological map of Hazara prepar- 
ed, but not printed off ; several plans of the Gohna landslip ; I 15 plates illustrat- 
ing the Mogul architecture of Fatehpur Sikri; also nine sheets of a plan of 
Georgetown, P e ~ ~ a n g ,  photo-zincographed for the Government of the Straits S e t -  
tlements. 

The  heliogravure section has continued to make steady progress, though 
the out-turn of printed copies was not quite so large a s  in the previous year. 
Eighty-six plates were photo-etched ; including 53 plates of the B ~ w e r  manus- 
cript, 1 2  plates illustrating the zoology of the R. I .  M. S. " Investigator," 10 

plates of coins for the Indian Museum, and 14 plates of the Technical Art Series. 
In the frontispiece oi this report is a specimen of the heliogravure process, 
being an enlargement fro111 a photographic negative of a vlew of the to~nb  of 
Salinr Chisti at  Fatepur Sikri, near Agra. 

48. In the Map Record Office, the number of new maps and new editions of 
departmental subjects received during the year amounted to 5,234, of which 
4,810 were cadastral maps. The total number of maps issued was 289,915, and 
their value #1,64,795. The issues show a decrease on those of the previous 
year of 33,348 in number, owing to the smaller demands both by Government 
officials and private individuals, but the value of the maps issued is R13,821 
greater. The cash sales of maps amounted to R23,096, against 833,303 in 
the preceding year. 

49. The demands on the Mathematical Instrument Office for the supply of 
scientific instruments has been considerably less this year than in the two pre- 
ceding ones, but the out-turn of work acco~nplished in the workshop in repairs, etc., 
shows a small increase. The total number of instruments issued was 63,728, as  
compared with 100,827 in the last year. The value of the issues and repairs 
was 82,57,487, against R3,15,233 in the previous year. 

During the year, 75,6 I 7 srrviceable instrun~ents valued a t  R4124,5291 
and 5,977 repairable instruments valued at R76,899, have been rece~ved Into 
store. The cash payments for supplies under the value of I350 have increased 
consider~bly, the receipts being 838,037, as  compared with 828,  I 86 in the 
previous year. 

50. Considerable change has been made in the organization of the Trigono- 
metrical Branch Office at  Dehra Dun during the year. On the retirement of 
Colonel G. Strahan, R.E., the post of Deputy Surveyor-General, Trigono- 
metrical Branch, was abolished, and a Deputy Superintendent, Major St. G .  
Gore, R.E., was appointed to the charge of the branch with the title of 
Superintendent, Trigonometrical Surveys. The office establishment was also 
re-organized with a view to largely increasing the strength of the Photo-zinco- 
graphic Section, mainly at  the expense of the Computing Section, in order to 
enable it to cope with the constantly increasing demands for the reproduction 
of maps. 

During the year, the Con~puting Section resumed the computations for the 
synoptical volume of the North-East Longitudinal Series ; a large amount of 
press copy was prepared and press proofs examined ; a considerable amount 
work was, as  usual, done in connection with the reduction and publication of 
spirit-levelled heights, and a quantity of miscellaneous computations carried on. 
The field records of the Palwal town survey were reduced and plots supplied 
to the Deputy Commissioner of Gurgaon. The other sections of the office 
were fully occupied throughout the year, and it is satisfactory to note that the 
greater part of the arrears of maps awaiting publication have been cleared off. 

51. The Simla Drawing Office has been principally engaged on the revision 
of the sheets of the North-West Trans-Frontier Series and the South-West 
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Asia Series, in many of which there have been considerable changes owing to 
recent surveys and reconnaissances. New editions of the maps of Turkestan 
and Baluchistan were completed, and a new map of Afghanistan on the  16;mile 

was commenced and very nearly completed. 
52. The  head-quarters office of the Forest Survey Branch a t  Dehra Dun is 

chiefly engaged in the maintenance of the Forest Department map records ; 
on the final computations of the several field detachments, and on tbe drawing 
and compiling of special maps for the Forest Department. During the year the 
map records of the forest areas operated in have been brought up to date, and 
the tabulated statements connected therewith were fairly advanced towards 
completion. A catalogue of the maps in deposit in the office was also 
prepared. A considerable number of special maps and maps of tracts sur- 
veyed by the Forest Survey Branch were published, and various others arere 
in different stages of completion a t  the close of the year. In addition, a 
large amount of miscellaneous work was performed, including the training of 
thirty men in forest survey work and drawing. 

ESTABLISHMENT.  

53: During the year the department has lost the services of four officers of 
the senior division. 

Colonel G. Strahan, R. E., Deputy Surveyor-General, in charge Trigono- 
metrical Branch, was superannuated on the 30th April 1894 after a service of 3 2  
years in the department. His employment throughout has been on topographi- 
cal and geodetic operations, in both of which sections he has rendered valuable 
services a s  an executive officer and in the latter a s  an administrative officer a s  
well. During the last 53 years of his service Colonel G .  Strahan was Deputy 
Surveyor-General and superintended the Trigonometrical Branch, in which his 
high scientific attainments were of particular value, and his retirement is a loss 
to the department. 

Colonel H. S. Hutchinson, S.C., Superintendent, 2nd grade, was killed 
by a wounded tiger on the 27th April 1894. H e  joined the department 
in 1867. His principal services therein have been in connection with revenue 
surveys, and latterly he was employed on topographical operations. In both 
branches he has rendered much useful work a s  an executive officer. 

Captain C. F. Close, R.E., Officiating Deputy Superintendent, 2nd grade, 
reverted to  military duty on the Imperial establishment on the 3rd December 
1893, on the expiration of his first tour of service in India. H e  served in the 
Survey Department for four years and was employed chiefly on trigonometri- 
cal operations, in which he did good work. 

Mr. H .  R.  Littlewood, Assistant Superintendent, 1st grade, died on the  
9th August 1894, after a service of 3 4  years, the whole of which was spent in the 
Revenue Branch. Mr. Littlewood was originally appointed to  the junior divi- 
sion, and was promoted to the senior division of the department in 1891. His 
principal services have been in connection with cadastral surveys in Burma, in 
which he has rendered very good service. 

54. In the junior division five vacancies have occurred during the year- 
two by the superannuation of Messrs. W. Todd and A. M. Lawson ; one by 
the death of Mr. A. Kitchen, and two by the deputation of officers to  the 
Land Records Department, Burma. 
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RETROSPECT. 

OPERATIONS FROM 1886 To 1894. 
55 .  As the report now submitted is the last record of the administration 

of Colonel H. R. Thuillier, R.E., a very brief review of the various field 
operations which have been carried out during the nine years in which that 
officer has held the appointment of Surveyor-General of India, may appro- 
priately be included. 

56. The  areas of the different classes of survey which have been mapped 
by the field parties of the Survey of India Department during that period are 
a s  follows :- 

On the 16-inch and 32-inch scales. 
Square miles. 

In  North-Western Provinces . . 8,818 
,, Assam . . 5,262 
,, Bengal. 15,170 
,, Burma . 17,905 
,, Central Provinces I 3,744 

On the 4-inch and 8-inch scales. 
Square miles. 

I n  India and Burma . . . 15,077 

On the +-inch, I -inch and 2-inch scales. 
Square miles. 

I n  India and Burma . . 121,388 

On the +-inch and %inch scales. 
Square miles. 

In  Burma, North-Western Frontier, Persia and Arabia . 656,854 

T h e  aggregate out-turn of surveys under the above heads for the period 
under review amounts to an area of 844,218 square miles, which is almost seven 
times more than the area of the British Isles. 

The surveys of 1 7  cities, towns and cantonments have also been mapped on 
various large scales during the same period, of which the most important is 
that of the City of Calcutta, on the scale of 50 feet to the inch, a work of 
considerable magnitude. 

57. In addition to the foregoing operations, there are two other classes of 
field work dealt with, viz., traverse surveys and geodetic operations. 

I 

These differ from the regular surveys in being merely a skeleton upon 
which a cadastral survey is built up. The traverses are measured and plotted 
by the Survey Department, but the details instead of being filled in by the same 
agency, are executed by local agency under the superintendence of the Provin- 
cial Settlement Llepartments. Of this class of survey, 93,694 square miles have 
been finished, principally in the Central Provinces. 
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Under this heading are included triangulation (principal and secondary) as 
unconnected directly with map-making, astronomical operations, tidal and 
levelling work and observations of sun-spots with the photo-heliograph. 

The  principal triangulation has been confined to Upper Burma, for the 
main frame work originally designed a s  a geodetic basis for the survey of India 
proper had been previously completed. Secondary triangulation has been carried 
out in Upper Burma and Baluchistan, and also along certain parts of the coast 
of India a s  a basis for the Marine Survey. T h e  areas that have been covered 
by these operations, during the past nine years are  a s  follows :- 

Square miles. 
Principal triangulation . 9,145 
Secondary do. . 15,995 -- 

TOTAL 25,140 - 
Astronomical latitude has been observed with the zenith sector a t  49 

stations of the Great Trigonometrical Survey and 29 arcs of longitude have been 
measured with the aid of the  electric telegraph, which practically completes 
this class of work. T h e  longitude operations are now being connected with 
Greenwich and the true longitude of India will be thus set a t  rest. 

Tidal observations have been systematically continued a t  an average of  
1 7  ports annually on the coasts of India, Ceylon, Burma, Andaman Islands 
Minicoy Island, on the Persian Gulf and a t  Aden. Observations a t  19 new 
ports have been established during the period under review. T h e  predicted 
times and heights of tides have been calculated for an average of 25 ports per 
annum, and these have been of special use for  purposes of navigation, apart 
from their scientific value. 

In connection with the tidal work, a double line of spirit levelling has 
been carried over 4,028 miles of road and railway in India and Burma. This 
will prove useful in harmonizing the levels that have been executed for irrigation 
2nd -railway purposes by other departments, besides its immediate value for the 
rectification of trigonometrical heights. 
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THE OPERATIONS OF THE SEVERAL FIELD PARTIES- 
TRIGONOMETRICAL SURVEYS. 

PRINCIPAL AND SECONDARY TRIANGULATION. 

BURMA AND T H E  INDUS DELTA COAST. 

58. This party, under Lieutenant Burn, was divided into two sec t~ons ,  
one working in Upper Burma and the 

Pevsonnel. 
Lieutenant J .  M .  Burn. R . E ,  Assistant 

other on the Iridus delta coast. 
Superintendent, 1st grade, In charge. $9. T h e  former section, under the 

Lieutenant A .  J. Pllcher, R.E., Officiating di&t control of Lieutenant Burn, con- 
Assistant Superintendent, 1st grade. 

hlr. J. Hickie, Cltra Assl&ant Superinten tinued the principal in 
dent, 5th grade. Burma northward from the side Zintaung- 

Mr. P. F. Prunly, Extra Assistant Superin- Kyauktaung, up  t o  which it had been 
tendent, 6th grade. 

carried in the  previous season, and carried 
this triangulation practically right through the Katha district from south t o  
north. I t  also executed some secondary triangulation, thereby fixing the posi- 
tions of the important towns of T i g ~ a i n g  and Katha, both on the Irrawaddy 
river, and also some points useful for topographical purposes. 

60. T h e  Indus delta coast section, under Mr. Prunty, was detailed to 
erect and fix the  positions of beacons from Karachi to the Kori creek in 
Cutch, some 1 2 0  miles along the coast to the south-east, in order to furnish 
points a t  convenient intervals, a s  a basis for the coast survey to be undertaken 
by the Marine Survey Department. 

61. T h e  season's out-turn of the Upper Burma section is a s  follows:- 
Horizontal and vertical angles have been talcen a t  18 principal stations. The  
principal series was extended over a direct distance of 90 miles, embracing an 
area of 1,480 square miles. Horizontal and vertical angles h a - ~ e  been taken at 
five secondary stations, the secondary series embracing an area of 740 square 
miles. Astronomical observations for azimuth were taken a t  two principal 
stations. 

62. T h e  principal observations were taken with Troughton and Simms' 
12-inch micrometer theodolite, No. I .  T h e  method of observing was to  
measure angles on nine zeros, two faces on each zero, and two swings on each 
face. T h e  mean triangular error, which ranged between 1"*087 and o"*oqg, is 
o"'40. The  computation of the principal triangulation, consisting of three figures 
(all quadrilaterals), has been completed. 

T h e  secondary observations mere taken with an 8-inch micrometer theodo- 
lite by Troughton and Simms, giving a mean triangular error of 0-85 of a second. 

63. T h e  season's dut-turn of the Indus delta coast sec~ion  is a s  follows:- 
Thirty beacons have been erected, of which the positions of 1 7  have been fixed, 
extending south eastwards 70 miles from Karachi. T h e  pos~tions of the 
remainder have still t o  be obtained. 

64. T h e  Indus delta observations were taken with a JZ-inch vernier 
theodolite on two zeros, two faces on each zero, and two swings on each face. 
The  mean triangular error is 8 seconds. 

An extract from Mr. Prunty's narrative report on the operations of this 
section will be found in the appendix. 

65. Some days were spent a t  the beginning of the season by Lieutenant 
Burn in examining the transit instrument in the Rangoon port observatory, set 
up by Lieutenant Close, of this party, in May 1893. T h e  instrument was found 
t o  be in adjustment, and was being worked satisfactorily. 

66. Both sections left the field for recess quarters a t  Mussooree, about the 
end of April 1894. 

67. The  health of the party in Upper Burma was not very good, dysentery 
and pneumonia causing far more distress than fever. 
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68. Two statements, showing the details, respectively, of the out-turns of 
the Upper Burma and Indus delta coast sections, will be found a t  page i of 
the appendix. 

69. During the recess, the  recess office of the  party was inspected by the 
Superintendent, Trigonometrical S u r v e ~ s ,  who reports favourdbly thereon.* 

TOPOGRAPHICAL SURVEYS. 

S O U T H E R N  MARATHA COUNTRY. 

No. 10 PARTY. 
70. T h e  work on which this party was engaged during the year was the 

extension of the topographical survey on 
Perso~zneJ. the a-inch scale of the Southern Maratha 

Major J.  R. Hobday, S.C. ,  Deputy Superin- country and of the Konkan. Major Hob- 
tendent, 1st grade. in charge up t i l 6 t h  May day remained in charge of the party till 
1804. 

Lieutenant H .  A.  Denholm Fraser, R.E. ,  offi- the  16th May 1894, when he was trans- 
ciating Assistant Superintendent, 1st grade, in ferred No. ! 7 C ~ h ' I e l  
charge from 16th May 1894. Hutchinson, who was SO unfortunately 

Mr. W. Todd, Extra Assistant Superintendent, 
1st grade, up to ajth November 1893. killed bv a tiger. Lieutenant Fraser, R.E., 

., A.  J. Gibson, Extra Assistant Superinten- was then placed in charge and held it for 
dent, 2nd grade. 

,, W. Stotesbury, Extra Assistant Superinten- 
the remainder of the  year. T h e  party 

dent, 4th grade, up to 1st J U I Y  1894. took the field about the middle of Novem- 
,, C .  Tapsell, Estra Assistant Superir.tendent, ber 1893, and returned to recess quarters 

5th ~ a d e ,  up to 13th November 1893. 
,, R .  R.  Dickinson. Extra Assistant Superin- On the 4 th  J u n e  1894' 

tendent, 6th grade. 7 I .  T h e  detail survey of the whole of 
., G. A.  Knight, Extra Assistant Superinten- the Dharwar district, south of lat. dcnt, 6th grade. 
,, J. A.  Freeman, Sub-~ssistant Superinten- and east of long. 7.5' was completed, com- 

dent, 3rd grade. prising portions of sheets Nos. 308, 309, 
40 surveyors, sub-surveyors, and others. 

310, 3", 334, 335, 336, and 337 ; also 
sheets Nos. I 76, 208, and 209 and a small 

portion of sheet No. 210, in the Konkan. In addition to this, the city and  can- 
tonment of Pelgaum was surveyed on the scale of 8 inches= I mile. A small 
amount of traversing for the above survey was necessary, besides which a few 
traverses were run in portiorls of the Dhartvar district to  give supplementary 
points for the plane-tablers. This year, however, the traversing of village tri- 
junctions in Yritish territory was discontinued for the reasons explained in 
paragraph 74 of last year's report. Triangulation in advance was effected in 
sheets Nos. 301, 302,327,  328, 329, and 349. 

72 .  T h e  total out-turn of the season's work is a s  follows :- 
Triangulation . . . . 3,417 square miles. 
l raversing . 120 linear ,, 
Tupography, 2-inch scale . . 3,768 square ,, 

Ditto 8-inch scale , 22 J, ,, 
This is a very satisfactory out-turn, the area surveyed in detail being 1,012 

square miles in excess of that of the previous year. 
73. T h e  detail survey was tested by 5 I I niiles of chain lines run through it, 

in addition to in situ examinations. A large number of clinornetric heights 
were observed, by means of which considerable uniformity in the representation 
of the ground by approximate contours has been attained. 

74. On the whole, the health of the party was good, but two of the Euro- 
pean assistants engaged on triangulation were incapacitated, owing to the ex- 
trellle heat experienced after the beginning of February in the Bijapur district. 
During the cold weather months in the Dharwar district the native establish- 
ment suffered considerably from fever and ague, brought on by exposure to the 
cold and treacherous east wind which then prevails. 

75. T h e  country surveyed is, in the Dharwar district, open and easy, except 
along the boundaries of the Kanara district and Mysore State ,  where there is a 

*Lieutenant Bum speaks in high praise of the work done by every member of the party, except one 
recorder, and specially mentions the excellent work done by Mr. Hickie, and the recorder, lbrahim Khan. 
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good deal of dense jungle. In the Konkan, the ground is more difficult being 
very hilly and in the vicinity of the ghdts densely wooded and intricate, whilst 
nearer the coast the country consists of laterite plateaux, bare and uncultivated 
and scored with ravines, along the sides of which the' cultivation is carried. 
T h e  villages consist of groups of huts, scattered for miles along the sides of the 
streams and along the coast line, which is  covered with a continuous belt of 
cocoanut palms. 

76. T h e  General Reports of the Gujarat Survey are progressing steadily 
and will be completed in March 1895. They would have been completed before 
the  end of the current year, but for the fact of both Messrs. Gibson and 
Dickinson breaking down in health. 

77. Th.e Deputy Surveyor-General inspected the party during the field 
season, vis~ting some of the sub-surveyors a t  work. H e  expresses himself a s  
thoroughly satisfied with all he saw, more especially with the method of running 
approximate contours a s  carried out by Major Hobday. T h e  Surveyor-General 
inspected the recess ofice a t  Poona in September 1894. T h e  general progress 
of the work was found to be satisfactory and the records in good order. Lieu- 
tenant Fraser, whc has been in charge for the last five months, has completed 
the season's work very satisfactorily. 

78. T h e  programme proposed for next year is a s  follows :-The detail 
survey on the 2-inch scale of sheets Nos. 301, 302, 327, and 329, and the 
triangulation and detail survey of the Portuguese territory of Goa on the one 
I-inch scale. Up to date, however, the consent of the Portuguese Government 
for this latter survey has not been obtained ; unless it is received before the 1st 
December 1894, it will not be possible to complete the whole survey in one year, 
a s  was intended. Under these circumstances, therefore, it would be advisable to 
undertake the triangulation only this  year, and to postpone the detail survey until 
the field season of 1895-96. Advance triangulation will also be taken up in 
sheets Nos. 350 and 351. T h e  survey of the cantonments of Secunderabad on 
the I 2-inch scale, will also be commenced.* 

BALUCHISTAN.  
No.  1 5  PARTY. 

79. This party was divided into four detachments for the work of the field 
season, exclusive of a small 

P c v s o n ~ w l .  party which was separately 
Colonel T. H .  Holdich, C.B., c.I.E., R.E., Superintendent, 1st organized for the Aden survey 

grade, in charge. 
Captain R. J. H. L. Mackenzie, R.E., Deputy Superintendent, 

under Mr. Ta te ,  and the  de- 
and grade. p u t a t i ~ n  of two surveyors, 

Lieutenant P. J .  F. Macaulay, R.E., Assistant Superintendent. Imam Sharif, Khan Balia- 
2nd grade, from 17th March 1394. 

Lieutenant C. L. Robertson, R.E., Assistant Superintendent, dur, and Sheik Mohiuddin, 
2nd grade, from 3rd Ma 1 8 9 .  on special duty. T h e  four 

Mr. T. E. M. Claudius, H t r a  Assistant Superintendent, 4th det;lchmmts were placed 
grade. 

, E. A. Wainwright, Extra Assistant Superintendent, 5th under the  supervision of 
grade. Captain Mackenzie, Mr. 

Yusaf Shnrif, Khan Bahadur, Sub-Assistant Superintendent, 
2nd grade. Claudius, Mr. Wainwright, 

Rai Hira Singh Rahadur, Sub-Assistant Superintendent, 2nd and Yusaf Sharif, Khan 
grade. 

Imam Shrrif, Khan Rahadur, Sub-Assistant Superintendent, Bahadur, respectively. 
3rd grade. 80. T h e  operations on 

Mr. P. Williams, Sub-Assistant Superintendent, 3rd grade. which the party was en- 
Suvvcyors ond S~tb-Sztrveynrs. gaged were :- 

Ahmed Ali, K.B., Abdul Guflar, I<.S., Hussain Baksh, Sheik ( I )  Triangulation for 2- 
Mohiuddin, Gop:~l Singh, Iafier Ali, Mohnmed Naki, Nizam- inch, I-inch and +-inch 
uddin, and 16 others. scale surveys, and $-inch 

reconnaissance. 

Lieutenant Fraser reports very favourably of all the European assistants. Mr. Stotesbury, who is a 
most zealous and able officer, both in the field and in recess, supervised the detail survey in the Konkan, 
and then finished the triangulation left incomplete by the breaking down of Messrs. Dickinson and Gibson 
successively. Messrs. Knight and Frceman also did rood work in triangulation and detail survey respec- 
tively. The  cub-surveyors, with one exception, worked satisfactorily. 



(2) Topography, including- 

(a) Military surveys round Rawal Pindi on the 2-inch scale includ- 
ing a special survey of the Karur plateau. 

( b )  Surveys in connection with the Afghan Boundary Delimita- 
tion in Kurram on the I-inch scale and in the Zhob Valley 
on the +-inch scale. 

(c) Surveys in Gilgit, Las Bela, and Zhob districts on the a-inch 
scale. 

(d) Reconnaissance surveys in Gilgit, Kurram, Zhob, and Persia, 
on the $-inch scale. 

(e) Reconnaissance surveys in Persia and Arabia on the +-inch 
scale. 

S I .  Captain Mackenzie commenced the field season with the extension of 
triangulation from a base of Mr. McNair's series into the Zhob Valley. He 
left Loralai about the middle of December 1893, and having reconnoitred 2,500 
square miles of country, and partially triangulated it, he was transferred to the 
Domandi section of the Afghan Boundary Delimitation Commission a t  the end 
of February. Two native assistants were with him as topographers, and he 
specially mentions the work of one of them, Gopal Singh, who continued the 
topography of the lower Zhob Valley in face of considerable risk after the 
desertion of his local escort. On transfer to demarcation duty, these surveyors, 
and Atma Ram from Mr. Claudius' detachment, joined him. 

82. Lieutenant Macaulay, R.E., on his appointment to the department, 
was posted to the Kurram section of the Afghan Boundary Delimitation Com- 
mission, which he joined at the end of March and was employed there on survey 
duty during the remainder of the year under report. Rai Hira Sing Bahadur 
and Duffadar Lall Sing were also attached to this survey party. The out-turn 
of work of this section comprised the trigangulation of I ,100 square miles for 
I-inch survey, the topography of 600 square miles on the I-inch scale and of 
500 square miles on the &inch scale. 

83. The detachment under Mr. Claudius (with the head-quarters of the 
party) took the field in the neighbourhood of Rawal Pindi, and carried on the 
triangulation and topography of an area of 270  square miles on the 2-inch scale 
for military purposes. A specisl survey of the Karur plateau on the I 2-inch 
scale, and a large amount of road revision, was also carried out by this 
section. 

Mr. Claudius' detachment was strengthened bv the assistance of Khan 
~ a h i b ~ b d u l  Guffar and Atma Ram, whouhad receAly returned from speci;rl 
duty in the Gilgit Agency, where they had completed between them 4,574 
square miles of survey on the 4 and &inch scales, amongst some of the 
highest mountains of the North-West Himalayas. This out-turn during the two 
or three summer months when work was possible in such regions is very 
creditable. 

84. The Rawal Pindi detachment w;is made up of junior native surveyors 
and soldiers, some of whom turned out excellent work. This survey offered a good 
opportunity of testing the capabilities of 8 or l o  soldier-surveyors who had not 
hitherto been employed on regular survey duty, with the result that two or three 
very competent surveyors have now been added to the list of those whose 
attainments are known in this department. It is sa~isfactory to add that the 
General Officer Commanding Rawal Pindi has expressed his entire approval and 
appreciation of the work of this detachment. Mr. Claudius returned to head- 
quarters ear\)- in March 1894, leaving Abdul Guffar and two sub-surveyors at 
Peshawar, for the Khyber section of the L)el~rnitation Commission, and Hira 
Singh, Rai Bahadur, in the Kurram V.\lley. 

85. Mr. Wainwright, with four of the best of the native assistants, com- 
+ted 2,508 square rnlles of +-inch survey in the difficult districts of Las Bela 
and Wad, between the beginn~ng of Novenlber 1893 and the middle of March 
,894. The detachment was rnucb hampered by the hostility of the Hrahui 
tribes among which they were working, and Mr Wainwright deserves credit for 
having conducted the season's operations without any contretemps. He has 
added some most valuable notes on the antiquities of these districts to those 
previously collected on the subject, and these have been incorporated in an 
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interesting note by Colonel Holdich on the Antiquities, Ethnography and History 
of  Las Bela and Makran, which will be found in the appendix. 

86. Yusaf Sharif, Khan Bahadur, completed about 19,000 square miles of 
triangulation, working from an independent base measured by himself a t  Jask 
on the Persian coast. H e  mapped 10,090 square miles of this country 
on the +-inch scale, and his assistant, Jamaluddin, added another 1,700 square 
mi]es on the $-inch scale. This  was chiefly in the Bashkurd country, between 
Bandar Abbas and Jask, and it is most creditable to the Khan Bahadur that he 
should accomplish so much in the face of determined hostility on the part of 
the local chiefs, and in spite of serious indisposition which finally led to his 
being invalided from the field. 

87. His brother, Imam Sharif, Khan Bahadur, was attached t o  an explor- 
ing party conducted by Mr. Theodore Bent in Southern Arabia. Rlr. Bent has 
recorded his high appreciation of his services. His out-turn of I 2,000 square 
miles of hitherto unmapped country is very creditable under the difficult and 
dangerous condition of his service. 

88. Sheik Mohiuddin's out-turn of 54,000 square miles of +-inch recon- 
naissance is probably a record for  this party. He  has sent in a special report 
of this performance which has been separately printed. 

89. The  total out-turn of the party is a s  follows :- 
Square miles. 

Triangulation for 2-inch survey , . . 260 
Ditto I-inch do. . 1,100 
Ditto +inch do. . 2,500 
Ditto 4-inch reconnaissance . 19,000 

TOTAL .22,860 - 
Topographical survey, I-inch scale . . . 600 

Ditto 4-inch do. . 226 
Ditto +-inch do. . . 5,862 

Geographical ,, t and &inch scales . . 84,380 

This out-turn of topography is probably the largest ever recorded by one 
field party in a single season, and it reflects great  credit on all concerned. 

go. Colonel Holdich, it is gratifying to record, has received the unusual 
distinction of appearing in both the London and India Gazettes on the occasion 
of  Her Majesty's last birthday, and in the former was appointed to be a Corn- 
panion of the Bath for distinguished service in the field, and in the latter a 
Companion of the Indian Empire for his meritorious services on the  frontier. 

91. Regarding the programme for the ensuing season, this party has 
furnished the survey staff for the four different sections of the Afghan Boundary 
Commission, the work of which (excepting the Kurram section where the 
demarcation will shortly be completed) will be continued throughout the field 
season. T h e  small remnant of the party will continue the military surveys on 
the borders of Raluchistan and also undertake a survey for military prlrposes of 
the country iivitliin a radius of 6 miles round Mooltan on a scale of 6 inches t o  a 
mile, a s  well as of  a certain area along the left bank of the Chenab river on the 
scale of 2 inches to a mile.* 

HIMALAYAS, PUNJAB. 

No. 18  PARTY. 

92. The  party remained under the charge of Major St. G. C. Gore, 
R.E., until the  15th April 1894 when he was appointed Superintendent, 

Colonel Holdich reports that Mr. Claudius deserves all credit not only for his management of a large 
dctachrnent in the field, but of the head-quarter office as well. The services 01 Mr. Wainwright are also 
highlv spoken of, as well as the work of Yusaf Sharif and Sheik Mohiuddin. 

t h e  native assistants generally are said to have given satisfaction in the discharge of their duties. 
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Trigonometrical Surveys, and his place was taken by Major R. A. Wahab, 
Personnel. R.E., who held charge 

Major St. G. C. Gore, R.E., Deputy Superintendent, 1st grade, in charge during the  recess; about 
I I ~  to 15th April 1894. 

Major R. A. \Vahab, R.E., Deputy Superintendent, 1st grade, in charge 
the close of which 

from 16th April 1894. Major Wahab was nomi- 
Mr. C. D. Potter, Extra Assistant Superintendent, 5th grade. nated a s  survey officer 
,, W. Robert, ditto ditto 5th ,, 
,, W. A. Fielding, ditto ditto 6th ,, with the Waziristan 
,, R. Waller-Senior, Sub-Assistant Superintendent, 1st grade. Delimitation Commis- 
,, W. M. Gorman, ditto d~tto. 3rd ,, sion, and Mr. C. D. 

S~rraeyors and Sztb-Surveyors. Potter was placed in 
Shah Nasiruddin, Atma Singh, Wahid Ali Khan, Ram Saran, charge of the party a s  

Asmetullah Khan, Dan Singh, Amir Singh, and 21 others. a temporary measure. 
93. T h e  work, a s  in the previous season, comprised- 

(i) the 4-inch survey of the Kdngra district and its sub-division of Kulu, 
shewing the boundaries of  all Government forests, as  demarcated by 
the revenue or forest zuthorities, in addition t o  all topographical 
detail ; 

(ii) the survey on the 2-inch scale of the Native s tates  of Mandi and 
Suket ; 

(lii) the  survey on the 4-inch scale of the forests in the  Patidla and Si rm~ir  
States  with details of growing timber ; 

(iv) a special survey on the scale of 30 ft.= I inch of the main streets in 
the town of Icalka, shewing the ownership and frontage of the 
houses abutting on the main roads, with a view to prevent encroach- 
ments on the road way ; also a survey on a scale of 48  inches= I 

mile of the whole town. 

94. T h e  detachment employed in Kulu, under Mr. Robert, took the field 
early in September 1893, so a s  to take full advantage of the few autumn months, 
in which alone survey work can be satisfactorily carried on in that high and 
difficult region. This  detachment moved down to  Mandi in January 1894, and 
continued the work there during the winter and spring. 

T h e  K6ngra detachment, under Mr. Fielding, left  recess quarters in October 
1893, and remained a t  work in the  Kangra district throughout the season. 

T h e  third detachment, under Mr. Potter, commenced work in Sirmdr, 
Umballa and Kalka about the same time, and after completing the programme 
there, commenced the survey of the small detached forests belonging to  PatiAla 
near C hail, some 18 miles east of Simla. 

9j. T h e  out-turn of triangulation during the year amounts to 568 square 
miles, which was done by Sub-surveyor Wahid Ali Khan in the Kanpra district 
for +inch detail survey. This completes the triangulation of the portion of that 
district which lies to the north of the Beas river. 

96. T h e  area topographically surveyed during the season amounts to 540 
square miles on the  4-inch scale and 3044 square miles on the 2-inch scale, 
against 475 and 2 1  2 square miles respectively of the previous season, which is a 
satisfactory increase in out-turn. 

T h e  areas topographically surveyed in the various localities are a s  
follows :- 

- - .- - - - 

Locality. 

Kdngra . . 
Hoshidrpur . 
Kulu 
Sirrnrjr . 
Patidla 
Mandi . 
Urnballa . 

Scale. 

4 inches= I mile. 
ditto. 
ditto. 
ditto. 
ditto. 

2 inches= I mile. 
ditto. 

TOTAL . 

Area in square miles. 

I 89.0 
I 6.0 

205'5 
r 17'0 
12.5 

279'5 
25'0 

844'5 
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This out-turn is in excess of  that of the previous year by 157 square miles. 
97. In the areas surveyed on the +inch scale, certain blocks of reserved 

forests were included, the details of which are shown below:- 

98. The  cost-rates per square mile of the different classes of work are a s  
follows :-Triangulation 89'7 ; detail survey, 2-inch scale, 842 .9  ; detail survey, 
4-inch scale, 882.6. T h e  aggregilte cost-rate of the operations for the 4-inch 
work is thus Rg2.3 per square mile against 885 '3  in the previous year. 

99. The  forests in Kingra ,  Hoshidrpur and the sub-division of Kulu being 
included in the  village demarcation, are surveyed pari passz~ with topographical 
details and village boundaries; and the cost of these surveys is necessarily 
reckoned a s  the average cost of all the 4-inch survey work. 

T h e  absence of cleared boundaries and fire lines in the Himalayan forests 
which increases the cost of traverse work; the high altitude of the  forests, 
mostly in Kulu and partly in Ksngra, in which survey work is restricted to the 
autumn months, and which, on the approach of winter and heavy snowfalls, 
necessitates change of ground and consequent loss of time and reduced out- 
turns; the warm clothing and high wages paid to establishments in mountainous 
tracts, and the high rates of labour and carriage which obtain in t he  Simla 
district and in the lower and mid-Himalayas, all influence the cost of Himalayan 
surveys; yet the cost-rate of 892.3 per square mile for the  forest surveys o f  
the above districts bears favourable comparison with other surveys governed by 
similar conditions. 

loo. TWO soldier-surveyors were under instruction during the season, one of 
whom completed his course during the  year, and has rejoined his regiment: 
both have made excellent progress, and should make valuable military surveyors. 
One soldier-surveyor joined the party during the recess, and will commence the 
usual course of training in field duties this season. 

101. T h e  recess office of the party a t  Sirnla was inspected in July 1894 by 
the  Surveyor-General, who was well satisfied with the progress that had been 
made in the mapping and with the general arrangements for dealing with the 
large amount of work that has to be got through in the limited recess season. 

102. The  programme for the ensuing season comprises the continuation 
of the operations in Kdngra and Kulu, Mandi and Suket,  Sirm6r and Patidla, 
and the special survey of the Kalsia s tate  forests in the Umballa district a t  the  
foot of the hills.* 

A D E N  AND T H E  YAFI'I COUNTRY. 

- -- 

Area in square miles. 

I 2.4 
68.4 

3'6 
69'9 
6.5 

I 60'8 

LOCALITY. 

Kingra . . . 
Kulu 
Hoshidrpur . 
Sirrnlir . . . Patidla . 

TOTALS . 

103. This detachment was organized in October 1893 for the survey of t he  
Aden Peninsula on the scale of S inches = 

Pcrronnel. 
I mile, and to complete the survey on the  

Mr. G .  P.  Tate, Sub- Assistant Superin- +-inch scale of the port ion of the Yafili tendent, 1st grade, in charge. 
country which was not included in the oper- 

S I I Y W ~ ~ O Y S  and slrb-Suvorj~ors. ations carried out under Major Wahsb, 
A9ah.r Ali Beg. Wahid Buksh. R ,  E., in  1891.~2. Subsequently a survey Khan, and Mahomed Ali. 

on the scale of 24 inches = I mile of Steamer 

Number of blocks. 

18 
103 

I 

60 
18 

200 

Majors Core and Wahab both report most favorably on the tvork done by Messrs. Potter, Robert, 
Pielding, r~nd Waller-Senior. Of the N a ~ i v e  establishment, Srlrveyor Shah Nasiruddin and Sub-Survevors 
Asmatullah Khan, Ram Saran and the English clerk Amir Sing11 are commended. 
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Point, the Aden cantonment with the Isthmus Position, and the Aden troop lines 
a t  Khor Maksar was added to the programme. 

104. The detachment under the charge of Mr. G. P. Tate left Quetta on 
the 20th October, and reached Aden on the 6th November 1893. 

105. The survey of the Peninsula on the 8-inch scale was completed 
by the end of February 1894, wherl the large scale survey of the Aden and 
Steamer Point cantonments was taken up, and finished earlr in April. 

106. The political arrangements having been duly made for the prosecutiotr 
of the reconnaissance of the Yafi'i country, Mr. Tate  left Aden on the 15th 
January 1894 accompanied by the Native Assistant Resident, Khan Bahadur 
Mahomed Saleh Jaffer, and an escort of the Aden troops to carry out the same. 
The country operated in was found to be very mountainous and ditficult of ac- 
cess, some of the highest points rising over 7,000 feet in height. Moreover, fever 
of a malarious type was very prevalent, and Mr. Tate and all the party suffered 
severely. Owing to the friendliness o f  the Yafi'i Sultan and the excellent 
arrangements made by the Native Assistant Resident, no opposition whatever 
was met with, and the work was brought to a satisfactory conclusion. The area 
triangulated and surveyed in detail on the +-inch scale, amounted to 1,800 
square miles, which forms a most useful addition to Major Wahab's map of 1892. 
On completion of this reconnaissance the party returned to Aden on the 13th 
February I 894. 

107.  The triangulation executed in the Peninsula was based on the work car- 
ried out by Major Heaviside, R.E!, in 1876-77, while that done in the country of 
the Lower Yafi'i was based on Major tVahab's extension of that triangulation, and 
is more or less irregular, as  the time available was short and the tribesmen were 
uneasy, owing to the failure in the rains which had occurred since 1892, which 
they attributed to the survey operations carried on in thatseason. Owing to 
this, no marks could be erected on the hills visited ; and as  the latter were 
chiefly composed of short ridges without well-defined peaks, they afforded few 
facilities for the triangulation. In Aden itself heliotropes were used as  signals for 
the minor secondary stations and cairns and flags for the intersected points. 

108. The  area triangulated and surveyed on the 8-inch and 24-inch stales 
amounts to 17 square miles. The work was checked by in silu fixings, by 
plane-table traverses, and, in the cantonment, by traverses run with the theodo- 
lite. The dimensions of buildings were checked against the measurements 
given in the annual return of public military buildings in Aden. The result 
of the checks applied was satisfactory. 

109. The detachment suffered severely from fever throughout the field 
season. Within a week after landing, the greater part of the menial establishment 
was prostrated, and hlr. Tate and the native surveyors all suffered from constant 
recurring attacks of malarial fever. One sub-surveyor was invalided and sent 
back to India within a month of his arrival i n  Aden. 

r 10. The detachment left Aden on the 12th April 1894, and reached its 
recess quarters at Quetta on the 1st May. The mdps drawn during the recess 
include Steamer Point cantonment in two sheets and Aden cantonment with 
the Isthmus Position and Aden troop lines in four sheets, both on the 24-inch 
scale, and a general map of Aden in six sheets on the 8-inch scale. Also sheet 
No. 5 on the +-inch scale, containing the   or ti on of the Yafi'i country in continu- 
ation of the series prepared and published in 1892, dnd two charts of the Yafi'i 
and Aden triangulation. 

I I I .  Mr. Tate has drawn up an interesting descriptive account of Aden 
and the country of the Lower Yafi'i, with a brief sketch of the history of Yaman, 
which has been separately published. 

r I o, The Political Resident at  Aden has placed on record his apprecia- 
tion of the excellent work performed by Mr. Tate and his party while on duty 
in Aden, and adds that, though continuously suffering from fever, Mr. Tate 
never flagged in his duty, but carried through the surveys with the greatest 
credit and energy. The Government of Bombay fully endorsed the favourable 
notice taken by the Political Resident of Mr. Tate's services, and the Govern- 
ment of India have been pleased to express their concurrence therewith.' 

Mr. Tate reports that all his assistants worked satisfactorily, and makes special mention of the 
services rendered by Surveyor Asghar Ali  Beg. 
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"umber 1 1 Area in 1 1 v i ~ ~ z k e s ,  p:i?iX? square miles. 

INDUS R I V E R ,  S I N D  

DETACHMENT. 
1895 

l. 1 [-j ,-; p 
1 1 3 .  T h e  survey of the  Indus river was continued on y similar 

Personnel. lines to that  of the previous season a s  

M ~ .  H .  E. Keelan, Extra Assistant Super- 
detailed in paragraph I 16 of last year's 

intendent, 1st grade, in charge. report. T h e  only new feature in the  pro- 
Nine sub-surveyors. posed programme of operations was the  

addition o f  some triangulation in order to furnish trigonometrically 
fixed points along the river where none existed, on which to check the traverse 
survey. This  additional work, however, c roved to be unnecessary, a s  it was 
found possible to obtain sufficient checks by running connecting lines from the  
traverse work to  the existing trigonometrical points a t  a distance, and the con- 
nection proved that  the traverse work was good. 

114. The  members of the establishment assembled on the  1st  November 
1893 a t  Sehwan, which was almost midway in the portion of the  river t o  be 
surveyed, and by the 8th idem field work was commenced from the  closing points 
of the  work of 189.2-93, most of which were found intact, notwithstanding the 
floods of the previous rainy season. 

I 15. T h e  traversing progressed uninterruptedly and closed opposite Hyder- 
abad and Kotri,-a distance of 160 miles from the limit of last season's work. 
Connections were made with two principal stations of the Great Indus Series, 
three stations of the Eastern Sind Meridional Series, and one station of a minor 
triangulation from the  Karachi Longitudinal Series, a comparison of the distanc- 
e s  giving a mean error of 2.4 feet per mile, which is very satisfactory. T h e  
traverse work was brought to  a close a t  the end of March 1894. T h e  progress 
of the  work was delayed by the  great amount of heavy jungle on both banks, 
and the difficulty in obtaining labourers for clearing lines through it. 

I 16. During the season eleven main circuits (averaging 25 miles in length), 
twenty-eight sub-traverses, and two hundred and twenty-two minor village lines 
covering an area of 1,061 square miles were measured, with a total length of 
1,568 miles. 

I 17. Duplicate skeleton plots of the  traverse lines, a s  well a s  a complete 
copy of the numerical data  of the stations were prepared for, and submitted to, 
the Commissioner in Sind ; t he  former by the middle of April, and  the  latter 
during the recess. 

I 18. T h e  detail survey was started in the  beginning of January 1894 and 
closed on the 8th May, when an area of I ,2 I 9 square miles had been completed. 
This  is in excess of t he  out-turn of the previous season by 105 square miles. 
T h e  work was tested by 27 check lines passing through 17 out of 20 field sec- 
tions and aggregating a total length of g5+ linear miles. None of the larger 
features were found to be out of position along those check lines, and but few 
errors amongst the lesser details were discovered. T h e  following tabular 
statement shou~s  the total out-turn of t he  season :- 
-- - 

DISTRICT O R  STATB. 

-- I I - 
I 19. T h e  detachment returned to recess quarters a t  Karachi on the  10th  

May 1894 and the duties of the recess commenced shortly afterwards. T h e  fair 

Slrikarpur 
Khairpur State . 
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Hyderabad . . 
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mapping of 14 sheets of the Indus riverain survey were completed. Tracings 
of seven plane-table sections of the season's work were also prepared for 
the Engineer-in-Chief, North-Western Railway, in order to aid him in the work 
of protecting the railway lines affected by floods on the river. 

120. The total expenditure on the work of the season amounted to 
825,067, the cost-rate per square mile being 822-6-5. 

1 2 1 .  The ensuing season's operations will consist of the survey of the 
lndus river from Hyderabad to the mouths of its two main arms, the Ochto and 
the Hydari, including the country between them ; the area of topographical 
survey will therefore be larger than the out-turn of either of the last two 
seasons. 

As the country is of a marshy nature and intersected by tidal creeks, it 
will be necessary to provide a steam launch for the officer in charge and country 
boats for the sub-surveyors, or they will not be able to complete the whole 
programme.* 

FOREST SURVEYS. 

CENTRAL PROVINCES. 

No, 14 PARTY. 
122 .  The charge of this party remained in the hands of Colonel J. R, 

Personnel. Wilmer, 5. C., up to 
Colonel 1. R. WiImer. S.C., Superintendent, 2nd grade, in charge up to the 2nd of April 

2nd April 1891. 
Captain W. 1. Bythell, R.E., Deputy Superintendent, 2nd grade, in charge 1894, when he pro- 

from 14th May 1894. ceeded on furlough, 
Mr. N. C. Gwynne, Extra Assistant Superintendent, 3rd grade, in charge and it then tern- 

from 3rd April to 13th May 1894. 
,, Keating, Extra Assistant Superintendent, 6th grade. porarily devolved on 
,. h. Campbell, Sub-Assistant Superintendent, 1st grade. 

ditto 1st grade. 
Mr. N.  C. Gwynne, 

,, B. R.  Hughes, ditto 
Munshi Rahmatullah d ~ t t o  dilto 3rd grade. who retained it till 
M r .  1.  0. tireiff ditto ditto 3rd grade. the party returned to 

Surveyors and Sub-Surveyors. recess quarters. C ~ D -  
Muhammad Zakaria, Hydar Ali, Gurdat Singh, Kadir Sharif, Karemdad tain J. Bytheil, 

Khan, Ram Singh and $3 others. R.E., was then posted 
to the party, and retained charge till the end of the survey year. 

123. In continuation of previous year's work, this party was employed in  
surveying the 1st or " A "  class forest reserves of district Nimar, on the 4-inch 
scale. I t  also commenced operations in the forests remaining to be surveyed i n  
district Betul. 

1 24. The party assembled a t  Burhdnpur on 1st December 1893, and field 
operations were commenced in the third week of December and continued until 
the end of April 1894. The field office was closed at Khandiva on 2nd May 
1894, but one triangulator and eight traverse surveyors were left in the field to 
complete the triangulation and traverse work remaining to be done in Nilnar 
district: this they finished by the 12th of June 1894. 

1 25. Triangulation was done in advance of topography in sheets Nos, I ,  5, 
10, and I I in district Nimar, and in sheets Nos. 2 0 ,  21, 27 ,  28, 38, and 39 In 
district Betul. In Nimar district, the country in portions of Pundsa and 
ChPndgarh reserves is almost flat and covered with very dense forest, but cut up 
with numerous ravines. It was found impossible to carry out any satisfactory 
triangulation there. Additional traversing was, therefore, resorted to over thab 
ground for the purpose of affording sufficient fixed points for the detail survey. 
All roads and streams of importance were taken up, and the traverses connected 
to triangulated points where possible. 

The total area of triangulation done during the season was 430 square miles 
in Nimar district, and 434 square miles in Betul district, embracing 315 and 286 
square miles, respectively, of area for actual topography. Out of the triangulated 
area, 103 square miles in Nimar district was surveyed in detail during the season, 
so that an area of 761 square miles is in advance for the detail survey of next 
season. 

hlr. Keelan reports that the silbsurveyors and computers as  usual worked throughout the field 
-on and during the recess with unfailing energy and accuracy, and have given complete satislaction. 
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126. Traversing of the forest boundaries and fire lines was done a s  usual, and 
additional traverses run, where needed, for the purpose of supplying the detail 
surveyors with more fixed points. T h e  out-turn of traversing was 562 linear 
miles in  district Nimar, and 305 linear miles in district Betul. T h e  boundary 
between Nimar and Holkar's territory, referred t o  in paragraph I 30 of last  ear's 
report, was re-traversed during this season. In the previous year this boundary 
was not traversed direct from one masonry pillar to another, on account of the 
thickness of the intervening jungle, and from the  fact that the line had not been 
cut and cleared by the Forest Department. This year the boundary line was 
properly demarcated and then traversed with the theodolite. Four fair maps 
of last year's survey containing this bo~rndary, which had t o  be held back 
pending the final settlement of the boundary, were completed and despatched 
for publication. 

127.  Topography was carried out on the scale of 4 i n c h e s = ~  mile in the 
" A "  class forests of district Nimar, falling in sheets Nos. 5, 6, 7,  I I ,  I 2 ,  and 
13, and amounted to 565.3 square miles. The  work was rigorously tested by 
the European assistants by in situ examinations and by check lines aggregating 
311 linear miles where the ground was suitable. T h e  executive officer also 
checked almost all the plane tables by i n  situ fixings as  the work progressed. 

128. T h e  out-turn of detail survey t h ~ s  year is somewhat less (63 square 
miles) than that of the  previous year, which is due to the following causes :- 
( I )  the more difficult nature of the country operated in ;  (2) the fact of the 
detail survey having got abreast of the triangulation, whereby although great  
labour and despatch was employed in getting the results of the new triangula- 
tion computed and plotted for the plane-tablers, some time was unavoidably lost 
by the lat ter ;  (3j  sickness and incapacity from work of six of the best plane- 
tablers for more than a month of the season. 

129. The  classification of forest growth and soil of all the ground surveyed 
in detail mas executed by the plane-tablers a s  their work progressed, on sepa- 
rate skeleton traces. These traces were fair-drawn in the recess season, and 
supplied, in original, to the Forest Officers concerned. 

130. The  country surveyed in detail is, in some portions, flat and interspersed 
with low hills covered with salai forest and grass ; but the ground generally was 
not easy to  survey. T h e  GondwAna reserve, in sheet No. 13, is very hilly, the 
ground being covered with heavy bamboo and teak jungle with thick grass. In 
Bhainsa and a portion of Miindwa reserve thick rank grass abounded, giving 
cover to numerous small thorny khaiv bushes, which proved to  be a source o f  great 
trouble, tearing the surveyors' clothes and cutting the khalrtsis legs. Bhainsa 
reserve takes its name from the fact  that  the wild buffalo (bhainsa) is t o  be 
found in it. The  ground in Pundsa and Chdndgarh reserves was overgrown with 
very dense forest, T h e  Great Indian Peninsula Railway from Bombay to  
Jubbulpore passes through the season's work, crossing Mdndwa and Kharda 
reserves and touching Singsji reserve on the north. T h e  Rajputana-Malwa 
Railway runs through a strip of Kirgaon reserve to the south, T h e  Singaji 
reserve derives its name from the SingAji temples, which are situated on the 
western border of the reserve, on the opposite side of the river Piprdr. A large 
cattle fair is held in this reserve once a year in the month of October. 
T h e  only river of importance to be mentioned in connection with the season's 
work is the Nerbudda. I t  flows from east to west, and is only to be crossed by 
means of ferries plying a t  certain intervals. 

1 3 1 .  T h e  country surveyed proved more unhealthy than that  in which 
operations were carried on last year. T h e  water-supply was everywhere scarce, 
especially after the end of March, when nearly all the tafiks, pools, etc., dried 
u ' ~ ,  except a few here and there in the larger streams. Provisions had to be 
imported, a s  usual, through paid bafzias, except in a portion of the work where 
there were some large nznl,nuodri villages close by, from which the surveyors 
were able to obtain the requisite supplies. 

132. The health of  the party in the season under report was far from satis- 
factory. In the early portion of the season the establishment suffered from fever 
and dysentery, and there were a few cases of pneurnonii~-almost all of which 
proved fatal. During March and April 1894, however, the establishment fared 
better ; but towards the cnd of the season sun fever and dysentery were again 
prevalent. The  squads working in the Betul district suffered greatly from fever 
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a n d  catarrh throughout the field season. There would appear to have been 
an epidemic in Betul this year which swept over the whole district, a s  the 
villagers also suffered from the same maladies to an un~lsual extent. The 
number of deaths in the party during the season amounted to 13. 

133. The fair mapping pertaining to the season's topography, comprising 37 
standard sized sections of sheets Nos. 5 ,  6, 7, I I ,  l a ,  and 13, will be completed 
during the recess, as well as  all the computations of triangulation and traversing 
done during the season ; and there will be no arrears of work by the time the 
party proceeds to the field. 

In addition to the above, the revised map of the Mussooree cemetery has 
been drawn in the office of the party for reproduction, and an index map of the 
forest surveys of district Damoh has also been prepared. 

The General Report of Hoshangabad and Betul forest surveys is in course 
of preparation. 

134. At the special request of the Conservator of Forests, Northern Circle, 
the traverse data of forest boundaries surveyed by this party are being prepared 
for the use of the Forest Department. These data consist of a record of 
rectangular co-ordinates of all the forest boundary pillars, and index maps on 
the scale of I inch=2 miles showing the position of every tenth traverse station. 
The  above data for Hoshangabad district are almost finished, and will be sup- 
plied to the Conservator of Forests on completion. According to the wishes of 
the Forest Department, this party is to continue preparing these data as  the 
survey work progresses in the Central Provinces. 

135. Although the out-turn of final survey is somewhat less than last year, 
i t  is satisfactory to note that the cost rate thereof has been further reduced by 
over 10 per cent,, which is due to a smalier expenditure having been incurred, 
owing principally to the circumstances that compensation for the dearness of 
provisions had not to be granted to the menial establishment this year. The 
main cause that affects the cost-rate of work in this party is the short season 
during which field operations can be carried on owing to the tracts operated 
being extremely unhealthy. T h e  fie!d work has consequently to be restricted 
to a period of a little over four months instead of six months as  is usual in 
other parties, and the out-turn is thus unavoidably smaller. There has, however, 
been a steady decrease in the cost-rates of this party for the past four years, as  
the following statement of the rates per square mile for each class of work will ,  
show :- 

Triangulation. Traversing. Topography. 
R R R 

It is hardly to be expected that the cost-rate can be reduced much during 
the coming year, on account of the more difficult nature of the country in which 
operations are to be carried on, notably the PunAsa and ChAndgarh reserves in 
district Nimar. 

136. Three native military students joined the party for survey training in 
December 1893. They were sent out with the old surveyors of the psrty to 
be taught the principles and the method of detail survey, and were under 
instruction throughout the field seasqn. A fourth military student was attached 
to the party on 25th July I 894 ; and he, with the other three, was employed in 
practising drawing and printing during the recess season. These men will  be 
given some more lessons in planemtabling before the party goes to the field, to 
fit them for enlployment on independent survey work in the coming field 
season. 

137. The programme for the ensuing field season is as follows :- 
(a) Triangulation of about 450 square miles in district Betul in sheets 

Nos. 19, 25,26,35, 36, 37 ; also of about 500 square miles in district 
Damoh, which has now been allotted for survey. 

( b )  Detail survey of about 212 square miles in district Nimar in sheets 
Nos. I ,  4, 5 ,  and 10 ; and of about 310 square miles in district Betul 
In sheets Nos. 19, 20, 26, 27, 28, 37, 38, and 39; 
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tc) Theodolite traversing of all the forest boundaries, external and internal, 
and of principal roads and fire lines in the ground to be triangulated; 

(dl Classification of forest growth and soil 01 the area to be surveyed 
in detail. 

138. T h e  office of the party was inspected by the Superintendent, Trigo- 
nometrical Surveys, a t  Mussooree, on the 20th of June,  who expressed his satis- 
faction a t  the orderly and methodical manner in which the work of the  office is 
conducted.* 

BOMBAY PRESIDENCY.  

139. This party remained in the charge of Colonel H. S. Hutchinson 
until the 27th April 1894, on which date  

Pevsonnel. that oficer most unfortunately met his 
Colonel H .  S.  Hutchinson, S. C.3 Superintend- death from a wounded tiger which he was 

ent, 2nd grade, in charge up to 27th ~ ~ r i l  
1894. following up in the  Kanara forests. T h e  

Major J. R. Hobday, S .  C.9 Deputy Superin- charge then devolved temporarily upon 
tendent, 1st grade, in charge from 11th  
May to zbth JUIY 1894. Mr. C. E. Tapsell, Extra Assistant 

Mr. A. M .  Lawson, Extra Assistant Superin- Superintendent, until the I I th May, when 
tendent, 1st grade, up to  17th December 
1893, retired. Major Hobday assumed charge. Mr. 

,, C. E. Tapsell, Extra Assistant Superintend- Tapsell again held temporary charge for 
ent, 5th grade, from lgth November 18938 three months from the  27th July, during 
and in charge from 28th April to 10th 
May, and again from 27th J U ~  1894. the absence of Major Hobday on privilege 

,, S .  F. Norman, Sub-Assistant uper~ntend- leave, 
ent, 1st grade. 

,, C. A. Norman, Sub-Assistant Superintend- Mr. A. Lawson1 Extra Assistant 
ent, 1st grade. Superintendent, retired on superannu- 

~ u v v e y o v s  and sub-suvveyovs. ation pension on the 18th December 
Gopal Vishnu, G. R. Bhopatkar, Govind 1893, after 31 years' meritorious service 

Gopal, R .  V. Joshi, N. V. Bhopatkar, V. G. in the department. 
Bhat, and 30 others. 140. T h e  party was engaged, a s  in 

previous years, on the survey of forest tracts in the Bombay Presidency. Tho  
season's work comprised :- 

( I )  Triangulation in the North Kanara and Poona districts. 
(2) Surveys on the 16-inch scale of babul reserves in the Poona, Ahmed- 

nagar, and Sholapur districts. 
(3) Surveys on the 8-inch scale of  teak reserves in the Poona, Ahmed. 

nagar, Thana, and Kolaba districts. 
(4) Surveys on the 4-inch scale of ordinary forest reserves in the  North 

Kanara and Poona districts. 

141. T h e  party took the field in the  beginning of November 1893, and 
returned to recess quarters about the end of May 1894. 

142. T h e  advance triangulation in North K a ~ ~ a r a  was undertaken by Mr. 
Tapsell early in the season and continued till the middle of January. T h e  area 
triangulated was 265 square miles, besides which supplementary paints were 
fixed in loo square miles of the previous season's work where they mere needed. 
T h e  operations were carried over the densely clad forest plateau lying between 
the Kalinadi and Gangavalli rivers in sheets Nos. 247 and 279, which is a very 
difficult country to triangulate owing to the thick expanse of evergreen forests 
and to  t l ~ e  want of prominent natural features in it. In addition to the a r ea  
triangulated hy Mr. Tapsell, a further area of 2 0 0  square miles was effected 
in the Poona district by Surveyor Gopal Vishnu. 

A small out,-turn of 215 linear miles of traversing in advance of the  plane- 
tabling in the Kanara district was completed by Sub-surveyor Ram Chunder Joshi. 

143. Colonel Hutchinson personally superintended the 16-inch surveys of 
babul reserves in the Ahmednagar district, and Mr. Lawson took charge of 
similar work i l l  the Sholapur district. These surveys were carried out in the 

* Captain Ryrhell reports well of all his Assistants. T h e  following members of the Native  establish- 
ment are specially mentioned :- 

Hydar Ali, Gurdat Singh.  Kadir Sharif, Karimdad Khan, Ram Singh, Mahadeo Daji, Sutto Charan 
Ghosal, Surjan Singh, Abdul Haq (I) ,  Dharmu, Muhammad Zakaria, and Syed Zille Hasnain. 



3 PART 11. 

early part of the field season, and the total area mapped on the 16.inch scale 
amounted to 65 square miles. 

144. Messrs. S. and C. Norman supervised the two sections engaged on 
8-inch surveys in the Northern and Central Forest Circles. These sections first 
completed the area remaining to be surveyed on this scale in the Junnar ialuka, 
Poona district, and also carried out the survey of babul reserves on the 16-inch 
scale in the vicinity. The work in the Poona district was completed on loth 
February, when the section under Mr. S. Norman proceeded vid the Malsej Ghat 
to the Thana district to take up the survey on the 8-inch scale of reserves in the 
Salsette ana Vada talukas ; and the section under Mr. C. Norman went to the 
Pen taluRa of the Kolaba district for similar work. The operations in these 
localities were continued until the end of the field season. The total out-turn of 
topography on the &inch scale amounts to 222 square miles. ' 

145. The survey on the 4-inch scale was almost entirely confined to the 
Southern Circle, in the Supa talzrka of the Kanara district. This section was 
supervised by Mr. Tapsell on completion of his traingulation, and an area of 
193 square miles in sheet No. 246 was effected. A snlall area of g square miles 
was also surveyed by this section on the +inch scale in the Haveli taluka, 
Poona district, making the aggregate out-turn of topography on this scale to be 
9oa square miles. 

146. Colonel Hutchinson visited the different camps in Junnar, Kolaba and 
Kanara in sllccession and inspected the work in each. The whole of the detail 
survey was checked by European agency, by rigorol~s chain measurements where 
the nature of the ground permitted and elsewhere by i n  situ examinations, 
and it is reported to be very accurate, considering the very difficult nature of the 
country operated in. The  aggregate length of the check traverses amounted 
to 270 linear miles. 

147. The aggregate out-turn and average cost-rates of the different classes 
of work done during the field season are as follows :- 

DESCRIPTION.  Areas. 

Triangulation . . 
Traversing 
Topqgraphy, 4-inch scale . 

Ditto 8-inch ,, 
Ditto 16-inch ,, 

----~ -. - -- 

I Cost-rates. 

The out-turn of topography is 63 square miles in excess of that of the 
previous year. 

148. The cost-rates of the forest surveys on the different scales, done by 
this party during the past three seasons are given in the following statement, 
and show a steady annual diminution in the total rates :- 

-. 

1891-92. 1992.93. 1993-94. 

DESCRIPTION. Cost- RBMAPKS. 
Areas. r a t s .  Areas. - 

1- - 
Sq. miles. R Sq. miles. 

4-INCA SURVBYS. 
Triangulation . . . 150 22'1 750 10.8 
Traversing . . , . . . 18.7 ... 2 1.7 12.6 
Detail survey . . . 195 85'4 920 80.6 84'8 --- 

TOTAL RATES . ... 126.2 ... 1 1  5'3 108.2 

-- 

~ - I N C H  SURVEYS.  
Triangulation . . . 458 5's 245 10'5 ... 
Traversing . . . . . . 26 5 .,. 
Detail survey . . . aoz 162.0 185 150.3 

15'5 

TOTAL RAT^ . . . . 194'3 ... 176.8 
I 

.- 

16-1nce S u ~ v s v s .  
Detail survey . . 2 2  189.7 65 179'5 No trianp~la. 

tion or traverr 
ing required. - - 

Square miles. 
465 
250 
202 
222 

65 

R 
10.8 
I a.6 
84-8 

156'4 
1 79'5 
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149. The  rates are still high, and this is principally due to the work being 
so  widely scattered. The  cost-rates of survey will, generally speaking, vary 
inversely a s  the areas completed, and it is hoped to obtain larger areas in future 
and thus diminish cost-rates by- 

( I )  concentrating the n-ork of the party, whereby loss of time in making 
any great moves during the field season will be avoided ; 

(2) increasing the staff of sub-surveyors ; 
(3) introducing a better class of sub.surveyors. 

150. Colonel Hutchinson, who had been in charge of this party for three 
years, was killed as  previously stated by a wounded tiger towards the close of 
the field season in the Western GhAts near Castle Rock. He  was an able officer 
of ripe experience, having served in the department for 27 years in the Revenue 
and Topographical branches, in which he had done much useful work. His 
sudden and untimely death is deeply regretted. 

15 I .  During the recess a very large out-turn of mapping has been exe- 
cuted, which exceeds anything that has been done by tlle party since its for- 
mation. It includes two standard-sized sheets, on the 2-inch scale, reduced by 
pentagraph for reproduction; 8 standard-sized sections drawn on the 4-inch 
scale;  67 sections drawn on the 8-inch scale, and 8 4  sections drawn on the 
16-inch scale. T h e  2-inch and 4-inch maps were drawn de novo, but of the 
&inch arid 16-inch maps, many of the field sections being suitable for photographic 
reproduction, were utilised t o  make up the fair maps, and the labour of re-drawing 
them was thus saved. A triangulation chart in duplicate and a traverse chart of 
sheet No. 247, Kanara district, were prepared on the I-inch scale. 

The  computations of the season's triangulation and traversing have been 
brought up to date. 

152. T h e  programme for the ensuing,field season is a s  follows :- 
Northern Ca'vcle.-In the North and South Thana districts, continua- 

tion of 8-inch detail survey in the Vada tnluka and triangulation and  travers- 
ing in advance in the  Mahim, Dabanu, and Shahapur taltikas. 

Central Czrcle.-In the Ahmednagar and Poona districts, continuation of 
16-inch and 8-inch surveys, and advance triangulation and traversing, in the 
Akola, Sangamner, Haveli, and Purandhar tulukas. 

Southern Circle.-In Kolaba district, continuation of 8-inch surveys in 
the Pen and .4libag talukas, and advance triangulation and traversing for 4-inch 
surveys in North Jtanara district. 

It  is proposed to relinquish all detail surveys in Kanara district every third 
year, commencing next season, and to obtain in lieu a sufficient area of triangu- 
lation and traverse in advance for the two following seasons. It  is hoped that 
by the adoption of this scheme a larger staff of surveyors can be employed on 
the detail survey hereafter, and thus increase the out-turn and diminish cost- 
rates. 

I 53. The  recess office of the party a t  Poona was inspected by the Surveyor- 
General during September 1894, and he was well satistied with the results of the 
year's operations and with the general efficiency of the establishment. T h e  
field sections showed that the survey had been executed with care and the maps 
give an excellent representation of the hill features, drawn in a manner well suited 
for reproduction by photography. The  professional records were found t o  
be systematically arranged and well kept.* 

Major Hobday reports that Messrs. Ta  sell, S. F. Norman, and C. A. Norman have given entire 
.atisfaction in the discharge of their duties. $hew assistants worked steadily in the held and have given 
valuable aid in carrying to a successful completion the large amount of mapping that had to be done in the 
recess office. 

The surveyors and sub-surveyors, with a few exceptions, are said to have afforded the usual amount of 
satisfaction. 
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MADRAS PRESIDENCY. 

No. 1 9  PARTY. 
154. This party was employed during the season on the survey of forest 

reserves in Madura, Salem, 
Personnel. and North Arcot districts 

Major R. A.  Wahab, R E.. Deputy Superintendent, 1st grade, in continuation of the work in charge up to 1st April 1894. 
Captain H .  M.  Jackson, R.E. ,  Deputy Superintendent, 1st of previous seasons. 

grade, in charge from 2nd April, 1894. 
Mr. C F. Hamer, Extra Assistant Superintendent, 4th grade. 155. On the 1st October 
,, H .  Todd, ditto 4th grade. 1893, Major R.  A. Wahab, 
,, R.   odd. ditto 6th grade. R.E., took over charge from 
,, J. H. S.  Wilson, Sub-Assistant Superintendent, 3rd grade. Lieutenant-Colonel J. R .  

Suvveyors and Sub-Su~seyors. 
McCullagh, R.E., proceed- 
ing on furlough, and on the 

Raghavayahgdr. Tlruvenkatasam~, Balaji Dhondiba, Govinda- 
raju, Rarnaswamy Naidu, Anantarao Dhondiba, and 24 others. 2nd April 1894, Captain 

H .  M. Jackson, R.E., re- 
lieved Major Wahab on that officer's transfer to No. 18 Party. The party, 
as  in previous years, was divided into three sections, No. 1 section under 
Mr. R. Todd for triangulation, and NOS. 2 and 3 sections under Messrs. Hamer 
and H. Todd respectively for detail survey. 

156. The recess office was closed on ~ 1 s t  August 1893 and survey opera. 
tions were commenced early in September and continued until the first week in 
March 1894. During the season, NO. I section extended the triangulation in  
Salem and North Arcot ; No. 2 section continued detail survey in Salem district, 
and completed the survey of some reserves in the Palni hills in the Madura 
district, which remained over from the previous season ; No. 3 section carried on 
the work in North Arcot. 

15;. The area triangulated amount9 altogether to 2,000 square miles. 
Traverse operations amounting to 620 linear miles were carried out, and an area 
of 881 square miles was topographically surveyed on the 4-inch scale. This 
again shows a considerable advance (nearly loo square miles) on the out-turn 
of the previous year ; and it is hoped that as  the party, which, owing to its rapid 
enlargement, still contains a considerable proportion of young surveyors, gains 
experience, a steadily increasing out-turn will be obtained. 

158. The usual monsoon rain in November somewhat retarded progress 
during that month, but the health of the party was not affected, and with the 
exception of a few cases of cholera, which is always Inore or less prevalent in 
Salem and Arcot, there was no sickness throughout the season. 

I 59. The  country surveyed is everywhere mountainous and in many parts 
covered with dense jungle. The average elevation of the hill tops exceeds 
3,000 feet, and in the Chitteri and Ka l ra~an  hills some peaks rise above 4,000 
feet. Both on these hills and in the Palmaner taluk of North Arcot there are 
aumerous hill villages with a considerable though scattered area of cultivation. 
As the demarcation of these villages has not yet been carried out, the whole 
area, a s  in the case of the Shevaroy hills last season, has been surveyed ; and 
the limits of cultivation as  existing a t  the time of survey have been shown. 
This procedure will also be adopted next season, with the approval of the Board 
of Revenue, in the survey of the Javadi hills, where the conditions are the same, 

160. The whole of the work was examined by the Deputy Superintendent 
during its progress, and each plane table was tested by the section officer con- 
cerned by chain measurement, or in situ examination, as was found most 
suitable. 

161. During the recess, the various computations have been brought up to 
date and the fair mapping completed, with the exception of the insertion of 
several boundaries which were found to have been wrongly demarcated. This 
entails a good deal of resurvey and the holding back of 1 2  sheets. The mapping 
is included in 62 sheets, and comprises 18 detached reserves and a large block 
of forests in the Kalrayan and Chitteri hills in  Salem, 19 blocks of shola forests 
in the Palni hills, and 19  reserves in North Arcot. 

162. The cost-rate of the survey again shows a diminution, being 85-6-9  
per square mile less than that of last year, the rate for the year under report 
being 872-1 1 -10  per square mile for triangulation, traversing, and detail survey. 
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This diminution may be ascribed to the causes shewn above as  leading to increase 
of out-turn of topography. 

163. The recess office of the party was inspected by the Surveyor-General 
a t  Bangalore in September 1894 and found to be in a thoroughly efficient state, 
reflecting credit on the executive officer and the assistants in charge of the 
different-sections. 

164. The programme for the ensuing field season, approved by the local 
authorities, comprises the extension of the triangulation (in North Arcot chiefly) 
and the continuation of the detail survey in the Salem and North Arcot 

LOWER B U R M A ,  

No. 20 PARTY. 
165. The programme of the party consisted of the triangulation and 

traverse survey of the 
Personnel. forest reserves of the 

Mr. G. H. Cooke, Officiating Superintendent, 2nd grade, in charge ~ ~ ~ ~ h ~ ~ ~ d d ~  district, 
from 7th November 1893. 

,, W. A. Wilson, Extra Assistant Superintendent, 1st grade. comprising the Okkan 
,, P. White, Extra ditto ditto 6th grade. Magayi, Hlanig Yoma, 
,, R. F, Warwick, Sub-Assistant ditto, 1st grade. 
,, A. Ewin ditto ditto 1st grade. Thabyu, Kyun and 
.. H. A.  farrier. ditto ditto 2nd grade. Wanetchaung reserves. 

31 surveyors and sub-surveyors. In addition t t t h e  above, 
the Paunglin reserve of the Pegu district was triangulated and ~ a r t i a l l ~  completed 
in traverse. The detail survey operations on the 4-inch and 2-inch scales were 
carried on in continuation of the previous season's work at  the northern extre- 
mity of the Toungoo district. 

166. The party left recess quarters a t  Bangalore in the middle of November 
1893 and proceeded to Toungoo, which was made the field head-quarters. 
Mr. Wilson had charge of the traverse section and Mr. White carried out the trian- 
p la t ion in the reserves selected for survey in the Hanthawaddy and Pegu districts, 
while Messrs. Warwick and Ewing supervised the detail survey squads employed 
in the Toungoo district. 

167. The traverse and detail surveys were commeticed during the first 
week in December 1893 and continued until the end of May 1894, whenthe field 
operations were closed a little earlier than was intended, on account of the 
unusually early setting in of the rains in the middle of April, which considerably 
retarded the work. The +inch survey of the forest reserves of the Toungoo 
district was, however, completed and tested before leaving the field, but a small 
area of about I 2 square miles of 2-inch work of unreserved lands lying adjacent 
to and between the forest reserves, had to be left unsurveyed. 

168. The out-turn of the season consists of  420 square miles of triangulation, 
the same amount of traversing, and 426 square miles of detail survey, of which 
282 is on the 4-inch and 144 square miles on the 2-inch scale. The aggregate 
area of detail survey completed exceeds that of  the previous year by 81 square 
miles. The triangulation was carried on part passu with the traverse survey 
and covered the same area of ground, in sheets Nos. 273, 279 and 280. The  
area traversed was divided into blocks of about 5 square miles each. The tra- 
verse lines were connected with 8 trigonometrical stations and the angular work 
was checked by go azimuths taken to the sun, as  it was found to be almost 
impossible to obtain observations to stars at night. The sun azimuths, however, 
proved well and gave satisfactory checks. 

169 The detail survey was carried on in sheets Nos. 224,225, 2 7 1  and 318.  
The following forest reserves came under survey and were completed, vi3., 

Major Wahab reports very favorably on the European Assistants during the field season, a n d  his 
remarks are lully rndorscd by Captain Jackson who had charge of the party during the recess, Mr. Hamer ~ucceeded in turning out the largest area of top0 raphy as yet attained to in this party, i n  spite of the 
work being a good deal scattered. Mr. H. ~ o d l  is conlmended for an out-turn nearly a s  large of dificult 

thoroughly well executed. Mr. R. Todd is commended for the judgment and accuracy with which 
he has carried out the triangulation ol n diflicult piece of country. 'Thc surveyors and ~ ~ b - ~ u r v e ~ o ~ ~  are  
with a few exceptions well spoken of, special mention helng made of Raghnvayengar, Tiruvenkatasami 
Balaji Dhondiba, Anantarao Dhondiba and Govind hlukund. Surveyor Lachman Jadu  who rejoined 
during thc recess rlid good service as usual with the fair mapping. The  :Hospital Assistant J. Nathaniel 
David, and the Writer C. Papiah are also very wcll reported on. 

P 2 
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Binbyi, Myohla, Saing Yeui, Yetkanzin, Sabyin, Lonyan and Kyakmasi, aggre- 
gat ing a n  area of 2 8 2  square miles on the 4-inch scale. The  unreserved forest 
lands, lying between and adjacent to the reserves, amounting t o  an area of 144 
square miles, were mapped on the a-inch scale. T h e  above areas were check- 
ed by the European assistants by 1 7 0  linear miles of test survey a s  well a s  by 
examinations i n  silu. T h e  average proportion of  these check lines is one mile 
to each 24 square miles of detail survey. 

Two European assistants were employed entirely in supervising the work of  
the native surveyors, visiting them all in turns and testing the field plans. T h e  
executive officer also visited the men in the field whilst engaged a t  their work on 
tI,e spot. T h e  result has been a careful and accurate out-turn of topography. 

170.  T h e  demarcation of the forest boundaries, with one or two exceptions, 
was found to be very good, and little or no difficulty was experienced in tracing 
them on the ground. T h e  method of  marking the boundaries was by building 
~ i l l a r s  a t  all salient points and a t  junctions of  the forest reserves and by 
blazing certain trees along the lines between and nailing small boards on the  
trunks about I 5 feet from the ground, bearing the  usual forest marks or num- 
bers in the  Burrnese character. T h e  rough sketch maps provided by the Forest 
Department were used as  guides in tracing the limits of the different reserves 
on the ground, and these were found to ansu7er the  purpose remarkably well. 
In any cases of doubt the forest guard was called upon to accompany the 
surveyors and to point out the exact lines. 

1 7 1 .  T h e  cost-rates o f  the different kinds of work performed are as 
follows :- 

R a .  p. 
Triangulation . . . 3 5 7 7  
'I'raverse survey . . 128 12 3 
Detail survey, on 4-inch scale . 153 2 1 1  

Detail survey, on 2-inch scale . . 83 1 0  g 

T h e  rates of the two kinds of detail survey are less than those of last year 
by 8 4 7  and E? I 7 ,  respectively, owing to the larger area completed. Still these 
rates are undoubtedly high, and a t  first sight contrast very unfavourably with 
the cost-rates of parties working in India; but it must be remembered that 
there are several extra  causes of heavy expenditure which must be incurred by 
this party, over and above the nature of the country, which is undoubtedly 
much more intricate and clothed with far heavier jungle than any which falls 
to  the lot of the surveyor in India, T h e  most important of these are as  follows. 
(a) the cost of importing field hands from India, (6) the  pay of the much larger 
establishment of khnt'n'sis required for the clearing of jungle and carrying of 
provisions, and (c) the higher salaries paid to all employed. The  total absence 
of local labour, the absence of all villages, except small hamlets, and the high 
rates of wages prevailing in Burma, necessitate all this extra expenditure. It  
has been calculated that these causes cost the  following sums :- 

R 
(a) Cost of importation of field hands . . 12,000 

( b ;  Pay of extra hands , 14,900 
(c) Difference between B u r m a  and Indian salaries . 20,000 

172.  T h e  following statement shows the cost-rates in Lower Burma a f t e  
deducting the  cost of the above items and the average cost-rates for the same 
year incurred in the Forest Survey parties employed in India :- 

Lower 
Burma. India' 

R R 
Triangulation , . 22 '3  
Traverse survey . . 8 0  1 5  
Detail survey, 4-inch scale . 95 78 

It  will be seen that the greatest difference lies in the cost of the traverse 
survey which is exactly what might have been expected from the tlifficl~lt nature 
ot the country, as  the delay and conscquent expense tells even more heavily on 
hose operations than on [he  detail survey. Con4tlrring the intricate character 
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of the hills, the uniformly dense forest over the whole country and the expensive 
transport, the differences in the rates in the two countries appear to be quite 
justified. 

Economy is exercised over every branch of the survey operations, and the 
only satisfactory way of reducing the cost-rates would be by increasing the sub- 
ordinate establishment so a s  to  obtain larger out-turns, but this would increase the 
total cost of the party;  care, however, must be taken, i f  this be done, that the 
number of field hands does not become greater than can be properly supervised 
by the European staff. It is true that both the total cost and the cost-rates of 
the work might be lessened by reducing the European supervision, but this is not 
advisable, as  experience has shown that in such a country native surveyors, and 
more especially Burmans, are tempted to shirk their work even to the extent of 
inserting imaginary topographical details in places there they think they will 
not be found out. 

173. The  country over which the survey operations have been carried 
this season, is about a s  bad from a surveyor's point of view as it well could be. 
I t  comprises a mass of low hills, but the hills being almost all about the same 
height, with few, i f  any, commanding points, it is very difficult to find suitable 
places for trigonometrical stations, and when found, they have to be cleared of 
trees of huge size. T h e  traverse survey also necessitates a great deal of 
laborious clearing through low and tangled brushwood, and is further com- 
plicated by the difficulty of obtaining correct measurements tvith the chain owing 
to the hilly nature of the ground and by the  numerous stations and short lines 
necessitated by the impossibility of seeing to any distance. T h e  detail surveyor 
similarly has to cut his way everywhere and has in most cases to trust to  sound 
rather than to sight to give him the direction of his forward flag. Day by day 
this weary task drags on and, doing his utmost, he finds a t  the end of the month 
that he has barely accomplished 3 square miles of country. With all these 
difficulties to contend a i th  it is not to  be wondered a t  that the work is slow and 
costly. 

174. During the field season eight deaths occurred among the  measurers. 
Fever, spleen, pneumonia and itch were prevalent throughout the field season, 
and most of the casualties recorded were due to  general debility from the 
effects of malarious fever and enlarged spleens, T h e  supply of water in the 
district during March and April was very scarce, especially on and near the Yorna 
range of hills, no rain having fallen in Lower Burma up to  the middle of April ; 
the monsoon rains then set in in torrents, and necessitated the withdrawal of the  
party a t  the end of May. 

I 75. During the recess months, 30  standard sheets on the 4-inch scale 
were drawn. Six of  these, containing the Gwethe Binbyi reserve on the 
left bank of the Sittang river, were finished and submitted to Calcutta early 
in September last for pilblication, a s  they are urgently required by the Forest 
Department to enable them to mark off the l im~t s  of their working plans for 
season r 894-95. T h e  following reserves, via . ,  Myohla, Saing, Yeni, Yet- 
kauzin, Sabyin, Lonyan and Kyaukmasi have been fair mapped on 24 standard 
sheets or portions of  sheets, and 20 of  these have been submitted for publication 
whilst 4 have been retained in office for further additions. All the above 
reserves are contained in sheets Nos. 224, 225, 271, 272. 318 and 319,  a s  shown 
on the index niap. The  co~nputations of the traversing and triangulation have 
been brought up to date, and the skeleton blocks have been plotted on the 
4-inch scale for the detail surveyors for the next field season. 

I 76. The  progralnme for season I 894-95 a s  approved of by the Conser- 
vator of Forests and s;inctioned by the Cliief Commissioner, is a s  follows. 
The triangulation and traverse survey of about 500 square miles of country 
in sheets Nos. 274 and 275 comprising the whole of the Pyu Kun reserve and 
a portion of the Aingdon I<un reserve, with a narrow strip of unreserved 
forests adjacent to them. The  detail camp will operate in the area that was 
traversed this season in the Hanthawaddy district comprising the Okkan, 
h.Iagayi, [Ilaing-Yoma, I'habyu Kyun and Wanetchaung reserves, and a portion 
of the Par~nglin reserve of the Pegu district will also be talcen up if  time per- 
mits. The  area of the above consists of about 420 square miles, all of which 
will  be surveyed on the 4-inch scale, 
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1 7 7 .  The Deputy Surveyor-General, Revenue Branch, inspected the field 
office of this party a t  Toungoo on 18th March 1894, after which, accompained 
by the executive officer, he made a short tour of inspection through some of the 
forest reserves, visiting and testing the board plans of some of the survey 
ors on the ground ; he expressed his approval of the quality of work that he saw ; 
and fully corroborates what the Deputy Superintendent says about the difficult 
nature of the country. The recess office a t  Bangalore was inspected by the 
Surveyor-General in September 1894.. T h e  general progress made in the 
mapping and computations was found q u ~ t e  satisfactory. 

I 78, The  Deputy Commissioner, Major Grey, and the Forest Officers are 
to be thanked for the cordial aid rendered to the survey on all occasions when 
it was asked for. The  Deputy Conservator, Mr. Corbett, gave much assistance in 
obtaining the correct orthography of the Burmese names of streams, villages, 
etc.* 

OPERATIONS OF T H E  F O R E S T  SURVEY BRANCH. 

179. The work executed by the Forest Survey Branch has not hitherto been 
included in the General Report of the Survey of India Department, a s  that 
branch is under the administration of the Inspector-General of Forests, and, 
until lately, the establishment appertained to the Forest Department. The 
administration still remains in the hands of the Inspector-General of Forests, 
but the officers have been brought into the cadres of the Survey of India 
Department. I t  was, therefore, considered that it would be convenient if a review 
of the operations were to  find a place in future in this report, and under instruc- 
tions from the Goverment of India it is now incorporated. 

180. The  branch is under the superintendence of Mr. W. H. Reynolds, 
Superintendent of Forest Surveys, and Deputy Superintendent, 1st grade, Survey 
of India, who has held the post since February 1887. The operations, in each 
provigce on which the branch has been employed during the year, are reported 
on separately. 

181. In the Central Provinces, four detachments were employed up- 
Personnel. on the survey of ,  forest 

Mr. E. LitchfieId, Assistant Superintendent, 1st grade, Nagpur reserves during the year. 
detachment. The forest divisions 
,, T. S. Marten, Extra Assistant Superintendent, 6th grade, 

Narsinghpur detachment. operated in by each dc- 
,, J. Marten, Sub-Assistant Superintendent, 1st grade, Raipur tachment were- 

detachment. 
,, C. Litchfield, Sub-Assistant Superintendent, 3rd grade, Balaghat 

detachment. 
( I )  Narsirrghpur. 
(2) Raipur. 
(3) Balaghat. 
(4) Nagpur, with Seoni and Chhindwara. 

Each of these was under the immediate supervision of an European assistant, as  
shown above. 

182. The several survey detachments took the field on various dates 
between 9th November and 9th December 1893, and closed work in June 
1 894. 

183. The survey of the reserved forests in Narsinghpur, Raipur, and Bala- 
ghat  was in continuation of the operations of the previous year. The opera- 
tions in the SAtpura range, extending through Nagpur, Seoni, and Chindwara, 
were commenced during the year under report, and were taken up by the detach- 
ment, which had completed the survey of the Goalpara forests in Assam, during 
the previous year. 

*The Deputy Superintendent in charge reports that all theassistants havedone good work. Mr.  W. A.  
Wilson superintended the traverse camp, Messrs. Warwick and Ewing, the deta~l camps, and Mr. P. White 
carried on triangulation. The following members of the native establishment dcgerve to be commended : 
Venkatswamy. Amjad Ali, Sharfuddin, Mg. Hpo Nyen, Mg. Khan Nyen, Sultan Mohamed, Mohidin Beg, 
and Abdulla Khan. 
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185. Of the area surveyed in detail, I I I square miles were executed on t h e  
16-inch scale along the forest boundaries, and 597 square miles on the +inch 
scale. The  out-turn of the previous season was 80  square miles on the  16-inch 
scale and 482 square miles on the 4-inch scale. 

186. In  the Narsinghpur district no triangulation was done, as the entire 
forest area had been triangulated in t h e  previous year, nor was any addi- 
tional traversing required for any of t he  districts under survey. 

T h e  triangulation reported for Balaghat and Seoni and part of Nagpur 
was done by Mr. Nichol, and the balance of the triangulation in the Nag- 
pur district was done by Mr. E. Litchfield. 

In the Raipur district it was found necessary, for  purposes of running 
instrumental contours, to carry on levelling operations in places where it had 
not been possible to fix a sufficient number of trigonometrical points. 

187. The  detailed survey was tested by running 175 linear miles of 
check lines through the work, and the instrumental contours that were run 
a t  250 feet vertical intervals throughout the work in the  Central Provinces 
also answered as  checks on the topographical survey. 

188. The  expenditure on the above operations amounted to 847,276, and 
in addition a sum of 84 ,483  was expended in the Jubbulpur and Bhandara divi- 
sions, and 8 3 5 0  in the Chanda division, on account of drawing fair sheets and of 
printing snd publishing cyanotype and photo-zincographed maps of the previ- 
ous season's surveys, and an expenditure of 8 I 76 was incurred in the Saugor 
division for computations and plotting in advance of the field work, making in all 
a total expenditure during the year of 852,285, on account of surveys by the 
Forest Survey Branch in the Central Provinces. 

The average cost-rate of the detail surveys, including the preparation of 
the classification of forests and soil records and mapping, but excluding triangur 
lation and levelling, was 8 5 4 ,  a s  compared with 8 5 0  last year. 

189. As the surveys progressed, the 16-inch boundary records were corn. 
parcd with the settlement records, which are on the same scale, and the 
Settlement. Officer's attestation to  the accuracy of the boundaries was obtained. 

190. All the  detachments suffered more or less from malarial fever, and 
more particularly the surveyors employed in Balaghat and Raipur. From the 
circumstance of the Raipur forests that were operated in during the year being 
situated in remote parts (on the Madras border) and difficult of access, com- 
bined with the unhealthiness of the district, the cost-rate of the survey in 
the Raipur district has been enhanced. 

1 8 4  T h e  follc\ving statement shows the areas surveyed in each division 
and the cost-rate per square mile of each branch of the work :- 

FOREST DIVISIONS. 

- 

Narsinghpur . 
Raipur . 
Balaghat . . 

TRIANQULATION. LBVBLLING. 

Nagpur with Seoni 
and Chindwara.. 

TOTAL AREAS . 

Area in 
square miles. 

... 

... 

256 

Linear m i  

... 

52 

... 

-- 

T O P O G R A P H Y ,  C H I E F L Y  
O N  4-INCH SCALE. 

Cost-rate 
per s a ,,,je. 

a 
... 

... 

6.8 

Cost-rate, 

R 

... 
I 6.7 

... 

Area in 
milcr. 

185 

165 

184 

174 

go8 

1,072 

1,428 

Cost-rate 

pe;zwe. 

a 

54'7 

65'7 

40' I 

56.0 

.., 

... 

... 

5'4 

... 

... 
5 7, 
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191. Mr. W. H. Reynolds, Superintendent of Forest Surveys, was in the 
Central Provinces from the 5th February to the  4th March, and visited in turn 
each of t he  field detachments. 

192. In the Punjab, the survey of the Bashahr S ta te  was resumed in 
continuation of the previous year's operations. T h e  surveyors were in the field 
in October and November 1893, and again took the field in the summer of 
1894 to  undertake, on the  4-inch scale, a balance o f  scattered areas in the 
Chin1 and Pabar ranges which were left  unfinished in the previous year, and this 
was completed; and, with t he  exception of a small tract in the south-east 
corner of the S ta te ,  the I-inch areas of the non-forest tracts undertaken to com- 
plete the survey of the Bashahr S l a t e  have also been finished. This  practically 
finishes the survey of the Bashahr State. 

193. T h e  topographical operations in the  upper part of the State  or in the 
Chini range were supervised by Mr. E. Litchfield, Assistant Superintendent, 
whilst t h e  surveys in the Pabar range were tested by an experienced native 
surveyor ; Mr. C. Litchfield also surveyrd part of the I-inch areas. 

194. T h e  following statement exhibits the areas surveyed during the year, 
and the cost-rates of t h e  work :- 

195. T h e  cost-rates for the previous year were- 
Topographical survey, on the 4-inch scale . 859 per square mile. 

Ditto do I-inch ,, . 10.5 11 11 

T h e  cost-rate  of t he  4-inch survey is lower this year, whilst that of the I-inch 
survey is  higher than in the previous year ;  the increased rate is chiefly due to 
the  I-inch areas operated on being situated a t  the extreme northern limit of 
Bashahr (touching on Chinese-Tibet) which is most difficult of access;  and 
much time was spent in marching to and from the field, which also tended to  
increase the cost of the work. 

196. Mr. W. H. Reynolds, Superintendent of Forest Surveys, was with the 
Bashahr detachment from the 7th to the 28th May 1894, and personally super- 
vised the field work in the Pabar range during that time. 

State. 

Bashahr . . 

197. T h e  forest surveys in Oudh were in continuation of the operations of 
the previous year ;  the survey detachment left Dehra on the 7th November 1893, 
and field operations were commenced by the middle of the month ; the field 
season was brought to a close on the 9th June 1894. 

198. This  detachment worked under Babu Oodey Sing, a skilled and trust- 
worthy surveyor, and a man of considerable experience. T h e  Superintendent 
visited the field party during the early part of the field season, and arranged the 
details of the field work, and he again visited the party a second time in April, 
or towards the close of the field season, and examined the field records and the 
check surveys that had been run through the  topographical work of the several 

DESCRIPTION. 

Topographical survey, 4-inch scale . 
Ditto I-inch scale . . 

- 

Area in 
square rndes. 

123 

287 

surveyors. 
199. During the early part of the season, topographical work was confined 

to  t he  forests in the Bhira forest range, which had been traversed during 
the previous year, but in December the surveyors moved into the Kheri forests, 

Cost-rate 
per 

mle.  

R 

50'2 

19'3 
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where they continued t o  work until the close of the field season. Traversing 
was carried on in both the Kheri and the Gonda forests, the work in Gonda being 
in advance for the ensuing season's plane-tabling. 

200. T h e  following statement shows t h e  season's out-turn, and the  cost-rates 
of each class of work:- 

-- 

201. The  total expenditure amounts to  €313,167, in which is included a sum 
of 8870 on account of drawing and other charges for maps of the Pilibhit forests 
which were surveyed in the previous year, and a charge of 84 ,500  for ele- 
phants purchased for the Oudh surveys. These two items appear to  have been 
deducted from the expenditure before calculating the cost-rate. T h e  low 
rates are due to the flat and easy nature of the country surveyed and to  the fact 
of the work having been done without any European supervision. 

202. Full use was made of all masonry tri-junction pillars in or  near the 
forest tracts ~ inder  survey, for which numerical data  of previous revenue surveys 
were forthcoming. These permanent pillars or platforms were used a s  initial 
and closing points for the forest survey traversing, and the final results of the 
traversing were computed in the same terms a s  the Oudh Revenue Survey. 
This was done because it was not possible to triangulate the country, and there 
are no existing trigonometrical stations with which the traversing could be 
connected. 

203. Spirit-levelling operations were undertaken with a view to ascertain- 
ing the best means of draining the phautas or extensive patches of grass-lands 
which are scattered throughout the sbl forests. 

204. The  country operated on in Oudh is flat and comparatively easy to  
survey, and no dificulties were experienced in obtaining labour and supplies 
and the health of the establishment was good throughout the season. 

205. In Burma, operations by the Forest Survey Branch were carried on in 
the Tenasserim Circle of Lower Burma, a s  well as  in the Pyinmana district of 
Upper Burma, and were in continuation of the operations of the previous year. 

206. The  Tenasserim detachment, which was e m ~ l o y e d  in surveying the 
reserved forests in the Salween division adjoining the Siam frontier, was under the 
orders of Mr. T. A. Hauxwell, Deputy Conservator of Forests, who 
attended to the supplying of provision and labour to the several surveyors' 
camps and supervised generally the work of the detachment whilst it was in his 
division. 

Mr. C. E. Muriel, Deputy Conservator of Forests, supervised generally the 
detachment working in the Pyinmana districts. 

207. Field work in the Pyinmana district and in the Salween division 
was commenced on the 13th and 20th November 1893, respectively, and the 
surveyors were in the field until the middle of May 1 8 9 4  

DISTRICTS.  

Kheri . 
Gonda . 

TOTAL AREAS . 

TRAVERSING. L E V ~ L L I N Q .  

- 

7 OPOGRAPHY 
4 - I N C H  SCALE.  

Area in 
square miles. Linear miles. Area in  

square miles, 

Cost rate 
per square 

a 

Cost-rate. 
Cost-rate 

per square 
mile. 

a 

'3'5 

... 

I r 3  . . . 356 . . . 

356 

... 
1 1 3  ' 8.4 

. . . ... 
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208. The following statement shows the  out-turn of work and the cost. 
rates of each class of survey :- 

I TRIANGULATION. I TRAVERSING. I TOPOGRAPHY 
4-INCH SCALE. 

I - - I I 

209. No triangulation or traversing was done in the Salween division, as 
these branches of the work were well in advance of the topographical survey. 

2 10. The average angular corrections on the traversing was 7 seconds per 
station. Two chains of unequal length were used for the linear measurement 
throughout, and all forest boundary pillars were utilized as  traverse stations. 
The linear work was checked by connections with the trigonometrically fixed 
stations and the average error thereof was 3.3 per mille. 

The detail survey was checked partly in situ, and partly by running 60 linear 
miles of check lines after the topography had been completed. A balance of 
detail work still remains to be done. 

21 I .  The Superintendent of Forest Surveys, Mr. W. H. Reynolds, was with 
the Upper Burma detachment from the ~ 3 r d  December 1893 to the 15th Janu- 
ary 1894, and saw that all branches of the work were fairly started, and after 
suitable points had been selected for the season's triangulation, and satisfactory 
arrangements made for provisioning each of the surveyors' camps, he proceeded 
to  Lower Burma and inspected the work that was in progress in the forests on 
the Siam frontier, and was employed with the Salween detachment up to 30th 
January I 894. 

212. Included in the cost-rate for triangulation in the Pyinmana district 
is a sum of R2,283, which was expended in the preliminary work of triangula- 
tion during the previous year, but against which no area could then be re- 
ported as the work was inco~nplete. 

The cost-rate of the detail survey in the Salween division in the previous 
year was 8 8 1  '7. 

213. The traversing done in Upper Burma in I 893-94 is ~ e r c e ~ t i b l y  cheaper 
than that of the previous year; this is due mainly to the fact that this branch of 
the work, for the year under report, was done entirely by native agency, and so 
also was the triangulation. 

FOREST DIVISIONS. 

- 

Salween . 
Pyinmana . 

'POTAL A R E A S  . 

- 
214. The cost-rates throughout are exceedingly low for Burma, but they 

cannot be accepted as a true criterion of the cost, because no charge whatever 
has been made for the services of the Deputy Conservators of Forests who 
supervised the general working arrangements of the detachments. The  respon- 
sibility for the professional work was moreover entrusted entirely to low paid 
native surveyors, and thus there has been no expense in European superin- 
tendence whatever, which is the real cause of the low rates, but this is a measure 
which cannot be considered a sufficient means for obtaining accurate and 
reliable work, up to the standard of the Survey Department. 

215. I n  addition to the operations described above, the services of a native 
surveyor were placed at  the disposal of the Deputy Commissioner of Goalpara 
in Assam, to align and clear the Bhutan-Goalpara boundary, which had been 
demarcated during the previous year. 

a 16. The Superintendent of Forest Surveys reports favourably on all his 
European assistants, and the majority of the members of the native establish- 
ment are said to have done good work. He considers that the good results of 
theyear's out-turn of work are entirely due to the zeal, energy and steady 
application to their duties of both European and native establishments. 
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square miles. 
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522 

522 

Cost-rate 
per 'q1lare 

mile. 

R 
. . . 

12.9 

... 

Area in 
square miles. 

. . . 
440 

Cost-rate 

R 
. . . 

Area in 
square miles. 

112 

'34 

- 346 440 f 

Cost-rate 
per 'quare 

mile. 

a 
83'3 
798 

... 



B . I K E ~ C E  

- - * l a f a d a  M ~ I -  O 
Ib. ba, d h n g  lBQ9 -9, rn 

-wad i. dnnco- - - - - - - - - - - - -- 0 
%mud in mi.ancn- - - . - - - - - - - - - - - - 

1 ,  , , , ,  
,,i,l.,m *l be ..ncpl o. ;.* - - - - - - - - - - - M! 
TI)* nnmsnb PVO iMitt. the &- @.**, 

namusn lo  lh* I imll D(uu(ur1 M, Indr. d 1 

No. 9124. 96. 



No. 808-8. @&- 



CADASTRAL SURVEYS. 

C A D A S T R A L  S U R V E Y S .  

B I H A R  A N D  BENGAL. 

NOS. 2 A N D  8 PARTIES. 

2 1 7  At the commencement of the year under report the establishment of 
No. 2 Party, which had been working in detachments scattered over Bengal and 
a portion of Bihar, was strengthened by the transfer of two cadastral sections 
from No. 8 Party in Orissa, the remainder of the Orissa party being constituted 
a detachment for the continuation of the operations in progress there. The two 
sections thus transferred to No. 2 Party were detailed for cadastral operations in 
Bihar ; and the whole establishment, which was thus brought up to the strength 
of two ordinary survey parties, received the designation of Nos. 9 and 8 Parties. 
The operations in Bihar were under the superintendence of Lieutenant K. T. 
Crichton, S.C., while those in Bengal were supervised, as in the preceding year, 
by Captain J. M. Fleming, S.C. 

218. The operations of the party comprised the following :- 
( I )  Cadastral survey in district Saran. 
(2) Traverse and cadastral survey in district Champaran. 
(3) Cadastral survey in the Tikari estates, district Gaya. 
(4) Traverse and cadastral survey of the Chakla Roshnabad and 

Gangamandal estates, districts Tippere and Noakhali. 
( 5 )  Traverse and cadastral survey of the Palamau estate, district 

Palarnau. 
(6) Traverse and cadastral survey of the Jaipur estates, 

district Bogra. 
(7)  Traverse and cadastral survey of the Rajapur drainage area, 

district Hooghly. 
(8) Traverse and cadastral survey of the Pataspur estates, district 

Midnapur. 
(9) Traverse and cadastral survey of the Chaurasi estates, district 

24-Parganas. 
(10) Traverse and cadastral survey of the Burdwan estate, 

districts Hooglily and Burdwan. 

The operations of each detachment will be described separately. 

SURVEY OF THE SARAN DISTRICT. 
219. The traverse operations in  this district of the Patna division were 

Pevsoniiel. carried out by Nos. 4 and 5 Parties, as  in 
Mr. A. W. Smart Extra Assistant Superin- the preceding year, and will be found detailed tendent, 6th grade. 
Mr. C. S. Gasper, Sub-Assistant Superin- in the report of those ~ar t i e s .  

tendent, 2nd grade. 220. The cadastral operations were started 
z head inspectors. 

20 inspectors. by this party in the year under report. The 
I O ~  imoorted nmins .  establishtnent for the sarne was transferred 
99 local omi~ts .  from Orissa, and it commenced field work on 

the 8th November 1893, and returned to recess quarters on the 28th May ldgq. 
22 I .  The following statement gives the areas surveyed and of which the 

records have been written in the several pnvganas :- 

PAUGANAS. 

Kalyanpur Kuwari . . 
Sipah , a 

Pachlakh . 

* 

1,036 
' 84  
40 

CADASTRAL S U R V E Y .  
~h I N C H F S  = I MILE. 

RECORD-WRITING 
( K H A N A P U R I ) .  

623,155 
143,089 
44,473 

-- 

431'4 
95'0 
22'6 

1,006 
184 
39 

590,763 
143.089 
42,720 

41 1.3 
95'0 
20.7 
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222.  The bulk of the villaqes surveyed belong to the Maharaja of Hatwa, 
who had decided that i t  was undesirable to test the non-professional survey of 
1875 to ascertain if another survey was necessary and had preferred the prepa. 
ration of new maps. 

2 2 3  The  average size of the field, calculated on the entire area surveyed 
and of which the records were \witten, is onlv 0.43 of an acre. 

224. The area surveyed, which was mapped on 1020 sheets, was tested by 
1,096 linear miles of check survey run by the European officers and by r ,405 
linear miles by native inspectors, the total being 2,501 linear miles, which gives 
an average of 4-56 linear miles of test work to each square mile of survey. 
The  number of entries tested by the European officers in the records of the fields 
was I ,161 and by inspectors 140,414, or a total 01 142,025, which gives an 
average of 18 per cent. of the whole number of entries written. In addition to 
the above figures there were a number of entries checked by the Assistant Set- 
tlement Officers. 

225. The 16-inch scale was used throughout, but it was invariably neces- 
sary to enlarge the village sites to the 64-lnch scale on the margins of the field 
plans to admlt of the numbering; and the areas of the minute plots contained 
within the village site have, in the majority of cases, been worked out to the 
third place of decimals of an acre. 

226. The demarcation was renewed before detail survey by the inhabitants. 
It  was found to be very good, and detective only where the boundary was under 
dispute. There were in all 192 boundary disputes, of which 190 have been 
settled. The greater number of disputes occurred amongst the Hatwa Raj 
villages inter se and were of a trivial character, generally regarding narrow 
strips of waste lands used as pathways. All such disputes were disposed 
of by the manager of the Raj by an arrangement made with the Settlement 
Officer. 

227. All the records were completed with the exception of the milan khasras 
and crop statements, the preparation of which was stopped pending receipt of 
revised forms. The records of go villages containing 45,296 fields with an area 
of 29 square miles were made over to the Assistant Settlement Officer during 
the field season at  his special request. 

228. The Manager of the Hatwa Raj asked that he might be supplied, 
on payment, with the traces and copies of khewats, kha:vas and dispute lists of 
all villages of the Raj. This work was taken in hand by a large extra establish- 
ment during June. These copies are all stamped " uncertified, " and are not 
signed by the Camp Officer, in accordance with the orders received, but this 
system of ,giving copies is to be deprecated. 

229. The local amins employed, although they had been previously trained, 
were very slow a t  the commence~nent of operations, but improved greatly before 
the close of the field season. The girdawars of the Hatwa Raj were also a 
source of considerable trouble during the first two months of the season by send- 
ing i n  frivolous complaints, The attitude of the inhabitants for the first two 
months of the field season was one of passive obstruction, which was more or 
less due to the action of the Raj givdaulars. When, however, the power of 
these giydalvars was curtailed, the change in the attitude of the vayats was very 
marked and the attendaqce afforded both at  the time of survey and khanapuri 
was excellent. In Saran, as  in Champaran, the bivtdars were very slack in 
their and the majority of process notices issued was against this 
class, 

230. During the field season the health of the establishment was parti- 
cularly good, but during the recess season there were several cases of fever and 
dysentery and two men died of cholera. 

?31. The expenditure d u r i ~ ~ g  the season in this district was F165,2oo, 
of whlch 838,602 are debitable to detail survey, including completion of maps, 
areas, traces and instruction, and the bplance, R ~ 6 , 5 3 8 ,  to khanapuri and 
completion of records, the resulting cost-rates being, for detail survey, R70.4 
per square mile, and for k h a n a ~ u r i  R49.8 per square mile. 

23f. No labour was supplied free in this district. The three coolies supplied 
per amln were paid 14 annas each per diem and the total actual expenditure on 
coolie bills has been R6,6g4. This amount is included in the expenditure for 
detail survey, but it represents in itself a rate of R I 2-1  per square niile. 
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233. Of the anzins employed 108 were imported and gg locally trained. 
At the commencement of the season the following were the average daily out- 
turns obtained from foreign and local nmins :- 

Foreign amins,  19 acres of survey, or 49 numbers of khanupuri a day. 
Local do. 5 ditto 36 ditto. 

Towards the close of the field season the averages obtained were as  
follows :- 

Foreign amins, 40 acres of survey, or 66 numbers of khanapuri a day. 
Local do. 20 ditto 58 ditto. 

This is a very marked improvement in the local amins, and Mr. A. W. 
Smart and his assistants deserve considerable credit for their perseverance and 
patience in completing the training of the local men. 

234. It was impossible for only two Assistant Settlement Officers to pass 
final orders on all the disputes entered in the dispute lists. However, all dis- 
puted entries, of which there were comparatively few a s  there are no patti- 
dari tenures, have had preliminary orders recorded against them by the inspec- 
tors and the records have been written up in accordance therewith. As 
the dispute lists form part ol the file of records supplied for final attestation, 
the attesting officer can either confirm the inspector's decisions or alter the 
records in accordance with his final decision. 

235. The total area of the Saran district is 2,622 square miles, and thus 
2,073 square miles remain to be surveyed. The cadastral work, however, is to 
be suspended until the survey of the Champaran district is completed. 

236. The Saran cadastral section was inspected by the Director, Bengal 
Surveys, on the 2nd to 5th March in the field, and on the 16th and I 7th July 
in recess quarters. 

SURVEY O F  T H E  CHAMPARAN DISTRICT. 
237. The traverse survey which had been commenced in 1891-92 was 

Personnel. continued in the 
Lieutenant C. W. H. Symons, Assistant Superintendent, 2nd grade. Champaran district. 
Mr. R. B. Smart, Extra ,I 4th ,, 238. The a r e a  
Mr. G. Campbell, B, en B, 6th ,, 
Mr. G. G .  Vander Beek, @ ,, 6th ,, operated in consisted 
Mr. J. P. Barker, s ~ L -  I S  1st ,, of the remainder of 
Mr. A. B. Smart, , 2nd the southern portion 

1st July 1894. 
Mr. C. G.  S. Wood, ,, , 2nd grade up to of the district, and 

~ 1 s t  March 1894. the greater portion of 
a8 surveyors and sub-surveyors. 
a head inspectors. the area to the north, 
20 inspectors for the most part 
79 imporled nminr. 
127 local amins. over the estates of 

the Maharani of 
Bettiah, which had been left untouched by the operations of previous years. N o  
dicira lands were traversed, as no part of them were to be surveytd in detail 
during the current season: the traverse survey of such land has to be postponed 
to the season of cadastral survey, because they are subject to fluvial action. 

239. The traverse section commenced field work on the 15th October 
I 893, and retired to recess quarters on the I 5th April 1894. 

240. The following statement gives the details of the traverse survey done 
during the season :- 

DISTRICT. 

Champaran 

- 

a41. The area traversed was divided into eight main circuits which fol- 
lowed the pavgana or tappa boundaries. Thi: total amount of new chaining 
was 5,937 linear miles. 

Number of 
villageand 

hay':i~ir- 

1,554 

traverses. 

2,627 

~ ~ ~ ~ ~ ~ e o f  Areain  
stations. 'quare 

35,766 1,320 C 
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242. The angular work was checked by observations for azimuth a 
stations on the main and sub-circuits, a t  an  average of 30 stations apart, The 
n ~ e a n  variation of the magnetic needle, calculated on the results of the 
azimuths observed, is 2' 24' 36" East of the true north. 

The linear measurements were checked by connections with eight stations 
of the Great Trigonometrical Survey. The error of the chaining in comparison 
with the direct trigonometrical distances is 8'0 feet per mile. This average is 
obtained frorn the computations of six direct distances. 

243. Of the 27, I 2 0  new traverse stations, 25.945 have been permanently 
marked. Of these, 2,515 were a t  tri-junction polnts, a t  which 692 stones and 
1,8z3 of the large cylinders were embedded, the baldnce of 23,430 stations 
being marked by small cylinders. In addition to the above, I ,  175 stations on 
disputed lines were temporarily marked by pegs which will be replaced by the 
cadastral surveyor with tri-junction stones or cylinders when the disputes have 
been decided. 

As the  villages are of large size, it was decided that those of over 3 squaie 
miles in area should be divided for the purposes of the record, either by hamlets 
or by separate jamabondis where these comprise compact blocks, or by natural 
features. 

244. In addition to the above out-turn it was found necessary to supple- 
ment the sub-traverses in the previous season's work by running 352 extra sub- 
traverses. The number of new stations, all of which have been marked by 
cylinders, is 1,564, and the linear miles of new chaining 435. 

245. T h e  preliminary demarcation, which was done by the inhabitants 
entirely, was found to be very good, and thus the line clearing squads were 
enabled to keep ahead of the sub-surveyors. 

246. All the masonry pillars of the Nepal frontier were connected with, 
either by offsets or by triangulation. In addition to this, the traverse data of the 
Nepal boundary frontier survey, and the maps of the same, have been obtained, 
and as the boundary pillars will be shown on the traverse plots, there is no 
danger of any encroachments into Nepal territory. 

247. The total expenditure on the traverse survey during the season, was 
850,498, the resulting cost-rate being R 38.3 per square mile. The rate is 
considerably higher than that of last year. but it includes the cost of com- 
pletion of arrears of the previous season which were very heavy, and as little 
or no arrears remain of the present season's work, the future cost-rate will 
compare favourably with that of previous seasons. 

248. The area to be traversed next season in district Champaran is 248 
square niiles, which is all that remains excluding the dzdra or riverain portions 
which will not be traversed till 1895-96, as the detail survey thereof will not be 
undertaken until that season, and it is essential that the detail survey should 
follow the traverse imnlediately in dirfra tracts, a s  the traverse marks are liable 
to be washed away. The area traversed in advance of the detail survey is now 
I ,8 js square miles. 

249. The traverse section was inspected by the Director, Bengal Surveys, 
in the fithld in February, and in recess in the beginning of August 1894. 

250. The Cudastral Survey.-The section for the cadastral operations corn- 
menced field work on the 23rd October 1893, and returned to recess quarters 
on 30th April 1894. A small field establishment of one inspector and seven 
amtns w7as out t i l l  the end of May in a small area which had been selected in 
order to give a trlai to the late orders of Government regarding the preparation 
of preliminary rent-rolls by inspectors, and the writing up of the records in ac- 
cordance therewith. 

25' The are:, cadastrally surveyed this season is low-lying and inter- 
sected by t \ ~ o  streams, the Dhanauti and Makwa, neither of which can be crossed 
except \\here bridged. It is immediately to the south of the area cadastral- 
l y  surlcyed last season, and falls approximately within the parallels of 26' 29' 
and 263 50' north latitude, and the meridians of 84" 35' and 85' 05' east 
longitllde. I t  consists for the most part of the estates of the Maharani of 
Bettiah. 

252. Of the 304 villages of the current season's programme of which the 
record.; were written, 263 belong to the Bettiah Raj, which has also a share in 
18 more, the remaining 23 only being zantinddri. 
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254. The  325 villages surveyed during the season were mapped on 779 
sheets, but on account of their large size, the 354 villages of which the records 
mere written were divided into 579 portions, the  records of each being written 
separately. 

255. T h e  average size of the field, calculated on the  entire area of which 
the records were written, is 0'71 of an acre. 

156. T h e  area surveyed was checked by 587 linear miles of test survey run 
by European officers and 1,087 linear miles by inspectors, which gives a total 
of 1,694 linear niiles, or an average of 3-28 linear miles of check work to each 
square mile of survey. T h e  number of entries in t he  field records tested by the 
European officers was 3,467 and by inspectors 90,638, or a total of 94,105, 
which gives an average of 18 per cent. on the total number of plots of which 
the records were written. These figures do not include the  checking done by 
Assistant Settlement Officers. 

The  16-inch scale was utilised throughout, except for the village sites. 
At the commencement of  the  season an attempt was made to survey the 
village sites also on the 16-inch scale, but it had to  be abandoned, as  it 
was impossible t o  show the houses distinct from their court-yards ; therefore all 
village sites are mapped on the margins of the field plans on the 32 or 64-inch 
scale. 

257. T h e  demarcation which had been renewed entirely by the inhabitants 
was very good. No difficulty was found in following the boundaries except in 
the didra  area in which there were several large disputes. There were altoge- 
ther 72 boundary disputes, all of which were settled by the  Settlement Depart- 
ment, but one of these decisions had to be returned, a s  the Assistant Settlement 
Officer who settled the dispute in question directed that the old revenue 
survey boundary as  shown approximately on the trace, and which cuts through 
existing fields, should be the boundary, which makes khanapuri  according 
to possession impossible. A similar case to this occurred in Gaya and has been 
pointed out to the Director of Land Records. 

258. The  copies of the Collectorate registers supplied by the Settlement 
Department were partly in English and partly in vernacular, and the registers of 
49 villages were not supplied a t  all ; therefore as  regards these 49  villages, the 
khewais were written up from information obtained on the ground. 

259. All the records, including the traces, with the exception of the malan 
Rhnsra and crop statement, the preparation of which was stopped pending re- 
ceipt of revised forms were completed. T h e  nzilnn khasvas of 168 villages and 
rrop statements of 185 villages remain for completion, which the Settlenient 
Officer has undertaken. 

260. T h e  Manager of the Bettiah estates having asked for traces of  all 
villages of the Raj, except those let out on mukarrarl' lease, these are under 
  reparation by a separate establishment, all charges being met by the Raj ,  who 
will be charged according to the rates which may be decided on. 

261. The  following Indigo Concerns fell within the area surveyed, uiz., 
Tarkaulia, Motihari, Lalsaria, Pipra and Bara. T h e  managers of all factories 
and out-factories assisted in obtaining the attendance of raynts, and Mr. R.  B. 
Smart reports that he obtained valuable aid from the Managers of the Motihari 

and pipra Concerns in obtaining copies of the juntobandis for the preparation 
of preliminary rent-rolls. 

253, T h e  area surveyed and  of which the records were written during the 
season, are given in the following tabular statement :- 

CADASTRAL SURVEY. 
I ~ - I N C H E S  = I M I L E .  

R E C O R D - W R I T I N G  
( K H A N A P U R I ) .  

N u s b e r  

villages. 

354 

DISTRICT. 

villages fields. 

474,679 Champaran . 

Number 
of 

fields. 

5401338 

miles. 

517 325 

Area in 
square 
miles. 

599 
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a62. T h e  greatest difficulty experienced throughout the season was in retain- 
ing the  amins. Another cause of  delay was the  interference of the gardawar~,  
or agents  of t he  Bettiah Raj and indigo concerns. These men did not under- 
stand the  survey procedure, and were constantly trumping up unnecessary reports. 
T h  r a y a h  exhibited indifference to  the  survey. 

e 263. T h e  total expenditure during the  season on these operations was 
a 7  ,494, of which 838 ,767  are debitable to  detail survey, which includes com- 
pletion of maps, areas, traces, and instruction, and R32,727 to khanapuri  and 
completion of records ; the resulting cost-rates being for detail survey 874-9  
per square mile and for khanapur i  854 .6  per square mile. 

264. In only five villages were coolies supplied free. In t h e  remainder of 
t h e  area three coolies per amin were obtained, while the amin was employed on 
survey only. These  coolies were paid a t  the  rate  of I &  annas each,  except a t  
the  commencement of the  season, when the  rate paid was 2 annas per coolie, 
T h e  total expenditure on cooly payments was 86,358-13-9. This  amount has 
been included under the head of detail survey, but without adding to  this amount 
any  charge for the  general section, it represents in itself a cost-rate cf Rra-4-10 
per square mile. 

265. At the commencement o f  the season the following was the  daily average 
out-turn obtained from foreign and local amins :- 

Foreign ~ w i n s ,  16  acres of survey, or 29 numbers of khanapuriper day. 
Local do. 7 ditto ' 7  ditto. 

Towards the close of the season, when the establishment had gained more 
experience, the averages were a s  follows :- 

Foreign amins, 21  acres of survey, or 38 numbers of khanapuri per day. 
Local do. 20 ditto 45 ditto. 

T h e  great improvement in the  local amins is very marked, and Mr, R, B, 
Smart deserves considerable credit for the  same. 

266. T h e  total area of the Champaran district is approximately 3,575 
square miles, of which 933  square miles have now been surveyed in detail, 
An area of 1,200 square miles is to be undertaken in the ensuing season. 

267. T h e  survey of Bettiah town, which was commenced during the field 
season of  1892-93, on the 64-inch= I mile scale, accompanied by a register of  
occupancy area, etc. ,  has now heen completed, and comprises an area of 374.71 
acres. T h e  total cost of 8732-0-4 has been met by the Raj. 

268. During the season it was discovered that several entire villages and 
portions of others were included within the Motihari municipal boundaries. T h e  
Settlement Officer directed that the khanapz~ri  of these villages should not be 
undertaken until the correct limits of the Municipality had been defined on the 
survey maps. This  is being done, and the khantrpuri will be done according to 
the orders of the Settlement Officer. Lieutenant Crichton reports " the  map 
prepared by the l'vlunicipality was compared with the portions lately surveyed 
and found to be most inaccurate, but doubtless the Municipal Commissioners 
are aware of this." 

169. This  cadastral section was inspected by the Director, Sengal Surveys 
on 27th October 1893, on 20th February, and on 14th to  I 7th July 1894. 

SURVEY O F  T E E  T I K A R I  ESTATES, 

270. T h e  cadastral survey and settlement of  the Tikari (Ward's) estates, 
Personnel. district Gaya, was ordered in No, 1024 

M r .  G. T. Hall. Extra Assistant Superin- from the Bengal Government, dated 1st 
tendent, 6th grade. March I 89%7. T h e  traverse operations were 

,, N. Bedford, Sub-Assistant Superintend- 
ent. 1st  grade. carried out by a detachment from Nos. 4 and 

3 head inspectors. 5 Parties and will be found described in the 
18 inspectors. 
96 imported amins. 

work of those parties. 
64 local amins. 

271. T h e  section employed on cadastral survey was transferred from the 
Chittagong district. Field work was commenced on the I 5th October 1893, and 
closed on the I 5th May 1894. 
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272. T h e  area surveyed is scattered over the Gaya district. Two large 
blocks are situated-one to the north of Gaya city, and the other to  the east 
and south-east thereof. T h e  remainder of the area is in small detached por- 
tions, a s  a reference t o  the index map will show. 

273. T h e  original intention was t o  complete the cadastral survey of all the  
villages of the  Tikari Ward's estate according to  a list si~pplied by the manager 
during the season, and the estimates submitted were based on an area of 558 
square miles a s  shown therein. 

T h e  following statement, which gives the number of villages and areas 
completed during the season, will show that the reported area of the estate has 
already been surpassed :- 

Area in 
square miles. 

Sir and thika villages . 543 408 
Muknv~ari  do. , 224 1 47 
Irrigation area do. . 4 7 - 63 - 

TOTALS . 814 618 - - 
In addition to this, it is ltnown that there are still for survey 50 sir and 

thikn (contract) villages covering 2 8  square miles, and 50 villages with an  area 
6 4  square miles in the irrigation area ; also 22  villages, 7 square miles under 

mukarrari lease (held a t  a fixed and permdnent rental). Adding these figures 
t o  the completed area will give 936 villages and 7 1  I square miles a s  the extent 
of the Tiltari possessions in Gaya. T h e  areas remaining may be even greater 
than is anticipated, but, in any case, t he  number of villages has increased by 
286 and the area by 161 square miles. This excess of 161 square miles cannot 
be partly accounted for by the 147 square rniles of nzukarrari area, a s  the 
Manager distinctly says, in his note of 6th April 1894, that the 352,146 acres 
contains nzttkarrari and all villages. Possibly the Manager did not include 
villages in which the estate is cnly part proprietor, and which under recent 
orders will be omitted from the  survey, provided the estate 's interest is less 
than 8 annas. It, may be mentioned that on the discovery of any village the  
name of which did not appear in the map nor in the list received from the 
Manager, a reference wlas always made before the survey was talcen in hand. 

274. T h e  demarcation was most indifferent. T h e  attention of t he  Circle 
officers was called to the very unsatisfactory state of the demarcation, but with 
little or no result. 

275. There were altogether 235 boundary disputes, of which only 75 have 
been settled up to date. In order to complete the records of the villages in 
which the balance of 160 undecided boundary disputes still exist, the  disputed 
portions have been mapped in blue and the R/za?znpuri written up according 
t o  possession, all field numbers undcr dispute being entered in the dispute 
lists. 

276. A peculiar feature in this work is the mapping of kharms (diminutive 
lrrigation channels), which are all shown at the request of the  Collector. There 
was no difficulty about the survey of these kkarras a s  they run along field 
boundaries, but it was impossible to  show them to  scale, so  they have been 
s h o ~ n  by a dotted line running parallel and close to  the field boundary, These  
kharras &re generally of  a tenlporary character, and are simply dug when neces- 
sary, They would not in the ordinary course be sliown, but are apparently 
required in Gaya on account o f  the importance attached to  irrig;tion rights. 

277. The  attitude of the inhabitants was generally favourable to the  sllrvey. 
In a few cases the anli?z was obstructed, but enquiries proved that ignorance of 
the survey procedure was invariably the cause. A great number of the traverse 
stations that were not on the actual boundary had honfever been moved, un- 
doubtedly under the impression that possession would be affected. Several 
attempts were made to ascertain wlio were the  guilty parties, but without avail. 

278. Fever was very prevalent during November and December, and in 
April cholera broke out in the district, but only one death occurred in the estab- 
lishment from this cause. Influenza, eczema and ulcers were I7ery prevalent 
and incapacitated some men for work a t  various times. 

H 
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"9. At the commencement of the season the daily average out-turns per 
nmin mere a s  follows :- 

Foreign anzks, 13 acres of survey, or 28 nu~r~bers of Rhanapuri. 
Local do. 7 ditto 27 ditto. 

By the close of the season the following averages had been reached :- 
Foreign nmins, 17 acres of survey, or 30 numbers  of khanapurr: 
Local do. 1 2  ditto 34 ditto. 

280. The difficulties met with in the survey of the Tikari Ward's estate 
have been numerous and exceptionally heavy. 

281. The  particulars of the cadastral survey and record-writing in the sir 
and thrka villages completed during the season are shown in the following 
statement :- 

I CADASTRAL S U R V F Y ,  I RECORD-WRITING. 
1 6  I N C H E S  = I M I L E .  ( I ~ H A N A P U R I . )  

DISTRICT. Area in Area in Number of Number of square Number ol Number of 
villages,. fieIbs. n , l e s  i a e  fields. 1 miles. 

-- 

Gaya . 
- --- - - - -  - -  - - - - 

232. The  average size of the field, calculated on the area of which the 
records were written, excluding jungle and hills, is 0.65 of an acre. 

283. T h e  detail survey is mapped on 684 sheets and was checked by 1,291 

linear miles of test lines run by the European officers and by 1,253 linear miles 
run by inspectors, the total being 2,544 linear miles, which gives an incidence 
of 6.23 linear miles of check work to each square mile of survey. This is a 
very heavy proportion of testing, but as the agency employed was not up to the 
usual standard, it was thought advisable to increase the check surveys. The 
work has all proved well. 

The  number of khasra entries tested by the European officers is 7,751 
and by native inspectors 74,528, or a total of 82,279, which gives an average 
of 2 0  per cent. on the whole number of entries. No figures are forthcoming for 
the checking done by Assistant Settlement Officers. 

284. Of the 513 village4 surveyed in t h i s  work, the sites of 299 have either 
been surveyed on the 32-inch scale, or enlarged to that scale on the margin, In 
four cases the village sites were enl.~rged to the 64-inch scale as  the plots were 
very minute. The Collector tl~inlts it ~mportant that each man's dwelling site 
shorlld be entered in the village papers. Me says the householder highly values 
the site, and that there are more disputes among the rayats on the estate about 
the sites than as regards the cultivation. 

285. Only 4 square miles of h~lls  have so far been surveyed on the 16-inch 
scale;  and as  i t  was proving costly, no more will be done. The word " hills " 

in future, appear in spaces where such occur, which will answer all require- 
ments. 

286. The total expenditure on the 16-inch survey has been R53,gr I ,  of 
which 833,688 are debitable to cadastral survey, including completion of 
maps, areas and traces, and the balance R20,223 to k/zunnpu~i and comple- 
tion of recc~rds, etc., the resulting cost-rates being, cadastral survey, etc., 885 '7  
per sqliare mile, and Rlln~znpurz', etc., 860.9 per square mile. 

The cooly payments on this work amounted to R g , g j ~ - 4 - 6 .  This sum has 
been included under the head of cadastral survey, but in itself, without any 
shares of general section, it gives an incidence of 8 14.9 per square mile. 

Revision o f  fhe 32-inch ntnps of the villages ittcluded i?r the 
/vviiqntion survey of 1875-76. 

287. This work consisted in bringing up to date the maps of such 
villages of the Tikari Ward's estate as had been surveyed in 1875-76 011 the 3a- 
inch scale by the Sone Canal Irrigation Survey and in revising the khatzapuri of 
the same. 
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In the old maps, the "field " was the unit of  survey, each field being numbered 
in English, but in addition all the sub-divisions (kiltas) in afield were mapped, each 
being given a letter of  the alphabet. T h e  village sites also were only surveyed 
in blocks. The  revision survey therefore consisted of ( I )  altering on the map 
the boundaries of the  " fields," wl~ere the limits of the occupancy of the  culti- 
vator had altered since 1875-76, to accord with existing facts ; (2)  to  survey 
entirely anew all tracts of land shown on the old maps as  waste, but which had 
since been brought under cultivatior~ ; (3) to cut out all kzavis (boundaries of 
kiltas) on the old map which did not exist a t  the time of the present survey, and 
t o  survey and enter all such kzuris as had been since cons t r~~c ted  and were in 
existence a t  the time of present survey ; (4) to  survey all village sites on 
the 32-inch scale entirely afresh on the margin of the plan, shoaing each house 
and separating the houses from their homestead lands ; also ( 5 )  to survey all dis- 
tributary canals, roads and all other changes which had occurred since I 873-76: 

285. T h e  following statement gives the out-turn accomplished in the revl- 
sion work :- 

T h e  old numbers of fields have been crossed out in red, and the  new 
numbering, which is in Kaithi, has been entered in red. 

All kzttas have been shomn, but this is to be discontinued for the future ; 
they are not necessary for settlement purposes, and their survey increases the 
cost considerably. 

289. T h e  correction of the old area statements has proved so laborious, 
owing to the very many changes not only in field boundaries, but in large 
tracts of waste which have been brouqht under cultivation o w i ~ ~ g  to  the  
building of dams and irrigation distributaries, that it was found quite impossible 
to use the field area statements of the former survey. 

290. T h e  average size of the field calculated on the area of which the 
records were written is 0.96 of an acre. T h e  -average size of the Riftn is  
only 0.29 of an acre. 

291. The  survey is mapped on 183 sheets and was checked by the inspec- 
tors and other officers who measured to the corners of fields when inspecting the 
klzanapt6rz. An attempt was made to run test lines a s  elsewhere, but this had 
t o  be abandoned, as  the  old traverse stations could not be found in the majority 
of cases. 

Of the total number of 18,137 plots of which the records were written, the  
entries of 398 were checked by European officers and 2,529 by inspectors, or 
altogether 2,927, being 16 per cent. of the total number of entries. 

292. The  expenditure on this work has been, on surveying 8 2  955, and oil 
records R822, or a total of 83,777.  T h e  resulting cost-rates per square mile 
are, for detail survey and completion of cadastral maps €246'9, and for Xl~a~~npurr  
830.1. No expenditure in the revision area has been incurred as  ye1 on extrac- 
tion of areas, traces or completion of records. T h e  expenditure on coolies in 
this work has been 8 4 4 3 ,  which amount, although included in the total for detail 
survey, gives by itself a cos t~ ra t e  per square mile of 8 7 .  

-- 

PARGANA. 

Arwal 

Siris . 
TOTALS . 

Skel~toll sz~rvey of bourtdaries of "rkfukarrari " villages. 

293. This work consisted simply of the survey on the 16-inch scale o f  the 
boundaries of villages given out by the estate on mukavrari lease; the object 
being to arrive a t  the correct areas of each village. 

DETAIL S U R V E Y ,  3 2 - I N C H  S C A L E .  
R E C O R D . ~ R I T I N G .  

( ~ C H A N A P U R I . )  

Area in 
square 
miles. 

8'1 

19 2 

17.3 

Number 
of of 

villages. fields. fields. 
- .  

"1 I S  

8,590 

91547 
101,877 '[ 43'6 

181137 
- - - 

1 9'3 
--- 

47 i 1 0 1 J 8 7 7  %.- 
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18 
- 
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294. The  out-turn accomplished consists of 2 2 4  villages having an area of 
147'2 square miles. It is believed that  to complete all the mukarrari villages 
o l  the estate in Gaya, there still remain 2 2  villages covering 7 square miles, 
provided that the share of the estate in each is not less than 8 annas. The 
Manager has asked that 20 villages covering an area of r 7 square miles, which 
have already been surveyed in outline, may be surveyed in detail, including 
the record of rights, because he disputes the claims of the mukarraridars i n  
those villages. 

295. 'The expenditure on this work for survey and completion of maps has 
been R I ,589, which gives a cost-rate of R 10.1 per square mile. 

296. The establishments of this section were inspected by the Direc- 
tor, Bengal Surveys, on 24th and 25th October 1833 and the field work 
on I 2th and 15th January, and on 3rd February 1894; on the last occasion in 
company with Mr. D. J. Macpherson, the Collector of the district, who takes 
a deep interest in the work. The section was inspected in recess quarters at 
Dinapore on 16th July I 894. 

DISTRICTS TIPPERA AND NOAICHALI. 
297. This detachment, of the strength noted in the margin, resumed opera- 

Personnel. tions in the Roshnabad estate on the 1st Decem- 
Mr. J. McHatton, Extra Assist- ber 1893, the programme for the season being a s  fol- 

ant Superintendent, 5th grade. 10nls :- 
2 head inspectors. 

r J inspectors. 
(a) Cadastral survey of 265 square miles. 

6 imported amins. ( b )  Record-writing of 352 square miles. 
200 local amins. The survey of three villages of the Ganea- 

mandal estate, aggregating in area 1-16 &are miles, was-also included in &e 
season's programme at  the request of the Director of Land Records. 

298. The traverse survey (of the Chakla Roshnabad estate) was all com- 
pleted during the previous season, and the cadastral survey of 742 villages, 
having an area of 289 square miles, was liltewise then completed, but of this 
area the records of only 2 0 2  square miles had been written. 

The  operations have been prolonged over two seasons at  the special request 
of the Maharaja of Hill Tippera, who required time for needful vigilance against 
fraudulent claims. 

299. During the season under report the following has been the out-turn 
of survey and record-writing :- 

I I CADASTRIL S U I ~ Y B Y ,  HECORD-WRITING. 
16 I N C H E s = I  M I L E .  ( K H ~ N A P U R I . )  I 

DISTRICT. I Estate. Area in Area in 

I 

300. The number of fields in the Central Division was 3 7 ~ ~ 5 4 2  and in the 
Southern n69,007, or a total of  644,549 fields. The  average size of the vil- 
lage is 166 acres in the Central Division and 390 acres in the Northern, and the 
average size of the field calculated on the whole area is 0.34 acres. The sea- 
son's out-turn of cadastral survey is mapped on 1,036 sheets. The daily average 
3ut-turn of the men has been 1 5  acres of surveying. 

o n l .  The detail survey has been checked by ~ , o o o  linear miles of test 
lines which gives an average of nearly four linear miles of check work per each 

Tippera . . 
N o a k h a l i  . . 

Central Division . . 
Southern Division . . 

543 

209 

133'1 

127.9 

877 

209 

220'1 

127'9 
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mile of survey. Of this, 1'2 linear miles per square mile were done by 
European officers, or are  independent checks. At his inspection in April 1894, 
the Director, Bengal Surveys, looked through the results of the check surveys 
and satisfied himself that  the work was of good quality. 

302. The  record-writing has been done under the direction of three different 
Settlement Officers during this season. T h e  Survey Officer has also checked 
the kha12apuvi. T h e  number of kkasra entries which have been checked by the 
officers of  the Settlement and Survey Departments is 5g,1o1. No less than 
127,500 others have been checked by the native inspectors, which makes the 
total 186,601 or 29 per cent. of the total entries recorded. 

303. Only 21 boundary disputes were reported. Of these, five refer to the  
political boundary between British and Hill Tippera, and 16 are so-called 
boundary disputes between villagers. T h e  former have all been disposed of and 
of the  latter, nine have been disposed of and seven are still pending. 

304. T h e  obsolete revenue survey thak-map boundaries, which are unsuit- 
able for adoption a s  the limits of the map unit, have, however, been indicated 
in approximate position on the maps of the existing 9~iausas, with the result that  
no less than 62 per cent. of them show a divergence from the mausa boundaries 
of the present survey, which follow the separate rent-paying tracts registered 
a s  distinct mnuzas in the collectorate registers. 

305. T h e  expenditure on the above operations has been 1141,187 for survey 
and 836,077 for record-writing, which gives cost-rates per square mile of 8 I 5 I 
ior survey and R r o z  for records. 

306. The  survey and record-writing of the whole area comprising the 
Ros'nnabad estate has now been completed. I t  is found to comprise an area of 
357,854 acres or 559.15 square miles. 

307. T h e  survey of the  Gangamandal estate  was also undertaken. It  
consists of three villages, two of which are grouped together and are situated 
about eleven miles to  the north of Comilla, the distance from the northern-most 
extremity of the Roshnabad estate being about five miles; the third lies about 
nine miles to the north-east of the other two and about three miles to t he  
west of the village of Moenpur of the northern division of the  Roshnabad 
estate. 

308. All three villages, Rampur, Pachara, and Ranigach, were traversed ; 
they cover an  area of 741 acres, or 1-16 square miles. T h e  angular observa- 
tions numbered 38, and the boundary survey consisted of 8 linear miles. In 
addition to this 4 linear miles of traverse lines were run and 16 angles observed on 
the polygons framed to  connect these detached surveys with the main traverses 
Nos. 2 and 3 of the Roshnabad estate. All the traverse stations were marked 
with glazed pottery cylinders. 

309. The  cadastral survey and record-writing was completed in Rarnpur 
and Pachara, but in Kanigach it was suspended by an order of the Collector 
(letter No. 27ggG., dated 28th March 1894) to Mr. MacHattonls  address. 
'l'his order was cancelled in letter No. 1372G., dated 15th August 1894, but a s  
the country was under water, the work could not. be again undertaken. T h e  
area of  the two villages cadastrally surveyed is 572 acres, in which there are 
2,071 fields. These are mapped on three sheets. 

310. T h e  cost of cadastral survey and records has been 8 1 0 7  and 8 8 0  
respectively. 'l'he resulting rates arz R I 20.2 and 890.7 per square mile. 

31 I .  T h e  survey of the town of Comilla was commenced in December 1893. 
T h e  area comprised within municipal limits is 2,384 acres ; of this, the  bazar and 
native quarter cover 352 acres, the civil station occupies I ,  140 acres, and there 
are 892 acres of suburbs. T h e  scale of survey has varied in all these tracts to 
suit the details required to  be mapped. T h e  native quarter was done on the 
64-inch scalc, the civil station on the 32-inch, and the suburbs on the 16-inch 
scale. The  survey is mapped on 2 7  sheets. 

T h e  number of plots is 8,682. T h e  record of rights was prepared under the 
immediate supervision of the Settlement Officer. 

3 1  a. T h e  weather during the season was remarkably favo~irable for field 
work, there being no rain from December 1893 to April 1894. Cholera prevail- 
ed during December, January, February, and March, but there were only two 
deaths during the field season. T h e  coolies coming from Hazaribagh, however, 
contracted cholera on the road, and I 5 deaths occurred before work began. 
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313. The detac'iinent that has been employed on these operations will be 
transferred to the Darjceling district to undertake the survey of the Tarai jotes. 

314. The Director, Bengal Surveys, inspected Mr. MacHatton's field and 
office work early in April, and was met by the Collector and Mr MacMinn, the 
manager of the estate, and in tt.e inspection notes for that month he wrote : "iMr, 
MacHatton has satisfied me that he has made successful efforts to carry out 
the survey in the best possible manner." 

315. The whole area of this estate, which contains 386 villages, was said 

Psrso~znel. to be about 273,635 acres, 
of which 70,400 acres were 

Mr. I,. F. Berkeley, Sub.Assistant Superintendent, 1st grade. 
,, P. K. Vaughan, ,, , 3rd ,, supposed to be cultivated, 

I head inspector. and thus requiring survey ; 
7 inspectors. 

68 local amins. but this estimate has proved 
to  be much below the actual. 

for during the year under report 83,622 acres, of which 64,640 are under culti: 
vation, have been surveyed, and, judging by the area traversed in advance, there 
would appear to be a s  much more for cadastral survey. Mr. Berkeley estimates 
it a t  154 square miles nlore, c0ntainc.d in I 76 mnuzas. 

316. The out-turn of traverse survey during the previous season comprised 
56 villages with an area of 37.7 square miles in tappns Pundogkote, 'Tallia, 
and Goawal. The traverse operations during this season have been continued in 
tappas Amhar, Baresand, Bari, Barkol, Chhechari, Durjag, Duthu, Goawal, Imli, 
Khamhi, Kote, Mankeri, Pundag, Seema, Sirhe, Tallia, Japla and Tappa, and 
cover an area of 280 square miles, comprising 342 villages. 

The number of stations in the area traversed is 10,475: a t  all of these stations 
specially marked stones were embedded. The linear miles of boundary 
traverses are 940, and of sub-traverses 844. Azimuth observatio~~s were taken at  
I 20 stations and ten stations of the Calcutta Longitudinal and of the Harilaong 
Meridional Series, G.T. Survey were connected with. 

3 17. The field season lasted from 1 s t  October I 893 till 2Ist June 1894. 
318. In making a traverse survey of scattered cultivation, it is impossible to 

always avoid the inclusion of waste and jungle, when they are much mixed with 
the cultivation. The areas of these blocks amount to 23-65 square miles. 

319.  The  cost of the season's traverse survey was 86,748, giving a rate of 
824.1  per square mile. 

320. The  traversing of the khnlsn (paying rent to Government) villages is 
now completed, but there remains on the estate I 74 more villages, with an area 
of 181 square miles in jungle and hilly tracts, the survey of which has not yet 
been decided on. 

321.  The Cadastral Sllrvey.-The district of Palamau is situated on the 
spurs of the Sirguja, Lohardaga and Hazaribagh plateaux, hence the 
country is hilly and broken by ravines, and the difficulties of carrying out 
a cadastral survey are greater than ordinary. The  most level and best 
cultivated tract in the season's operations is in tnppns Icote, lmli and the middle 
portion of tappa  Pundag in the valley of the Amanat, but even this tract is in 
parts cut up by water-courses. Tappas Sirhe, Goawal and Tallia in the valley 
of the Koel, in which operations were also in  progress, are not so \rlell cultivated 
but are more broltsn and covered with brush wood. Tappa Bari, the soutllern- 
most of the trippas i n  whic.11 cadastral work proceeded, lying in the valley of the 
Koel and Auranga, is intersected with a number of low hills rovered with Rhaiv 
and barnboo jungle. Although it is very wooded, undulating and raviny, culti- 
vation has greatly increased, and in it is situated nznusn Bari, one of the finest 
and largest of the kh/rlsn villages. 

322. Cadastral operations were commenced on I st November I 893. The  
field surveyors were locally trained. Out of the 78 men who were under instruc- 
tion last year, only 53 took the field, the rest having gone to their homes on 
various pleas ; in December 1893 and January 1894 the number was increased 
to 66, and reached the maximum of 74 men in March and April 1894. 

Mr. Berkeley characterises the Kols as  an indolent class of men, to  whose 
laziness a great deal of the slow progress of the work is due. A system of 







C A D A S T R A L  S U R V E Y S .  
55 

rewards for large out-turns was sanctioned, but these had no effect a s  induce- 

Palamau . . ) 210 1 g!ilOOo 1 110.7 

ments to  exertion. 
323. 'The follon.ing statement gives the details o f  the out-turn of cadastral 

survey and record-\vriting :- 

I -- 

324. Of the area surveyed, 23.6 square miles consist of niaste and 
jungle. In 1 4  of the surveyed villages in Tallia, Goawal, Sirhe and Pundag tappas, 
Government is only part proprietor, but in these instances the cultivatiorl of 
the khal,ya only has been surveyed and recorded in accordance with 
possession. In some cases it has been difficult to  locate and even t o  ascertain the 
extent of the khalsa lands, for the old maps are far rrom accurate;  but corn. 
parisons of the two surveys have been made a s  far  a s  possible, and the differ. 
ences noted for the information and orders of the Settlement Officer. 

325. The  area of the unsurveyed jagirdnri (revenue-free) portions of these 
14 muusas is 5.7 square miles. T h e  net area of cultivation in the 210 mazdzas 
cadastrally surveyed is 101.3 square miles, and the  average size of the field 
is 0.69 of an acre. 

326. The  check lines which were run to  test t he  accuracy of the survey 
amount to an average sf 3'37 linear miles in every square mile of survey. T h e  num. 
her of entries in the khasras which were tested averaged 3 3  per cent. of the whole. 

327. T h e  number of boundary disputes which are reported amount to 97. 
Mr. Berlieley disposed of ten of these under the otders of the Deputy Com- 
missioner, who delegatetl powers t o  him under certain sections of the Survey Act. 

328. When operations were first commenced, the  amount of fever and of 
skin diseases was abnormal, and cholera raged during the latter part of the 
sc ason, ~vhich retarded the ~vorli. T h e  field season closed on July 15th) but 
the klra~zap~rvi ir. three villages, which had to be postponed on account of cholera 
therein, was not colnpleted t ~ l l  September. 

329. T h e  expenditure in the cadastral section has been R I 2,117 for survey 
and 88,294 for records ; the cost-rates are 894 .1  and 873.7  per square mile 
respectively, or together 4 annas 2 pie per acre. This is a low rate for a small 
piece of work ou which the incidence of the supervision falls heavily of necessity. 
Had it been Icnown fro111 the  first that the area for citdastral survey was 
a s  large a s  it has since proved to be, more men \vould have been trained 
and the work done more qulcltly. When it became apparent that the area had 
evidently been under-estimated, efforts were made to  obtain o??zz'ns from 
Bihar, but none could be induced to go  to Palamau, which to  them is a 
terra itzcogtt ita. 

330. Mr. L. I?. Berkeley deserves praise for his conduct of this survey ; 
he was under the  orders of Mr. Bright, the Deputy Commissioner, whose keen 
interest in the morlc has done much towards getting it through so  far in face of 
many difficulties. 

331. T h e  Director, Bengnl Surveys, accompanied by Mr. Bright, inspected 
the survey party in the field on the 25th) 26th and 27th January 1894. 

-- 

DISTRICT. 

--- 

33% During the previous season the traverse survey of these estates had 
Pcvsonnrl. been nearly completed, the 

hlr. T. Shaw, Extra Assistant Superintendent, 6th grade. out-turn being 60'4 1 Square 
,, A.  B. Smart, Sub-Assistant Superintendent, 2nd grade, miles, inclusive of inter- 

I head inspector. 
I inspector. mixed lands, which form no 
16 Hindustani amins. part of the Government 
l a  nuharirs. estates. 

-- -- -- - 
CADASTRAL S U R V E Y ,  16 I N C I ~ E S = I  IIIILE, 

W I T H  R E C O R D - W R I T I N G .  

villages. miles. 

I -1 
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333. During the current season it has been found necessary to survey lands 
in r 7 v~llages with an area of 3.5 square miles. One sub-surveyor, starting work 
on zoth December, was found insufficient to complete the survey, and another 
had to be sent to his aid early in March, for the villages to be newly traversed 
were far apart and their whereabouts was not precisely Itnown, and the revi- 
sions of angular and chain measurements proved more numerous than was anti- 
cipated. The out-turn of new work contains 332 angular observations and 
39'56 linear miles of chaining. Two hundred and fifty permanent marks 
were embedded and the manager has promised to see that mounds of earth 
are piled over the theodolite marks for their better protection. 

334. The  cadastral survey o f  these estates was begun during the 
previous year, when the out-turn comprised 22 villages having an area of 13.15 
square miles. I t  was continued during the present season and eventually brought 
to a conclusion. 'I'here was no continuous European supervision as  the Head 
Inspector was considered capable of conducting the operations in the small area 
to be dealt with, but Mr. A. B. Smart, Sub-Assistant Superintendent, inspected 
and checked the work about once a month. The field surveyors consisted of 
Hindustani amins, r he mzrharrirs writing the records being Bengalis ; a few of 
the latter were eventually employed on measurement also. The Hindustanis 
were preferred in the  first instance for the sake of economy, as  they work 
so much faster than the Bengalis. The  establishment took the field about 
zoth December 1893. 

335. The following has been the out-turn of the season :- 

3.36. The whole of the vernacular records have been completed and de- 
spatched to the Collector of Bogra. 

337. The  average size of the field is 0'65 of an acre. The  check surveys of 
all kinds are 175 linear miles, which gives an average of over 4 linear miles of 
test per each square mile of survey. 

338. The total cost of the cadastral operations, including the record-writing, 
during the season has been 8 6 , 3 6 6 ;  the rate per square mile is R138.a. This 
does not include the cost of the traverse survey. 

339. The Jaipur Government estates, of which the survey has now been 
completed, are 8 in number, and contain lands in 15s  villages with an area of 55 
square miles. The  estates are not in one ring fence, but the out-lying portions 
are not more than two or three miles from the main block. 

340. A survey of these estates was made by the Settlement Department in 
1875, and for comparison purposes the boundaries have been transferred from 
these maps to the maps of the present survey. The results are not altogether 
satisfactory, for they point to either considerable changes or possibly inaccu- 
racies in the former survey. 

$41. The Director, Bengal Surveys, inspected the work in the field in the 
end of April 1894. 

SURVEY O F  T H E  R A J A P U R  D R A I N A G E  AREA,  DISTRICT H O O G H L Y .  

DISTRICT. 

p- 

Bogra . - 

341. The cadastral survey of the lands benefited by this drainage scheme 
Plr so t~ne l .  was continued during the year 

>Ir. T. Shaw, Extra Assistant Superintendent, 6th grade. 
under report a n d  brought 

p A. Peters, Extra Assistant Superintendent, 6th grade. to a C O ~ C ~ U S ~ O ~  by the estab- 
:: A .  B. Smart, Sub-Alsistant Superintendent, 2nd grade. lishment margin;llly noted. 
1 head incpector. 
I inspect1 r. The object of the survey 
1 4  Hi~iduztani anrinr. is to ascertain the extent, 

.- 

R~c.onc-wr<~ rlNG 
( I < H A N A P V R I . )  

CADASTRAL SURVEY, 
16 I N C H B S = I  M I L E .  

Area in 
square 
rn~les. 

55 

humber 
of 

fields. 

551347 

Area in 
square 
miles. 

-1- 

42 

Number 
of 

fields. 

41,347 

Number 
of 

villages. 

155 

Number 
of 

villages. 

133 
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nature and proprietors of the lands benefited by the drainage scheme, with a 
view t o  assesstT~ent in accordance with the enhanced value of these lands. 

34.3. AS in the case of the Jaipur Government estates in Bogra there was no 
continuous European supervision, the immediate conduct of the operations being 
entrusted to a Head Inspector, Munshi Girdhari Lall, but the European assistants 
paid periodical visits to test  the  work. 

344. T h e  work remained to be undertaken during the year was estimated 
at- 

Traverse survey of 13 villages . g square miles. 
Cadastral survey of 64 ,, . . 41 ditto. 
I</znnnpuri of 82 villages containing 50,000 fields. 

But, a s  will be seen from the returns later on, these figures were under-esti- 
mated owing t o  the difficulty of foretelling the actual areas benefited by the 
scheme. 

345. Traverse operations were begun early in January 1894, but much delay 
was caused because notices had not been served on the raynfs to attend and 
point out their bountlaries. 

During the previous season permaneat marlts were not placed a t  all the 
theodolite stations, the Drainage Deputy Collector objecting on the score 
of cost. In places, the new traverse survey had to emanate from and close on 
theodolite stations not permanently marked, and much time was lost in hunting 
up stations which could be utilised. Tlrus the small area of traverse was not 
finished till the 2uth April 1894. 

346. T h e  out-turn of  the season's traverse work has been- 
- - - -- - 

I I 1  I 
Number Number of Linear Area in 1 of 

1 traverse 1 m i  o 1 square 
villages. s~ations. chaining. miles. 

Hooghly 9'9 

347. The Cadastral Survey.-The out-turn of the previous season had been 
the cadastral survey of 92 villages, having an area of 43 square miles and the 
record-wriling of 51  villages with an area of 29 square miles. During the season 
under report the  whole of the area remaining for survey was completed. This  was 
situated generally to the north and  east of the tract previously dealt with, and is 
about I 2 t o  16 miles west of Howrah. T h e  work began early in January 1894, 
for the country being very low-lying was not fit for survey earlier;  i n  fact 
much of it was under water a t  the end of February. T h e  writing of the records 
was done by Bengalis under the immediate supervision of the Drainage Deputy 
Collector: this arrangement was arrived a t  a s  being the most economical and 
convenient. 

348. The out-turn of survey and khanapr~ri for the season is a s  follows :- - 
-- 

CADASTRAL S U R V E Y ,  I R e c o n n - W R I T I N G .  
16 I N C H E S = I  MILE.  ( I < ~ ~ A N A ~ ' u R I ) .  

- - 

Number Number 
of of 

villages. fields. 

Hooghly . 106 46,972 51.0 

349. Tlie unit of measurement was necessarily the kinri or cultivating 
division and not the " field," a s  cultivators will not attend a t  purely measurement 
uork \vhic.h they do not undcrstancl, and whicll does not appeal to their inlme- 
dlate interests. I t  is only when the record is being prepared atid pnrclrns (slips) 
distributed that they take any interest in the operations and point out the limits 
of their holdings. 
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350. The average length of the test of  the detail survey has been 3.6 linear 
miles to each square mile of survey. It is not known what tests were applied 
to the record-writing as  the Drainage Deputy Collector was wholly responsible 
for the cond ~ c t  of that operation. 

3 j I .  The  cost-rates per square mile of the season's operations have been, 
of survvy # I 33  and of record-writing 832. 

352. The Deputy Collector did everything in his power to bring the work 
to a successful conclusion and has reported most favourably of the Head In. 
spector, Girdhari Lal, with whom he worked most cordially. 

353. T h e  Director, Bengal Surveys, inspected the office of this detach- 
ment on 30th and ~ 1 s t  Pvlarch and the field work on 26th April 1894. 

SURVEY OF T H E  PATASPUR GOVERN MEN'^ ESTATES, DISTRICT MIDNAPUR. 

354. The  survey of this group of estates, which was notified under section 
I O I  (2) ( d )  of the Tenancy Act of 1885, in the Calcutla Gazette of 25th October 
1 892, was completed during the previous season ; but the record-writing was 
abandoned after  the khasras of 40 villages had been written, owing to the 
setting in of the rains, and these were made over to the Settlement Officer for 
completion under an arrangement with the Director of the Department of Land 
Records. During the season under report the completion of records and the 
compilation of statistics have been undertaken. 

355. The original 16-inch sheets, except of 1 7 villages of which the records 
had been already written, were made over to the Settlement Officer for the 
purposes of khnnapuri on the 13th December 1893 and were received back on 
the follorving dates :- 

Villages. 
14th February 1894 . . . 20 
26th March 1894 . 18 
25th April r 894 . 16 
zznd June 1894 . 2 - 

TOTAL . 56 

3 56. Since then areas have been extracted of all of the above, but milon 
khasras were not prepared of 59 villages, as  the Settlement Officer had need 
of the records for attestation and would not give time, nor could crop statements 
be prepared for any of the villages for the same reason. The records of 9 6  
villages have been despatched to the Settlement Officer, of which only 16 villages 
were sent after May 1894. 

357. The total area of the estates is found to be 54'6 square miles. 

SURVEY O F  THE CHAURASI  ESTATES, DISTRICT 24-PARGANAS. 

358. The  two estates of Chaurasi, said to have an aggregate area of 20,464 
acres, are situated in the sub-divisions of Barasat 

Perronnr l .  and Basirhat, of the district 24-Parganas. The one 
Mr. T' Extra situated in the former sub-division contains the bulk Superintendent, 6th grade. 
M r .  P. A. Peters, Extra Assist- of the area. The survey has been undertaken at  the 

6th grade. request o f  the proprietors. The notification under 
6 sub.surveyors and computers. the Survey Act did not appear in the Calcutta 

Gazette till the 97th June 1894, which may account for the opposition of the 
~ o m i n d d r s  at  the start, which is mentioned hereafter. 

359. It was desirable to get some area traversed in advance of the cadas- 
tra\ survey, which obviously could not be undertaken so late in the season ; 
consequently the traverse survey was begun in the Barasat sub-division. The 
lancls ~raversrd are in three blocks between the Dattapr~kur and Habra 
stations of t h e  Bengal Central Railway. One block of 10 villages is situated 
imrnediatt.ly north of the former station ; the other two blocks are south and 
east'of Habra station. 

360. Work was commenced on the 13th May by dividing the tracts to be 
surveyed into four small circuits and field-work was closed on the loth July 
1894, the out-turn of t h e  traverse survey, comprising 55 vill.lgcs, with an area 
of 31 square miles, in which were 191 linear miles of chaining. The total 
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number of stations observed a t  was 1,078 of which 200 are  a t  the tri-junction 
of villages, 650 on the  boundaries, and 228 in the interior. All theodolite 
stations were marked with pottery cylinders obtained from Messrs. Burn & Co., 
except 126 stations which were marked with pottery jars containing some 
charcoal. Azimuth observations were taken a t  8 stations. 

361. When the  survey first commenced the proprietors of adjoining estates 
removed the  permanent marks, and in one instance warned the surveyor that  
any further at tempt to mark stations, or to  carry on the survey, ~vould be 
resisted ; in another instance the  surveyor was attacked. But after the Sub- 
divisional Officer had been to  the spot and explained the objects of the survey 
there was no further obstruction. 

362. T h e  total cost up to  30th September 1894 has been 8 I ,296, giving a 
rate of 840'5 per square mile for the traverse survey. 

SURVEY OF T H E  BURDWAN ESTATES, DISTRICTS BURDWAN A N D  HOOGHLY. 
363. T h e  cadastral survey of certain nzahals of t he  Burdwan Raj  Ward's 

Personnel. 
estate were undertaken under Government orders. 
These  had been omitted from the previous survey 

Mr. A. B. S'nartySub-Assistant a s  the Burdwan estate authorities could not point 
Superintendent, and grade. 
I hezd inspector. them out :  they were again notified for survey on 
I inspector. 
a sub.surveyors. 

I 4th Feburary I 894. T h e  work was supervised i n  
8 amins. the field by a Head Inspector, Mr. A. B. Smart, 

visiting the  amz'ns occasionally, a s  was done in 
the Jaipur Government estate survey and a t  Kajapur. 

364. In February the  traverse survey was undertaken by sending two 
traverse surveyors to the Manager's office a t  Burdwan for guides t o  point out 
the  villages. T h e  mahais to be surveyed were found to  be much scattered : no 
two of them being contiguous. Two villages were close to  Kalna, north-east of 
Burdwan district, one close to the  loop line, Eas t  Indian Railway, in the same 
district, and another some miles east of Burdwan town. One village lay a few 
miles west of Tarkessar shrine in the  Hooghly district, and the remainder in the 
Jahanabad sub-division bordering on district Bankura. 

363. T h e  out turn of traverse work is a s  follows :- 
1 I I I 

I 1 Nun~ber ) Linear Area i.n 
of trqverse miles 01 square 

stations. chaining. miles. 
I 

-. -- . .- - 

366. 7 h e  Cadostrctl Stlrney.-On the  15th March 1894 one Bengali in -  
spector with eight Bengali antilts left  Calcutta for Burdwan to commence the 

survey. They were sent to the Manager in the first instance, so  that 
arrangements could be made for attendance of representatives of the  Raj.  
On  the 24th March the inspector reported having started work. 

367. During April four of the Bengali amiras absconded leaving only four 
a+lzitls a t  work. T h e  season being so  far advanced, no anti~s were immediately 

and it was only on the 1st of June that  five Hindustani aniirrs were 
sent from the  Rajapur drainage survey, which was nearing completion. A 
Hindustani head inspector also relieved the Bengali inspector. 

368. In one large village-Kaliyanpur-the Raj authorities mere unable to  
point out the estate lands, as  they were so mixed up with the  lands of other 
proprietors. T h e  village having only recently been resumed from patni lease 
was the reason adduced for this want ot knowledge; and the rayuts pleaded 
that although they knew the amount of rents they paid to  each of the  different 
proprietors, they could not specify the fields of each. T h e  tllakbnst map was 
procured, but it was found that w~thout  a measurement of the ashole of the fields 

I 2  
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in the village it would be difficult to locate the different interests shown on 
the thakbusi  map. 

369. The  Settlement O6cer  of the khns nznhals drew up rules for record- 
writing, and copies were supplied to the amzris for guidance. For reasons 
which could not be ascertained a number of raya t s  on this estate refused to 
take their porcha slips. '1 he Settlement Officer inspected khanapuri  during 
July, and wrote as  follows :-" The survey inspector having represented to mt: 
that  the rayat5 refuse to take p n r c l ~ a  slips, I tried to make it clear to them that 
the course they were following was likely to prove prejudicial to their own 
interests. I t  seems hopeless to bring the illiterate section of the r a y a t s  to a 
full appreciation of their rights and responsibilitit s." 

370. Although the work was continued till the end of July, after which 
the establishment could not be kept in the field, kha?zapuri nas  unfinished in 
three villages. This is due principally to the work having been begun so late 
in the season, to the absconding of the amins and to one village becoming inun- 
dated. 

371. Mr. A. B. Smart left Calcutta for inspection on the 26th April and 
returned on the 16th May, having seen the whole of the antIris except two a t  
work. 

372. The detail survey was ct~ecked by 23 lineal miles of test survey 
which gives an average of 2 linear miles for each square mile of survey. Some 
oft  he work still requires to be tested independently, which will be effected in the 
ensuing season. 

373. The out-turn of detail survey and record-writing has been as follows :- 
-- - -- - - - - - - - - - - - - - - - - - - - 

377. Lieutenant R. T. Crichton supervised the whole of the operations in 
the Champaran district and also the cadastral operations in the Saran and Gaya 

I CADASTRAL SURVEY,  
16 I N C H E S  = 1 M I L E .  

DISTRICT. 

Burdwan . 
Hooghly . : 

TOTALS . 

R E C O R D - W R I T I N G  
( K H A N A P U R I ) .  

374. The extraction of areas was started before the close of the survey 
year, but the completion of the papers has not yet been undertaken. This will  
be finished early next season, so that the Settlement 06cerLcan  start his work 
during the cold weather. 

375. The  expenditure has been R I ,474 and 8457 on the survey and  records 
respectively ; the corresponding cost-rates per square mile are R I 56 and 878. 

376. During the year the finishing of the maps and records of the +inch 
skeleton survey of the Burdivan Raj estates which has been In progress for 
some years past was completed. The patch work of many seasorls has now been 
combined and brought together in g main traverse circuits which art: connected 
with G .  T. Survey stations, and it is thus in true geographical position. The 
cost on this account from 1st October 1893 to completion of uork was 88 ,138 .  
This includes cost of preparing traces of the whole of the +inch maps for the 
Manager of the estates. These traces, vhich follow existing possession, are 
etained in the Survey Office for the present, as the Manager wishes the old 
revenue survey boundaries shown on the new maps. 

The work performed during the season comprises the drawing of 64 fair 
sheets on the scale of 4 inches to the mile, the tracing of these 64 maps, the 
extraction of the areas of villages and the contained interests, and the final 
adjustment, completion and examination of the traverse computations. 

Average 
size of field 

in acres. 

0.24 

030 

... 

I 
Number I Number , Aren i n  

of I square 
villages 1 Yuris. 1 miles. 

Aren in 
square 
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3'2 
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4 

17 
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districts and his duties have been exceptionally heavy. H e  has shown a true 
instinct for the work he has in hand and valuable results are  expected from 
his supervision of it, 

T h e  remainder of  the operations of these parties were controlled by Captain 
J. M. Fleming, who held charge, moreover, of the B e ~ g a l  Drawing Office and 
of the Director's OGce, while that  officer has been on tour. Colonel Sandeman 
reports that Captain Fleming has taken a keen interest in all the work, and 
that he is well satisfied with the results of his labours, which have been far 
from light." 

S H W E B O ,  YEU, AND KATHA D I S T R I C T S ,  

UPPER BURMA.  

No. 3 PARTY. 

378. T h e  programme for this party, a s  originally laid down, was a most 
Pevsonnel. varied one, and extended 

Mr. G.  B. Scott, Officiating Deputy Superintendent, 1st grade, i n  ~ ~ e r . p ~ r t i o n S  of six different 
charge. dlstrlcts. 

Mr. 1. Connor, Extra Assistant Superintendent. 4th grade. 
Mr. c. W. Wilson, Ditto . Ditto 6th grade. It consisted of- 
~ t .  0. D. Sniart, Sub-Assistant Superintendent, 1st grade. ( 1 )  T h e  cadastral sur- 
Mr. P. J. Serrao, Ditto 2nd grade. 

Ditto 2nd grade. vey of the coun. 
Mr. F. P. Walsh, 
Mr. W .  J. Baker. Ditto 2nd grade. try already tra- 
Mr. H.  B. Punell, Ditto 3rd grade. versed in Yeu 
Mr. 0. C. Ollenbach, Ditto 3rd grade. 
Mr. W. Newland, Ditto 3rd grade. district. 
30 sub-surveyors, computers, etc. (2) T h e  continuation 
13 inspectors (Indian). 

field surveyors (Indian). 
of the cadas- 

26 Ditto (Burman). tral survey in 
Shwebo district. 

(3) T h e  traverse and cadastral survey of about 300 square rniles in the  
Wuntho sub-division of Katha district. 

(4) T h e  traverse, and perhaps also, the cadastral, survey of a portion of  
t he  Lower Chindwin district. 

( 5 )  The traverse and field survey of s tate  lands in the Upper Chindwin 
district. 

(6) T h e  completion o f  the topographical survey on the a-inch scale of the 
coal tract in Shwebo. 

( 7 )  T h e  rep lac~ng of cylinders a t  traverse stations in Kyaukse, where the 
original ones had been lost or destroyed. 

(8) T h e  demarcation of certain blocks in the Katha  district in which 
gold mining grants had been applied for. 

379. Before field operations commenced, a change was made and the 
survey in the Lower Chindwin district was postponed, and orders were received 
to take up the completion of the surveys in the Meiktila and Yamethin districls 

* 1,ieutenant Crichton reports that Lieutenant Symonds has supervised the traverse section in Cham- 
paran satistac?orily, and deserves credit for having the work of his section up to date. Mr. R. B. Smart can 
be thoroughly relied upon to obtaln the maximum amount of work from his establishment. He deserves 
credit for the large area accomplished by his section. 

hjr. A. W. Smart is also high1 spolcen of. The  management of his section and his relations with the  
civil and other authorities leave notking to be desired. Mr. G. T. Hall has never had charge of a cadas- 
tral section before, but has proved himself worthy of the charge entrusted to him. Messrs. Vander Beek, 
Bedford and Gasper among the Assis~nnts, are also praised for their work. 

T h e  following names among the native establishment are brought to notice :-Head Inspectors, Lalji 
Mall and I<ursl\ed Ali ; Clerks, Raghubir Saran, Ori Lal and Banshidliar lshri Pershad ; Inspectors, etc., 

A\i, Ahmed Ali, Waris  Ali, Abdul Rauf, Riasat Husein, Wahidulhak, Manohar Lall, Lalji Sahai, 
Sakkamat Ali, Rnmjns Misr, Ramkinker Persliad, Head Inspector Abdul Rahim, Abid Hosein, Record- 
keeper, Loknath Persliad, Accountant. Head Ins ectors Chatarpal Singh and lnayat Ullah Khan, 
Accountant Moonee I<unny, Basit Ali and Hafiz ~ d c ! i n .  

O f  the establishment working in Bengal, Captain Fleming reports that Mr. J. MacHatLon deserves 
great praise for his constant attention to, and the care with which he does, his work. l i e  has been more 
successful than any Sur\.cy 0 fficrr in the Province in utilisnig local establishments and thus dispensing 
with the services o[ foreigners. Mr. L. F. Berkeley and his assistant, Mr. Vaughan, are also well 
reported on. 

The following nienibers of ~ l i c  rlntive establishment are favourably mentioned :- 
Girdhari I-al. Abil~ll Rlnjicl, and I<a~ian Rae, Head Inspectors ; Ramji Lal, Head-writer ; Mahadeo 

Ram, Shambu Nath. 13i\Iini-rrshad, liakhaldas Banerji, and Wahid Ali, compulers; Narain Pershad, 
Abdul I<arim, and tIatini Ali, sub-surveyors; Atdulla and Rohirn Box, inspectors. 
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instead. When the surveys by local agency were slopped in Meiktila and 
Yamethin, the Deputy Superintendent was asked lo employ as  many as possible 
nf the Burman field surveyors who were thus put out of employ. It was then too 
late to stop the nmins coming from India ; but as  plots were supplied by the 
local survey, two Burman inspectors and about 40 Burman field surveyors were 
employed in Meiktila. Field operations commenced in the various districts 
during December 1893, and closed, except in Icyaukse, in May 1894. 

Suvvey of /he Yeu disdrict. 
380. I n  this district advance traversing had been executed over 750 square 

miles, and plots were ready for the field surveyors. Judging from the existing 
lnaps, it was supposed that with tile exception of some narrow strips extending 
up valleys or among ravines, this would comprise the whole of the cultivable area 
of the district of which a survey was required ; but during the progress of the 
survey it was found that there was a fairly large tract of cultivation extending 
northwards, and some strips also to the westwards. As, however, these portions 
were all undemarcated and no traverse surveyors were available without inter- 
fering with other work, it was decided to leave these areas until the next field 
season. The  total cultivable area is now estimated to be about 1 , 1 0 0  square 
miles, of which 837 have been cadastrally surveyed during this and the previous 
year, leaving an area of about 2 5 0  square miles yet to be taken up. The 
bulk of the surveyed area is an open plain, entirely under rice cultivation during 
favourable years, but allowed to lie fallow when the rainfall is insufficient: the 
tields are as  a rule large, and the place is well populated. The survey was easy 
and was completed before April when the field establishment were transferred to 
other districts. The  detail survey completed during the season covered an area 
of 630 square miles, which was tested by 5 1  linear miles of check survey run 
by European assistants, and by 501 miles run by inspectors, besides 606 miles 
of independent pnrtal lines : the results were good throughout. 

381. The survey on the 16-inch scale was mapped on 762 sheets, which 
have been inked up, and of which tracings have been made for the Settlement 
Department, together with area statements. 

382. I t  was found thst, owing to the stringent orders on the subject issued 
by the Deputy Commissioner, Mr. R. C. Stevenson, the survey station marks 
had been most carefully preserved in Yeu, in marked contrast to other districts 
in Upper Burma. 

Survey of the Shwebo district. 
383. As no demarcation had been done in the still unsurveyed ~or t ions  of 

Shwebo, the survey only extended over a few square miles which had been 
traversed in advance. The  villages having been since demarcated, it is intended 
to complete the cadastral survey during tho ensuing season. 

Survry of the Katha district. 

384. As soon as  the state of the country permitted in December, a traverse 
camp was formed a t  Kawlin about the centre of the tract to be surveyed. It 
consisted of a flat irrigated basin dotted with numerous villages, about 15 miles 
long and 12  miles broad, with long, narrow strips running into the low hills and 
forests that surrounded i t  everywhere, except to the south where it adjoined 
Shivebo. The traverse work in the open part was easy, but along the outskirts 
and up the lateral valleys the lines had to be carried through bamboo and heavy 
forests. The traverse lines were connected with trigonometrical stations which 
had been fixed by the topographical survey party ; but as the exact position of 
their stations had not been marked, and the observations were only approximate, 
no satisfactory checks on the traverse measurements could be obtained. This 
will be rectified next season, as it is intended to connect on to the stations of 
the trigonometrical survey which has since run a s e r i e ~  near there. 

Such of the gold mining and prospecting grants as lay within reach were 
incorporated in the traverse survey. 

385. The detail survey of the fields was completed over an area of 226  

square miles, but seven of the slleets, when checked, proved to be doubtful, and 
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will have to be re-surveyed next year : on account of the water again rising over 
the fields, it was impossible to do this a t  the time. T h e  sheets were all tested 
on the maps themselves and in field books by the usual chain measurements. 

386. '[he object of this survev in Katha \\!as to facilitate enquiries regard- 
ing tenants' rights ; and to enable Mr. Tydd, the officer specially appointed for 
the purpose, to carry out these enquiries, a list ol tenants and plans of each hold- 
ing vere required, in addition to the survey o f  the fields and their areas w h ~ c I ~  
was all that  was originally demanded from the survryors. T h e  Deputy Super- 
intendent, seeing that  a special staff of men would be required to go over thr  
surveyed area a second time in order to  mark out  the holdings and make the 
required lists, which would cause great loss o f  time and extra expense, directed 
the Burman field surveyors to mark off the holdings and make a register of 
the tenants' names without touching on questions of tenure. This was done, 
and on Mr. TyddJs arrival he was furnished with tracings, showing field limits 
in thin lines and holding limits in thick lines, together with a list of tenants, 
the areas of holdings, and the number of fields in each holding. Mr Tydd ac-  
Itno~tledges that  these were of the greatest use to  him, and reported that they 
were on the whole very accurate. 

387. T h e  early rains flooded the  country before the  middle of  May and stop- 
ped all work ; the detachment was then withdrawn, and not a day too soon, a s  both 
European officers and several of the natives have suffered severely from fever 
since. There still remain several circles where disputes regarding tenure exist, 
as  well a s  others in which there are undoubted S t a t e  lands, and these will be 
surveyed during the  coming season. It  is impossible even to  conjecture what 
the area of these may be ; they lie in different villages scattered over a large 
area, the greater part in narrow strips among forest clad hills. 

Survey of the Meiktila district.  

385. As previously mentioned, the survey in the  Lower Chindwin district 
was postponed, and orders were received to substitute for it the completion of 
the surveys in the Meiktila and Yamethin districts. 

389. Of the plains portion of Meiktila, the sisn or royal lands covering an 
area of 577 square miles, had been cadastrally surveyed by this party in 1890-91 : 
since then a further area of about go square miles of irrigated lands had been 
completed by the  local survey party, and advance traverse work had been carried 
over another 80 square miles. T h e  work by the local agency was then stopped 
and the completion of the survey of this district was made over to the profes- 
sional survey party. Plots of the villages which had been traversed in advance 
were made over by the local survey party. 

390. T h e  advance traverse survey which had been executed by the local 
agency had been started from the stations of the szsa lands survey, and the origin 
and data of that work was adopted ; but it was found that the sub-traverse lines 
were too far apart to afford a sufficient check to  errors in chaining, and that the 
stations were too few for the field surveyor to base his work on with accuracy ; 
the angular work had not been checked by azimuth observations, and so many 
rrrors in the  chain measurements were reported by the field surveyors that the  
Europran officers had on several occasions to go  and correct the plots them- 
selves. 'To prevent the chance of errors extending into the portion about to 
t)e taken up, the outer traverse lines done by the local party were re-traversed. 
T h e  boundaries of 52 dai~tgs  or circles were traversed and go8 sub-traverses 
\Yere run. 

391.  T h e  sub-division of these dnir~gs into k7uirzs or villages had not been 
d"ne when the survey commenced, so that traverses could not be run along 
them ; the demarcation was carried on during the progress of the survey and t h e  
boundary pillars were taker1 up and entered on the maps by the field surveyors. 
This entailed much extra office \vork, a s  while the survey is necessarily made by  
circles, the tracing, field numbering and area estimating must be done by kwins, 
so tracings from the original sheets had to be made for reproduction instead 
of sending the originals themselves. Both field and office \vork was also in- 
creased by the action of  the demarcation officers: in parts they marked out 
blocks averaging sc;lrceIy a qu;lrter of  a square mile in area instead of  one 
square mile a s  required by the Boundaries Act ; in other places the demarcation 
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pillars, when in cultivation, were not placed a t  the angles of the holdings. The  
field surveyor had thus to  follow the field limits nearest t o  the line joining the 
pillars, and the  boundary line thus formed was a s  often a s  not found by the 
Sr t t lement  Officer t o  cut  through holdings;  this necessitated alterations in the 
k7vitr tracings. T o  show how much time was thus lost, it may be mentioned that 
the  reproduction o f  the  sheets of the sisa lands survey of 1890-gr is  only now 
being made. 

392. There were I 1,098 stations fixed the theodolite, a t  each of which 
was embedded a glazed clay cylinder ; these were purchased a t  R I 2 per hundred 
instead of R I g a s  in I 889 in Kyaukse ; the cost of these now is, therefore, not 
much more than that  of the zinc pipes used in other parties, and there is no 
doubt  a s  t o  their durability. 

393. Including the  area prepared in advance by the local party, an area of 
8 2 0  square miles was cadastrally surveyed ; every sheet was checked by traverses 
run independently and entered in field books a s  well a s  by chain lines run on 
t h e  board plans themselves. T h e  total length of check lines was 942 miles, of 
which gj were run by Europezn assistants, 608 on the board plans by inspectors, 
and  239 in field books: a few sheets were found incorrect and were re-surveyed. 
About 40  per cent. of the  area surveyed is under cultivation. There remains 
for  field survey an  area of about 80 square miles which has been traversed in 
advance. 

Survey of Yarnethin dis tr ic t .  
394. T h e  local survey party had completed the  field survey of.about zoo 

square miles and had traversed about 2 0 0  square miles in advance in this district. 
I t  lay chiefly along the line of railway and is almost all under irrigation. As the 
early survey of these tracts was of importance, three squads of ami?rs were 
transferred from Yeu ; they completed 1 3 2  square miles of cadastral survey on 
the  traverse plots received from the local survey. T h e  plots of 70 square miles 
more were either not supplied or were returned owing to the insufficient number 
of traverse stations ; the  traverse survey work by the local survey was similar in 
quality to that  in Meiktila, but there were even fewer stations. Advance traverse 
work was carried on over 350 square miles, based on the outer lines of the local 
survey after they had been c t~ecked  a s  in Meiktila. T h e  total number of theo- 
dolite stations fixed was 6,801, cylinders being embedded a t  each station. 

395. T h e  continuation of the traverse and cadastral survey of this district 
will form the  principal item in the programme for next year. 

Survey of the Slate lands in  the Upper Chindwirz dis tr ic t .  

396. T h e  Deputy Commissioner of this district having very strongly urged 
the necessity of having a survey made of certain lands in that district where 
questions o f  S ta te  rights were likely to form subjects of dispute, it was a t  first 
arranged that  a small detachment of field surveyors should be handed over to 
that  officer to  carry out the survey under his directions, i t  being believed that it 
would be impossible for Mr. Scott  to undertake more work than had been already 
given him. No amount of work, howzver, apparently being too much for that 
officer, he proposed that  it should be incorporated in his programme, and there 
being no European officer available, he undertook to see to ~ t s  being properly 
ca r r~ed  out himself ; for manifest re;lsons it was much better that the work 
should be done once for all on a correct basis and Mr. Scott ' s  offer was a t  once 
accepted. 

397. T h e  areas for survey lay in the Masein and KalC valleys, and mainly 
consisted of a central strip of cultivation with narrower strips running up the 
lateral valleys. In the 1<;1lC. valley the cultivated portions lie almost entirely on 
rlir east bank of the Myitha river, the inhabitants having been driven across by 
the frrquent incursions of the Chins. There being no traverse worlc in advance 
and no time available for  the traverse surveyors to ge t  ahearl of the field srlr- 
\.r!s, the follo\ring method was adopted :-A series of flags was aligned a t  dis- 
tances of about I 2 chains apart do\vn the strips of  cultivatior~, and on these qllatl- 
:il lterals were built, of which both diagonals were measured ; cylinders were 
~ ~ m h r d d e d  a t  these flagged stations and a t  the corners of the quadrilaterals, and 
these were afterwards adopted a s  traverse stations by the sub-surveyor who fol- 
1ov:ed. Subsequently the circuits, 2nd traverse lines were set up and plotted, and 
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the survey of the fields was transferred to  these correct plots: as  the cultivated 
lands never extended to any great distance cn either side of the central line 
of flags, no difficulty was found in fitting the  field work into the plots. 

398. After the field survey was completed, Burman ami)zs were told off 
a s  mas done in the Katha district, to accompany the tenants round the fields 
to  mark off the limits of the holdings ; and a t  the same time to make a register 
of the names ot tenants and sub-tenants, of the holdings (each of which has 
a distinctive name), and the number of fields in each holding : the areas of holdings 
were subsequently entered. As soon after as  possible, tracings of the maps 
and copies of the registers were made over to the Deputy Commissioner. In 
Masein the number of hamlets surveyed was 39 ; the area of holdings a s  report- 
ed by the tJtugyis was 1,750 acres, whereas the actual area by survey was found 
to be 6,471 acres of land actually under crop, besides 385 acres lying fallow, or 
four times the reported area. In the KalC valley the lands of 53 hamlets were 
surveyed, giving an area of 68 square miles, of which probably half is under crop 
and the bulk of the remainder is fallow. 

399. T h e  survey next season is to extend northwards up the Chindwin 
river, taking up all the villages declared to belong to the S ta te  up the Kubo 
valley, and all villages in the Legyaing sub-division. It is supposed that the 
total area of  cultivable land will not fall far short of  1,000 square miles, but i t  is 
impossible to say what reliance can be placed on this estimate. 

Topographical survey of coal tract ilz Shwebo. 

400. The  topographical survey, on the scale of 2 inches to the mile, of the 
coal tract in the Shwebo district was completed, and the fair maps have been sent 
t o  Calcutta for reproduction. T h e  area surveyed was 183 square miles. It  was 
a very difficult and intricate piece of work, the country consisting of low spurs 
much cut up by ravines and covered with dense forest. It  was checked by a 
theodolite and chain traverse run from north to south through the three sheets, 
vertical angles being observed a t  each station ; thus not only was the drainage 
checked, but a series of heights was obtained, on which to base the contouring 
and also to fix the actual heights above the sea of certain selected points. The  
cost-rate of this small area of topographical survey was 8 2  1-8 per square mile. 

Traverse survey of the K y a u R s e  dislricl. 

401 ,  A small detachment of field surveyors and a couple of traverse surveyors 
\yere directed to replace cylinders a t  the traverse stations in I<yaulrse, where 
they had been destroyed or lost since the survey was made in 1 8 8 ~ - 9 0 ,  and to fix 
others where, owing to the want of cylinders at the time of survey, it had been 
impossible to permanently mark a sufficient number of traverse stations on \vhich 
t o  base revision surveys. When the traverse survey was originally made, the 
country was in a disturbed state, and the District officers were unable to  attend 
to such matters as  the preservation of survey marks; the consequence was that 
many were lost or removed: when the Burman a??zi~~s of the local survey were 
sent to search for the traverse stations, they reported that go per cent. of them 
were not to be found. The  detachment from this party with the cadastral sheets 
in hand discovered quite 50 per cent. of the missing stations. New cylinders were 
embedded a t  those stations a t  which the old mark was found broken, whilst new 
stations were fixed along village boundaries where necessary. By the end of 
April, cylinders had been embedded a t  all required points in three out of five town- 
ships. They could not be completed in the fourth township, owing to the country 
becoming flooded and so some I 2 or 13 villages remain to be traversed. The  fifth 
township would have been completed, had it not been for the stupidity of some 
Burman surveyors, who were sent to assist in searching for the old stations in the 
hope of getting the whole work done more quickly. Instead of doing a s  they were 
told they laid down new stations round every village, and on Mr. Powell, who 
was supervising this work, going to examine what had been done, he found old 
and new stations all intermingled, so that an entire re-traverse was necess,lry. 
There remains, however, very little to complete this work in the district, and it 
n ill IN, quickly finished when the country dries up in the coming cold weather. 
A copy of each cadastral sheet, showing both the new and the old stations, has 

K 
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been made over to the Deputy Commissioner. The total number of permanently 
marked stations now amounts to 8,140. 

Survey of gold mining grants in Kalhn. 

402. But very little could be done in demarcating or surveying these grants 
owing to the absence of the applicants. Traverses were run and stations were 
marked with cylinders near the outer limits of one prospecting and four mining 
grants, but in the absence of the applicants, and of any marks to show the exact 
positions of the ground asked for, it was impossible to lay down the exact bound- 
aries. These can be placed next season, with the help of the traverse stations, as  
soon as  the applicants point out their exact requirements. Some applications 
were received too late to be demarcated this season. 

403. The total out-turn of work for the season in all the different districts 
is shewn in the following statement :- 

404. The average size of the field over the whole area is almost exactly 
I acre. 

405. The large area surveyed, which is nearly 200 square miles in excess 
of the previous year's out-turn, is owing to the large number of Burman amins 
entertained in addition to  the original establishment. This upset the balance 
of the party and the number of field surveyors became too large in proportion 
to the number of traverse surveyors and the traverse work could not be kept 
sufficiently ahead. Moreover, the detail survey has progressed too fast for the 
Setlletnent Department, and orders have been received to reduce the annual 
out-turn in Upper Burma. 

406. The cost of the operations varied considerably in the districts under 
survey owing t o  the different conditions under which the survey was made ; for 
instance, in Yamethin, where the country was open and easy, the cost-rate of 
traversing was less than anna per acre, whilst in Katha and Meiktila, where the 
country is covered with jungle or broken up by ravines, the rate rose to I anna 5 
pies and I anna 8 pies, respectively. The average cost of the traverse operations 
amounted to just 1 anna per acre. The average aggregate cost of the survey 
including detail survey, traversing, compl~tion of maps, and area estimating 
amounted to 3 annas 6 pies per acre. This is somewhat higher than the average 
rate of last year which was 3 annas 2 pies per acre ; the reason of this increase 
is due to the excessively scattered nature of the work and the smaller size of 
the fields. 

-- 
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RIHAR. 
Nos .  4 AND 5 PARTLES. 

414 .  These parties continued the survey of  Northern Bihar, in the 
Muzaffarpur, Darbhanga, and Saran districts, and also furnished detachments for 
the traverse survey of the Tikari Ward's Estate, district Gaya, and for the  Kachnar 
Mahal boundary survey, district Shahabad. T h e  charge of the parties was 
held by Captain G. B. Hodgson, sac,, Deputy Superintendent, 1st grade, except 
for a period of one month while he was absent on privilege leave, when Mr. J. S .  
Pemberton held the charge. 

T h e  operations in each district will be described separately. 

Survey of the  Musafarpur  Dastrict. 
415. T h e  traverse survey of this district was completed last season, but 

Personnel. 
throughout the present season 

hlr. H .  T. Hanby, Extra Assistant Superintendent, 3rd the computations and plotting 
grade. in connection therewith have 

,, C. S. Kraal. Sub-Assistant Superintendent, 1st grade. been in progress, no attempt 
,, P. C. H .  Smart, Sub-Assistant Superintendent, 1st grade. 
,. C. G .  Lee. Sub-~ssistant Superintendent, 2nd grade. h a v ~ n g  been made hitherto to  
., H .  t j .  B. Hanby,  Sub-Assistant S~lperintendent, 3rd k e e ~  them abreast of the field 

grade. 
- 

I supervisor. woik, a s  there was no necessity 
44 inspectors. for it, the area traversed being 

200 imported amins. well in advance of the cadas- 
260 local surveyors. tral survey. These arrears 

have now been completed and skeleton plots of the entire district are ready 
for cadastral survey. 

Owing to  the pnrga~zas being very much intermixed, it has been impossible 
to  take the main traverse circuits along their boundaries. 

416. T h e  expenditure incurred this season in connection with the traverse 
survey of Muzaffarpur amounts to Rs.  6,805, which brings the total cost of the  
traverse survey of the district, from the 1st October 1891 to the3oth September 
1894, to Rs.  99,730 for an area of 2,244 square miles. This gives an average 
cost-rate of Rs. 44'4 per square mile. T h e  cost of the traverse survey 
in this district has been greatly enhanced owing to the inclusion of the pay and 
allolvances of two Assistant Superintendents, Lieutenants Pilcher, R.E., and 
Symonds, I . s .c . ,  who were under training during the previous season on appoint- 
ment t o  the depart~nent ,  and were employed on the traverse survey. 

417. During the past season two sections have been employed on cadastral 
survey in the Muzaffarpur district, and the prograrrlme laid down for each of them 
was to complete an area of 500 square miles. T h e  section under Mr. Hanby took 
the  field during the last week of October, but the other section did not arrive 
from Orissa till the end of October, and then establishments had to be  engaged, 
instruments given out, etc., so that it was not till the middle of November that 
the field work was fairly commenced. 

418 As mentioned in paragraph 341 of the General Report for 1892-93, 
orders were received early in August 1893 that  pntmdris were not to be employed 
in the survey and settlement operations in Bihar, and that establishments o f  
local men were to be trained in survey and record-writing for the work in the 
ensuing season. Under these orders 2 0 0  men belonging to  Bihar were trained, 
a s  far a s  was possible in the short time left before the field season, and 200 

amins were engaged from the  North.Western Provinces to make up the 400 
men requ~red for the area it was proposed to survey. 

419. T h e  out-turn of cadastral survey and record-writing for the season is 
a s  follows :- 
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420. T h e  area surveyed extends over nearly the whole of the Muzaffarpur 
sub-division, excepting lappas Bhatsala and Chakla Nai of pnrgnna Bisara, 
which were for the most part surveyed in 1885-86. It  also includes the portion 
of pargana Ratti  lying in the Lalgunge tha~za of sub-division Hajipur, and the 
whole of pnrgana Tariani in the Belsund t l ~ a n a  of the Sitamarhi sub-division. 

42 I .  T h e  out-turn of  record-writing includes an area of 6 1  square miles, 
which was surveyed in the previous season, and thus the record-writing is 
behind the field survey by 252 square miles. 

422. In addition to the out.turn of kliannpurz given above the records 
were written of  portions of 52 villages, the  number of fields being 46,079. This 
unfinished work has not been taken credit for.  The  surveyed area of 979 square 
miles includes 15 square miles of  the bed of the Gundak river, below banks. An 
overlap of 20 square miles of  the river bed belonging to the Saran district was 
also surveyed on the 16-inch scale, but this area will be included in the out-turn 
of that district when it comes under survey. 

423. The failure to work up to the programme is partly due t o  the fact 
that half of the establishment was entirely new to the work, and consequently 
their progress was generally extremely slow at the commencement of the sea- 
son ; but it is due in a greater measure to the difficulties encountered in the 
numerous pattirl'arz villages in Muzaffarpur, in securing the attendance of the 
very large number of proprietors, to the innumerable disputes, the complicated 
tenures, and the minute sub-divisions of the malzals (the khewnt sometimes being 
a s  long a s  the rkhasra). On these accounts the establishment was insufficient 
for the area. In iuture, 250 amins nil1 be allowed for 500 square miles instead 
of 200 men among pat t idari  tenures. 

424. Another circumstance that would have rendered the completion of the 
programme an impossibility was that a large portion of the country was inundated 
a t  the commencement of the field season owing to the heavy and late rains, and 
a s  it was invariably the larger villages that were thus affected, it was not till 
towards the  close of the season that the survey of these could be taken in hand, 
and consequently the klzanapuri could not be done. 

425. T h e  number of disputed entries was exceptionally large, and conse- 
quently, under the orders introduced this season, much of the time of the 
inspectors was taken up in writing their orders in the  dispute lists. Thus the 
progress was interfered with; for it often happened that until an amin had 
received orders from the  inspector, he was unable t o  proceed with the khanapuri, 
because the dispute affected the numbers to be entered on the map, that is, it 
was doubtful whether a plot should receive one or several numbers. 

426. One inspector and several amins of his circle had to be dismissed for 
dishonest practices, which made matters worse, a s  they were all up-country men 
and fast workers. With regard to this episode, Captain Hodgson writes:-" The  
possibility of men attempting to indulge in such practices will be increased 
e n o r ~ n o u s l ~  if the European supervision is reduced to only one assistant besides 
the section officer. In Muzaffarpur, which consists almost entirely of pattidari 
villages, it is i~npossible for two officers to  supervise efficiently so large an area 
a s  500 square miles, i f  they are to be of any assistance in checking the klzona- 
purl;  for it must be borne in mind that the control of the large body of men 
required is entirely in the hands of the section officer of the Survey Depart- 
ment, on whom also devolves the troublesome task of securing the attendance 
of unwilling landlords." 

427. The season's work has been mapped on 2,041 sheets, of which only 
1,456 are entirely completed, the klzan~pur i  of the rest not having been 
accomplished this season. There were I 2 I sheets of 93 villages surveyed last 
season, which were then leIt incomplete, owing to the klla?zapuri not having 
been done. The  record-writing of 91 of these villages on I 20 sheets has been 
done this season and the maps completed. 

428. The average size of the villages of  which the records have been 
written during the season is 0-57 of a square mile. They range from 7 and 8 
square miles to one or two acres. The average size of the field in the area 
completed is 0'43 of an acre. 

429. The  season's survey was tested by 3,745 miles of check survey, of 
which 265 miles were check lines run by the European assistants on the plal~s, 
1,240 miles were indcpendent checks, carried out af ter  the maps were lodged in 
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office, and 2,240 miles were run by native inspectors. This gives an average of 
nearly 4 linear miles of test work to every square rnile of survey. The number of 
khasra entries checked by the European assistants of the Survey Department is 
2 1,431, and by native inspectors 203,098, altogether over 19  per cent. of the 
total number of entries. 

430. The number of boundary disputes submitted for the decision of the 
Revenue officers was ,561, of which 430 had been decided by the end of the 
season. When a dispute is disposed of the trace is returned to the Survey office 
to enable the original maps to be completed. 

431. At the end of May the camp offices were moved into recess quarters 
a t  Muzaffarpur and a t  Dinapore, so as  to enable a commencement to be made 
with the preparation of the traces and statistical papers, though field work 
continued till nearly the end of June, up to which time the European assist- 
ants remained under canvas. 

432. There was no marked sickness this season until April, when cholera 
broke out in a portion of the area under survey, but fortunately was confined 
to only a small tract. Much difficulty was then experienced in keeping the 
amins a t  their work and also in getting the people to attend to point ouc their 
lands. 

433. Notwithstanding the fact that the entire establishment, including the 
majority of the native su~ervising staff, were new to the work of completing the 
records, there are now no arrears, for which Messrs. Hanby and Kraal deserve 
great credit. At the commencement of the recess season it was intimated that 
new fornls were to be employed for the nzilan khasra and crop statements. 
New forms were not received till the end of recess, and the statements were 
prepared in the old forms, the headings being changed by hand, which has 
entailed a vast amount of labour. 

434. The cost has been 865,441 for survey and 861 ,604  for records, the 
rates for the season are ( I )  survey, including completion of maps, 868.4 per 
square mile, and ( 2 )  record-writing, field and office, 878 .1  per square mile, or 
an aggregate rate of R 146.5 per square mile which is Rg less than the rate of the 
previous season for the same operations. In over 7 j  per cent. of the villages 
the chainmen were furnished by the zan~indlivs and received no payments from 
the Survey Department. 

435. Next season two cadastral sections will continue to work in this 
district: one section will be employed on the revision of the maps and records 
of the area surveyed in 1885-86 urider Colonel Barron and in completing all the 
gaps left by the two sections during the season under report; the second section 
will  take up a fresh area of 500 square miles to the north of the present season's 
work, and which approximately comprises the southern half of the Sitamarhi 
sub-division up to a line drawn nearly east and west through. Sitamarhi. 

436. The Director of Bellgal Surveys irspected the sections operating in 
the Muzaffarpur district in the end of October 1893, in February, March and 
April lbg4 i n  the field, and fro111 8th to 20th July 1 8 9 ~  in recess. 

Survey of the Tikavi Ward's Estate, District Guya. 

437. During the previous season the larger blocks to the north and to the 
P e r s o ~ ~ r i e l .  south and south-east of 

Mr. J. S. Pemberton, Assistant Superintendent. 2nd grade. the Gaya city, having 
Mr. W. J .  O'Sullivan, Extra Assistant Superintendent, 3rd grade, from 

1st May 1 8 9 1  an area of 27  I square 
Mr. S. 0 .  Madras, do. do. do. 5th grade, miles, had been travers- 

up to 30th April 1894. ed bv a detachment 
30 SUD-surveyors. 
20 computers. of N; 2 Party. The 
remainder of the villages of this estate, with an aggregate area of 334 square 
miles, were scattered either in small groups or as isolated villages all over the 
district. The  system of running main and sub-circuits had therefore to be aban- 
doned and the several groups of villages were connected by traverse lines limited 
in extent by t l ~ r  situation of villages, so as  to afford an area of about lo  square 
miles in each block. In two instances villages were too far removed from any 
of the traverse blocks to be conveniently connected. 

438, In order to expedite the traverse work and have the plots ready in 
time for the detail surveyors, 30 traverse surveyors were employed and lo  square 
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miles were allotted to each man. It  was cxpected that the traverse work would 
thus be co~npleted in one month, but owing to  unforeseen difficulties it was not 
brought to a close till the end of February, though the  bulk of the field work was 
finished by the 15th of November and the plots with few exceptions were completed 
and made over to the cadastral section by the 15th December. 

439. Traverse operations had to be started on the 1st October 1893, much 
earlier than usual, as  the cadastral survey of the whole area was to be carried 
out during the current season. T h e  account of the cadastral operations will be 
found under the head of Nos. 2 and 8 Parties by which it was executed. 

440. T h e  out-turn covered an area of 334 square miles and comprised 2,272 
linear miles of  traverses checked by 64  azimuths, the theodolite being set up a t  
10,851 stations, There were also 800 sub-traverses run, the stations of which 
were fixed on field boundaries. T h e  number of village circuits traversed was 496:  
it was subsequently brought to  light that in I j of these, covering an  area of 7 
square miles, the estate had no interest. 

441 .  Observations for azimuth were taken to east and west stars and 
the sun a t  convenient points in each block, averaging l o  to 1 2  miles apart. 

T h e  mean magnetic variation of the needle for t h ~ s  district was found to  be 2" 7' 
east. T h e  angular error a s  checked by azimuth amounts to I minute in every 
12  angles; the nature of the work prevents a comparison of the linear error with 
trigonometrical data. Two principal stations, however, of the Chendwar Meri- 
dional Series have been connected, viz., Job Makanpur T. S. and Lohawa H.S. 

442. All village tri-junction points were permanently marked by dressed 
stones procured from the Bengal Stone Company, or by 8-inch pottery cylinders, 
and all other traverse stations on the village boundaries with glazed 2-inch 
pottery cylinders. The  stations on the connecting lines were marked with 
wooden pegs. All the cylinders were supplied by Burn & Co. of Raniganj. 
T h e  number of permanent marks used were- 

C u t  stone prisms . 470 
Pottery cylinders, 8-inch . 490 

Do. do. 2-inch . 6,120 

443. T h e  demarcation of village boundaries was carried out, a s  in Northern 
Bihar, by the a a n ~ i r i d b s  themselves, immediately in advance of the traverse 
survey, but it was done in a very perfunctory manner. T h e  main difficulties met 
with were ( I )  the country for the most part being under water when the work was 
started, which rendered the carriage of permanent marks very difficult and slow 
and caused a great deal of sickness, (2) t he  scattered nature of the work, both of 
which causes delayed progress considerably. No marked obstruction on the 
part of the inhabitants was experienced. 

444. The  cost of the season's traverse survey of the estate is R14,240, 
giving a rate of 842 -7  per square mile, which is 815 '8  less than the rate of the 
previous season. 

Survey of the Saran Dislrict. 

445. The  traverse survey of this district was carried on in continuation of last 
season's operations. As each field surveyor completed the work allotted to him 
in the Tikari estate, he was transferred without delay to the Saran district. In 
this way the season's work in Saran commenced about the 15th November 1893, 
and was closed on the 15th March 1894. The  camp office moved from recess 
quarters a t  Dinapore to Siwan in Saran on the 1st December, the work in the 
Tikari estate having been supervised from Dinapore. 

446. The  following statement gives the out-turn of traverse survey :- 
- - -- 

I TRAVERSE SURVEY. 

I>ISTP.ICT.  

Saran . 
. 

Area in square 
miles. 

932 

Number of 

20,045 

Number of 
villages, 

1 ~ 7 2 ~  

Nunlber of 
sub-traverses. 

1 ,992 
- -  
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In addition to the above  fork, 178 extra sub-traverses were run in the area 
traversed during the previous season. The main traverse circuits have been 
run along parqnna boundaries, except on the Ghogra river, where they follow 
for the most part the limits of the overlap survey of the Ballia district made 
in 1881-85. Two chains of 93 and loolinks were used on every main and sub- 
traverse circuit. 

447. The angular measurements were checked by azimuth observations a t  
lor  stations. The angular error was found to be I minute in 13 angles, the 
theodolite having been set up at  20,045 stations. The mean magnetic variation 
in the district was found to be z0 14' east. Only two principal stations of the 
G .  T ,  Survey, vis, ,  Katmarpur T.S. and Jalalpur T.S. of the Hurilaong Meridional 
Series, fell within the area surveyed, and these were connected, proving the error 
of the chaining to be 3',1 feet per mile. 

448. All tri-junction points of villages have been marked either with dressed 
stone prisms or large earthenware pottery cylinders, the former supplied by the 
Bengal Stone Conipany, and the latter by Messrs. Burn & Co. of Raniganj. 
All other traverse stations have been marked with baker1 clay cylinders 
manufactured a t  Dinapore at  a cost of about I25 per hundred. The number of 
each description is as  follows :- 

Large pottery cylinders , . 2,800 
Stone prisms. 440 
Baked clay cylinders . . 16,500 

449. The usual dilatoriness on the part of the znntindlivs in demarcating 
their boundaries, as  experienced in preceding seasons, was again the cause of 
much delay and trouble. Though the necessary notices were issued more than a 
month before the line-cutters came on the ground, boundaries in numerous 
cases were reported a s  wholly undeniarcated. 

450. The cost of traverse survey during the season has been 834,273, 
and the rate Rs. 36'8 per square mile, which is 81 '8  less than the rate of the 
previous season. 

451. There are now 796 square miles remaining for traverse survey in 
Saran, of which it is intended to complete about 500 square miles during the 
coming season. Nearly zoo square miles consist ot dicirn lands which are 
subject to fluvial action, and therefore cannot be traversed un t i l  the season 
of cadastral survey. 

452. The Director of Bengal Surveys inspected this section in the field on 
the 1st and 7th March, and in recess early in July 1894. 

453. The cadastral survey of the S:~ran district is being carried out by 
Nos. 2 and 8 Parties, and these operations  ill be found described in t l ~ e  report 
of those parties. 

Survey o f  the Darbhanga District. 

454. The establishment of the traverse section in the Saran district was 
transferred, on the completion of its allotted work there, to the L)arbhanga 
district for similar work. 

455. The area taken up for traverse was the north-west corner of the 
district, comprising the whole of thana Benipatti, 284 square miles (381 
villages), and the northern half of tkatta Darbhanga, 234 square miles (3 1 0  

villages). These areas were completed, giving an aggregate out-turn of traverse 
work of 518 square miles (691 villages). The number of l i n e ~ r  miles traversed 
was 2,040 and the theodolite was set up at  1 0 , 1 0 7  stations. 

The main circuits in this district were run along thalza, and not par<ynnn 
boundaries, the former being more compact and not intermixed, as the 
latter invariably are. 

456. Azimuth observations were taken on all main circuits and sub-circuits 
a t  every 30 to 35 stations apart, and always at  the junction of main and sub- 
circuits. The number of azimuths observed was 5 1 ,  and the average angul;tr 
error of the traverse work as checked by them was found to be I minute to every 
I 2 angles. The mean magnetic variation is 2" 57' east. 

457. All tri-junction points were marlted by cut-stone prisms, of which  I ,245 
were med. All other traverse stations except those on diLputed bo~~ntl;~rles 
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were n~arked by locally-made baked clay cylinders, of which 8,800 were used. 
?'be latter cost 84-8  per hundred. 

458. The  cost of the traverse survey has been 816,340 and the rate lor 
the season's work is K31.6 per square mile. 

459. The  demarcation was well in advance o f  the survey, and was carefully 
and satisfactorily carried out, especially of those villages in which the Dar- 
bhanga Raj had interests. Owing to the  cordial assistance of the  Raj sub. 
managers, Messrs. R .  Crookshank and R. S. King and Babu Gongadhur Gosain, 
the work progressed without checlz throughout. 

460. On the completion o f  the Darbhanga programme the traverse section 
moved into recess quarters a t  Mussooree a t  the end of April 1894. 

461. The Director, Bengal Surveys, inspected this camp in March and in 
August 1894. 

Survey of the Kachnar  M a h a l  Bcundavy, Shuhabad District. 

462. In pavgana Rhotas in the subdivision of Sassaram, in district Shaha- 
bad, Government possesses a property, known a s  the Banskati mahal, in which 
it has the right to levy certain dues ; the limits of this area have never been 
clearly defined. Within it, but forming no part of it, is a private estate called 
the Kachnar nlahal, of which the area, by the survey which has just taken place, 
1s 16,693 acres, or 26-08 square miles, while by the  survey of 1845 it is 16,620 
acres, or 25'97 square miles. I t  was stated to be 40  square miles in Govern- 
ment letter No. 11907 For., dated 18th April 1893, in which an estimate for the 
survey was required. 

463. Onling to the undefined boundaries of this mahal  there has been 
continual friction between Government and the proprietors thereof, and a settle- 
ment of the Government property has been impossible while there was uncertainty 
a s  to  its boundaries. The  Government sanctioned the demarcation of these, 
according to the survey of 1845, a t  a cost of 8980 ,  in its letter No, 1273T.R.~  
dated 14th October 1893, to the Board ; and the notification No. 4329 L.R.  
under the Survey Act appeared in the Calcutta Gazette of the 16th October 
1 893. 

464. The  survey and demarcation was therefore carried out during the past 
season, under the orders of Captain G. B. Hodgson. ?'he surveyor, Irfar; Ali, 
could only find three points identical with the survey of 1845 in the boundary 
of the malzal i tself;  it was therefore decided to include in the survey the 
adjoining village of Tilkup, which, being situated in well cultivated open 
collntry, had well defined boundaries, and which furnished sound initial points 
easily identifiable! on which to hinge the old boundary, for comparison with the 
boundaries of the zami7zdrtv's possession and those no\il claimed by Govern- 
ment. 

465. I n  the first place the aanrindb's possession as  pointed out was survey- 
ed, and its limits were found to bear a close approximation to the boundary 
of 1845. With the exception of a few flags on trees, no demarcation was found, 
and no Government representative was present. 

Next, by the aid of  common points the old boundary of the 1845 maps, 
having beeen carefully transferred to the new maps, was demarcated on the ground, 
rougl, oblong stones 3 to 4 feet in length, procured locally, being embedded a t  
everv bend. 'I'he offsets to these, fro111 the new survey lines, have been 
recortled in field books. 

\Vhrn the work had been completed so far, the Collector requested that 
the Govcrn~nent claim should be demarcated ; this was then done, and it detain- 
ed the surveyor a month longer. 

466. l 'he  combination of  the old and new maps, the plotting and computa- 
tions, were carried out under Captain Hodgson's own supervision. 

Captain Hodgson reports that a Court antis had demarcated the trioha/ 
boundary (presumably from the old survey) some years ago, with the result that 
it was far from correct. 

467 The  whole of the operations reported on above were under the direct 
supervision of Captain G. B. Hodgson ; and Colonel Sandeman states that that  
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officer's labours, over which he has never spared any pains, have been very 
arduous, and that his acknowledgments are due to him.* 

ASSAM. 

No. 6 PARTY. 
468. This  party left recess quarters a t  Shillong on 

Personel. 
Mr. E. C. Barrett, Superintendent, and grade, in charge from 5th 

November 1893. 
Mr. A. J. Gibson, Extra Assistant Superintendent, 1st grade, in c h a r ~ e  - 

up to 5th November 1893. 
Mr. W. H. Penrose, Extra Assistant Superintendent, 6th grade. 
nlr. J. Smith, Sub-Assistant Superintendent, and grade, up to 15th 

Alav 1 8 0 ~ .  
I j sub-surveydrs, draftsmen, computers, etc. 

the 1st November 1893 
under the charge of Mr. 
Gibson, and arrived in 
Sylhet on the 5th Nov- 
ember. Mr. Gibson mas 
relieved on his arrival in 
Sylhet by Mr. Barrett, 
who was re-appointed to 

Temporary Estnblishment. the charge of the party 
29 supervisors, ~nspectors, draftsmen, computers, etc. on his return from fur- 
18 held surveyors (imported). laugh, and Mr. Gibson 
62 d ~ t t o  (local). was then transferred to 
another party. Field operations were commenced in Cachar on the 15th Nov- 
ember 1893 and continued until the 16th May 1894, when the party returned to 
recess quarters. T h e  strength of the party is given in the margin. T h e  cadastral 
establishment has again been largely reduced in consequence of the small area 
allottcd for survey. 

469. Intimation that the cadastral survey of the Cachar district was to be 
undertaken by the  party was received by the officer in charge in September 
1893. 'The area to be brought under survey was estimated to  be between 1,000 
and 1.200 square miles, about one-half of which comprises lands under grants. 
As the existing settlement does not expire until the  3 1 s t  March 1898, there ltras 
no urgency lor the speedy completion of the survey. I t  was therefore arranged 
that survey operations should extend over four seasons, or up  to the close of  
t he  year 1896-97, and the programme for the  season under review, which con- 
sisted of the traverse of 400 square miles and the cadastral survey of I 50 square 
miles, was framed with that end in view and was adhered to. T h e  completion 
o f  the work a year earlier has, however, since been resolved on, so  a s  to allow 
sufficient time for the completion of all papers connected with the new settle- 
ment before the existing settlement expires. 

470. A survey class for the  instruction of officers of the administration 
and local men was opened a t  Badarpur early in December under Mr. Smith 
and was continued until the end of February 1894. T h e  following officers 
passed in field surveying :-Messrs. Kershaw, R e ~ d ,  Allen, Hamllton and 
Halthazar, Assistant Commissioners, five Sub-Deputy Collectors, two talzsildnrs 
and eleven moharrirs. In addition t o  these, 1 1 0  local men joined the class, 20 
of whom were given employment a s  field surveyors, 7 0  received certificates of 
proficiency, and 2 0  failed to  qualify. 

471. T h e  traverse operations were carried out in the Sadar sub-division, 
and the  out-turn of traverse survey done during the season is given in the 
following table :- 

-- - 

Cachar . 1 364 1 254 1 1 1,116( 360 

Number of 
villages. 

I I 
~ 

-- I -  ~- -- - -- - 

Captain Hodgson reports a s  follows regarding the services of his assistants :- 
I' The European assistants have one and all worked excellently. 

1 commend the three camp officers for the manner in which they have brought up the work of their 
sections and have lelt practically no arrears." 

Among the permanent native establishment the follow in^ have been especially selected by Captain 
Hodgson for mention :-Bhawani Pershad, Ahdul Majid, Peari Lal, and lssar Chander Uey, and among 
the temporary ban-Is-Raj Bahadur Shew Dial, Abdul Majid Khan, and Mahammad Ali, Inspectors. 

Number of 
nub-traverses, 

of 

t ~ ~ ~ ~ .  

Area in 
square miles. 







C A D A S T R A L  S U R V E Y S .  7 5 

T h e  aggregate length of the traverse lines was 1,262 linear miles. Two 
stations of the Great Trigonometrical Survey were connected with the traverst- 
to check the chain measurements thereof, and the angular work was checked by 
observations for azimuths taken a t  62 stations. 

472. Stone prisms, 3 feet long, were embedded a t  130 village tri-junctions, 
while 349 old prisms, which were found in  situ, were connected with thr  
traverses. T h e  boughs of the S i n ~ a l  or other quick-growing trees, surrounded 
with earthen mounds, protected by bamboo fencing, were planted 5 feet to the 
north of all traverse stations other than tri-junctions; but a s  it has been found 
that these marks are apt to  disappear, chiefly from floods, it is intended during 
the coming cold weather to place blocks of undressed stone a t  such ot the 
intermediate stations a s  require it ,  and in future theodolite stations will be 
marked with stone only. 

473. T h e  cadastral survey on the 16-inch scale was extended over the 
whole of the .Katiporah tahsil, and a few grants of the Sadar lahsi l  were also 
surveyed. Particulars of the out-turn of cadastral survey are given in the fol- 
lowing statement :- 

I I I 

Tahsil. 

474. The  area surveyed contains a considerable proportion of forests, but 
on.ing to the keenness of competition for land between the rayats and planters 
almost the entire forest area has been parcelled out into holdings. 

475. The field to field survey was carried out, for the first time, in Assam, 
exclusively by local and Bengali field surveyors, supervised by Bengali in. 
spectors. The  surveyors worked carefully and well, but the Bengali inspectors 

to be lax in their duties, and on the whole did not answer expectations: 
it will be necessary to revert to employing Hindustanis a s  inspectors in future. 
Bengali-writing a m i m  will, however, contlnue to be exclusively employed in the 
field to field survey. T h e  grants were surveyed by sub-surveyors and picked 
Hindustani nmrlzs, a s  the work therein required topographical skill. 

476 The average daily out-turn of  work performed by each o f  the different 
agencies employed in the field survey was a s  tollows :- 

Cachar , . 

Acres. 

Number 
of 

villages. 

B e n ~ a l i  field survryors . . 13'18 
Local ditto (old) . . 13.25 
Ditto ditto (new). . • 9'42 

Survey class pupils . I . 9-08 

Katigorah 
Sadar 

477. The  average size of the field calculated on the total area surveyed is 
,n38 acre, and the mapping of the season's out-turn is contained in 21 7 sheets. 
T~~~ tracings of each inap were prepared for the use of  the Settlement Officer, . 

478. The  detail work was tested by 388 linear miles of check survey, o f  
which 48 miles were run by European assistants and 340 iniles by native agency. 
Of  the latter amount, lob  linear miles were run independently of the field sheets  
and compared after\vards in the office. The  entries of 10 ,6 jg  fields in the 
village registers were checked on the ground by the European assistants and 
by inspectors. The  entries were also tested from time to time a s  the wol k 
progressed by the Sub-Deputy Collectors and nirrttsnrlm~s of the Settlement 
Department. 

479. The revision survey of the 484 square miles of the Jdintiah pnrgnnns 
in Sylhet, surveyed in season I 892-93, was completed : the work proved to be a 
much more arduous undertaking than had been anticipated. Revision ~ ~ e ~ ~ t i ~ ~ ~  
were started on the zcth November 1893 with 23 nmirzs, and the  number IyaJ 
gradually increased till a maximum of 44 amins was reached. Work continued 

Number 

,-;fis. 
Area in 

square miles. 

153 
6 

69,032 
689 

144'6 
5'9 
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in the  field till the 10th May 1894. T h e  number of objections inquired into 
exceeded 23,000, most o f  them of a frivolous nature, it is true, but they took up 
much time and unduly delayed the completion of the work. 

480. T h e  cost-rate of the  survey operations, including traverse, detail 
survey, mapping, and completion of records amounted to  9 183'9 per square 
mile. T h e  high rate is in a measure owing to the heavy expenditure on the 
traverse survey o f  the grants, the boundaries of which usually run through 
jungle or over hilly country, but it is chiefly due to the detail survey having 
been restricted to the  small area of 1 5 0  square miles. 

481. T h e  programme for season 1894-95 comprises the completion of the 
traverse and cadastral survey 01 an area of about 500 square miles in the Sadar  
and Hailakandi sub-divisions, which will leave about 450 square miles for 
completion in the follo\vin,o year. 

482. Mr. Barrett expresses his indebtedness t o  the Deputy Commissioner 
and other d~s t r i c t  official; for the assistance rendered by them during the progress 
of the  survey.* 

MERGUI ,  A M H E R S T  A N D  SHWEGYIN DISTRICTS, 
LOWER BURMA. 

No. 7 PAR.I .Y .  

483. This  party was employed during the  season in the Mergrli, Amherst, 
Pe r son~ te l .  and Shwegyin districts, and it is satisfac- 

Mr. C. IVood, Officiating Deputy Superintendent, tory to report that the operations, (in- 
2nd grade, in charge. 

Mr. H .  H. Littlewood, Assistant superintindent, eluding t h e  large scale surveys of the 
1st grade, up to 10th April 1894. Maliwun tin-mines) in the first named 

Mr. W. C. Price, Extra Assistant Superintendent, district have now 
3rd grade. been completed. 

Mr. G.  W. J.lrbo, Extra Assistant Superintendent. Owing, however, to the additional areas 
5th grade. 

Mr. C. F. W. Se)ers. Extra Assistant Superinken- 
in Amherst assigned for survey being 

dent, 6th grade, from zznd Aprtl 1894. larger than was expected, and scattered 
Mr. J .  lv~urphy, Extra Assiltant Superintendent, over localities widely separated from 

6th grade. 
Mr. M .  Gastaud, Sub. Assistant Superintendent, each other  and to ge t  

1st grade about in, there still remain s3me $50 
Mr F. B. Powell, Sub,Assistant Superintendent, Square lniles  of detail survey  (with ,qoo 

and grade. 
Mr. J .  H.  Murphy, Sub-Assistant Superintendent, Square miles of  traverse) for completion 

2nd qrade, from 2nd May I ~ I J J .  in that district during the coming season. 
hlr. M. F. Berkeley, Sub-Assistan! Superintendent, 

3rd grade. Of the portion thus left over, perhaps 
Babu Alnar Sing,  Probationary Sub-Assistant 80 or 103  square milts might have been 

S ~ ~ e r i n t e n d e t i t .  3rd grade. 
25 sub-surveyors and others. disposed of in the year u n d k  report, but 

for the delay in bringing to  a close the 
Temporary Es tnb l i sh~~ ten l .  

66 inspectors, draftsmen, con~puters, etc., etc. Mergui work, and for the inclement 
87 field surveyors. weather which practically set a t  defiance 
all progress after the 24th April. 

484. T h e  conduct of  the Mergui work was entrusted to Mr. Jarbo;  that of 
Amherst being divided between Messrs. Littlewood and Price, the former operat- 
ing generally between Amherst and Ye, and the latter in the Salween-Illaingbw& 
township, l ' h e  topographical survey of the hills falling within the cadastral 
a r ea lo r  in proximity thereto, was entrusted to Mr. Gastaud. On his return from 
Mergui, Mr. Jarbo was directed to survey the Dut i~akayin  gardens, maps of 
which the Settlement Department were anxious to obtain, i f  possible, before May ; 
but although the survey was with difficulty comple~ed,  the results could not 
be supplied before the end of July. There  were practically no revisions required 
by the 5ettlement Department. 

485. T h e  squads for Mergui left Rangoorl on the 4th November 1 6 ~ 3 .  The. 
Amherst traverse and topographical squads also left  on the same da tc ;  and in 
order to give the boundary work a zhance of getting sufficiently ahead ( t l ~ ~ r e  bring 
nothing prepared in atlrance in the additional areas allotterl), the detail surveyors 
were called a fortnight 1,lter than usual, i.e., on 15th December, and even then 

*Mr.  Bnrrett reports highly of  Mr. W. H.  Penro;c, who held charge of  the cadastral section throughout 
the year.  h l r  Smith is elsu said to hare utisfrction. O f  the natives the follo~ving have been 

6,ec1a/Iy rn*ntionrd : - S a k t , a n t  H o s i n ,  l i l~urshrd H , , n i n ,  Janardhan RJO, Krishnaji, Ghulam Hydtr. 
Fatteh Lloharned, Jhuni L;I, Uahadur Singh, Srikisto and Kedarnath. 
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two squads had to be found work in the Bilin and Kinywa circles of the Shwegyin 
district (in which 180 square mi!es o f  advance work had been done in 1892 93, a s  
mentioned in paragraph 286 of the last Annual Report) till they could with 
advantage be placed on their ground betitleen Amherst and Ye. T h e  entire 
party retrlrned to recess quarters a t  Rangoon between the 26th and 31st May 
1894. 

486. T h e  worlz of the season comprised the following operations :- 
In the Mergui district, (i) the survey, on the scale of 64 inches=~  mile, of 

28 tin-mines in Maliwun and Bahuni, .giving to each miner an extension of land 
area equal in area to that of his exist~ng claim ; (ii) the traverse survey of 106 

square miles, and the detail survey on the 16-inch scale of 1 2 3  square miles, 
chiefly in the Payingyun (Icing's Island), Tamoltchon, Banlaw, and llaliwun 
circles. The  traverse survey of the tin-mines, though covering an area of only 
I 4 square miles in all, proved a longer and a more troublesome job than was ex- 
pected, which was due chiefly to  the difficulty in deciding what constituted a 
miner's ' existing claim ' and the consequent want of demarcation. 

In the Amherst district, (i) the traverse survey of 962 square miles, and the 
cadastral survey of 679 square miles, chiefly in the Wagaru, Yelamaing, Gyaing- 
Ataran, Haungtharaw, Gyaing-Salween, and Salween-Hlaingbwh townships ; (ii) 
the topographical survey, on the 2-inch and I-inch to the mile scales, of 2 2  I 

square miles of intervening non-culturable tracts to complete gaps in the maps. 
In the Shwegyin district, the cadastral survey of 79 square miles in the Bilin 

and Kinywa circles. 
487, The  demarcation of the kwins in Amherst was found t o  be much better 

than in former years; the only exception being that when demarcating the very 
large kwins in the Saliveer~-Hlaingbwh township, the Settlement Department 
omitted to sub-divide them,-an omission which, coming to light when the traverse 
work, as  well as  some of the detail work, had been finished, was the cause of solne 
delay and extra labour, a s  the survey party had to make the sub-divisions, which 
involved sending back traverse surveyors and the al terat~on of the calculations. 
In Mergui, little or no progress had been made with the demarcation of the tin- 
mines when Mr. Jarbo reached his ground, and on hearing from him of the  state 
o f  affairs, the Executive Officer interviewtd the Director and Financial Com- 
missioner, and the latter a t  once issued stringent orders which led to the demarca- 
tion being taken in hand vigorously. 

488. Owing to the diffic-ulty of transport, galvanised iron cylinders were again 
substituted in certain localities for the heavier and more tragile pottery ones: the 
stations ~ermanent ly  marked were handed over, a s  usual, t o  the thugyis arid 
ywa thugyis. Out of 23,408 stations in Avlierst a t  which the theodolite was 
set up, 12,700 have been permanently marked, about an equal number of  
each of the two kinds of cylinders, i.e., pottery and galvanized iron, having been 
embedded, 

489. The  following statement shows the out-turn of the season's work :- 

CADASI'RAL SURVEY, 1 6 1 N C H E S - I  M I L E .  I 
I I I I I  Area in 

Areain square miles. square Area in square miles. 
DISTRICT. I miles. / 

Number 
o f  

kwins. 

Area in 
square 
miles. 

Number  
of 

kwins. 

( 
1 scale 1 scale 1 

Jungle. 64inches z inches I 111ch - I mile. - I mile. - I tn~le.  

Number 
of 

fields. 
Cultiva- 

tion. 

Mergui a . 
A m h e r s t .  . 
Shwegyin . . 

TOTALS . 

490, The detail survey on t h e  I and ~ - i n c h  sc:iles \rfas tested where practi- 
(:able by in  s i i P  fixings, and found to be very accurate ; that on the 16-inch scale 

- 

31,462 

295,835 
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was tested by 1,569 linear miles of chain measurements, of  which 711 were 
done partly independently after the sheets had been received in office, and 
partly by the European assistants. 

491. T h e  cost-rates of the  traverse survey in Mergui and Amherst were 
8 I 77 and I461 per square mile respectively. T h e  reasons for the  high rate 
in the Mergui district are :--(i) T h e  amount of  the steamer charges for con- 
veying the men from Amherst to Mergui and back, distributed a s  it was over a 
small area only. (ii) T h e  high charges made by the Burmans for the hire of 
thei: boats which form almost the only means of corn~~~unica t iun  in the country. 
(iii) T h e  time lost in travelling to and fro. (iv) T h e  long lines to connect the 
separate patches of cultivation which had to be run through dense jungle, which 
added to  the  labour without increasing the  area. (v) T h e  necessity of increas- 
ing the strength of each traverse squad to  enable it to  cope with the work. 

492. I t  will be seen that this year the proportion of cultivation to jungle is 
very much less than before, being in Mergui a s  I to 3, and in Amherst-cum- 
S h w e g ~ i n  a s  I to 4 nearly ; while the average size of field, reckoned on culti- 
vation only, is in the former 0.58 and in the latter 0.41 of an acre. Reckoning 
therefore for Mergui, a s  hitherto, that the cost of surveying 4 square miles of 
jungle is equal to  that of I square mile of  cultivation, and taking for Amherst 
t h ~ s  year-with such a preponderance of jungle stretching over large tracts- 
the  cost of surveving cultivation a t  three times that  for the same area of  
jungle, the  cost per square mile of 16-inch work for Mergui is R22+ and for 
Xmherst-cum-Shwegyin 8 2 6 8 ;  the  former rate is about 9 per cent. less 
than the  cost-rate of 1892-93, while the latter is 4 per cent. greater. 
T h e  actual cost-rates per square mile of the above operations, viz., traverse, 
detail survey with completion of maps and charges for instruments, are, for 
Mergui 8275-7 ,  and for Amherst 8187-7.  T h e  cost of the topographical 
work on the  I-inch and a-inch scales is 86,589,  which gives a rate of 829.8 
per square mile of survey, 

493. T h e  number of Burmans and Karens employed this year was thirty- 
six, viz., 8 certificated men, g who have now put in five years' service and are 
entitled to a certificate, 6 nlen with four years' service, 9 out of the 1 5  men who 
had joined the  party during 1892-93 though not coming under the Br:dges 
scheme, and 4 altogether new men, With three exceptions among those last 
named, the work of these men was satisfactory : their average out-turn was a 
little larger even than in the previous year, being six-sevenths of that of the 
Hindustani. T h e  average monthly earnings, however, were only 831-6 ,  as  
against R32-I  I of the year before, which is attributable to  the long range be- 
tween the localities in which the work lay, and to the greater preponderance of 
jungle in the season's operations. 

494. In accordance with the wishes of the Burma Government, Mr. W. Carr, 
C.S., was attached to the party for six weeks in March and April for instruction 
in surveying : he was accordingly taught the  use of surveying instrunlents as  well 
a s  the  setting up, calculation and proving of boundary surveys ; he was also shown 
how to  measure the areas of fields, etc., with the acre-comb and planimeter. 

495. 1 he results of portions of the work of the year in Shwegyin and of 
1892-93 in Thaton were specially applied for by, and supplied to, the ~ x e c u t i v e  
Engineer, Martaban Division, to aid him in laying o ~ t  portions of the line for a 
contir~uous water-way communication between Kyaikto and llloulmein and for 
some land reclamation projects. T h e  Executive Officer also, a t  the invitation 
of the Local Government, assisted the  Director in the half- early examinations 
in surveying held in November 18g3 and June 1894 for members of the Land 
Records Department. 

496. During the recess, 418  maps of the Mergui district for 1892-93-541 and 
807 01 Amherst, chiefly o f  1892-~3, have been examined and sent to Calcutta for 
publication; and between the 1st Octobrr and 1st ~ e c e m b e r  1893. 755 of 
these districts were despatched : thus in the year under report no fewer than 
1,980 sheets have been submitted. T h e  drawing of  the '-inch topographical 
sections of the Amherst survey has made good progress, and three  standard 
sheets have been sent in for pr~hlication, while several others are  in  a very. ad- 
vanced stage. T h e  usual 16-inch tracings of kulifl maps, area Statements, '-lnch 

maps of the country cadastrally surveyed during the Year, well a s  a binch 
index map of kwirrr and circles, have nearly all been supplied both lor 
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and Amherst, and those that remain will be in the hands of the Settlement 
Department by I 5th October. 

497. The bringing up to date of the preliminary sheets of the Ranpoon 
Town district (referred to in paragraph 396 of the last Annual Report) has been 
continued this year, so that practically 13 out of the 19 sheets are done; the 
remainder for  the most part include land, which, during the recess portion 
of  the survey year is more or less flooded and must therefore be taken up  during 
the dry months; these sheets will be co~npleted by men deputed during the field 
season, and it is hoped that the maps will be all finished early next recess. 
The  verification survey of certain town lots on the 50-feet scale was called for 
by the Financial Commissioner, and those required, 7&., 24 blocks, chiefly 
8ooX 860 feet, were surveyed and the rcsults supplied to and paid for by1 the 
town-lands reclamation fund. 

498. T h e  binding and indexing of the volumes relating to the Mergui, Tavoy, 
and Amherst work have been practically brought up to date ; and several of 
these will be deposited in Calcutta before the party takes the field. 

499. T h e  party was inspected by the  Deputy Surveyor-General in the field in 
March 1894. Both camps, i.e., the one a t  Amherst and that a t  Paan on the 
Salween, were visited In turn and the work examined in detail. A t  the latter 
camp the sub-division of the very large Kwigzs in some pzrts of the Salween- 
Hlaingbwh township, which had only then been called for by the Director of 
Land Records and Agriculture, was arranged for. T h e  field work and the 
general staie of the records was found to be in a very satisfactorv condition. 

500. During the  ensuing year, the party contemplates the c ~ ~ ~ l e t i o n  of all 
the area al lot~ed for survey in the Amherst district, and in surveying in detail about 
400 square miles in the southern circles of the Shwegyin district,, including the 
difficult garden lands in the Bilin and Yinon circles.* 

MAGWE AND MYINGYAN D I S T R I C T S ,  UPPER B U R M A .  
No.  12  PARTY. 

501. The  party, under the charge of  Mr. Spring, left recess quarters a t  

Personnel. 
Mandalay on the 8th November 1893, 
and commenced operations in the Magwe 

Mr.  A.  E. Spring, Assistant Superintendent,  
1st grade,  in charge to 10th April 1894. 

Mr. H.  R. L.ittleaood, Assistant Superinten- 
dent,  1st grade,  in cliarge from 20th April t o  
9th August  1844. 

Mr. W. S. Bl~ttress,  Extra Assistant Superin- 
tendent,  2nd grade, in charge from lo th  
August  1 8 ~ 4 .  

Mr. E. G. Little, Extra  Assistant Superinten- 
dent.  3rd grade. 

Mr. J. S .  Swiney, Extra Assistant Superinten- 
ent. 5{h grade.  

Mr. A. George, Sub-Ass~s t an t  Superintendent,  
1st grad;. 

Mr. W. E. Johnson, Sub-Assistant Superintend- 
ent, 2nd grade. 

Mr.  F. 5. BrI1, Sub-Assistant Superiutendent,  
and prade 

Mr. H.  W. Riggie, Sub-Assistant Superinten- 
dent,  3rd grade.  

24 sub-surveyors and  others. 

district between (he 20th a n d  25th idirn. 
Field work was continued until the end 
of May 1894, and the recess office was 
opened a t  Mandalay early in June. One 
traverse camp, however, recessed a t  Pagan, 
in the Myingyan district. T h e  ~ t r e n g t h  
of the party is given in the margin; it 
was divided into two traverse camps under 
Messrs. Buttress and Litlle, respectively, 
and one cadastral camp under Mr. Swiney. 

502. T h e  programme originally arranged 
for the field season consisted of :- 

(a) The  traverse survey of about 
I ,200 square miles, and the ca- 
dastral survey of I ,000 square 

Tempovnry Estnhlishnlrnt. 
miles, in t h e S ~ a g w e  distri'ct. 

( b )  Advance traverse survey in the 
25 inspectors, d ra f~ rnen ,  a n d  computers. 
ga field surveyors (Indian). Myingyan district. 
40 field surveyors (Burman). ( 6 )  The  traverse and cadastral sur- - ,  

vey of certain islands in the 
Irrawaddy river, situated in the Pakokku district, which was afterwards added 
to tht: programme. 

Considerably more than this, however, was accomplished. 

T h e  exccr~tive officer speaks  vrry favourahly of the work of his senior assistants, Messrs. Littlewood 
Prire, Jarbo, and  Mul-pliy. nlaking spccial mention of that  of Mr. J a r h  in Mergui. T h e  juniors, Messrs 
Gnslaurl. Fo\vrll. Bf,rkclcy, a n d  Arnnr S i n g  are  also favourably rrporlcd on. Ot the  permanent native 
rstablishrnrnt tile follo\\-il;a nrr commcnded :-C. Abreu, Hidayatulla.  Faiz  Buksh, Mahomed Umar. 
Mahbr~b  Ali, Bisesardyal, h l aung  t l p o  Kyone, Mcung  H p o  I<ah, a n d  Or i  Pande. 
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503. The  dern:~rcalion of  village boundaries in the Magwe district was 
well b advance of  the survey and had bern well carried out,  but in the Myingyan 
district the traverse surveyors quickly caught up the demarcation establishment, 
which had then t o  be augmented by two extra demarcation officers, appointed 
from the Survey department a t  the request of the Director of Land Records 
m d  Agriculture. After the establishment was thus increased there was ample 
work for all, and a larger area of cadastral survey could have been turned out 
had not the traverse survey in advance been stopped. This was done i n  conse- 
quence of the survey operations having got too far in advance of the settlement 
operations, which could not keep pace with them. T h e  Local Government 
therefore desired that  in future the annual out-turn of cadastral survey 
be reduced. With the  exception of four sub-surveyors, who were employed on 
revision surveys, the traverse establishment was d i s c h a ~ . ~ e d  a t  the end of 
April 1894. These four sub-surveyors continued work till the 25th May, after 
which da t e  three were discharged and one was retained during the recess to 
complete the revision work. 

504. At the  colnmencement of the field season, Mr. E. G .  Little was 
deputed t o  g o  over the country in the Myingyan township, and to report whether 
it was suitable for  16-inch cadastral survey. From that officer's report i t  
appeared, that though the country along the  Irrawaddy river was rnuch cut up 
by ravines, and the soil was very rocky, yet  it was not of a sufficiently hillv 
nature to need a change of  scale being made, and it was decided that all 
the villages should be surveyed on the  16-inch scale. T h e  area in the Magwe 
township is also intersectetl by deep ravines, but still the portions not so 
broken contain culturable lands, and in the other portions there is always a 
possibility of finding petroleum, which would render a 16-inch survey desirable. 
Yenangyaung, whence a considerable amount of petroleum is obtained, fell 
within the area of survey this season. 

505. T h e  out-turn o f  work done during the season, arranged by townships 
both as  regards traverse and detail survey, is given in the folloning table :- 
-- 

DISTRICT. 

M ~ i n g p a n  \ 

Pekokku . , 

-. - - 

506. I n  the survey of the islands in the Irrawaddy, in the Pakokku district, 
a s  they are annually flooded, it was necessary to have stations so arranged 0" 

the main land that the positions of  certain selected marks on the islands could 
always be recovered without the necessity of calling in a Professiona' surveyor 
to fix them : this was done. 

507. T h e  average size of the kwin ,  or village, is 752.12 acres, and the 
average size of the field calculated on the whole area is 1'64 acre i but 
ing  uncultivated tracts, the average size of  the field 1s about o '29 of a n  acre in 
irrigrted tracts and 1.04 acre in unirrirated tracts. of the area about 
496 Squ-re miles are culLirated and 780 square miles uncultivated. *I1 the 

TOWNSHIPS. 

Myingun . . 
Myothit . . 
Netrnauk. . 
hlagwe . . 

TOTALS . 

( S a l e .  . . 
Kpaukpadaung. 

TOTALS . 
Islands . . 

G R A N D  TOTALS. 

TRAVERSE SURVEY. 1 CALIASI.RAL SUI(,L(Y, 

Nurnher of 
,,illages. 
( k m i n s )  

328 

79: 
319 

1,447 

116 
79 

195 

29 

1,671 

Number of 
sub- 

traverses. 

-- 

342 
3 

737 
2 2 8  

19310 

I 16 
59 

-- 

175 

- 

9 

1,494 

Area i n  
square 
rn1le.i. 

435 
4 

761 
389 

1,589 

120  

80 

200 

- 

2 6 

1,815 

M1l.E. 

Area in 
square 
miles. - 
425 
390 
355 

80 

1,ajo 

.., 

- - 
. . . 

- - - - 

26 

1,276 

16 

Number ol  
vdlages. 
( k w i n s )  

328 
3 1 3  
356 

18 

1,015 

. . . . . . 
- - -- -- 

29 

1.044 

INCHE' - - I  

Number 
of  

fields. 

Ip18.977 
2,56.141 

~ 8 ~ 7 9 s  
rz,o8j 

4,86,000 
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principal streams and cart roads in the uncultivated tracts were surveyed an$ 
mapped on the 16-inch sheets. 

s38. T h e  traverse survey was connected with I I trigonometrically fixed 
points of the topographical survey, and a comparison of the results shows an 
error of about 5 feet per mile in tlle traverse measurements. T h e  angular work 
was checked by astronomical observations for azimuth, taken a t  ir~tervals of 
about 30 stations. The  origin of survey for the four districts, Minbu, Magwe, 
Myingyan and Pakokku, is the intersection of the parallel of latitude 21' with the 
meridian of 95'. 

509, Schrcity of water and a sparse population were the chief obstacles 
to rapid progress ; there were large tracts in which there was either bad or no 
water and no villages, and this made it necessary lor the surveyors therein 
to go long distances to and from their work. In other parts, more especially 
along the banks of the Irrawaddy, the broken character of the country caused 
much delay. 

510. Corrugated iron pipes were again used this season for the perma- 
nent of traverse stations. Many stations which were thus marked in 
the previous season were examined by the assistants, and found to be in 
good condition. There are 32,435 theodolite stations in the season's work, viz., 
28,285 in Magwe, 3,887 in Myingyan, and 263 in Pakokku, all of which were 
permanently marked. 'The average number of these permanent marks in a square 
mile is 18  in Magwe, 19  in Myingyan, and 10 in Pakol<ltu. Plots of village 
boundaries on the 2-inch scale, showing. the positions of all the stations, were 
prepared in duplicate on printed forms enjoining thugyis to preserve the marks, 
and these were submitted to the Deputy Commissioners for distribution to the 
thugyis to enable them to find the sites. 

5 1 1. There were 40 Burman field surveyors employed on the cadastral 
survey this season, and 92 field surveyors from India. T h e  average monthly 
earnings of the Burman was 831-3-6, and that  of the lndian 842-13.6, 
The  greatest amount earned during the season by a Burman surveyor 
was R273, and that by an Indian was 8472.  T l ~ e  work done by the Bur- 
mans is good, but the above figures clearly show that he is very much slower. 

512. Local chainmen were again employed this season and no difficulty was 
experienced in getting men to  serve. The  Burman field surveyors nlnrked 
entirely with local men, while each Hindustani surveyor had two Burmans at-  
tached to his squad. The  total amount of wages paid to the local men 
was 8 1 1 , 5 0 0  at four annas per diem, which has therefore gone to the 
bene6t of the poorer class of villagers, instead of being paid to men imported 
from India. 

513. The  field survey was tested by check lines run by inspectors during 
the progress of the work, and by the European assistants when the sheets were 
completed, as well as  by independent check surveys carried out after the field 
maps were lodged in the office; the comparisons were generally found to be satis- 
factory, only a few sheets having to be re-surveyed. There were 277 linear 
miles run by assistants, I ,800 by inspectors, and 587 independently, making a 
total of 2,664 linear miles of test survey. T h e  average amount of test \vork 
is 2-09 linear miles to each square mile of survey. The  sub-surveyors, inspec- 
tors and field surveyors were periodically visited by the camp officers and the 
assistants as  the work progressed. 

514. The  season's detail survey in district Magwe is mapped on 1 ~ 5 8 ~  
sheets. The  drawing is well advanced and every hope is entertained of corn. 
pleting the mapping before the party takes the field. As a settlement officer for 
the Magwe district has not yet been appointed, the tracing and area state- 
ments of the 1,015 villages, comprising the area of 1 ,250  square miles, which 
was surveyed this season, will be kept in the office of the party. At the request 
of the Deputy Commissioner of  Minbu, tracings of 83 villages, covering an 
area of I l o  square miles in the irrigated t r ~ c t s  in the Sibingyaung township, 
were furnished : these were prepared by Burmans. The  compilation of the 
topographical maps on the 2-inch scale for reduction by photography to the 
I-inch scale is in progress, and by the close oE the recess season the mapping of 
7 sheets will be completed. T h e  computations of the traverse surveys were 
completed and the other records have been brought up to date a s  far as 
possible. 
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5 15. The cost-rates per square mile for the different classes of work are 
a s  follows :-Traverse survey, Rs. 44- 10-9 ; permanent marks, P I  - 4  ; detail 
survey on the 16-inch scale, including the supply of area statements and trac- 
ings, P I  10- I 1-9. The aggregate cost-rate per acre for all these operation. 
amounts to Ro-3-1 I per acre, which is a decrease of about g pies per acre on 
the rate of last year; this includes the cost of the preparation of tracings and 
area statements for the settlement oficer and the permanent marking of the 
traverse stations. 

516. The establishment kept in good health on the whole during the field 
season ; three deaths, however, occurred from fever, viz. one computer and two 
kha Zisis. 

5 I 7. The Deputy Commissioners of Magwe and Myingyan, a s  well as the 
sub-divisional officers, rendered every assistance to the Survey Department 
during the past year. The villagers also were perfectly willing to help to the 
best of their ability and no complaints of any kind were made to the civil offi- 
cers about the men of the Survey Department. 

518.  As the survey operations have got too far in advance of the settle- 
ment operations, it has been decided by the Local Government that smaller 
areas are to be surveyed annually in future. The programme arranged for the 
ensuing field season is therefore a s  follows: An area of 1,000 square miles of 
advance traverse work in the Myingyan district, and the completion of the 
cadastral survey of the Magwe district, comprising an area of about goo 
square miles. 

519. 'The Deputy Surveyor-General inspected the party during the field 
season in the beginning of April 1894, and was well pleased with all he saw. 
This was Mr. Spring's first season in charge of a party, and it is satisfactory to 
be able to report that the party has, under his superintendence, done agood 
season's out-turn a t  a reduced cost. lus t  before the end of the field season 
Mr. Spring was obliged to take sick leave. As soon as his services could be 
spared from No. 7 Party, Mr. Littlewood was ordered to take Mr. Spring's place, 
and he superintended the recess work of the party at  Mandalay until August, 
when he died suddenly of cholera. Mr. Littlewood entered the department in 
the junior division in  1860, and was promoted into the senior division in 1891. 
His whole service was spent in the Revenue Branch, in which he has rendered 
excelIent service, more particularly with reference to cadastral surveys in Lower 
Burma, where he worked for the last nine years of his service. After Mr. Little- 
woodps death Mr. Buttress took temporary charge and Superintended the 
completion of recess work.* 

GARHWAL DISTRICT,  NORTH-WESTERN PROVINCES. 

520. The strength of the establishment, which continued the cadastral 
Personnel. 

survey in Garhwal, was a s  marginally noted. 

Mr. T. F.  Freeman, Extra Assistnnt Superin- Only 33 the  previous staff 
tendent, 5th grade, in charge. field surveyors from the plains returned to 

Mr. W. Skilling, Sub-Assistant Superinten- in  october , gg3, as the privations 
dent, 2nd grade. 

Mr. J .  H. hlurphy, S u b - ~ s s i s t a n t  Superin- they had had to submit to, owing to the 
tendent, and grade, up to 1st April 1894. failure of the winter crops for two seasons 
7 sub-surveyors, computers, etc. successively, and the unusually severe 

Temporary Estab1i;hment. winter experienced last year, induced them 
14 inspectors. 
33 field surveyors (Hindustanis).  to seek employment elsewhere. NO dis- 
I 4 7  ditto (Local). advantages resulted therefrom, as the area 
191 draftsmen, estimators and mrrhavrirs. left for survey contained a much smaller 

proportion of cultivation, and the local field surveyors soon got through the 
work. Their out-turn this season averaged that of the more experienced plains 
men, and the quality was as good. 

The European assistants have all done good work, but Mr. 1.ittle~vood left on record that he 
desired that especial mention should be made of the servlces and capabilities of Mr. J. S .  Swiney. The 
members of the Native  establishment have, on the whole, worked satislactorily, and the follow~ng men 
are brought to notice: Hera l.all, writer, Moti I,all, Golam Flydrr, Abd~l l  Wahid, Tufa11 ~ h m e d ,  
hfakbwl klosein, Ennyetullah, Nathra Khan. I\lahome~l Ali and Itam Narain. 
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521. Field work was resumed on the 25th October 1893, and continued 
till the 7th April 1894, when the entire field work required to be done was 
completed. Operations were a t  first confined to the completion and final check- 
ing of villages partially surveyed last season, and were then continued in the re- 
maining puttis sanctioned for survey under G .  0. No. 340tlB, dated 22nd February 
1893. The  proportion of cultivated area in these t u t t i s  proved to be consider- 
ably below what was estimated by the local patwdrzs, who had allowed for a con- 
siderable increase in cultivation since last settlement, and it was calculated that 
field operations would be completed by the end of February 1894 if no other 
work were provided lor the establishment. A recommendation mas accordingly 
submitted that two out of three puttis which had already been traversed, but 
had been excluded from the area to  be surveyed by professional agency, 
should be taken in hand, and thus work provided for the establishment for a t  least 
another month. Sanction was accorded to this and the area for survey was thus 
increased by 14'4 square miles. 

522. Traverse operations were confined to revising those llnes which had 
been run during seasons 1890-92, but had not proved satisfactorily, and to the 
running of supplementary traverses where the position of scattered cultivation 
could not be correctly fixed by intersections. Observations were taken a t  eighty- 
two stations, and the number of linear miles of chaining amounted to 13'1 miles. 
No additional connections were made with trigonometrical stations, as  the sup- 
plementary traverses emanated from and closed on other traverses, which had 
been finally proved. 

523. All theodolite stations have been permanently marked by cross-cut- 
tings on rocks i n  situ, or by rough uncut stones embedded in the ground and 
covered over with mounds of loose stones and earth. Receipts have been taken 
from the saminddrs for the same througl~out the district, and now, on the com- 
 leti ion of the survey, they have been made over to the Deputy Commissioner of 
Garhwal for record in his office. 

524. The  cost of the season's traverse work amounts to 8475.  Of 
this amount R I 79 were spent on the supplementary traverses, whilst the balance 
of 8 2 9 6  was incurred on the revision work and the final completion of the records 
of the previous four seasons. The  total expenditure incurred on the Garhwal 
traverse surveys amounts to 860,841-6-1 I ,  and the total area surveyed is 1,723 
square miles, thus giving a rate of 835-4-1 1 per square mile for the district. 

525. The  cadastral survey, which was continued on the scale of 32 inches 
= I  mile, embraces four uf the better cultivated and more accessible pattis of 
pargana Badhan, one of Nagpur, the remaining pattis of pargana Chandpur, 
and the unreturned area surveyed last season, but not finally tested. T h e  
details of the season's out-turn are given in the following table :- 

PAROANAS. 

CADASTRAL SURVEY.  
32 inches=r mile. 

Number of 
pattis. 

CBandpur . 
Badhan . 
Nagpur . 

Of the 261 square miles surveyed, 107 square miles are under cultivation, the 
remainder being occupied by village sites, roads, and strips of waste land interven- 
ing between the fields. The  average size of the  field is 0.49 of an acre. 

526. The  small block of 6.5 square miles in the Bhabar (called the Papidan& 
block), which was traversed in advance last year, was not surveyed 
during the current season as had been intended. The  land not having been 
brought under cultivation yet, the Settlement Officer requested that the detail 
survey might be postponed indefinitely. The  skeleton traverse plots, con- 
sisting of eleven sections, have been made over to the Settlement Officer to 
enable the survey to be made, when necessary, by local agency. 

527- The cost of the detail survey and record writing of the area surveyed 
this Season in Garhwal amounts to Rzg,gqa, giving a rate of Rgg-fjmq 

2 M 

Number of 
villages. 

653 

Number of 
fields. 

343,431 

Area in 
square miles, 

261. 
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Per Square mile, a s  compared with R I 73-1 2-0 per square mile during ,8g2-g3. 
T h e  total cost incurred during the season, including the preparation thz  
settlement records of 1,249 villages, 596 of which were surveyed in the previous 
season, and the  final finishing of maps, area statements, etc., amounts to 
847,222, which gives a rate of the 8181 per square mile calculated on the 
Current season's out-turn. Oiving to the  much more rapid progress made by 
the  hill-men in office a s  well a s  in field work, all arrears and the general finishing 
of village maps and area statements have now been disposed of, 1 he only 
work that  remains t o  be done is the correction of maps and field areas from 
time to time, a s  correction slips a re  received from the Settlement Department 
a f te r  the verification of records and the disposal of all boundary disputes. 

528. There were 135 boundary disputes in the current season's work in 
addition to  the  194 cases undecided last year. T h e  Deputy Collector who nras 
deputed to decide these disputes, having other district work to attend to, could 
not devote much time to the disposal of these cases whilst survey operations were 
in progress ; this has resulted in his having decided only 232 out of 329 disputes 
up  to date. Until the remaining 97 are decided, the maps and area statements 
of  194 villages cannot be finally completed. 

529. Every endeavour was made to show correctly all authorised partitions in 
fields so  a s  to  reduce the number of corrections in field boundaries which would 
appear a t  time of attestation. Small slabs of stones 6 to 9 inches in length, 
embedded in the ground, usually mark partitions in fields, but in many cases 
partitions sanctioned 6 to 7 years ago had not been given effect to ,  as  they were 
based on the  old settlement maps and records which are quite obsolete. I t  was 
impossible to  identity the old fields, and consequently partitions sanctioned seve- 
ral years ago  had in some cases not eve11 been attempted ; and in others they were 
made a t  randorn which caused endless disputes and confusion a t  the time of 
writing the records. In one case in which a European planter was concerned, 
the  interested parties had their respective shares in a village verified by order 
of the court on three different occasions and each time different fields were 
pointed out to  them LS theirs. T h e  result was that when an attempt to write 
the  records was made, each shareholder claimed rights to fields a s  it suited him, 
thereby preventing any progress in the work. Eventually the inspector was 
directed to compare the old settlement map with the fields on the ground, when it 
was found that the last verification of shares had been made by apata,drz with the 
old settlement map of one village and the records of another. The  incorrect 
and casual way in which this partitioning of fields had been carried out increased 
the work both of survey and settlement, and the alterations in field boundaries 
and numbers were very numerous ; as  an instance of its effect in some rases it Is 
worth mentioning that  in three villages the surveyor recorded 152, 481, and 937 
fields, which were increased a t  time of attestation to 347, 618 and 1,207, 
respectively. 

530. T h e  procedure adopted last season in preparing the record of rights 
was strict]y adhered to, though in many cases the villagers protested against 
waste land intervening between their fields, being recorded in the name of 
Government. I n  order to secure rights in such strips of waste, they frequently 

u p  the land a t  time of survey with the ivtention of utilising if after- 
wards for g a z i n g  purposes or extending their cultivation ; this they Cannot do 
now without the sanction of the district authorities. No alterations \yere made 
in  the classification of soils a s  no differences existed in the classes of land in the 
parga, lar  no\v surveyed. Attempts a t  concealing irrigated lands were made, 
but these were frustrated by inspections being made subsequent t h e  corn- 
pletion of the records of all where traces of old irrigation channels 
existed. 

5 R , ,  ~h~ standard of measurement used in Garhwal is the nali, rvhich is 
equivalent to 240 square yards and is the area supposed be the 
amount o f  seed contained in a wooden CUP measure which is a 'lafie T h e  

,tali i s  subdivided into sixteenths, each of which is called an and 320 G n n R J  

or 2 0  nn/ir one biri or 4,800 square yards. T h e  birr I s  not  rerognised a s  a 

standard i n  any of the Government records ; naris and being recorded 
in settlement papers, I n  the present survey the area has  been 
recorded i n  acres, and also in  nalir and annaS, for convenience Of 

old statistics. 
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53% The  survey has been carefully checked on the ground by the  European 
officers in the course of their inspections. T h e  independent tests and check lines 
run by European assistants aggregate 295 linear miles and those by inspectors 
254 linear miles. This gives an average of 2.1 linear miles of check lines in 
every square mile of survey. In 25 cases the work proved unsatisfactory and 
had t o  .be redone ; otherwise it was found to he good. Of the entries in the 
records, 20,974 numbers were tested by European officers, and 109,647 by the 
native inspectors, giving an average of 37 per cent. of fields checked. As a rule 
rights had been correctly recorded, and where disputes existed they were entered 
in the dispute list. T h e  Deputy Collector employed on the attestation of the sur- 
vey records admits that the  entries recorded, even where dlsputes exist, generally 
prove correct, and better records could not be prepared than those submitted 
during the past  year. 

533. The  field season closed on the 7th April when the entire office staff 
proceeded to Xaini Tall where there was sufficient accommodation for the whole 
of the reduced staff. The  entire establishment working together a t  Naini Tal 
offered greater facilities for references between the different sections, thereby 
assisting in the completion of the settlement records earlier than was anticipated, 

534. The  season's out-turn of work in Garhwal is mapped on I ,  I I 5 sheets on 
the 32-inch scaie. The  names of villages, (with their settlement numbers), pattis, 
parganas and district, together with the scale and season of survey, have been 
printed on the maps in English as  well a s  in the vernacular to render  hem more 
complete. 

535. T h e  records prepared for the Settlement Department are exactly the 
same a s  those ~ i v e n  in last year's r e ~ o r t .  All the records of the current season's 

u 

work and those of 596 vilfaages su;veyed last year were completed and made 
over to the Settlement Department by the end of July 1894. 

536. The  maps and area statements of all other villages except the 194 
mentioned in para. 528 are finally complete, but until a!I thepargagzas are attested 
by the Settlement Department and the additions or alterations communicated 
to the survey, the records to be lodged in the Survey Office a t  Calcutta cannot 
be despatched. Up to the present time permission has been obtained from the 
Settlement Officer to despatch the records of parganas Barahsyun, Chaundkot 
and Malla Salan, though in these even there is alikelihood of some further altera- 
tion being ordered on the disposal of the final appeals which have been made. 

537. The  total area surveyed in the Garhwal district on the 32-inch scale 
amounts to gSo square miles. From this a deduction of 28 square miles has been 
allowed for terrace walls existing inside fields, thereby reducing the area recorded 
in the village khasras to 952 square miles, of wnich 512  are under cultivation or 
lying fallow; the rest is not culturable. T h e  assessed area over the whole dis- 
trict at the last settlement was only 234 square miles, so  that the assessable area 
ds found to exist by the present survey has more than doubled. T h e  total 
number of fields is 2,877,305, thus giving the average size of the field over the 
whole area surveyed as  0 . 2 1  of an acre. These figures exclude the area sur- 
veyed in the Garhwal-Bhabar on the 16-inch scale. 

538. The  cost per square mile in 1890-91, when operations first began, was 
R282 and that of this season's out-turn is 8 1 8 1  per square mile, including com- 
~ ' l e t i o ~ ~  of all Settlement records. Particulars as  to  areas and cost-rates of the 
whole of the Garhwal cadastral survey will be found a t  page 108. 

539. 1 he geological surveyor, who had been deputed to report on the 
general safety of  the hill sides, overlooking the Naini Tal lake, expressed his 
inability to offer an opinion wilhout being provided with a correct contoured map 
of the station. No such map being available, the Local Government directed, 

3 1 0 0  under Public Works Department G. 0.  No. m,, dated 2Is t  May 1894, that a 
contollr survey should be made of the basin of the lake, with a s  little delay as 
possible, and that the old map of Naini Tal  should be corrected up to date by 
the insertion of all new buildings and roads. The  held staff having been granted 
the usual departmental leave during the recess, it was necessary to  recall a few 
surIreyors for,this purpose ; they returned on the 2nd June, but great difficulty 
was then experienced in collecting a sufficient number of khalrtsis though a 
higher rate of pay than usual was offered. The  set,ting in of the rains on the 
10th June greatly retarded progress, as even when not ,raining the hill tops 
were constantly shrouded in mist and prevented observations being talwn. 
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540, It was accordingly decided that an attempt should be made to com- 
plete this year the detail survey of those parts of the station in which additions 
or changes had been made since the last survey of 1872, whilst the contour 
survey, which was to be based on heights determined by triangulation, should 
be postponed till March next ; when it is hoped clear weather and a sufficient 
staff of khaldsis will admit of the work being completed in a couple of ,months. 
Up to the present time the detail survey of the parts of the station which had 
to  be revised is completed ; and 38 trigonometrical stations have been fixed 
in the area (about 2 square miles) requiring to be contoured. In addition to 
this, 53 points have been fixed by interpolation, and there are now altogether 
91 trigonometrically determined heights, which will afford sufficient data for a 
contour survey. 

541. Owing to the completion of survey operations in the Garhwal dis- 
trict, the detachment is now being broken up and the members transferred. 
Mr. Freeman, who has held charge of the detachment since October 1891 will 
be transferred to the Provincial staff of the North-Western Provinces. He has 
had an unusually difficult task in Garhtval, and it is greatly to his credit that 
he has completed the survey so satisfactorily. At first, in addition to the se- 
verities of the hill climate, which prevented men from the plains readily joining his 
party, he had to combat the objections of the natives to a survey at  all ; besides 
this he had to  provide his men with supplies from outside sources on account 
of local famines, but in spite of all difficulties he has carried on his work each 
year showing an increased out-turn until this last year, uhen he had only to 
complete what was left. 

542. In the course of the survey, over 300 hill men have been trained and are 
now available for any other surveys which may be made in the Kumaon Divi- 
sion. Several men have already obtained employment in the Garhwal Settle- 
ment Department ; and it is probable that others will shortly be engaged by t h e  
Forest Department and the Deputy Commissioner of Naini Tal. 

54.7. The  officer in charge expresses his indebtedness to Mr. W. R. 
Partridge, the Deputy Commissioner of Garhwal, and to the sub-divisional 
officers of the parganas surveyed, for their cordial support throughout the 
season. But !or the assistance of the Deputy Commissioner, the difficulties 
in obtaining supplies for the establishment would have been much greater, 
Pandit Manik Lall Joshi, the sub-divisional officer of the northern parfanas, 
endeavoured in every way possible to expedite the completion of the work by 
warning samrndars whilst he was on tour of the penalties they would incur 
should they fail to render general assistance to Survey em~lo~Cs .*  

ORISSA. 

544. This detachment, which continued the cadastral survey of the Orissa 
Personnel. Division, comprised the re- maining portion of No. 8 

Mr. R .  C. D. Ewing, Extra Assistant Superintendent, 5th party, after the transfer to 
grade, in charge. 

Mr. E. F. Berkele ,, Sub-Assistant Superintendent, 1st grade, Bihar of two cadastral sec- 
s a a u  Nllmoni ~ k a t t e r ~ e e ,  Sub-Assistant Superintondent, 3rd tionS as in parar 

grade. 
I sub-surveyor. graph 217 .  The charge of 

35 inspectors. the detachment was held by 
99 computers and draftsmen. 

170 field surveyore. 
Mr. R. C. D. Ewing through- 

108 khanapuri omins. out the year. 
545. The  following are the operations on which it was engaged :- 

- 

( I )  The traverse survey of killa Aul in district Cuttack. 
(2) Demarcation of the Sukinda-Dhenkanal boundary. 

t 3) Cadastral survey in district Balasore. 
4)  Revision survey of the Jagannath temple lands, district Puri. 
(5) Demarcation of the Orissa-Madras boundary. 

The officer in charge reports that the assistants, Messrs. Skilling and Murphy, have given general 
matisfaction, whilst amongst the native staff the following are deserving of mention :- 

Badri Pershad, Hari Singh, Ali, Bisharnbar Sahai, Dilshad Ali, and Sayed Ullah. 
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Survey of the Cuttack District .  

546. T h e  cadastral survey and record-writing of the temporarily settled 
lands of the Cuttack district had been practically completed during season 
1892.93, These operations were commenced in 1890-91 and cover an area of 
2,269 square miles. In April 1894 orders were received to traverse the tempo- 
rarily settled mauras of killa Aul in that district, which it was ascertained com- 
prised 148 villages. Of these, 16, or portions of them, are temporarily settled, 
and 2 or portions thereof are under irrigation ; these will, therefore, come under 
cadastral survey, with a record of rights. T h e  remainder are under perma- 
nent settlement. 

547. Traverse work was commenced on 13th June, and the rains having set 
in early (10th June) very little was possible ; but eventually 3 1  polygons, having 
an area of 15  square miles, were traversed. The  angles measured number 370 
and the aggregate length of chaining was 5 9  miles. T h e  cost has been 8 7 9 8  ; 
the rate per square mile is 853.2. 

548. No cadastral survey could be undertaken, for the pargana, being 
low-lying, was inundated in July. 

549. The revision of the Cuttack town records was carried out. In 
November 1893 the tracings and records were completed and Mr. R. Nathan, 
C. S., was appointed to undertake final attestation. At his request, and with 
the concurrence of the Settlement Officer, the records and tracings which 
were prepared under the direction of the Collector of Cuttack, according 
to  the 35 snhis into which the  town is divided, were rejected and the entire 
work re-cast into 1 3  mauzas. Fresh tracings were prepared, the khatzans 
re-written, and in the khasras numbers were changed : this was a laborious ar.d 
delicate task, for a single mistake in the numbering would have entirely dislo- 
cated the remainder of the series. The re-casting commenced in November and 
continued till January, but the records were continuously supplied till completion. 
ln  three places portions of the town were revised, owing to changes since 
survey, due to widening of roads, erection of fresh buildings, or their removal. 

The  discrepancies disclosed a t  time of attestation have all been corrected ; 
the inaccuracies were unimportant, and were generally in places where the  amin 
had great difficulty in taking his chain line. In some localities the amins had 
to climb the houses and measure the roofs for the dimensions, and then drop the 
chain for the survey of the interior details of the squares. 

550. As no orders have been received to survey the Cuttack cantonments 
on a large scale, the n-inch scale survey made in 1892-93 must be utilized for 
the completion of the standard sheets. 

Demarcalio?~ qf the Sukinda -D ielzianal boundary. 
551. During last recess an application w n s  made by the Raja of Sukinda 

(a permanently-settled pargana) to  the Comn~issioner of Orissa for the demar- 
cation of the boundary between that estate and killa Dhenkanal, of the 
Tributary Mahals, according to the line of boundary shown in the topographical 
survey map on the I-inch scale of 1853, a s  there had been no previous 
revenue survey. 

552. In April a native surveyor was deputed on this work. H e  commenced 
the survey from the admittedly correct tri-junction of pavgana Balrampur, 
district Cuttack, killa Sukinda, and killa Dhenkanal, the position of which had 
been determined by the cadastral survey of season 1891-92. 

A check azimuth was observed a t  the initial station ; the boundary by the 
previous topographical survey was enlarged by pentagraph to the q-inch scale, 
by which the sub-surveyor was guided a s  to the direction of his lines, and on 
the field book were recorded the offsets to boundaries of undisputed possession. 

The lines were closed on the G .  T. Survey station Doitari, lat. 21'06', long. 
8j051'. Seven azimuths were observed, 3 1 2  angles taken, and 79) miles of 
chaining were run ; the stations were marked for future identification by burnt 
clay cylinders or by marks on rocks and on protruding roots of trees. 

Where the boundary runs through jungle, the alignment on the map of  
previorls survey was accrpted:  where streams form the boundarv there was 
no di f ic~~! ty ,  for i t  wasimmaterial whether the streamsas enlarged t q pentagraph 
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coincided exactly or not with the true position according to present survey : 
in general, the agreement was good, though the sinuosities sonlewhat differed. 

Survey of the Bnlasore District. 
553. The  detachment for the continuation of the cadastral survey of the 

Balasore dtstrict, on the 16-inch scale, left recess quarters at Cuttack on 27th 
November, reached Balasore (the centre of operations) on 29th) commenced 
field work on 1st December 1893, and closed it on 29th May 1894. 

554, The area cadastrally surveyed during the season amounts to 649 
square miles and lies in the northern portion of (!istrict Balasore, between lats. 
s1015' and 21'45' and long. 87'30'; it comprises 1,567 villages, and 732,749 
fields, The survey is mapped in 1,486 sheets. The cost has been 884,889, 
and the cost-rates are, for the cadastral survey, 875.2, and for the records 
a70 per square mile. , . 

55.5. f h e  record of rights has been completed in all the mausas that have 
been cadastrally surveyed. I 'he average size of field calculated on the area of 
record writing is 0.057 of an acre. 

Registers of proprietors and statements of tenure and intermediate tenure- 
holders were copied from the Collector's registers and supplied by the Settle- 
ment Oficer, who used his own establishment for this work. 

556. Of village boundary disputes, 447 were submitted this season to the 
Revenue Oficers for settlement (of these 16 fall within Balasore town) ; 209 dis- 
putes have been settled and returned for correction of the maps. Of the dis- 
putes of 1892-93, 183 yet remain in the settlement office. 

$57, The decisions of the disputes between Balasore and Keonjhar State of 
the fributary Mahals have not yet been communicated, which is probably due 
to the troubled condition of that State. Disputed boundaries between Moharbhanj 
and Balasore, and between Nilgiri and Balasore were also surveyed and sub- 
mitted for settlement. 

558. The  town of Balasore, within municipal limits, was surveyed for the 
most part on the scale of 32 inches to the mile; the overcrowded parts on the 
scale of 6 4  inches to the mile. It comprises 28 mazdsas and'the area is 2,761'18 
acres, of which 2,635-81 acres were surveyed on the 32-inch scale and 125.37 
acres on the 64-inch scale. The khasva numbers amount to 19,396. 

559. At the request O F  the municipality, several lines of levels were run 
through the town for a contemplated drainage scheme. The expense of 
levelling, and the difference of cost of surveying on a larger scale than what is 
required for settlement purposes, has been met by a grant of R 1,400 from the 
municipality, which sum also covers the cost of a complete supply of tracings. 
Nineteen miles of levels have been run with 373 fixings of the instrument. The 
first series emanates from the bench-mark at  the circuit house verandah, which 
is ~ ~ ' 2 4 6  feet abo ve sea-level, and closes on bench-mark on No. 101 bridge, 
which is 32-35 feet above sea-level. The first series supplied data for the sub- 
sequent ones. Several theodolite stations of the traverse survey were connected 
with. Numerous marks are on culverts and other masonry objects. The 
average error is 0.009 feet per mile. 

The  permanent marking of the tri-junctions was effected after the cadastral 
survey was done, as their true positions could not be ascertained beforehand. 

The cost of the town survey has been Rz,o36, and the rate per square mile 
8473'5. 

560. in  connection with the survey of the municipality, a survey on the 32- 
inch scale of the lands in Purana Balasore claimed by the French was under. 
taken. The revenue survey of 1841 recorded the possessions of the French as 
24 acres in Purana Balasore, on the right bank of the Boro Bolong river; as 2 

roods in Ghorapada on the left bank; and nothing in Bainchua, also on the left 
bank ; whereas 9-27 acres are now admitted on the ground, by the British 
ramindn'rs, to belong to the French in Bainchua. 

In 18ga the lease of the French lands was taken up by Raja Boikonto Nath 
De, a saminddr of Balasore, who in his zeal to repress the irregularities which 
were reported as  prevalent within the French possessions, came in conflict with 
the preceding lessee, Raghunath Maha~ater ,  which led to thr  latter's arrest in 
Purana Balasore. Lt then became a matter of dispute whether the arrest was made 
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within British or French territory, and on this a claim was made on behalf of t he  
French to certain lands, which have been surveyed on the 32-inch scale. These  
comprise 749 plots ; area 223.68 acres. The  two roods ot the  revenue survey in 
Ghorapada have been destroyed by the river. 

561. T h e  detail survey of the district was checked by 2,132 linear miles o i  
test survey, of which 931 miles \\-ere done by means of independent parlals,  and 
the remainder by native inspectors, which gives an average of 3'13 linear miles 
of  test per each square mile of survey. Most of the village sites were examined 
6n situ, as  several sites had to be re-surveyed a t  the early part of the season; it 
had the desired effect of ensuring the subsequent correct survey of the houses 
and homesteads. 

Of the record writing the survey officers checked 3,931 Khasra entries and 
138,496 entries were tested by native inspectors, which givee an average of 19 
per cent. of the total entries rested. 

562. In the parganas of district Balasore surveyed during this season, there 
was marked i l l  feeling between the zamindcirs and the  rayats.  T h e  zaminddrs 
are in general absentees, residing either in the town of Balasore or in Calcutta. 
In almost every village there are rival factions of the zamz'?zdcirs' people and the 
rayats,  and the disappointed party in a dispute immediately imputes bribery and 
corruption to the anrin, or inspector: in pnrgr;na Dararachour especially the za-  
mi~zdhrs and raynts are in avowed hostility. Every dispute, however frivolous, 
Mr. Ewing states, has been recorded when brought to the notice of the amin or 
inspectors. 

Survey of the 7agangzndh Temple Lauds, P u r i  District. 

563. The  Government notification, under the Tenancy Act, appeared on the 
5th March 1892, directing a survey to  be made and a record of rights prepared in 
certain mausus and revenue-free estates belonging to the Temple of Jagannath. 

564. The  revision survey of these temple lands in the sub-division of Khur- 
da  was taken up during May 1894. T h e  survey had been originally done on the 
32-inch scale in 1877-78, when the entire subdivision, which is khas mahnl, was 
surveyed, but the record of rights had not been written. T h e  revenue is collect- 
ed by the Raja of Puri, who is the S~iperintendent of the Jagannath Temple a t  
Puri, and it is expended on the maintenance of the temple. The  application for 
revision and writing of the records of rights was made last season by the Rani  
of Puri (mother and guardian of the minor Raja of Puri), and Rs. 6,ooo has 
been deposited by her to defray the expenses, 

565. The  subjoined statement exhibits the  work completed in survey 
and khanapuri:- 

566. T h e  Rhannpl~ri of the lands revised was also completed. The  check- 
ing of the survey was done by Babu Nil~noni Chatterji, an officer of  the survey, 
and by native inspectors; there were 55  miles of independent test lines run 
and 130 miles by inspectors, which combined gives an average o f  1 2  miles of 
test to each square mile of survey. 

567. The cost hbs been 83,032 for survey, and R2,822 for records. The  
rates per square mile are K2g and 27 ,  respectively. 

Demarcatiorz of the Orissa-Madras boundary. 

PARGANA. 

Zilla Tappang . 
,, Rameswar. . 

568. At the close of the senson in June 1894, a native surveyor was depu- 
ted to the Chilka Lake, to determine the positions (on the ground) of three 

N 
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salient points which had been decided on by Messrs. Horofall and Savage, 
Collectors of Ganjam and Puri, respectively, in the  year 1887; three pillars were 
erected on the sites ascertained by the surveyor and approved by hlr. Maude, 
Settlement Oficer of Orissa, who personally visited the ground with the Sub. 
divisional Officer. 

T h e  boundary passes through water a t  different angles corresponding 
with the configuration of the lake ; so these points of deflection could not be 
marked within the lake, for  though very shallow in the summer season, it is 
never dry. 

T h e  pillars are  erected on the following points :-(I) Where the boundary 
between Ichurda and Ganjam meets the Chillta on the western shore;  (2) 
where the boundary between pargana Bajarlrot, district Puri, and Ganjam meets 
the  Chilka on the south-western shore;  and (3) where the boundary between 
pavgnna Bajarltot, district Puri, and Ganjam meets the  sea (Bay of Bengal). 
T h e  pillars o f  stone and mortar constructed a t  ( I )  and (2),  are 2 feet under 
ground, and Q'X 2 ' ~  2' above the surface ; that  a t  (3) is 5 feet under ground, 
and S'X 2 ' ~  2' above the surface. 

569. T h e  cadastral survey of all the temporarily settled areas in the Orissa 
Division has now been completed with the exception of a few scattered mahals 
in killa Aul, the position and extent of which have not yet been ascertained, and 
these will be cadastrally surveyed in the ensuing season. An area of a b m t  
1,060 square miles of permanrntly settled estates however remains to  corn- 
plete the survey of the  Orissa Division, of which 687 square miles lies in the 
Cuttack district, 215 square miles in Balasore and 158 square miles in Puri. 
These  areas ~ v i l l  be surveyed on tho  2-inch scale during the ensuing season. 

570. T h e  Orissa detzchment was inspected by the Director, Bengal Surveys, 
from the  15th to the  23rd March 1894. H e  reports that Mr. Ening,  who has 
been in charge of the various operations of the detachment, has a s  usual been 
unsparing in h ~ s  exertions.* 

TRAVERSE SURVEYS. 

C E N T R A L  PROVINCES.  

No. g PARTY. 

571. T h e  retention of this party in the Central Provinces for another year 
P a v s o n ~ ~ r l .  having been sanctioned by the Government of India, 

Mr. E. J .  Jackson, Officiating Superintendent, 2nd grade, arrangements were made far 
in charge from 14th November 1Sg3. 

Mr. H .  Dowrnan, Extra As5istant Superintendent, 3rd grade, continuing the traverse sur- 
in charge up to 13th November 1393. 

Mr. C. George, Sub.Assistant Superintendent, 1st grade. 
veys in districts Bilaspur, 

hlr. C. H. Johnson, ,, I, 2nd ,, Sambalpur, and Balaghat, and 
M r . G .  Rae, ,, ,, 3rd ,, t o  undertake the traverse sur- 
46 surveyors, sub-surveyors and others. vey of about 600 villages in 

t he  zantindn'ri estates of district Chanda. 
572. T h e  recess office was closed and the party left Kamptee on the  13th 

November 1893, the field establishments assembling at three camps which were 
formed a t  Chanda, Bilaspur and Raipur on the 15th idem ; they commenced 
field work soon afterwards. T h e  head-quarters office and the establishments 
from Chanda and Raipur returned to  Kamptee on the 3rd June 1894, whilst that  
from Bilaspur continued work until 24th June. 

573. T h e  portions of  country allotted for traverse operations were again 
much scattered, causing a larger amount of chaining than would otherwise have 
been necessary for the actual area required to be traversed. Thus the work of 
the  Bilaspur camp covered an area of upwards of 1,700 square miles, of which 

Mr. Ewing reports as follo~vs regarding his Assistant8 :- 
Mr. E. F. Berkeley was ailing during the field season, but notwithstanding has done a fair share 

of work. Mr. Nilmoni Chatterji has improved and done good work. 
The following members of the native establishment are well reported on :- 

Jagobundho Icanungo, Jowala Pershad, Baldeo Sahai and Nazir Husein. 
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1,500 square miles only were fully traversed ; and in addition to this: ,sci t - , .  
tered villages in Ralaghat were completed. T h e  villages in Chanda idf)?vhieh;.: 
the traverse survey was required corilprised an area of 956 square miles only; 
but they were scattered over an area of 2,340 square mile?, and had all to  be 
connected. In Sambalpur, four zanzinda'vi estates aggregating 845 square 
miles in area, which had been left unsurveyed during the previous season, were 
completed. 

574. T h e  operations in the above districts have been of exactly the same 
character as  in previous seasons, the object being to  furnish skeleton plots 
of traverse points on the 16-inch scale to the Settlement Department on which 
to  base the survey of the fields. T h e  traverse lines averaged from I to 30  
chains in length and as  closely as  possible followed the boundaries; when 
necessary sub-traverse lines were run so that the maximum distance apart of 
stations in cultivable land was 30 chains. The  amount of work executed is 
considerably in excess of that of last year, as  the native establishment was 
strengthened with a view to completing all the traverse survey required by the 
Government of the Central Provinces. This, however, could not be accom- 
plished, mainly on account of an abnorrnal aniount of sickness in the early part 
o f  the field season, which greatly retarded work. T h e  area of plots supplied 
amounts to 3,397 square miles, and the number of linear miles of chaining to 
I I ,482, ;is against 2,3 16 square miles and 9,431 linear miles reported last year. 
T h e  cost-rate per square mile is consequently less, being for tlie traverse survey 
and stone embedding 826, whilst that of last year was Kgq. 

575. T h e  out-turn of work for the season is shown in the following tabular 
statement :- 

576. Of the total number of traverse stations fixed, 45,589 stations were 
marked with embedded stones and 16,024 others were either on tri-junction 
pillars or on rocks marked zn sz'tu, making,a total of 61,613 permanent marks 
in an area of 5,or I square miles (which is the gross area covered bv the 
survey). This gives an average of a little more than 12  marlcs per square mile. 
T h e  total cost of  he stones embedded amounted t o  &2,833 ; their carriage 
cost R2,909 and their erection 85,212,  or R 10,954 in all, and the cost-rate of 
the  marking is thus 82 .2  per square mile. Receipts were takenfrom 
the za7~zindrirs for the protection of the survey stations. In addition to these, 
printed notices, or. which were plotted the positions of the stations on the 2-inch 
scale, were prepared in duplicate, one copy being sent to the Deputy Commis- 
sioner and one to the zam2'trdd.r. 

577. TWO chains, one of loo feet in length and the other of 6 6  fcet, were 
used throughout, and the linear measure~~ients  were tested by connections with 
I 2 trigono~netrically fixed stations. T h e  angular measurements were checked 
by observations for azimuth a t  496 stations. 

578. No maps existed showing village boundaries ; consequently the sub- 
surveyors were often obliged to follow the boundaries as pointed out to  them' 
by the headmen. In many instances two different lines were shown, necessitat- 
ing a traverse along each to enable the Settlement Officer to decide the 
dispute. In Bilaspur many such disputes arose, and constant reports had to be 
made to the Deputy Commissioner in consequence. T h e  demarcation was 
much more satisfactory in Chanda and Sambalpur ; the boundary disputes there 
were few in number, and were quickly settled by the Settlement Department. 

579. T h e  countrv traversed was on the whole free from hills, but in many 

Districts. 

Bilaspur . . 
Balaghat . 
Chanda , . 
Sambalpur . 

TOTALS . 
- -- - -. - - . .- 

places lines had to ie cut tIlrougI~ jungle where villages touched on forei t  
reserves. 

- 
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580. Ir; t he  early part of the season there was a great deal of sickness in  
the Chanda and Bilaspur districts, and a t  one time Messrs. Jackson, Dowman, 
George and Rae,  a s  well a s  15 sub-surveyors, were all prostrated by fever of  a 
bad type which was difficult to shake off. During December, January and 
February, 50 per cent. of the establishment were l a ~ d  up, and it was some time 
before the men could return to their work on account of weakness ; indeed some 
had to  be discharged. Of the khaldsis 21 died from fever. 

581. During the field season, that is, up to the end of May 1894, the 16-inch 
plots of I , I  z r  villages, on 2,134 sheets, were supplied to  the Settlement 
Department, and durlng the recess, all the remainder were gjven in with the 
exception of those of 14 villages, which will be despatched In November or 
December after the revision surveys have been completed. 

582. T h e  party was inspected in the field by the Deputy Surveyor-General, 
who visited t he  Bilaspur and Chanda camps in January 1894. That officer also 
proceeded to Pachlnarhi in May 1894, where he met the Chief Commissioner 
and the  Commissioner of Agriculture, and conferred with those officers on 
the  question of retaining the party fcr yet another season. It  was then shown 
that there would still be employment enough for it in traversing those villages 
in C l~anda  and Bilaspur which i t  u-as found impossible to finish this year, in 
complt.ting forest and ztzntinda'ri boundaries and in traversing any other villages 
of which it has since been found advisable to have correct plots. An application 
was therefore made to the Government of India for the retention of tlie party 
in the Central Provinces during 1894-95, which was sancti ~ n e d  in letter 
No. 194,;-r 10, dated 13th July 1894, from the Government of India, Revenue 
and Agricultural Department, to t he  Chief Commissioner, Central Provinces.' 

GEODETIC. 

LATITUDE OPERATIONS.  

No. 22  PARTY, ASTRONOMICAL. 
583. Latitude operations were continued by this party under Captain Burrard, 

R.E., on the Jodhpore Meridional Series 
Personnel. of the Great Trigonometrical Survey. Eight 

Captain S. G. Burrard, R.E.,  Deputy Super- 
ntendent, 2nd grade, in charge. stations were observed a t  in all, six of which 

Alllad Hussein. Sub-Assistant Superinten. were situated near the meridian of 72'. the , , -  - 
dent. 3rd grade. 

Govind Balwant Joshi, recorder. remaining two being the Agra and Amritsar 
lonpitude stations. The  instrument em- 

ployed was the zenith sector No. I ,  and che observations were taken by TalcottJs 
method. 

584. Talcott's method of observing has been generally regarded by all 
authorities as  very superior to the Sector method, in that it renders a graduated 
limb unnecessary. But in practice, the errors that arise from a graduated limb 
read by micrometers, are found to be considerably less than the errors due to 
imperfect graduation of the levels, and in 1ntli;l the substitution in late years of 
the  Talcott method for the old Sector metl~od has not been accnlnpanied by any 
improvelnenl in the accuracy of results. Levels cannot yet be ground to the 
same degree of precision a s  a limb can be gradulted, and where the accuracy of 
a final result depends on the measurement of a dislevelmcnt, i t  is an evident 
advantage to have this measurement made by two levels instead of olle. 

\ \r~tli  the Sector method two levels were always employed, whilst but one 
i s  used with the Talcott. and though tlie elimination of the limb renders the - 
Sector an r;ts:er and simpler instrument to work n.itli, i t  is a questionable point 
whrther thc sain in accuracy of observdtion, I~rought about by this e l i~~~ ina t ion ,  is 
not more than lost by the abolition of one of the levels. The two obsc:rvers, who 
have worked the Talcott method in India, both also complain of the i~i~possibility 
of dctermining the value of their micr~meter  screw with sufficient accuracy for the 

T h e  Officer in charge reports well of all his Assistants, and particularly of M r .  C. Crrorge. Of the 
Native4 he selects the lollntvinp as  having d o ~ ~ e  especially good work, vis. .  Ganpat Rai, Sadat Ulla. Nattu-  
ram. Hilaluddin, Alla Hux, Mojid Ulla, \,all hlohun Gungopadhyaya, Narsn Uinkar, Upendra Nath 
Murerji, and Manohar Llaji. 
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large measurements that must of necessity be made under this system of obser- 
vation. 

585. Tbe  levels employed in the last two years are by Holmes and are 
of the finest make, but it was not known until lately that the liquid they con. 
tained was chloroform and that it was liable to decompose, though enclosed in 
an hermetically sealed tubs. T h e  liquid in all these levels has been ~ radua l ly  
contracting, and in sorne the bubbles are now too long for use. T h e  con. 
traction of the liquid has probably impaired the accuracy of the levels, and, 
perhaps, rendered the latitude observations Inore liable to error. In future the 
chloroform will be changed annually. 

586. T h e  results of the season's work are given in Captain Burrard's narra- 
tive report in the appendix. Almost all his stations, like those of 1892-93, are 
situated in the Great Desert between Ajmere and Karachi, which, owing to the 
entire absence of hills, should be one of the most suitable spots in the world for 
astronomical observations. 

The  observations a t  Amritsat, where the Himalayas can be seen to  the 
north, show considerable southerly attraction, and thus tend to corroborate in a 
remarkable nay the theory first propounded by General Wallter in 1867, that the 
northerly attraction of the Himalayas is more fully compensated in the western 
than in the eastern plaiils. 

587. An interesting and valuable discussion by Captain Burrard on local 
attraction in India, based on the data obtained by the Trigonometrical Survey, is 
printed in the appendix. Captain Burrard clearly shows how greatly the 
problem oi determining the figure of  Lhe earth is complicated by the fact that  
the deviation of the plumb line from the normal, due to local attraction, varies 
so greatly, and frequently so unaccountably, from place to place. 

588. The  Superintendent, Trigonometrical Surveys, inspected this party in 
June 1894, during the recess a t  Mussooree, and was thoroughly satisfied with its 
efficiency.* 

No. 23 PARTY, ASTRONOMICAL.  

589. This party was engaged in continuing the series of determinations 
of latitude, which was begun in the season 

Personnel. 1892-93, and which was then carried from 
Lieutenant G .  P. Lenox-Conyngharn, R.E., Bombay a s  far a s  Achola H.  S., the last 

Deputy Superintendent, 2nd grade, in charge. azintlrth station of the Bombay Longitudi- 
Babu H a ~ ~ u m a n  Prasad. 
Babu La1 Sirigh, recorder. nal Series, situated in latitude 18" 14' 48," 

longitude 77" I '  48'. 
590. T h e  work this year comprised the determination of t he  latitudes of 

seven stations. It began with the determination of the latitude of the Bolarum 
longitude station, and after that followed the Bider Longitudinal Series from 
Pirmulo H. S., nearly due north of Bolarum, to  Waltair on the east coast, the 
longitude station being the point there selected. The  instrument in use was 
Troughton and Simms' zenith telescope, and the method of observation that 
known as Talcotts'. The  details and results of the season's work will be found 
in Lieuteilarlt Lenox-Conynghirm's narrative report in the appendix. 

591. T h e  principal deduction to be drawn from the season's work is, a s  
pointed out by Lieutenant Lenox-(:onyngham, that a determined value of a micro- 
meter screw must not be regarded a s  an invariable quantity, but that i t  depends 
on temperature and the adjustment for focus, and that the  best practicable 
method of discovering what its actual value a t  any particular station was, is to 
take sn approximate value and  thence to compute a series of preliminary values 
of the latitude, and from them deduce a correction applicable to the assumed 
micrometer value. It is satisfactory to note, however, that by attending to certain 
precautions, all danger of vitiating the final l a~ i tude  by using a wrong micromrter 
value may be avoided, although, unless the correction above alluded to is deter- 
mined and applied, the probable errors will be larger than they should be. T h e  
considerable amolints and persistence in sign of the difference between the 
astronomical and geodetic latitudes along the whole series, from the west to the 
east coast, is remarkable. 

Cap1:lin Li~lrrard comrnr:ids the services rendered by Sub-Ass'stant Superintendent Aulad Husein 
and favourably ~ncntions Uabu Govind Joshi. 
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593. T h e  only covztretetnps which was encountered was the, a t  first, inex- 
plicable failure of  the level mounted on the zenith telescope on account of the 
diminution of the amount of liquid. This has been explained by the maker, 
Mr. Holmes, to be due to a contraction in bulk of the chloroform with which 
they are filled, owing to  a gradual chemical change. Though this is an  
undoubted disadvantage, yet it is not so great a one a s  to counterbalance t h e  
immense advantage for accurate work which levels filled with chloroform have 
over those filled with spirit. 

593. This party was inspected in June 1894 by the  Superintendent, Trigo- 
nometrical Surveys, who found it in a stale of high efficiency.* 

T I D A L  A N D  LEVELLING OPERATIONS.  

No. 25 PARTY. 
594. T h e  direction of these operations was in the hands of Lieutenant- 

~ w s o n n e l .  Colonel J. Hill, R.  E., 
Lieu~enant-Colonel J .  Hill, R.E., Superintendent, 2nd grade, in charge. throughout the year, 
Lieutenant C. C. D .  hlorice, R . E  , Assistant Super~ntendent, 1st grade. with the exception 
hlr. G. Belcham, Extra Assistant Superintendent, and grade. 
,, E. J .  Connor, Ditto 4th gl-ade. 

of the first three 
,, J. Bond, Ditto 4th grade. days of it, during 

w h ~ c h  he was on pri- 
Surveyovs, etc. vilege leave and the 

Dhondu Vinayek, Vinayek Narayan, N .  V. Apte, 1 native mechanics, and party was in charge 
14 recorders and computers. of Lieutenant Morice, 

R ,E. ,  upon whom Colonel Hill again reports in the highest terms. 

595. T h e  automatic recording of the tidal curves, their reduction, and the 
~ublicat ion of the predicted times and heights of high and low water have been 
continued, and tidal observations by means of self-registering gauges, have 
been carried on during the year a t  thirteen stations, viz .  :-Adelz, Maskat, 
Bushire, Karachi ,  Bhavanagar, Apollo Bandar (Bombay), Prince's Dock 
(Bombay), Minicoy, Trincomalee, Kidderpore, Rangoon, Mergui and Po r t  
BCaip. T h e  seven tidal stations, whose names are not italicised, are minor 
stations where observations, a s  a rule, are taken for five years only: the others 
are permanent stations, where the minimum period of observations lasts for 
nineteen years, and where observations should be continued until the whole 
scheme of tidal operations has been completed. In addition to  the  observations 
taken a t  the  stations enumerated above, personal tidal observations to graduated 
staves were taken daily, with the object of comparing the actual heights 
and times of high and low water with those predicted in the  Tide Tables, a t  
the following tidal stations, a t  all of which the tidal observatories are closed :- 
Cochin, Tuticorin, Colombo, Chittagong, Akyab, Moulmein. 

596. T h e  tidal observatories a t  Mergui and BhAvnagar were closed on the 
6 th  June and 17th August 1894, respectively, five years' observations having 
been completed a t  these stations. No new tidal observatories have been 
established during the year, and no observatory will be closed during 1894-95. 
T h e  tidal observatory a t  Bushire was wrecked in a storm on the 19th December 
1893; it was re-erected on an iron substructure and the observations were 
resumed on the 23rd April 1894. 

597. Thus  since the resumption of systematic tidal operations in 1877, 
observations have been taken a t  33 tidal observatories, of which 2 2  (including 
Madras) have been closed on the completion of their registrations and I I are 
now in operation. 

598. It was reported last year that tidal observations were expected to 
commence during the field season, 1893-94, a t  the  following three stations :- 
Madras, Diamond Island (Burma), and Port Albert Victor in KdthiAwAr. Serious 
delay has occurred in the resumption of tidal observations a t  Madras, due in the 

*Lieutanant Lenox-Conyngham repnrts well of the work done by both his Assistants. 



GEODETIC. 9 5 

first instance, to the Harbour Trust  Board cancelling their previous sanction of 
a temporary observatory, to  work till the north pier of  the harbour, with the 
permanent observatory a t  its seaward end, mas compltted, and subsequently due 
to the completion of this pier being itself delayed. At Diamond Island, the 
communication between the observatory and the sea, which had been completed 
just before the monsoon (1893) was entirely blocked during the monsoon 
and could not be re-opened before the middle of February 1894. It  was then 
thought advisable to  watch how the communication would stand the monsoon 
(1894) before setting up the usual instruments. Regular observations were 
made, and the communication has been quite free. Observations will accord- 
ingly be commenced a t  the earliest possible date. At Port Albert Victor it is 
possible, though hardly probable, that the light-house, which Mr. Proctor-Sims, 
the Bh6vnagar State Councillor and Engineer, is building, and which will contain 
the tidal observatory, will be ready to receive the tidal instruments this year. 
At Porbandar, in KAthiriwhr, the S ta te  Engineer has been taking tidal observa- 
tions for some time, and it is possible that these may be supplemented by a 
more extended series of observations to be taken ivith a self-registering tide- 
gauge under arrangements organised by Colonel Hill. 

599. All the tidal observatories, with the exception of Aden, have been 
inspected. The  inspection of Aden, delayed owing to the wrecking of the Bushire 
observatory upsetting the field season's programme, will be carried out early 
in the ensuing season. A detailed account of the working of each ubserva tor~  
will be found in the appendix, where also certain circumstances deserving special 
notice are reported a t  Aden, Masltat, Bushire, Karachi, Prince's Dock 
(Bombay), Minicoy, Trincomalee, Kidderpore, Rangoon, and Port Blair. T h e  
only serious interruption of observations was that a t  Bushire, and they were 
resumed a t  that station after an interval comparatively short, considering the 
nature of the repairs and improvements effected and the remoteness of the 
place. 

The  tidal operations of the year may be pronounced very successful, a 
result due to a great extent to the assistance received from local officials, whose 
kind co-operation has been acknowledged by Colonel Hill. Colonel Hill in particu- 
lar expresses his gratitude to  Mr. D. hforris, the Port Engineer a t  Karachi, 
for his invaluable help in constructing the iron substructure for the Rushire 
tidal observatory and for the other assistance he afforded in re-establishing the 
observatory there. Details of this work will be found in the appendix. 

600. Colonel Hill discusses in the appendix the future of the tidal opera- 
tions, and passes under review the worlt which it nil1 be necessary to carry out 
during the next few years, a t  two stations on the west coast, one north and one 
south of Bombay, and a t  two others near the southernmost extremity of 
Burma, one in British territory in the Bay of  Bengal, and the other in Siamese 
territory in the Gulf of Siam ; also subseq r~en t l~  a t  the tidal stations sanctioned 
in 1889, namely, Acheen, Bangkok, Perim and Suez. 

601. He  also summarises the experience accu~nulated during. past years 
with regard to the pattern of tidal observatories and concerning the ~nstruments 
used in them. The  tidal observatories recently built are considered very con- 
venient patterns. Newman's pattern tide-gauges are held to answer their 
purpose admirably. The  aneroids used, with the exception of a single old 
pattern instrument and three new pattern ones recently provided, are not consi- 
dered satisfactory, and the chief reliance is placed on mercurial barometers read 
four times a day. The  anemometers are unsatisfactory: no means exist for 
testing them a t  tidal observatories. Their toothed wheels and spirals constantly 
wear out and require repairs: after such repairs there can be no certainty of 
their recording wind-velocity with precision. 

602. The  chart of the tidal and levelling operations showing approximate 
co-tidal lines, which Colonel Hill stated in his last report that he intended to 
prepare, is reported to be well advanced, and will, it is hoped, be submitted for 
publication in the spring of 1895. 

603. A new method of reducing tidal observations, elaborated by Professor 
G .  Ha Darwin, and very greatly diminishing the amount of arithmetical calcu- 
lation involved, is being tested by Colonel Hill in conjunction with the inventor 
and Mr. E* Roberts of the Nautical Almanac Office, and promises t o  be very 
successful. 
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T h e  reduction of the tidal observations have been carried on steadily during 
the year. Observations for one year s t  thirteen tidal stations have been reduced: 
the tabulated values of the tidal constants so obtained will  be found in the 
appendix. Another table is given, showing the variation in height of the sea. 
level from the general mean height at all the permanent and closed tidal obser- 
vatories for each calendar year of the tidal operations to  enable comparisons to 
be made between the values at each station. T h e  computations for each tidal 
observatory commence now, as  a rule, on january 1st. 

In addition t o  the constants mentioned above, constants to be employed in 
setting the tide-predictor were calculated for the year 1895 and sent to Mr. 
Roberts of the  Nautical Almanac Office ready for use:  he was also furnished 
with tabulated comparisons for the year 1893 between the predicted times and 
heights of high and low water a t  1 7  stations published in the Tide Tables for 
that year, and their values obtained by actual measurement, thus giving him, in 
a convenient form, information adapted to  assist him in improving subsequent 
predictions, especially a t  the three principal riverain ports-Icidderpore, Rangoon, 
and Moulmein. 

604. T h e  Tide Tables for 189; will contain predictions for 35 tidal 
stations. T h e  new stations, Maskat and Bushire, are added since the last issue. 

605. T h e  usual tables, showing the results of the predictions, are glven Lor 
the year 1893 in the appendix, and may be summarised a s  follows :- 

Percentage of Time prt.dictions within 15 minutes of a c t u a l ~ .  
I 

High water, Low water, 
per cent. per cent. 

at which predictions were tested by S.R. tide-gauge 73 
O%:t;:nYt {: ,, 

6 8 
II ,, ,, tide-pole 45 
11 S.R.  tide-gauge 5 7  

45 
Riverain I 3) 

) )  P I  II  tide-pole 7 8 66 
5 7 

Percentage oJ Height predictions within 8 inches of actuals.  

High water, Low water, 
per cent. per cent. 

g at which predictions were tested by S . R .  tide-gauge 93 
11 ,, tide-pole 

98 
1 1 98 
I I P I  ,, S.R,  tide-gauge 68 

98 
Riverain 50 

1 1  11 ,, tide-pole 55 59 

Percentage of Height predictions agrteing within one-tenlh o f  mean range a t  sprinzs. 
High water, Low w a  ter 

per Cent, per cent.  

Open Coast g at which predictions were tested by S.R. tide-gauge 96 95 
stations ( 4  ,, I) I) ,, tide-pole 85 92 

Riverain 11 I , ,, S.R.  tide-gauge 89 8 4 
) I  I J 1) tide-pole 8 6 8 I 

In this surnmary, a s  explained in the appendix, the tests by self-registering 
tide-gauge5 are the more reliable, especially with regard to time. Subject to this 
cnnsideration the predictions for time, although not equal to those for height, art: 
undoubtedly very good ; and the figures a s  a whole show a high standard of 
accuracy. 

606. T h e  regular levelling operations were carried out by Mr. J. Bond, and 
consisted of a continuous line of double-levelling from Sakti Station of the 
Bengal-Nagpur Railway, where the work closed at the end of field season 
1891-92, to Sarnbalpur and thence across the RIahhnadi, and along or near 
the alignment of the proposed railway on the south or right bank ol the river, 
t o  Cuttack, closing a t  Kendrapsra near False Point tidal station, and thus 
connecting Bombay by levelling with False Point and Calcutta. ?'his line, 
together with 524 miles of levelling executed by Mr. Bond in 1891-92, consists 
of the following two sections :- 

(a) Bilaspur to Sambalpur, 163 miles, 
( b )  Sarnbalpur to Kendrapdra, 259 miles. 
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The levelling was carried during the past season over country, the total 
rises and falls of which amounted to 12,890 feet, and the total outturn amounted 
to 3698 miles of double levelling, in the course of which the heights of 355 
permanent bench-marks, I I Railway bench-marks, 2 Public Works Department 
bencll-marlts, 25 Irrigation be~ch-marks ,  2 stations of the Great Trigonometrical 
Survey, and j z  temporary bench-marks on the alignment of the proposed railway 
to Cuttack were determined. This is a good outturn, and very creditable 
to Mr. Bond, who carried out his appointed work most efficiently, and brought 
the direct line of spirit-levelling between Bombay and False Point to a 

completion, in spite of many difficulties. The  levelling was carried over 
rough and hilly country, covered with jungle and intersected with numerous 
streams and water-courses, a difficult and unhealthy region, in which Mr. Bond 
and his detachment suffered much from illness. The  highly satisfactory 
character of the levelling thus completed may be estimated, by comparing 
the height of the closing bench- nark a t  KendrapAra a s  derived from the  tidal 
station o f  False Point, with its height a s  derived from the  origin of the line of 
levels at KalyAn railway station near Bombay. T h e  height derived from the 
origin is one foot four inches higher than that derived from False Point, and 
the distance between the points 1s I ,  I 85  miles. 

607. During next field season the levelling operations will be continued 
from where they terminated last season near Cuttack and extended down the 
coast to join the line that was brought northward a s  far a s  Vizagapatam in 
1888, connecting trigonometrical stations of the East Coast Series, and complet- 
ing the junction by spirit-levelling of all the tidal stations along the eastern 
coast of India. ?'he standard bench-mark for Calcutta will also be connected 
with the Kidderpore tidal observatory, and with the spirit-levelling already 
executed. 

608. Some extra levelling a t  Karachi was found to be necessary by 
Colonel Hill, who took an opportunity of inspecting the bench-marks laid down 
there in 1859-60 and in 1883, and found that they had all disappeared, with the 
exception of one that is gradually sinking and is, therefore, useless. The  
levelling was executed most satisfactorily by Mr. Belcham ; and consisted of a 
line of the usual rigorous double-levelling, carried from the tidal observatory a t  
Manora to the Karachi base line, a distance of nearly 1 7  miles, in the course 
of which I important bench-mark of  reference (the bench-mark of reference for 
Karachi, fully described in the appendix), 18 permanent minor or inscribed 
bench-marlts, and I Great Trigonometrical Survey station were connected. 

609. Colonel Hill adds some remarks on the standard of accuracy of the 
Survey of India spirit-levelling operations. He defines the procedure employed 
in the actual spirit-levelling ; sketches the general system of lines of double-level- 
ling from sea to sea and along the coasts ; and explains that the usual standards 
of accuracy, by which the error is restricted within such limits a s  I inch per mile, 
z feet or I foot per mile, etc , would be useless for these operations, in which 
the resulting heights can seldom be checked before the levelling has proceeded 
many hundreds of miles. H e  lays stress on the close agreement insisted on 
between the independent results obtained by the tn.0 levellers using different 
instruments, and gives a table showing the nlaximum and terminal differences 
thus obtained on six sectior~s (varying from 242 to 360 miles long) taken f r o m  
the line of levelling between Karachi and Calcutta. The  maximum difference 
between the levellers per 100 miles is seen to be only 0.18 foot on the average 
of the six sections. An idea of  the accuracy of the final results may be 
formed by inspecting two other tables, which he provides. The  first gives 
eight typical specimens of  great lines of levelling connecting tidal stations, and 
the apparent errors at their terminations. The  second gives five specimens of 
great closed circuits taken a t  random from the published pamphlets of spirit- 
levelled heights and their closing errors. The  Survey of India, a s  he remarks, 
does not profess to keep errors of height within any fixed limits, but prefers ttlm- 
ing out the best work possible, and discovering afterwards what its errors may 
amount to. 

Colonel Hill points out that, while spirit-levelling, of which the error does 
not exceed I foot per l oo  miles is generally considered to  be practically perfect, 
i t  will be found that the mean error of the great spirit-levelli~l~ operations dealt 
with in his tables is about I foot per 1,ooo miles. 
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610. Several years will be required in order to complete the general scheme 
of spirit-levelling operations. 'The portion of the system lying south of a line 
joining Bombay and Cocanada may be considered a s  finished: but much 
remains to be done to the north of that line. Thus, for example, the central or 
trunk line of levelling requires completion between Bider and Bhopal ; a branch 
is required to join Allababad and Bilsspur and to be continued t h e w e  to  the 
tidal station a t  Vizagapatam : and several other lines of  levelling are required 
in Rajputana, Bengal, and Burma, which can be undertaken when those men- 
tioned shall have been completed. 

61 I .  In addition t o  the regular departmental work of the tiddl and levelling 
party, a considerable amount of extra work had to be undertaken in order to 
furnish other departments and Local Governments with information applied for 
by them, the particulars of which are given in the appendix. 

612. The  office of this party was inspected in September by the Surveyor- 
General who was well satisfied a t  the  efficient s tate  of the establishment and 
with the orderly and methodical manner in which the large mass of computations, 
which have to be dealt with annually are carried out. Colonel Hill who has had 
charge of those important scientific operations for several years, is entitled to 
much credit for his able superintendence.' 

GEOGRAPHICAL SURVEYS. 

O P E R A T I O N S  I N  U P P E R  BURMA. 

613. This party continued in the charge of Colonel Woodthorpe through- 
out the year, and was strengthened by the 

Person~rel.  transfer of Lieutenant Ryder, R.E., from 
Colonel R. G. Moodthor~el  C. B.1 R.E.l NO. I 8 Party a t  the commencement of the 

Superintendent, 2nd grade, in charge. 
Lieutenant C. H. D. Ryder, R.E., Assist- field season. 

ant Superintendent, 2nd grade. 614. T h e  party was divided into two 
Mr.  P. J.  Doran, Extra Asaistant Super- 

intendent, 5th grade. detachments, one of which, under the personal 
Mr. W. M. Kelly, Extra Assistant Super- superintendence of Colonel Woodthorpe, 

intendent, 6th rade 
Mr .  H .  G. %haw; Sub-Assistant Super- 

continued the delimitation of the Anglo-Siam 
intendent, 2nd grade. boundary between the States  of Keng Tung 

and Keng Cheng, which had been commenced 
Survryors and 8ub.Surveyorr. in the previous season, while the other, under 

Mahrnud Hosein, J. Sebastian, Rarnsa- Lieutenant Ryder was engaged in the more 
bad* Abdul Rahimg KudratL1llahl Mowin regular work of the party, tiz., the survey of  Ram, Sita Ram, Nuruddin and 3 apprentices. 

the Southern Shan States, on the scale of I 

inch=4 miles. A surveyor was also detached from the party to proceed to the 
Karenni country to fill in  a gap in the existing map. 

615. Leaving recess quarters a t  Bangalore a t  t he  end of October 1893, 
the party reached Port Stedman by the end of November, that place being made 
the head-quarters for the field season a s  last year. 

616. Colonel Woodthorpe experienced considerable delay by the late 
arrival of the transport coolies for the delimitation party, which was due to delay 
in obtaining the necessary sanction from the Government for thcir entertain- 
ment and to further delay in their enlistment and journey. The  coolies engaged 
for the work were Khasias from Assam, who were sent vid Calcutta, where 
unfortunately they had to  remain three days for the steamer and contracted 
cholera, from which six of them died before reaching their destination. 

617. T h e  delimitation party consisted of the following officers :- 
Colonel Woodthorpe, R. E., in charge of surveys. 
Captain W. H.  Dobbie, Commanding escort. 
Lieutenant E. Carrick, Commanding Mounted Infantry. 
Mr. G. C. B. Stirling, Political Officer. 
Two native surveyors of the Survey Department. 

Colnnel Hi l l  reports most favourably of Messr~. Delcham and Connor and Surveyor Dhnndu Villayel, 
in the tidal division and of Mr .  Bond and Surveyor Vinayek Narnyan in the levelling division. The staff 

of nalivr: meclianics, surveyors, sub-surveyors, and computers are repcrted to have worked well and given 
salisfaclion. 
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The escort comprised about l oo  sepoys and 35 mounted infantry. The  party 
left Fort Stedrr,an on the 23rd December 1893 and reached Keng Tung on 
17th January 1894, where it was joined by Captain Walker, Intelligence Officer. 
After a short delay a t  Keng Tung, the mission proceeded to  Hongluk, and 
on the way the two native surveyors were detached to select stations in advance 
and to clear hills for triangulation. This work was steadily proceeded with for a 
fortnight, when it was brought to an abrupt conclusion by hazy weather which 
set in earlier than usual. The  triangulation was therefore not satisfactorily 
completetl, but enough was done to give a good check on the topography, and 
Colonel Woodthorpe hopes to be able to extend and improve it during the en- 
suing season. 

618. In the meantime, Colonel Woodthorpe and Mr. Stirling had been 
busily occupied in ascertaining and demarcating the  boundary from Hsup 
Yawng onwards, though considerable difficulty was for~nd in ascertaining its 
course, owing to the ignorance on the subject prevailing among the men sent 
with them to point it out, and to the unsettled habits of the tribes resident in its 
vicini ty,wh~ are constantly changing the sites ot their villages from one side to 
the other, though continuing to consider themselves a s  belonging to the territory 
from whence they originally came. Much confusion is caused by these migra- 
tory habits of the villagers on the boundary, and Colonel Woodthorpe reports that 
it is impossible to consider the boundary as  permanently settled. For the same 
reason he has omitted to show these villages in the map, as  it would be most 
unlikely that a surveyor visiting the neighbourhood in subsequent years would 
find them in the same position. 

619. In the middle of March, Mr. Stirling suddenly received orders to 
proceed to Mong Ysing, the capital of Keng Cheng and the rest of the Keng 
Tung-Keng Cheng boundary demarcation was left to Colonel Woodthorpe. H e  
found it impossible, however, oaing LO the haze, to  survey the country bordering 
on Keng Hung and Mong Lem, and operations were confined to mapping 
the actual routes traversed and detaching a sub-surveyor, whenever opportunity 
offered, to obtain new topography. Thus a small amount of new mapping was 
obtained ancl a good deal of the reconnaissance which was previously effected 
hastily has been considerably improved. 

620. T h e  detachment marched back by a new route to Mong Hsu and 
thence by Legya to Fort Stedman, which was reached on the 27th April 1894. 
T h e  outturn of work of the detachment comprised 1,400 square miles of trian- 
gulation and 2,570 square miles of topography on the a-inch scale. 

621. T l ~ e  main body of the party, constituting the detachment under 
Lieutenant Ryder, left Fort Stedman on the 13th December 1893. Lieutenant 
Ryder and Mr. Doran undertook the triangulation, while Messrs. Kelly and Shaw 
continued the topography, in sheets Nos. 5 N. E. and 5 S. E., the object being 
to  complete, a s  far  as  possible, the first survey of the Southern Shan States. 
This was satisfactorily effected ; the area triangulated being 7,250 square miles, 
and that topographically surveyed on the a-inch scale 7,880 square miles. 

622. Surveyor Mahmud Hosein, who had been deputed to f i l l  in a gap  in 
the map of the Karenni country, completed the work satisfactorily, bringing in an 
area of 420 square miles surveyed on the f-inch scale. 

623. The  full result of the season's operations is a s  follows :- 
Triangulation . . 8,650 square ~r~iles, 
Topography, f - inch scale, . . 10,870 , I  

624. During the recess, all computations were completed ; the mapping of 
sheets Nos. 5 N. E., 5 S. E., and 6 N. W. was completed and sent for publi- 
cation, as  well as  a special map of the work done with the Keng Tung mission. 

625. The  recess office of the party was inspected a t  Rangalore in Septern- 
ber by the Surveyor-General who was well satisfied with the results of the 
season's operations and with the progress that had been made in the recess work. 

626. The  programme for the ensuing field season is a s  follows :-- 
Colonel Woodthorpe, Lieutenant Ryder, and two native surveyors will accom- 

pany the Anglo-French Con~mission which is to start in November for the object 
ot examining the contemplated neutral state on the Mekong river. One sub.sur- 
veyor will proceed to the northern boundary of the Keng Tung State, where it 
marches with Mong Lem and Mong Lun, to  complete the survey which was 
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perforce left unfinished last season. T h e  rest of the party will be employed on the 
survey on the I-inch scale of the Southern Shan States, extending the triangula- 
tion over sheets Nos. 358, 359, 360 and 361, and undertaking the topography of 
sheets Nos. 358 and 35g.* 

No. 2 1  PARTY. 

6 2 7 .  The  party, under Captain F. B. Longe, left recess quarters a t  Banga- 
Personnel : lore for the field during the 

Captain F. 6. Longe, R.E., Deputy Superintendent, 1st grade, last week of October and 
in charge. 

Capt. P. J .  Gordon, S .  C. ,  Assistant Superintendent, 1st erade. first week of November I 893, 
Mr.  A .  J. lames, Extra Assistant ditto, 4th grnde. and, a s  usual, assembled a t  

M .  kennedy, Sub-Ass~stant  ditto, &. P. E. Adams, ditto 
I S t  grade. Mandalay, where preliminary 

ditto, 2nd grade. 
Survryors and Sub-Surveyors. 

arrangements were made and 
Ikbaluddin. Sher Shah, Mohamed Latif, Budhi Balrarn, Moha- 'quads* etc to'd off the 

med Alum, Mohamed Nawaz, Natha S i l ~ g h ,  and three ap- various detachments. Cap- 
prentices. tain Gordon rejoined from 

furlough on  October 30th and proceeded with the  party to Burma. 
628. As but little of the preliminary geographical survey of Upper Burrna 

remained to be done, except in the extreme north of the province, where special 
escorts are necessary, the cost of which would be prohibitive for survey purposes 
only, it was arranged with the concurrence of the Burma Government to com- 
mence a topographical survey on the I-inch scale of the Southern Shan States  
(an accurate survey of which is much required for administrative purposes), 
with such portion of the establishment a s  was available after providing detach- 
ments for certain special surveys that  were required. 

619. The  programme of work that was arranged consisted of the following 
operations :- 

(i) T h e  survey and delimitation of the Chin-Manipur boundary, for the 
settlement of which a Commission had been appointed. 

(ii) T h e  completion of the geographical survey in Northern Hsinwi in the 
Northern Shan States, 

(iii) T h e  survey of those portions of the Konkk country to  which an ex- 
pedition was proceeding. 

(iv) T h e  commencement of the I-inch topographical survey of the Shan 
States. 

T h e  completion of the geographical survey of the Upper Chindwin district 
which had also been arranged tor, had to be abandoned for political reasons. 

630. The  distribution of the party for these operations mas as  follows :- 
Captain Longe and Sub-surveyor Mahomed Latif for the Chin-Manipur 

boundary survey. 
Mr. Kennedy, Surveyor Sher  Shah and Sub-Surveyor Nathu Singh for 

t he  work in Northern Hsinwi. 
Surveyor Ikbaluddin to accompany the Konkh column. 
Captain Gordon with the remainder 01 the party for the I-inch topographi- 

cal survey in t.he Shan States. 
631. T h e  part of the Shan States  that was selected for the commencement 

of the topographical survey is the country about Fort Stedman, and Captain 
Longe proceeded there first to  assist Captain Gordon in starting the ]-inch sur- 
rey operalions. On the 6th January 1894, he had to hasten back to Mandalay 
to pick up his detachment for the Boundary Commission. H e  proceed,ed frnm 
Mandalay vrd Kindat to  Tinzin in the Kabaw Valley where he met the Com- 
missioners, Messrs. Carey and Porteous on 27th January. The  field operations 
were commencetl on 29th January and completed on 27th February under con- 
siderable climatic difficulties. A special report by Captain Longe on this work 
will be found in the appendix. On the completion of the boundary work, Suh- 
Surveyor Mahomed L a t ~ i  was detailed to accompany the Manipur portion o f  
the Comnlission on their return journey to Blanipur, in order to map the country 

Colonel \C'oodthorpe reports in hich terms nf the work performed by suh.surveyors Ramsabad and 
Abdul Hahim, who accompanied him on the boundary com~nission. 

Lieutenant Ryder repurls that hlr. Doran execulerl a Iargc area of triangulation with great rare and 
accuracy, and that hlessrs. Kell and Shaw also cornplcterl the work cntrustrd to them very satisfactorily. 

Of the Native surveyors, dahmud I'osc~n, 1, Sebastian. Kudratullall, kluwni Ram and Sita Ram are 
well report& on. 
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etr route, and also to survey a gap  to the south-east of Manipur. This was suc- 
cessfully carried out and the sub-surveyor mapped in a very creditable manner 
an area of 1,054 square miles on the )-inch scale of hitherto unknown country 
in the hills west of the line Manipur-Tammu. The  total outturn by this de -  
tachment in the Chin-Manipur hills, including the boundary work, comprised 
the survey uf an area of 2,550 square miles, on the 4-inch scale, of difficult 
and intricate country. 

632. T h e  detachment under Mr. Kennedy that was told off for the survey of 
the gaps in the Northern Shan States, failed to accomplish its object. On arrival 
a t  Hsinwi it was found that the country was in so disturbed a state that  it was not 
possible to attempt survey work therein. The  detachment was re-called with 
the concurrence of the Local Government and sent to the Southern Shan Slates 
to  assist in the  I-inch topographical survey. 

633. Surveyor Ikbaluddin, who accompanied the expedition to the Konkc 
country, surveyed an area of I ,370 square miles therein of very rugged country, 
on the $-inch scale, in the face of many difficulties. 

634. T h e  bulk of the party under Captain Gordon proceeded on aznd 
November to Thamakan, which was made the head-quarters of this detachment, 
to  prosecute the I-inch survey in the Southern Shan States. T h e  triangulation 
was commenced early in December 1893, and the detail survey was started on 
7th January 1894 in sheets Nos. 31 I and312 and continued until the end of April 
1Sg4. T h e  small detachment from the Northern Shan States joined a t  the end 
of January and assisted in the detail survey. 

635. The  area triangulated during the season amounted to 2,370 square 
lniles of which 1,306 square miles are in advance for next year's detail survey. 

636. The  detail survey completed on the I-inch scale embraced an area of 
1,064 square miles (including overlaps) in 18 States and Sub-states  of which g 
were surveyed in full and 9 in part. This outturn must be co~isidered quite satis- 
factory considering that the preliminary basis of the triangulation had to be 
executed in the same season, which necessarily delayed the start  of the detail 
survey, and that the men were inexperienced in surveys on this scale. The  work 
of each surveyor and sub-surveyor was carefully checked trr  s i t u  by Captain 
Gordon and Messrs. James and Kennedy, and found to be accurate. 

637. Further details of these operations in the Southern Shan States  to- 
gether with a description of  the country operated in will be found in the  narra- 
tive report by Captain Gordon in the appendix. 

638. The  party closed field operations a1 the end of April 1894 and 
returned to Meiktila Road station, whence the recess establishment proceeded 
to Bangalore, and the recess office was opened a t  the latter place a t  the end 
of May. 

639. The  aggregate ouiturn of the party for the season is a s  follows :- 

Triangulation . , 2,370 square miles. 
Topographical survey, I-inch scale . . 1.064 ,, 
Geographical ,, 4-inch scale , ?1g20 , I  

640. A good deal of sickness was experienced a t  the commencement of 
the field season, chiefly on account of delay in marching through the terai, owing 
to a misinterpretation of  orders, but on the whole the health of the party was 
good. Two menials died a t  Mandalay and one, an old jonrtadar, succumbed to 
malaria shortly after the return of the party to Bangalore. 

641. During the recess, the computations have been completed and fresh 
editions of the lollowing maps prepared on the +-inch scale :- 

Sheets Nos. 15,  N. E., S .  E., and part of S. W. 
II ,, I .N .W. , I .N .E .  

and on the scale I-inch = I mile, sheet No. 312, has been completely dra\vn, 
while sheet No. 31  I has been out'lined and will be completed in the Calcutta 
Drawing Office. Reductions of all new worlt on the 4--inch scale were made 
and forwarded to Calcutta for incorporation in the new edition of the 16-mil-: 
map of Upper Burma; a new index map was prepared and triangulation charts 
compiled as  far a s  possible. 

642. The  spelling of the names on the maps has been very carefully 
checked, and it is hoped that very f e ~  errors will be found, but orthography is a 
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matter of great difficulty in Burma, and thanks are due to Mr. Hildebrand and 
Mr. Giles in the Southern Shan States, to Mr. Porteous in Manipur and to Mr. 
Carey in the Chin Hills for the assistance given in this work. 

643. Mr. Kennedy was presented by the Chief Commissioner, Burma, dur- 
ing the recess season with an inscribed gold watch and chain in recognition 
of his good services in Burma, especially in connection with the suppression of 
the I<achin rising in North Hsinwi, which was mentioned in last year's report. 

644. T h e  Surveyor-General inspected the recess office of the party at 
Bangalore in September 1894 and was quite satisfied with the ulork that had 
been executed during the previous season. H e  is of opinion that Captain 
Longe deserves much credit for the zeal and energy he has displayed in the  
furtherance of the survey of Upper Burma. 

645. T h e  programme for the ensuing season is a s  follows :- 
- - 

Captain Longe and two surveyors to complete the survey of Korth Hsinuli 
on the )-inch scale. One sub-surveyor to  carry out survey on the  $-inch sca!e 
in the Upper Chindwin district. One surveyor to accompany the mission for 
the demarcation of a certain portion of the Burma-Siam boundary in the Amherst 
district. T h e  bulk of the  party t o  continue the I-inch survey of the Southern 
Shan States.' 

The following officers are especially mentioned :-Captain P. J. Gordon, to whom is mainly due 
the success of the first season's work on the I-inch scale, Mr. Kennedy, Mr. James, Surveyor Ikbaluddin, 
and sub-surveyors Moharned Latif, Natha Singh, and apprentice sub-surveyor Jamna Persad. 
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PART Ill, 

THE OPERA'I'IONS AT THE HEAD-QUARTERS OFFICES. 
646. These offices comprise- 

(I) T h e  Head-quarters offices a t  Calcutta. 
(2) T h e  Trigonometrical Branch office a t  Dehra Dun. 
(3) T h e  Drawing Office a t  Simla. 
(4) The  Forest Survey Branch office at  Dehra Dun. 

A detailed description of the work carried on in each office is given below :- 

I.-HEAD-QUARTERS OFFICES,  CALCUTTA. 

Superinfrndencc. 

Colonel H .  R. Thuillier, C I.E., R.E., Surveyor-Ge- - - 
nerd of India. 

Lieutenant-Colonel C. Strahan, R.E., Deputy Sur-  
vevor-General, in charge Revenue Branch up to 
3id J U I ~  ,894. 

- 
Colonel W. H. Wilkins. S.C., Officiating De uty 

.Surveyor-General, in charge Revenue Branch b m  
4th J u ~  1894. 

Colonrl 3: E. Sandeman, S.C., Dirrctor of Bengal 
Surveys up to 7th August 1894. 

Correspondenre. 

Mr. T. A. Milne, Head Assistant. 
Mr. G. C .  Walker, Head Clerk. 
Babu [Cali Podo Banerji, Clerk. 
Habu Bani Madhub Uanerji. Clerk. 
Rabu Chuni L.al Dey, II 

Habu I)urga Nara an Ghose, ,, 
Rabu Rarnkristo Zhunder, ,, 
hlr. H .  E. U'Cruz S, 

Babu Gopal Chunder Dass, ,, 
Babu ICali Kristo Chunder, ,, 

and g others. 

Colonel M. W.  Rogers, R.E. ,  Assistant Survryor- 
General from 18th October 1893. 

Colonel W. H. Wilkins. S.C., Assistant Surveyor- 
General, up to 17th October 1893. 

Mr. T. Archdale Pope, Deputy S u  erintendent, 2nd 
grade, Personal Assistant to the gur reyor -~enera l  
lrom 1st November 1893 up to 30th April 1894. 

Mr. T. W. Babonau, Registrar. 

Mr. C. 0. Grav, Head Clerk. 
,, T. E. Ware, Clerk, up to 21st August 18y4 
(deceased). 

Babu Rajkrishna Mukerji, Clerk, 
Mr. E. A. Bonnaud, I, 

Babu Hem Nath Dutt, ,, 
and 7 others. 

647. The  general direction o f  these offices remained in the hands of Colonel 
H. R. Thu~llier, C. I. E., R. E., throughout the year. T h e  Revenue Branch sec- 
tion continued under the superintendence of Colonel C. Strahan, R.E., except 
during his absence on privilege leave, when Colonel W. H. Wilkins, S.C., 
officiated as  Deputy Surveyor-General. The  General and Topographical Branch 
sections were under Colonel M. W. Rogers, R.E., except for a short period when 
Colonel W.  H. Wilkins held charge. Mr. T. A. Pope held the office of Personal 
Assistant to the Surveyor-General. 

The  Bengal surveys were under the direction of Colonel J .  E. Sandeman, 
S.C., except during his absence on privilege leave, when the Deputy Sur- 
veyor-General in charge Revenue Branch conducted the duties of the office.* 

The Assistant Surveyor-General reports as follows :- 
The general superintendence of the office has been carried on satisfactorily by Mr. T. W .  Babanau, 

the Registrar. Messrs. M~lneand  Gray have also done well in their respective posts. Mr. J. A. Vallis has 
&gain satisfactorily arranged for the despatch of the survey khnla'sis to Burma. 

The clerks have also worked well, and the lollowing are deserving of special mention :-Babus Bani 
h l a d h ~ ~ b  Bancrji, Chuni I,al Dey, Rai Krishna Mukerji, Kanti Chunder Sen and Mohendra Chunder Aich. 

'The Deputy Surveyor-Cencral reports that in the Revenue Branch office, Babus Kali Podo Banerji, 
Ram Kristo Chunder and Norendro N a ~ h  are deserving of special mention. 



DRAWING OFFICE.  

648. T h e  Drawing Office remained in the charge of C 
Personnel. 

Coloncl \V. H .  Wilkins, S.C., Assist- 
ant Surveyor-General, in charge up 

olonel IV. H. \V ilkins, 
S. C., throughout the 
year, except for a 
period of about 3 
months from 3rd July 
1894, when i t  was 
tinder the s~~pe r in t en -  
dence of Mr. B. G .  
Gilbert-Cooper. 

649. Mr. S. M. 
Smylie held the post 
of Chief Drafisman 
up to ~ 1 s t  March 
1894, when he pro- 
ceeded on furlough 
preparatory to re- 
tiring froni the ser- 
vice. H e  mas suc- 
ceeded by Mr. L. 1. 
Pocock from the 1st 
April I 894. 

650. T h e  01-gani- 
sation of the Drawing 
Ofice has remained 
a s  hitherto, being 
divided into three 
sections, v the 
Geographical, Reve- 
nue and Cadastral, 
which are reported 
on separately, and a 

ven in the appendix. 

hlunshi Nur Balthsh. 
Babu N. N. Mukerji. 
,, S. C. Sirkar, and 44 others. 

to 3rd J I I ~  1394. 
\lr. B. G .  Gilbert-Cooper, Assistant 

Superintcndent. 1st grade, in 
charge from 4th July 1894. 

Alr. S. h l .  S m ~ l i e ,  Chief Draftsman 
up to j ~ s t  March 1894. 

hlr. L. J .  Pocock, Chief Draftsman. 
frt.m 1st April 1894. 

hlr, A.  G. Wyatt, Officiating Head 
Draftsman, lrom 1st A p r ~ l  1894 to 
5th July 1894. 

Mr. W. Stotesbury, Head Drafts- 
man, from 6th Jul 1994. 

hlr. J. A. Hi-gs, Lraftsman, from 
1st November 1893. 

Air. \V. Green, 
\ l r .  A. 1, hlusgrove, 
Air. J .  'K. Adels, 
Alr. R. C. Sinclair, 
Air. A. S. Rateman, 
'Ir. A. J. J -  Rodrigues, ,, 
l l r .  N. G Watson, 9 

\ l r .  A .  Wilson, 0, 

Native Draflsmen.. 
I h b u  hiohesh C handra Shaw. 
\lunshi >luttiullah. 
Ilabu Purna Chandra Sen. 
Iiabu Gopal Chandra Roy. 
Munshi Abdul Azia. 
I3abu 'l'in Conzry Sen. 
Munshi Rzhim Bakhsh. 
.\lunshi Abdul Razak. 
I jab!~  Becharam Banerjee. 
li;lbu Ham Chandra Sen. 
Habu Sarat Chandra Chatterji. 
Mr. H. G. Gomes. 

SECTION 1.-GEOGRAPHICAL DRAWING A N D  COMPILATION. 

Additional Establishn~cnt. 
hlr. A. J. James, Draftsman, up to 

1st November 1893. 
hlr. G. D. Cusson, Draftsman, from 

1st November 1893. 
7 Native draftsmen. 

Extra Assistant  superintendent^ and 
Stlb- Assistn~rt Sq~peridewdent~ on 
d u g .  

Mr. A. G. Wyatt, Extra Assistant 
Superintendent, 2nd grade. 

Mr. J .  A. Barker, Extra Assistant 
Superintendent, 4th grade. 

Mr. C;  D. Cusson, Extra Assistant 
Superintendent, 6th grade, up to  
~ 1 s t  October 1893. 

Mr. W. C. C;. Barckley, Estra Assis- 
tant Superintendent, 6th grade, 
from 27th October 1893. 

Mr. C. \V. F. Seyers, Extra Assistant 
Superintendent, 6th grade, up to 
17th April 1 8 ~ 4 .  

Mr. S. 0. Madras, Extra Assistant 
Superintendent, 5th grade, from 
7th August 1 8 ~ 4 .  

Mr. W. H. D. Ewing, Sub-Assistant 
Superintendent, 1st grade, from 27th 
November 1893. 

Mr. T. J. J. hlills, Sub-Assistant 
Superintendent, 1st grade, from 1st 
December 1993. 

Mr. T. W Babonau, Jr., Sub-Assistant 
Super~ntendent, 2nd grade. 

651. T h e  prep<lration of maps of Burma on various scales has been the 
principal work of this section. On the quarter-inch scale, sheets Nos. 1 5  
N. \V.  and I j S. W. of the North-East Frontier series, and sheets Nos, 2 

N. W.  and 2 S. W. of the South-East Frontier series, mentioned in the I;lst 
Annual Report as  in progress, are now well advanced and nearly ready for the 
press. Of sheets Nos. 2 2  and 23 of the North-East Frontier series on the 8- 
mile scale, the former has gone through a further fresh edition, with material 
supplied by the Quarter Master General's Department, and the latter is nedrly 
ready for press. 

652. A new edition ol sheet No. 3A., of the South-East Frontier series on 
the 8-mile scale, has been prepared and completed from the one-inch maps of 
Loner Burma, and of sheets Nos. I ,  4, 5 and 6 of the same series, which were 
in progress during the previous year, sheet No. I has been published, while the 
cjther three are nell advanced. New compilations of sheets Nos. 10 and 13,,on 
tlir same scalr, uere commenced during the year, with the view of c o m p l ~ t l n ~  
the &mile series of maps a s  soon a s  material for them becomes available. 

653. A second edition of the 16-mile map o f  Upper Burma, prepared for 
publicat~on in t no  colours, has been in progress during the year, and there is 
every reason to  brlirve that i t  will be published before this report issues from 
the P ~ F S S .  I t  conlprises a greater tract of country than the first edition, the 
limiting meridians being 93" and 102" east longitude. This map has been com- 
piled from 211 available material up to date, and contains the most recent gco- 
graphir;\l infnrrnation. The Quarter Master General's Department has supplit d 
much v.llurtl~le material for the comp~lation of the portion of the map east of  
the Mekong river. 

detailed statement of work completed in each section is gi 
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654. The compildtioils of the provincial maps of the Bomb.1~ and MadrL1s 
Presidencies, mentioned in paragraph 559 of the last A~lnu .~ l  Report, having 
been completed in this section, were made over to the Engraving Office for 
engraving on copper, where they are now in progress. 

655, T h e  32-mile map of India, third edition, has been brought up to date 
during the year. The  geography of the North-Eastern Frontier has becn much 
changed, but as was the case last year its completion and putrlicatioii stil! awaits 
the orders of the Government of India regarding the frontier boundaries that are 
to be inserted. 

656. In addition to the current departmental npork, there has been a very 
large amount ot miscellaneous work undertaken by this section of the office for 
other departments, the principal work being new rditions of the maps for the 
Statistical Atlas of India, which is now being revised by the Revenue and Agri- 
cultural Department. Nine large statistical maps of India, on the 32-mile scale 
were also prepared during the year under report and sent to the Antwerp Exhibition. 

6 j7 .  A large amount of miscellaneous work has been also done, including 
many administration report maps ; the reduction of record plans from the Public 
W o ~ k s  Department containing the most recent public worlzs, such as  railways, 
roads, and canals; and the ~ncorporatior~ of sltetches and reconnaissances of 
Burma, from the Quarter Master General's Deparlment, into the various maps 
of that province. 

658. The  work ol this section consists in examining and ~ r e ~ a r i n g  for ~ h o t o -  
zincography the fair maps received from the field parties of the Revenue Branch, 
in bringing up to date and republishing the old rnaps and in supplying data. 

659. Seven standard sheets of the Korth-Western Provinces, on the I-inch 
scale, have been filled up to margin from the latest survey materials of the 
Rampur State  and the Naini Tal  (I'ite Tarai and I<u~naun) district for a second 
edition, as  well as one sheet of Bengal of the Hazaribagh district. 

660. Corrections have been made in the spelling of nalnes and details of 
eleven I-inch scale standard sheets of the Bareilly and Pilibhit districts, North- 
Western Provinces, for reprinting.. All boundaries and a portion of the nalnes in 
eight 2-inch sheets (each comprlslng four sections) of Bombay, have been cor- 
rected for a new issue on the I-inch scale. 

661. Nine standard sheets on the ]-inch scale, district Mergui, Lower Burma 
(two o f  which were drawn in this section), have been completed and typed for 
reproduction by photography to full scale. 

662. A map of the city of Mcoltan, with country six miles round, has been 
compiled on the 4.inch scale and plotted in six sheets, imperial foolscap size, 
from the old single v:llage plans of the survey of 1856-7, a s  a guide for the 
new survey of that city which is beirig undertaken by No. 1 5  Party for the 
military authorities. The  map of the Lansdo\vne forests in district Garhwal, 
North-Western Provinces, in two sheets, scale 4 inches = A mile, has been 
completed and published. 

663. The  map of Panchanogram, in the suburbs of Calcutta, has been 
brought up to date by insertion of new roads and bl~ildings, etc., and has been 
drawn in ten sheets, on the scales of 4 inches and 6 inches to a mile, for reduc- 
tion by photography to the scale of 3 inches to I mile, and for incorporation 
with the m a p  of the city and suburbs of Calcutta, which has also been retyped 
and corrected for photo-zincograpl~~.  

664. Besides the regular work, a considerable amount of mappin5 has been 
done as usual for other departments. Manmuvie maps of Rawalp~ndi in the 
Pui~j ,~b ,  of Lucknow in Oudh, and of Muttra in the North-\Vestern Provinces, 
including the cor~ntry around, have been prepared and published for the military 
~ruthorities. A niap of Icilla Kanika, districts Balasore and Cuttaclc in Bengal, 
has been drawn and  published on the scale of I inch = 2 miles for the Settle- 
ment Oficer;  as well a s  ;I k z c l i ~ z  map of Myoungma township in district Bassein, 
Lower Burma, for the Dircctor of ],and liecords. 

665. Of the +.inch scale district rnaps in the North-Western Provinces, the 
nlap of Gorakhpur has been published ; those of Mirzapur and Garh~val have been 
completed and are urlcler publication: the drawing of the map of district Almora 
I S  tvell advanced, and  that of the district of Na~ni  Tal has beell commenced. 
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666. T h e  traversz comput:ttions of the field parties working in the districts 
of Chanda ( N .  W. Provinces), Thongwa (1,ower Burma), and in the  Rarrlpur 
S ta te  have been examined. A large amount of work in calculating areas and 
fu rn i sh ig  numerical data  has been done for field parties and district officers, etc. 
T h e  areas of 16 sheets were calculated from the  mdps themselves, and the 
areas of district Chanda calculated and divided under the sub-heads of ma,- 
qusa'ri, forest and znmindhri. T h e  areas of district Shahpur in the Punjab 
were revised according to tahsils a s  now defined. 

T h e  amount of correspondence dealt with has greatly increased, 1,300 
letters having passed through this section, half of which required an answer. 

667. This section is employed in preparing the original maps o f ,  all the 
cadastral surveys for zincography and photo-zincography. The  procedure is to 
examine the numbering of the fields and to  observe if all holdings and divisions 
of land are correctly tabulated in the area statements. 

668. T h e  return for the previous year showed that the  cadastral maps of all 
the districts of the North-Western Provinces entered therein, except Jhansi, had 
been published, and that there were 782 sheets of this district left for publication. 
Of these the proofs of 780 have been passed and sent to press during the year 
under report ;  the remaining two sheets are held in abeyance, pending certain 
corrections on them, to  be made hy the Settlement Officer of the district. 

669. T h e  return in last Annual Report showed that there were I ,538 sheets 
of Burma for publication in the office. T o  these were added from time to time 
during the year, 3,823 sheets, making altogether 5 6 6  I sheets. Of these 3,045 
have heen published, against 1,578 in the previous year, or rather more than 
double the number. 

670. At the end of the  previous year there were 47; sheets of Assam re- 
maining to be published ; .and since then qgo more have been received, making in 
all 565 sheets. Of these, 788 sheets have been published, 1 0 2  are a t  press, a l ~ d  
the remainder are not intended for publication a t  present. 

67 I .  The  original maps have heen arranged and bound into 75 volumes for 
record in this office ; and 132 volumes of printed cadastral maps of districts 
Amherst, Tavoy, and Mergui in Lower Burma, and Mandalay in Upper Burma, 
have been arranged in circles and townships for despatch t o  the Chief Commis- 
sioner ot Burma. 

672,  T h e  total number of maps passed for publication, during the year was 
4,856 sheets, of which 4,8 ro sheets were actually printed, 3.492 having been pho- 
to-zincographed and I , Q I  8 zincographed. Of the printed maps, 3,245 ~ h e v t s  
Rere coloured, and after examination sent for record in the Map Record and Issue 
Office. At the close of the year there were 2,598 sheets fcr publication, against 
3,095 in last year showing a decrease of 497 sheets.' 

BENGAI. PROVINCIAL D R A W I h G  O F F I C E .  

673. This office has been organized under the orders of the Government of  
Bengal, with the sanction of  

Personnel. the  Governmen1 of India, 

Captain J. M .  Fleming, S. C., Deputy Superintendent, 2nd grade, to undertake the prepara- 
In charge. tion of new geographical 

M r .  W.  J. 0. Sullivan, Extra Assistant Superintendent, 3rd grade, 
u to 17th M a y  1 8 ~ 4 .  

maps of Bihar, from the re- 
M r .  T. {haw, Extra Assistant Super~ntendent, 6th grad?. su\ts of the cadastral surveys 
M r  P.  A. Peters, Extra Assistant Superintendent, 6th grnrle. 
M r .  A .  B Smart. Sub-Assistant Superintendent, 2nd grade. up to 

that are in progress there. 
18th ~ U I Y  1 8 g j  1 he new office, wh~ch is un- 

Nine native draltsmen. der the Director of Bengal 
Surveys, is attached to the 

heall-quarters at Calcutta, and has been placed under the direct charge of 

Colonel Wilkills reports as follows on his Assistants :-Mr. Pocock and M r .  Stotesbury, in their poq's 
as Chiel and I-lead Draftsman respectively, supervised their es:ablishmcnts mo5t efficiently. h.lessr~. 

Cuason and Barker have a130 done ver well as heads of the catlastral and examining srction,. Xlessrs 

Harckley. Hicg., m d  Mill, have dr* done useful work. The Eurlpean draftsmen have br.17 wrll reported 
on, and of r>,e N a t ~ v e  establishments, Babu hlohesh Chandra and Munshi N u r  Bux, amongst others, have 
rendered g8lod s-rvice. 
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Captain J. M. Fleming, S, C., assisted by officers ~f the Bengal Surveys when their 
services were available froln field duties in connection with the various petty field 
surveys in the province. The  procedure consists in compiling standard maps on 
the 2-inch scale for reduction by photography and publication on the I-inch scale, 
and the maps that have been dealt with are those of Jalpaiguri, Orissa and Bihar. 

674, The  standard maps of the Jalpaiguri district, Western Duars, are in 36 
quarter sections to form g sheets on the I-inch scale. The  mapping of the results 
of the recent cadastral survey of the district was done chiefly in the office of the 
field party, but their completion and examination has been proceeding in the 
Bengal Drawing Office, and this work has occupied much of the time of Captain 
Fleming's small establishment. 

Large gaps were left in the survey of t he  district, of which a tea-grant 
survey under the revenue authorities had been executed some years previously. 
One hundred and fifty-seven maps of these tea grants, on the scale of 8 inches 
= I  mile, have been received and reduced to the 2-inch scale. T h e  last large 
batch of  these maps was only recently received. Half a dozen are still missing, 
and there are a s  many blanks in t h e  standard maps. 

I t  was reported in paragraph 287 of the last Annual Report that the topogra- 
phy of the " tea land surveyw maps could not be fitted in on account of the 
inaccuracies of the survey. It  was found that the reductions from the 1)eputy 
Commissioner's congregated maps could not be satisfactorily adjusted by any 
means into the gaps on the standard sheets;  a system has therefore been 
adopted which has been successful to a certain extent. 

Ten or twelve of the maps have been treated a s  a block, of which the com- 
pass traverse data have been set up and mathematically proved as  a polygon, and 
in most cases these proved sufficiently well. When such a block would not close 
withi9 reasonable limits, a re-arrangement of groups was made, and thus in time 
within each large gap, these small traverse circuits were plotted. The  individual 
tea-grant reductiorls were then fitted in within these limits, and by judicious 
squeezing and expanding were put in relative position. This has enabled the 
office to utilise many of the main topographical features. 

During the year under report, the drawing of 24 of the 36  quarter sections 
has been completed, and the whole series was finally exam~ned and made 
ready for publication. 

675. The  su:vey of the Orissa division is mapped in 67 quarter sections, of 
which the graticules were all projected in the office of the survey party. These 
maps were transferred to the Bengal Drawing Office in July 1894, in all stages of 
progress, and \he  Puri sheets only have been completed in mapping. Their 
examination has been carried on a s  examiners became available. 

A special publication of the maps of the irrigated area on the n-inch 
scale was sanctioned by the Government of Bengal in July 1893, the cost to 
be debited to :he Orissa Canals revenue account. 

676 Not much progress has been made so  far with the Bihar standard 
mapping, owing to the establishment having been engaged on the Jalpaiguri 
sheets, but now that these are nearly out of hand, it will in future be more rapid, 
Progress was also retarded because materials were supplied so sparingly by the 
field party, but this was unavoidable. The  cadastral sheets which have been 
reduced and transferred to the n-inch sheets are 408 in number. The typing 
and drawing of these is in progress. 

677. The  following tabular statement contains all information as  to the 
state of the provincial mapping to date :- - -  - 

-. . 

Jalpaiguri . . / 36 

- 

36 

42 

1 4  

- 

Orissa, previously 
completed . . 

Completed during 
1893-94 . . 

Bihar . . (  1 1  1 I I  

4 2  

14 

36 

35 

11 

4' 24' 2 t  

36 
------- 

33 

5 

Nil 

36 

13 

25 

Nil 

36 

... 

1s 
- 

36 

~ i l  

9 

' Only partially 
completed. 

t Details of tea 
grants entered on 
ten sheets. 
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678. T h e  Drawing Office was inspected by the Director, Bengal Surveys, a t  
the end of April I 894, who also visited i t  from time to  time when passing through 
Calcutta At present the draftsmen are not very experienced. It  takes time to 
organize such an office, and it can therefore only gradually become efficient. 

ENGRAVlNG OFFICE. 

679. T h e  superintendence of  this office was held by Colonel W. H. Wil- 
Pcvsonncl.  kins, S.C., until the  3rd July 1894, when 

Colonel W. H .  Wilkins, S.C., Assistant Sur- Mr. Gilbert-Cooper assumed charge, and 
veyor General. in chargeup to 3rd July '894. held it during the remainder of the year. 

Mr. B. G .  Gilbert-Cooper, Assistant Superin- 
tendent, 1st grade, in charge from 4th July 680. T h e  outturn of work, of which a 
1894. summary is given in the appendix, is 

Mr. J .  Fulford, Head Engraver. 
., W. Donaldson, Engraver. about the same a s  last year, butithe num- 
,, S. M. Coard, PI  ber of plates worked on is slightly less. 
,, T. B. Rodger, ,, 
,, A. W.  N.  James, ,, 681. Eight new quarter-sheets of the 
,, A. R.  Coard. Atlas of India have been completed and 
,, E C. V. Ollenbach, ,, 
,, E. Earle, 

published and 40  others have been in  
, , 

,, L. H .  Musgrove, ,, progress, while corrections and additions 
,, F. R. C. Scallan, ,, have been made to 37 old plates. Eight 
,, W. M. Wells, 'PtO 4th March district maps for administration reports 

1394. 
,, A. T. Vieux, Engraver. have been completed, and 65 more are i n  
,, A. E. Cann, 9, 

22 Native engravers. 
various stages of progress. 

2 Apprentices. 682. Of the general maps, the skeleton 

copper-pla te  P r i n t i n g  Section. edition of the gz-mile msp of India, in six 
Mr. W. T. Collins, Copper- late Printer. plates, has been corrected a s  far a s  pos- 
, A. e. PiIIcy, Assistant &pper-p~ate~rinter sible t~ da t e ;  and the I 28-mile map is 

and Store-keeper. still in progress. The  256-mile map of 
India, without hills, has been completed and published. T h e  plate oi  the 96- 
mile railway map of  India with the railways cut in thin lines has been nearly 
completed: transfers from this plate will be found useful in the Photo-litho. 
Office a s  a guide for printing the railway map in colours. 

683. Of the provincial maps, the new map of the Bombay Presidency, on 
the scale of 16  miles=^ inch, has been completed in outline a s  far as  material is 
available, and the writing is well advanced. T h e  three plates of the Madras 
Presidency, on the same scale, are in progress, the outline having been com- 
pleted a s  far a s  material is available. The  map of Gujarat is well advanced in 
wnting, a s  well a s  the two plates of the North-Western Provinces and Oudh ; 
both of these are on the scale of 16  miles=^ inch. A map of Bengal, on the 
scale of 80  miles=r inch, has been completed, and one on the 64-mile scale 
is in progress. 

684. T h e  engraving of the map of the city of Calcutta, on the scale of 
16 inches=( mile, in nine plates, was commenced during the year and these 
have been completed in outline, and the lettering will be finished shortly. The  
ornamentation and the shading of the masonry buildings on these nine plates 
are well advanced, and it is hoped that the whole map \\!ill be ready for publi. 
cation before the end of 1895. The  process of utilising photographic transfer 
prints for transferring the details to the copper-plate was described in para- 
graph 586 of last year's report, and has proved to be very successful. It  is 
probable that  the process will be ot general utility for engraving all descriptions 
of maps, and it will be especially advantageous in those which contain much 
fine detail. 

685. T h e  Copper-plate Printing Section pulled 24,.387 impressions, which 
is a smaller number than was recorded in last  ear's report, but this is due to 
the  average size of the plates being much greater this year. The  Steel-facing 
Section dealt with 189 plates. 

G86 T h e  office has unfortunately been deprived by d e a t h  of  the services 
of two engravers during the year-one European, hIr. \\'ells, and one Native, 
Munshi Abdul Majid, and their loss has been much fell.* 

The Head Enpraver. hlr. I;ullord, has given great satisfacticln in Lhe discharge of his duties, and 
he reports well of all his establish~nenl. 
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CALCUTTA CITY SURVEY OFFICE. 

687. The  survey remained under the superintendence of Colonel W. H. 
Personnel : 

Wilkins, S .  C., Mr. A. J. Wilson, Extra 

Colonel W.  H .  Wilkins, S.C., Superintendent, 
Assistant Superintendent, being in im- 

1st grade, in charge. mediate charge. 
Mr. A. J.  Wilson, Extra Assistant Superin 688. T h e  surve , which has been 

tendent, 1st grade. 

intendent, 2nd grade. 
Y Babu Sarat ChunderSen,Sub-Assistant Super- executed On  the of 5' feet to an 

inch, was commenced in the end of 1886, 
7 draftsmen. 
I field surveyor. 

and the work connected therewith was 
completed on the n l s t  August 1894, and 

the detachment disbanded, the assistants and members of the permanent 
establishment being transferred to other field parties. 

689. T h e  following work has been accomplished during the year :- 
( I )  The  73 fair sheets, which were reported to be in hand a t  the com- 

inencement of the year under report, were completed, and all sent 
to press by the 5th March I 894. 

(2) Of the block maps, it was stated in last year's report that  twelve 
had been returned after examination by the Municipality, and the 
sheets contained in them had been published and were ready for 
sale. The  remaining 50 blocks were returned during the course 
of the year under review, and were all finally sent to press just 
before the closing of the office on the 31  s t  August 1894. They 
will be issued to the public a s  soon a s  they can be passed 
through the press. 

(3) The claims of the 2 9  disputed boundaries which remained have been 
decided in the Court of the Assistant Superintendent of Survey, 
Babu Tarini Ghose, and in addition to these, 1,528 boundaries 
were revisited for various causes after the final re-examination of 
the sheets. 

690. With regard to the 16-inch map of Calcutta, the preparation of which 
was referred to in last year's report, the engraved copper-plates are very well 
advanced. They will not, however, be completed by the end of 1894, a s  the 
work has been much heavier than was anticipated ; but it is hoped tha t  they 
will be ready for publication by November 1895. T h e  system of transferring 
the photographic prints, taken from reduced negatives of the original fair 
sheets, direct to the plates by the aid of a thin coating of wax, has proved a 
perfect success. 

691. All the zinc plates of the 236 fair sheets, on which the survey is 
mapped, are stored in the Photographic Ofice of this department, and if, a t  
any time, a new edition of  a sheet is required, the  present survey can be 
brought up to date and the zinc plate revised. ' 

* Colonel Wilkins reports that Mr. A .  J.  Wilson has given great satisfaction in all his duties. He is 
painstaking and very conscientious, and has done all in his power to complele the work. Babu Sarat 
Chunder Sen lias been very useful in the demarcation of boundaries and the examination of the fair 
sheets. 01 the subordinate native establishment, Munshi Rahirn Bux and Ali Jan Beg are well reported on. 
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PHOTOGRAPHIC AND LlTHOGRAPHIC OFFICE.  

692. A t  the opening of the year the office was under the charge of Mr. 
T. A .  Pope until the 
return of Colonel J. 

Personnel. Waterl~ouse from privi- 
Colonel J. Waterhouse, Assistant Surveyor-General, in charge from lege leave on the 27th 

27th October 1893, up to 2nd July 1894. October 1893 The lat- 
Mr. T. A. Pope, officiating Assistant Surveyor-General, in charge up to ter officer remained in 

zbth October 1893, and from 3rd July 1894. charge until the 2nd 
July 1894, when he was 

LITHOORAPHIC A N D  PRINTING I NORMAL ESTABLISHMENT. obliged on account of 
DIVISION.  

Lithographic Drowing Section. 
P E O T O G R A P H I ~  AND G E N E R A L  

DIVISION. 

Mr. H. L. Lepage. Head Assist- 
ant. 

,, E. Dowling, Head Drafts- 
man. 

Babu Ambica Churn Mookerji, 
Draftsman. 

Munshi Sobhan Buksh, Examiner. 
One  apprentice, 28 draftsmen and  

6 colourists. 

Lithogvaplric and Zinc Printing 
Section. 

Type Print ing Section. 

Photographic Negative and 
P v i n t i ~ ~ g  Section. 

Mr. J .  Harrold, Photographer, up 
to  24th February 1894. 

,. C. J. Meade, Asst. Photo- 
grapher. 

,, P .  Michael, Do. 
,, C. Andrews, Do. 

Munshi Ismael Khan, Do. 
Habibul Hossain, Do. 

~ r .  b .  U. Murphy. Do. 
5 Assistant photographers and 8 

labourers. 

Mr. B. Mackenzie, Head  Printer. 
,, D. Deas, Chromo.litho, printer 

o to 17th April 1894. 
,, S. 8. R avenscroft, Assistant 

printer. 
., 6. B. Mackenzie, ditto 
,. . Michael, ditto 

from 1st June 1894. 
a machine printers, I apprentice, 

15 lithe. and zinc printers, 9 ma- 
chipemen, 17 spongemen, 40 
pressmen, 1 paper wetter, 2 
stone grainers, 2 stone polishers, 
4 zinc grainers, I ink grinder, I 
engine driver, and I fireman. 

Mr. E. De Pyvah, Head printer. 
l r  compositors, 3 type printers, 

inkmen, 3 mates, 2 machine 
iype-printers, 2 machine ink- 
men, I compositor, I impositor, 
I roller moulder, and I boy, 
from 1st June 1394. 

Heliogvavure Section. 

Mr. A. W .  Turner, Photo-en. 
graver. 

,, J. T. Meade, Assistan 
I apprentice, I assistant photo- 

engraver. 
I engraver, I assistant engraver, 

4 late-printers, 6 
pressmen, a n 2  I I plate polish- 
ers. 

I 
Correspondence, Stores and Account 

Section. 

Mr. Moore, Store-keeper. 
Babu Kanny Lall Sen, Head clerk 

and accountant. 
,, Kedar Nath Ghose, Clerk. 
,, Gopal Chunder Mookerji do. 
,, Soorjee Kumar Banerji do. 
,, Rajani Kanta Chatterji do. 
and 4 clerks and I paper-keeper. 

I 

Photografhic Section. 1 Zinc Pvinting Section. 

ill-huealth to take special 
leave to Europe, and 
during his absence 
Mr. Pope again offi- 
ciated for him. There 
have been but few 
changes in the personnel 
of the office during the 
year. Mr. H. Haward, 
Head Assistant, took 
furlough for one year 
from 24th February 1894 
and Mr. D. Deas, Head 

Mr. Haward. Head photographic 
assistant, up to 24th February. 

,, J. Harrold. officiating from 
25th February 1894. 

,, R. George. t'hotographer. 
,, I,. 1-agnier, do. ., T. Lloyd, do. 

8 Assistant photographers. 
l o  labourers. 

Litho. printer, for one 
year from 17th April 
1 89.1. 

693. The arrange- 
ments under the new 
organisation reported on 
last year have worked 
well. It was found ne- 
cessary, however, to 
strengthen the Type 
Printing Section by the 
addition of a composi- 
tor, an impositor, a rol- 
ler moulder and a boy. 
With this additional 
strength no difficulty is 
now found in meeting 
the increased demands 
on this section. 

694. The machines 
have all worked well 
and have generally been 
in constant running. 

695. The general ab- 
stract of work turned out 
is given in the tabular 
statement below. Owing 
to a diminution in the 
number of subjects re- 
ceived for reproduction, 
the work in  the Photo- 
graphic and Drawing 

Mr. E. A.  I.efranc, Zincographer. 
,, F. R. Vandyke, do. 
., G.  A, Lefrans,Aast do. 

Babu Khetra Mohan [)ass, clerk. 
9 Zinc correctors, 9 zinc printers. 

10 spongemen, 17 pressmen and 
I r  zinc grainers. 
I clerk. 

sections shows a de- 
crease from that of last year; but the out-turn of the lithographic, zincographic 
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and type-printing presses is again considerably larger and is well over a million 
pulls. 

General Abstract of work done during 1893-94. 

The out-turn of the lithographic and zincographic presses and machines 
was I ,039~07 1 pulls, which shows an increase of I 2,389 over last  ear's return. 
The  number of ~ r i n t e d  copies shows, however, a much larger increase, being 
1,075,905~ or 68,720 more than last year. The  number of departmental maps, 
etc., reproduced was somewhat smaller than in the previous year, but the printed 
out turn, both in pulls and copies, is nearly doubled. In the same way, the 
number of cadastral maps reproduced is very much srnaller, though the number 
of printed copies is larger, due to  the fact that the number of Burma sheets, of 
which 34 copies each are printed, increased from 1,678 to 3,133 or nearly 
double, while the number of North-Western Provinces sheets, of which only 
about I 2 copies are printed, decreased frorn 2,500 to 831. T h e  number of Assam 
sheets reproduced was only about half as many a s  in the previous year. 

The type-printing section again shows a large increase in the printed out- 
turn, both in pulls and copies, though the number of items set up was not so great. 
This is due to the fact  that the type for almost all the standard forms is kept 
standing, The  work of the silver printing section shows a small increase of silver 
printsand a decrease of blue prints. The  heliogravure section shows a falling off 
in heliogravure prints and in photo-blocl<s, but the number of plates reproduced 
and of electrotypes remain much the same a s  in last year. 

696. The  issue of the new third edition of the ,qz-mile map of India has again 
been delayed on account of corrections and additions. These have now been 
completed with the exception of the new boundaries in the North-Western frontier, 
and the map must remain in abeyance till the final delimitations are settled. 

697. The  general and provincial maps published during the year include a 
map of Indo-China, in 4 sheets, on the  scale of I inch = 32 miles, printed 
in two colours ; a military map of India on the scale of I inch=32 miles and a 
map of the Bombay Presidency on the same scale. A new edition of the 24- 
mile map of Afghanistan has been taken in hand t.o be chromo-lithographed 
in three colours : the outline and names in black have been completed and 
proof submitted for examination, On its return the drawing of the hills to be 
printed in brown and of the streams in blue will be proceeded with. A new and 
largely corrected edition of the skeleton map of India on the scale of I inch = 
64 miles, in two sheets, showing districts, was drawn on stone but not printed 
off. A map of Sind on the 16-mile scale, was reprinted with corrections ; also 
a map of Upper Burma on the same scale. 

698. The only divisional map p~blished during the year was Allahabad, 
Nos. 1 and I J ,  in 2 and 4 sheets, respectively, on the scale of I inch = 4 miles, 
revised up to  April I 892. 

699. The following district maps on the scale of I inch = 4 miles, taken from 
the engraved Atlas sheets, have been printed off during the year :-Hooghly with 
additions, Bhagalpur, Goalpara, Cachar, Kadia, Palamau, Tippera ; also second 
editions of Nags Hills and Ruby Mines. 



I 18 PART III. 

700. Three hundred and twenty sheets of standard maps on the +inch, 
a-inch, I-inch, +-inch, and )-inch scales have been in hand and 81 were pub- 
lished during the year, including 7 of Bengal, I 1 of Bombay, 3 of Burma, I of 
Central India and Rajputana, 32 of the Central Provinces, I of Hyderabad, 4 of 
the North-East Frontier, 7 of the South-East Frontier, 13 of the North-Western 
Provinces and Oudh and 2 of the Punjab. 

701. One hundred and twenty-seven sheets of the  Calcutta Survey, on the 
50-feet scale, have been published during the year. T h e  remaining sheets of 
the survey were in hand and have since been printed off, so  that  the work is 
now completed. The  sheets h'ave also been reduced and photo-transfer prints 
supplied for the use of the  engravers in preparing the new 16-inch map by 
hand-engraving, a s  reported last year. 

702. Among other plans of cities and cantonments published may be noted 
a second edition of Quetta Civil Station, on the scale of 16-inches=i mile, Kol- 
hapur City and environs, 8 inches= I mile, and the Civil Station of Taunggyi, 
on the  scale of lo inches= I mile. 

703, Among the miscellaneous maps, 55 sheets of the Madras forest sur- 
veys and 38 of the forest reserves in district Jalpaiguri have been printed off ; 
also 5 sheets of gold-mining grants in district Katha. 

704. T h e  extra-departmental work shows a considerable decrease, only 
I ,  !62 subjects having been reproduced, against I ,673 in the previous year, while 
the number of pulls from zinc or stone is 508,565, a s  against 679,245 in the pre- 
vious year: this is due to  smaller demands from other departments. In the 
silver printing and heliogravure sections also, the extra-departmental work has 
been less than last year. 

T h e  principal item in the extra-departmental work done during the year has 
been 2 8  plates for the new Statistical Atlas, of which 25 have been lithographed, 
mostly in colours, and 3 photozincographed ; of these 2 I plates have been printed 
off. T h e  remaining 23 plates of the Bower Manuscript were photo-etched and 
I 7 plates printed, leaving 6 plates to  be printed a t  the close of the year. 

705. For the Geological Survey Department a map of Hazara, on the scale 
of I .inch = 2 miles, was photo-zincographed and colour plates prepared but not 
printed off ;  also a Geological map of India on the scale of I inch=32 miles, was 
prepared and printed for hand colouring. 

Plans of the Gohna Lan~lslip were also prepared and printed. One hundred 
and fifteen plates illustrating Mr. Smith's Report on the Mogul Architecture of 
Fatehpur Sikri, Vol. I ,  were printed and the work has since been completed and 
the plates of Vol. 11, have been taken in hand. A large series of plates illus- 
trating the Berlin Water-Works and Sewerage system, were reproduced for the 
Sanitary Board in Bengal. Nine sheets of a plan of George Town, Penang, 
were photo-zincographed for the Colonial Secretary, Straits Settlements. For 
the Meteorological Departments, India and Bengal, a very large number of 
weather charts and diagrams have been printed and a new issue of the rainfall 
map of India, published in January 1884, is in hand. A large plan of the town 
of Amritsar has been lithographed for the Municipality, but not yet printed off. 

706. T h e  Heliogravure Section has been well employed during the year;  
86 plates were prepared by the photo-etching process and 50,678 copies printed, 

T h e  principal work of this kind done during the year was 23 plates of the 
Bower Manuscript, completing the work ; the reproduction of I 2 more of the very 
delicate Indian ink drawings of fishes, crustacea and echinodermata to illustrate 
the  Zoology of the Royal Indian Marine Survey Steamer " /nvestigatov" ; 10 

plates of a catalogue of coins for the Indian Museum ; 14 plates of the Technical 
Art Series, including a double plate illustrating Loft (inlaid damascene) work from 
the Punjab, with the details of the ornar~lent shown in outline to full scale ; and 
a series of plates of vertebrz to accompany a paper by Surgeon-Captain R. H. 
Charles, M.D., in the Scientific Memoirs by the Medical Officers of the  
Army in India. The  annexed view of Calcutta taken from the tower of the 
Telegraph Office by Mr. T. A. Pope has been reproduced by the process. 

707. Further experiments in balloon photography were again made with t he  
apparatus lent from Chatham for the purpose, but the results were not a t  all 
successful owing to the wind preventing overhead photographs being taken, and 
also to the angle of view embraced by the lens being too small for the heights 
a t  which the captive balloon could be used. I t  seems doubtful whether small 
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captive or free balloons could ever be depended upon for photographic recon- 
naissance work, though no doubt they might be useful under favourable circum- 
stances. 

708. Further details of the work performed in the Photographic and Litho- 
graphic Office are given in Colonel Waterhouse's report in the appendix. 

M A P  RECORD AND ISSUE OFFICE. 

Personnel. 709. During the  
Mr. T. A. Pope,  Deputy Superintendent,  2nd grade, in charge up to 24th year under rep0rt the 

November 1893, and  from 1st M a  1894. charge of this office 
Captain  W. I. Bythell R.E., Deputy Lper intendent ,  2nd grade,  in charge has been held by M ~ .  

from 23th November 1893, u to 30th April  1894. 
Mr. F. A.  D'Rozario, H e a d  c ~ e r K .  T. A. Pope, and Cap- 
,, H. R. Vallis, M a p  Curator. 
,, J. A. Vallis, clerk, and 15 other clerks. 

tain W. J. Bythell, 
R.E., a t  different 
periods. 

7 10. The  number and value of  maps issued during the year are a s  follows :- 

I I 
M a p s  issued. 1 Number .  I value. 

Ditto to India Office, London . '1gB2 / 3P97 

General maps to Government officials . 

Ditto to Agents . I 2~386 1 3P27 

a 
[S2,588 ) 70,157 

Ditto to private individuals . 7,018 9,393 

TOTALS 

7 11 .  There has been a decrease in the number of maps issued during the  
year, owling to the smaller demands both by Government officials and private 
individuals. T h e  value of the maps issued is, however, greater. T h e  number 
and value of maps issued during the preceding year were 3,23,263 and I3 1150,C)74 
respectively, shoaling in the year under report a decrease of 33,348 in number, 
and an increase of EZ I 3,82 I in value. 

712. The amount realised from cash sales of  maps was R23,og6, viz., 
89,393 from private individuals, 8 r ,285 from agents, and I3 I 2,418 from Govern. 
merit officials. This is a decrease of R1o,ao7 on the cash receipts of the 
previous year. 

7 13. In t,he Revenue section, 776 applications were received for extracts 
from original records of the Revenue Surveys, and 1,845 for certified copies of 
village plans, tracings and traverses, which were all supplied a t  a charge of 

R14~47  5. 

Cadastral maps to Government officials . 
GRAND TOTALS . 

r Colonrl Waterhorlse again  reports very favourably of all his principal assistants,  via., Messrs. H. L, 
Lepa e, hlaclcr~izie, F:. A. 1-efranc, S c r ~ e a n t  Vandyke, E. D e P  vah in the Lithographic, Zinco raphic 
a d  Byre i'rintinS Sectinns; hlc5srs. H .  Haward.  A. LV. Turner.  J. Hnrrold, R. George, a n d  L, fagnier  
in the ~ \ i O ~ q , ~ r a i l l i c  Sections, and  Mr. Moore, storckeeper. T h c  f o l l ~ w i n g  junior assistants and  appren-  
tices a r e  reportetl to haveworked well :-Messrs. J .  B. hfackenzie. E. Dowling. G.A.  Lefranc, S. U. R ~ ~ -  
enscroIt,C. J. hleade. J T. hleadc. P. Michael, C. Andrcws, F. U .  Murphy, C. L. Green, N.  J .  Gonsalves, 
a n d  J .  Vicr~x who was nppointcd a n  apprc~itice in the Neg:ltive Section and  has  made  good progress in 
learning his n.orlc. In t h r  1.ithograplric Ilra\vin&! Section. Dabu Alnbica Churn Mooberji, and  Rlunshis 
Subhan t i uk~ l i .  Abdtll Hamid, Abdul Hnkini. and  Hnbu 1ji11a Nath Oass mny be special1 noticed a m o n g  
the native dra(tsmcn, but they have all \\zorl~vd \\ell. Among  the native assistants in t i e  Photographic 
hrctions, Mnhalnrd Ismail, l i ah ib r~ l  I lossnin, Abdul Itahman, Ambika Churn Rhu~tacher j i  a n d  Preo.Nath 
Chattrrji ,  Assistan! Pho~ographe r s ,  Azizur Rahman,  Nat ive  Engraver,  a n d  A ~ h o r e  N a t h  Sircar, Copper 
Plate pri~lter,  have worltcd vcry satisfactorily. In the Correspondence a n d  Accounts Sections Babu 
La11 Sen, the t l ead  Clerk : ~ n d  Accountant, tiaa again  worked ve zealously; Babu I<ader Nath chose, 
(;opal Cl i~~nclcr  hloiksrii .  Sur ja  Kumar Hanerji, Rajnni Kanta  ?hatterji! m d  Noj rndr r  Nath  Mookerji 
have also clone their work well. 

1,251941 

~~89,915 

79,121 ---- 
1~64,795 
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714. T h e  details of work done are given in the following statement, and they 
will be found t o  correspond closely with those of the preceding year :- 
C 

- 

Details. I Number. 

Applications received for maps . . . 
Letters issued in reply . 
Cash and credit map sale bills . 
Invoices and receipts issued for published maps . 

Ditto ditto for cadastral 111aps . 
Ditto ditto for extracts from original records 

Packets, parcels, and local despatches . 
Ditto received in  the office 

Packages despatched by rail and steamer . 
Ditto received ditto . 

Maps coloured for sale and issue . 
Ditto for other departments . 

A list of the maps and charts  ~ u b l i s h e d  during the year will be found a 
p. 128.. 

M A T H E M A T I C A L  I N S T R U M E N T  OFFICE. 

715. For almost the whole period under report the  charge of this 
Personnel. office has been held 

Colonel W. H.  Wilkins, S.C., Assistant Surveyor-General,- up to 17th by C0l0nel W. 
October 1893. Rogers,  K. E., Assis- 

Colonel M. W. Rogers, R. E., Assistant Surveyor-General, from 18th Octo- 
ber 1893. tant Surveyor-Gene- 

Workshop Branch. ral, who also held the  
Mr. T. Bo!ton, Mathematical Instrument Maker. appointment of 
Mr. T. R. Theakston, Assistant Mathematical Instrument Maker, from 1st patelltS secretary up  November 1893. 
zoo Artificers. to  n l s t  December 

Store Branch. 1893, from which date 
Mr. M. C. Belletty, Instrument Store-keeper. t b e  Officer in charge 
Babu Womesh Cbunder Chnwdhury, Material Store-keeper. 
I packing sircar and 2 packers. 

ot the Mathematical 

Oficer Estobli~hmant. 
Instrument office was 

Mr. W. Campagnac, Head Clerk. relieved of the charge 
Mr. W. R. Tulloch, 2nd Clerk. of the Patents Office. 
6 clerks and 3 temporary clerks. 

7 1 6 ,  T h e  figures in this report refer to  the financial year, i.e., from 1st 
April I 893 to 1st March 1894. During this period 75,617 serviceable instru- 
ments valued a t  R4,24,529, were received into store, and  63,728 instruments 
valued a t  R2,47,1 1 I ,  s e r e  issued. In comparison with t he  preceding year, this 
shows a considerable decrease in the number, and a large increase in the value 
of the  instruments received. 1 his is due principally to the  large number of low 
priced instruments wbich were received during the previous year. T h e  issues, 
a s  compared with t he  previous year, show a decrease both in number and value, 
due in a great measure to  the snialler requirements for railway surveys and all 
kinds of work a s  shown below :- 

- - - - - -- . - - - - - - - - - - -- - 

1 1892.93. 1 189396 / Increase. Decrease, 

No. of instruments received . 1 1~08.654 1 75.617 ( / 531037 

Value of ditto . ( 2.771280 1 4.241529 / IsJ7,249 ( ... 

No of instruments issued ( 1~00,827 1 63,728 . . .  

Value of 
, . 

ditto . R 1 2,97,150 1 2,47,1 1 I i ... 
I , 

-- .- - 

Mr Pope reports favourably of the services rendered by Mr. D'Rozario. Mr H. R. Vallis i n  dewrv- 
ing of special mentlon for the manner in which he has corlducted the arduous duties of Map Curator and 
S.le@man ; Memrs  J. A. VPIIIS, Hazra, and Belletty are also well reported on. 
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From this table it is seen that the number of serviceable instruments in 
f.tore, ha ; increased by I I ,889 and their value by 8 I ,77,4 I 8. 

7 I 7. The  following statement shows the principal sources from which the  
serviceable instruments were received :- 

Sources of Receipt. I Number. 1 Value. 

By purchase in the local market . 1 13,651 1 35,067 

R 
a,61,103 From England on indent . 

From repairable stock after repair . I 3,974 1 79,613 

271842 

Manufactured in  workshop . 
Returned to store by public officers . 

From other sources . . . 14 

21,345 

8,783 

718. The  number and value of the instruments received from England has 
increased considerably ; this was necessitated by the state of the stock of instru- 
ments, which had become ullduly low. T h e  purchases in the local market were 
less than in the previous year owing to  a larger number of instruments being 
received from England and to the decrease in the number of instruments issued. 
?'he value of the Instruments manufactured in the workshop is a little less than 
the amounts in each of the two former years. T h e  class and value of the in- 
struments manufactured will be found in Table C in the appendix. 

719. The  number of instruments taken from the repairable stock and ren- 
dered serviceable for issue is considerably greater both in quantity and value 
than in the precedingyear. During this year the office has received 5,9.,7 
repairable instruments, valued a t  R76,899, against 3,045 instruments valued a t  
R 4 g , o ~ 1  in the previous year. The  total issues from repairable stock were 
3,976 instruments, valued a t  848,135, These were repaired in the workshops 
i t  a cost of 8 3  I ,478, and transferred a t  an enhanced value to the serviceable 
stock. The  repairable stock has thus been increased by 2,001 instruments 
valued at 828,764. This result shows that, owing to the much larger number 
of instruments in use in India on various works, the relurns to store of repair- 
able instruments is increasing, and the establishment is not strong enough to 
clear off all current repairs (its first duty), and also to render serviceable all the 
instruments returned to store ; the repairable stock is therefore beginning again 
to accumulate. 

720. The  conversion of old pattern levels and theodolites alluded to  in 
paragraph 616 of last year's report has been continued, and in the year under 
report 39 levels and 9 theodolites of obsolete patterns were converted into 
servicealde instruments and  issued. The  levels dealt with have been the old 
and useless Y levels on 4 foot screws, which have been converted into the new 
pattern of Bolton's reversible level ; their total issue price was 88,465, and their 
value before conversion was almost nothing. The  grant for the special extra 
establishment for converting levels and theodolites expired on 30th June 1894 : 
it has now been made per~nanent, and the conversion nf the stock of old pattern 
levels and theodolites (which is practically inexhaustible) will be steadily pro- 
ceeded with. 

7 2 1 .  During the year the number of indents complied with was exactly the 
same as in I 892-93  They were of the ordinary kind, and call for no comment. 
The office still continues to do a considerable amount of work for the Ordnance 
Department, chiefly repairs and adjustments of Scotts' sights and Watkins' 
range-finders. 

722. The payments in cash for charges under 8 5 0 ,  alluded to in paragraph 
619 of  last year's report, has again greatly increased ; these involve a large arnount 
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of miscellaneous correspondence with regard to non-payment, etc., in additinn 
to  the increased work of the ordinary routine of submitting cash bills, and 
receiving payments. T h e  amount of cash passing through the office in pay. 
~ n e n t  for small supplies, etc. ,  was 838,037 in the year under report, being an 
increase of R I 0,000 over last year, and is R23,ooo greater than in the  year 
I 890-91, a t  the end of which the new rules were introduced. These figures 
show plainly the great increase of responsibility and work thrown on the office 
in consequence of these rules. 

723. Table A (in the appendix) shows the amount of debits against various 
offices and department3 for instruments supplied and for work done. It also 
exhibits the  credits for all instruments and materials returned into store. The  
values of the issues and repairs executed on book-debit was Rz, lg,45o,  being 
R67,60,3 less than last year. This amount includes the value of instruments 
purchased with the extra departmental grant of R45,ooo, of which only 829,500 
was expended. T h e  credits for instruments returned into store amounted to 
~ 8 ~ , ~ 4 2 ,  which is considerably more than in the previous year, but agrees well 
with the general value under this head. T h e  grand total of supplies, including 
cash sales, is 82,57,487, being a decrease of 8 57,752. This large diminution 
is probably due to the suspension of works in India from financial causes. 

724, T h e  number of principal instruments repaired in the workshop is 
2.823, or a little uver roo more than last year. T h e  total number of instruments 
of all kinds repaired amounts to 3,941 or 300 more than in 1892-93. 

725. It will thus be seen that, during the  year under review, the demand 
for instruments from the stores has been considerably less than in the previous 
two years, but the actual work carried out in the workshops has been rather 
more than in the previous year, the total value of all the work done in 1893-94 
being R I ,33,706, against 8 I ,20,323 in 1 8 ~ 2 - 9 3 .  T h e  number and value of 
instruments issued depends on conditions ent~rely beyond the control of the 
office, but the value of the work done is a direct test a s  to whether the work- 
shop establishment has worked well. 

726. T h e  stock-taking which has been in hand since March 1892, was 
completed this year, having been proceeded with a t  intervals when one of the 
instrument-makers could be spared from his current duties to assist the officer 
deputed for the work. T h e  results were submitted to  the Surveyor-General 
and approved by him as satisfactory. Stock had not been taken since the 
transference of the office from the old building in 1888, and in many cases it 
was found very difficult to check the repairable stock. 

727. T h e  profit and loss account of the workshop will be found in the ap- 
pendix, the result of the operations showing an apparent profit of 87 ,7  j2 .  This 
year, in accordance with the auditor's instructions, halt the rates and taxes of the 
office have been charged against the workshop, as  well a s  a sum of 83 ,948  as 
liability for pensions ; the resulting profit is, however, too high, and rates will be 
I evised.* 

If . -TRIGONOMETRICAL B R A N C H  OFFICE, D E H R A  DUN. 

728. During the year under report the office underwent considerable altera- 
tion both in character and personnel  T h e  general s~lperintendence of the office 
up to 30th April 1894 was in the hands of  Colonel G .  Stxahan, K. E., Deputy 
Surveyor-5eneral in charge Trigonometrical Surveys;  on his retirement the 
post held by him was abolished, and Major St. G.  Gore, R .E . ,  who succeeded to 
the charge of the office, mas appointed thereto under the  title of Superinten- 
dent of Trigonornetric;~l Surveys 

' Colonel Ro ers reports that Mr. Bolton has continued to  perform the duties of Mathematical Instro- 
ment Maker with f i rusua l  zeal and ability; he is a very inteiligmt and praiseworthy oficer. and a valuable 
servant to the Government hlr. Theakqton, who was appointed permanent Assistant Mathemat~cal Instru- 
ment Makcr from 1st November 18y3, had alread officiated in the appointment on two former occasions 
lor three years in all : he i ;  a hardworkinp and zea{ous officer. and is now capable of carrying on the duties 
of the hlathematical Ins.rument .Maker when necessary. This he  ,lid during Mr. Bolton's absence on privi- 
L g e  leave lor three months. 

I'he Correipondence and Store Rranch under Xlessrs. C a m r g n a c ,  Relletty, and Tullach, have worked 
satisf .ctorilv during the year, and these officers report favoura l y  on their subordinates, making especial 
mention of habus Durga Churn Ghose, Gossain Dass  Ray, Sh!b Chunder Ghose, and Wornesh Chunde~  
Chowdhury, the Material Store-keeper. 



T R I G O N O M E T R I C A L  BRANCH O F F I C E ,  D E H R A  DUN. ' '3 

729. The extra staff of computers which had been sanctioned a s  a tern- , - 
Pevsonnal. 

Supevintendencc. 

Colonel G .  Strahan, R.E., Deputy Surveyor-General, in charge Trigonometri- 
cal Branch up to 30th April 1894. 

Major St. G.  L. Gore, R.E., Superintendent, Trigonometrical Surveys, from 
I st May 1 894. 

Mr. .I. Eccles, M.A., Deputy Superintendent, 2nd grade, in charge Computing 
Party. 

( I )  Conlputing Section. 
Mr. H. W. Peychers, Extra Assistant Superintendent, 2nd grade. 
Mr. A .  Christie, Extra Assistant Superintendent, 3rd grade. 
tlabu Kali Mohan Ghose, Senior computer, and 33 other 

permanent and temporary computers, record and Till 30th April 1894. 
account-keeper, librarian and writer. 

2 C O D V ~ S ~ S  and 2 writers. 
Babu Amba Pershad, computer, and 8 olher computers, From Ist May 1894. f . - 

( a )  P r i n t i n e  Section. . , 
Mr. B. V. Hughes, Printer. 
ao compositors and temporary hands . . . . Till 30th April 1894. 
g compositors and 2 distributors . . . . From 1st May 1894. 

porary measure In 
May I 890 for push- 
ing on the final re- 
duction and publi- 
cation of the re- 
cords of previous 
years appertaining 
to the triangulation 
of lndia proper, 
was dispensed with 
a t  the end of April 
1894. Special re- 
ports have been 
submitted to the 
Government annu- 
ally showing the 

(3) Pho to -~ incogvaph~c  Section. progress made in 
Mr. J. S. Manuel, Assistant Zincographer. this work, and it 
2 assistant photographers, 2 draftsmen, I map-keeper Till 30th April 1894. will State 
a photographers, 6 plate correctors, 5 retouchers. 4 zinc 

printers, 12  assistant zinc printers, I accountant, I From 1st ~ a y  1894. that the work for 
store-keeper, I despatcher. which the estab- 

( 4 )  Covvespondencc Section. lishment was en- 
Mr. J .  Burbridge, Head Clerk, and 3 writers. tertained has been 

practically com- 
( 5 )  Stoves, Wovkshops, and Obsevvatorirr Srctiun. pleted,and with the 

I writer, I head artificer, and 3 artificers. exceotion of one 
( 6 )  Drawing Section. voluAe on the tidal 

bjr, C. H. McA'Fee, Extra Assistant Superintendent, 4th grade. operations and 
draftsmen, I sub-surveyor, 1 2  assistant and apprentice  ill 3oth ~ ~ ~ i l  1891. three volumes of 
draftsmen. , draftsmen, I sub-surveyor, a assistant and 8 appren- 

1 
1 From 1st May 1894. 

the synoptical re- 
tice draftsmen. suits, the whole of 

( 7 )  Solav Photogvophic Section. the account of the 
Mr. C. F. Guthrie, Assistant Solar Photographer. operations in India 
proper of the Great Trigonometrical Survey of India has been published. 

730. The  office was re-organised in the following way :-All temporary grants 
with one small exception were withdrawn, and within the linlits of the old 
permanent grant, it was SO arranged that the Photo-zincographic section was 
largely increased, principally at the expense of the Computing section, to meet 
the ever increasing demands for the supply of  maps. A grant of & ~ o , o o o  was 
sanctioned to carry out the necessary alterations in the office buildings. 

731. The office is now divided into the following sections :- 
( I )  Computing. 
(2)  Printtng. 
(3) Photo-zincographic. 
(4) Correspondence. 

( 5 )  Stores, Workshops, and Observatories. 
(6) Drawing. 
( 7 )  Solar Photography. 

( I )  Computing Section. 
732. The  work in this section consists in examining and finally reducing 

the field records of the Trigonometrical Branch ; and preparing suitable abstracts 
for publication in the regular series of volumes issued by the Department : the 
latter entails the examination of and passing for press all printed matter set 
up in the Printing section. From time to time it affords help to field parties i n  
their calculations, and meets all demands for data required by officers of this and 
other departments. The astrono~nical and other observations taken by officers 
of  the Quarter Master General's Department are generally also reduced i n  this 
section, and various other miscellaneous work is performed which will be found 
in the appendix. 

733. During the year seven fresh instalments of field records were recei\red 
and stored, and twenty-two requisitions for data were met. The  computations 
for the synoptical volume of the North-East Longitudinal Series M1ere resumed, 
and a b o ~ ~ t  one-third of the angle books examined. Some of the Revenue Survey 
levt-Is in Lower Burma were reduced to accord with the latest determinations of 
sea-level. '1 he traverses of P;~lwal Town and Municipality srlrvey were reduced. 

R 1 
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729. The extra staff of computers which had been sanctioned a s  a tern- 
Personnel. porary measure in 

Sujrvintendencc. May I 890 for push- 

Colonel G. Strahan, R.E., Deputy Surveyor-General, in charge Trigonometri- ing on the final re- 
cal Branch up to 30th April 1894. duction and publi- 

hlajor St. G. b. Gore, R.E., Superintendent, Trigonometrical Surveys, from 
1st May 1894. 

cation of the re- 
Mr. I. Eccles. .M.A., Deputy Superintendent, 2nd grade, in charge computing cords of previous . . 

- .  

pi;ty. - years appertaining 
( I )  Computing Section. 

Mr. H. W. Pevchers, Extra Assistant Superintendent, 2nd grade. 
to  the triangulation 

Mr. A. Christie, Extra Assistant Superintendent, 3rd grade. of India proper, 
Babu Ksli Mohan Ghose, Senior computtr, and 33 other was dispensed with 

permanent and temporary computers, record and Ti11 30th April 1894. 
account-keeper, librarian and writer. a t  the end of April 

fjabu Amba Pershad, computer, and 8 olher computers, From May 1894 I 894. Special re- 
z copyists and z writers. f ports have been 

( a )  Pr in t ing  Section. 
Mr. B. V. Hughes, Printer. 

submitted to the 
ao compositors and temporary hands . . . . Till 30th April 1894. Governmer~t annu- 
9 compositors and z distributors . . . From 1st May 1894 ally showing the 

(3) photo-sincographlc Sectton. progress made in 
Mr. J .  S. Manuel, Assistant Zincographer. this work, and it 
2 assistant photographers, z draftsmen, I map-keeper Till 30th April 1894. Will to state 
a photographers, 6 plate correctors, 5 retouchers. 4 zinc 

printers, i z  assistant zinc printers, I accountant, I ~ r o m  1st  MU.^ 1 8 9 ~  that the work lor 
s~ore-keeper, I despatcher. which the estab- 

( 4 )  Corresfondencc Section. lishment was en- 

hlr, J. Burbridge, Head Clerk, and 3 writers. tertained has been 
practically com- 

(5 )  Stoves, workshops, and Observatorirs Sdctiun. pleted,and with the 
1 writer, I head artificer, and 3 artificers. exception of one 

( 6 )  Drawing Section. volume on the tidal 
hlr. C. H. McA'Fee, Extra Assistant Superintendent, 4th grade. operations and 
q draftsmen, I sub-surve~or, l z  assistant and apprentice 

draltsmen. 
) ~ i l l ~ o t h  April ,894. three V O ~ U ~ ~ S  of  

4 draftsmen, I sub-surveyor, a assistant and 8 appren- )From 1st May 189.4. the synoptical re- 
rice draftsmen. sults, the whole of 

(7) Solar Photographic Section. the account of the 
Mr. C. F. Guthrie, Assistant Solar Photographer. operations in India 
proper of the Great Trigonometrical Survey of India has been 

730. The  office was re-organised in the following way : -~ l l  temporary grants 
with one small exception were withdrawn, and within the linlits of the 
permanent grant, it was SO arranged that the Photo-zinCographic section was 
largely increased, principally a t  the expense of the Computing section, to  meet 
the ever increasing demands for the supply of maps. A grant of Io,ooo was 
sanctioned to carry out the necessary alterations in the buildings. 

731. The  office is now divided into the following sections :- 
( I )  Computing. 
(2) Print~ng. 
(3) Photo-rincographic. 
(4) Correspondence. 

( 5 )  Stores, Workshops, and Observatories. 
(6) Drawing. 
( 7 )  Solar Photography. 

( I )  Computing Section. 

732. The  work in this section consists in examining and finally reducing 
the field records of the Trigonometrical Branch ; and preparing suitable abstracts 
for publication in the regular series of volumes issued by the Department : the 
latter entails the examination of and passing for press all printed matter set 
up in the Printing section. From time to time it affords help to field parties in  
their calculations, and meets all demands for data required by officers of this and 
other departments. The astronolnical and other observations taken by officers 
of  the Quarter Master General's Department are generally also reduced in this 
section, and various other miscellaneous work is performed which will be found 
in the appendix. 

733. During the year seven fresh instalments of field records were rereiffed 
and stored, and twenty-two requisitions for data were met. T h e  computations 
for rhr synoptical volume of the North-East Longitudinal Series were resumed, 
and about one-third of the angle books examined. Some of the Revenue Survey 
levvls in Lower Burma were reduced to accord with the latest determinations of 
sea-level. ' I  he traverses of P;~lwal Town and Municipality survey mere reduced. 
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T h e  preparation of press copy and the examination of press proof was 
carried on a s  usual, the amount of progress corresponding to that in the printing 
section. T h e  examination of the chart of the Spirit-Levelled Heights, No. I 

Burma, was finished, and that of the Svnoptical volu~ne of the Kathiawar Meri- 
dional Series nearly completed. A considerable amount of professional work 
was expended in connection with the protection of survey stations : thirty 
districts, out of 346, failed to  submit reports. T h e  usual meteorological observa- 
tions were taken. T h e  observations taken by two officers of the Quarter 
Master General's Department were reduced. 

(2) P r i n t i n g  Section. 

734. T h e  work in this section will be found detailed in the appendix : the 
allowing is t h e  progress made :- 

(a) Spirit-Levelled Heights, No. I Burma, finished. 
(6) Imperial Forest School calendar finished. 
(c) Synoptical volume XXXIV of the Kathiawar Meridional Series, 

practical1 y finished. 
( d )  Synoptical volume XXIX of the Great Arc Meridional Series, 

two-thirds completed. 
(e) Tidal volume some zoo pages printed. 

Besides this a great amount of work was done in printing the letter-press for 
charts,  map-heading and foot-notes, and in turning out office and professional 
forms required by the department. 

(3) Photo-zincographic Section. 

735. This  section has been working a t  high pressure during the year and 
has not yet been increased to  its full strength, a s  the plant has not arrived 
from England. Every endeavour has been made to meet the requirements 
of the various departments, and it is expected that in the coming year the issue 
of maps will be greatly accelerated. T h e  arrears that  had accumulated have 
almost entirely been cleared off. Full tabular statements will be found in the 
;.ppendix. 

(4) Correspondence Section. 

736. This has been conducted as  usual. 

(5) Stores, Workshops, and Observatories Section. 

737. This is a new section : the work done was formerly included in the 
correspondence section. 

(6) Drawing Section. 

738. T h e  amount of work required from this section by the Photo-zincograph~c 
section is so great that it can with difficulty cope with it, and hence little 
compilation has been done:  it is hoped that more will be shown in next yea r s  
report. T h e  out-turn, which will be found detailed in the appendix, includes the 
following :- 

One map compiled for the Quarter Master General ; twenty traverses plotted 
for the Deputy Commissioner, Gurgaon, and seven for the Junagadh State  ; 
corrections to three standard maps completed and the second edition of the 
Dehra Municipality map partly finished ; two triangulation charts coml~leted. 
and four others taken in hand ; five diagrams lor I he tidal volume cornplete~l, and 
fourteen taken in hand ; one thousand eight hundred and forty-five maps 
coloured. 

(7) Solnv Photographic Section. 

??Q. T h e  work of this section was continued a s  usual. 
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740. The  training of officers of other departments, which is part of the work 
df this ofice, was carried out, one officer availing himself of the instruction. 

741. During the year two native explorers employed by the department 
returned from their journeys ; their work was reduced and their diaries prepared 
for press. 

742. The  offices were inspected in October I 894 by the  Surveyor-General, 
who was quite satisfied with the progress that had been made during the year 
and with the general state of the records a s  well a s  with the general efficiency 
of the establishment.* 

111.-DRAWING O F F I C E ,  SIMLA. 

743. This office continued under the personal superintendence of Colone, 
Holdich during the greater portlor 

Pevsonal. of the year, but the charge of it de- 
Colonel T. H .  Holdich, C.B.,  C.I.E., R.E., Superin. volved upon M ~ .  G,  w. E. ~ t k i ~ ~ ~ ~  

,:ndent, 1st grade, in charge. 
Mr. G.  W. E. Atkinson, Officiating Assistant Superin- from the 16th November 1893 to 

tendent, 1st grade. the 12th April 1894, during which ,, T. H .  Kendell, Extra Assistant Superintendent, 
4th grade, from 24th January 1894. period Colonel Holdich was engag- 

,, W. J .  Cornelius, Extra Assistant Superintendent, ed in the field. 
g ~ h  grade. 

,, A. Kitchen, Extra Assistant Superintendent, 6th 744. During the year new editions 
grade, up to 14th Novemher 1893. of both the Turkestan and Baluchis- 

,, F. E. Warde, Sub-Assistant Superintendent, 2nd tan maps (each i n  four sheets) were 
grade. 

,, P. Williams, Probationary Sub-Assistant Superin- colnpleted and forwarded to  the 
tendent, 3rd grade, up to 23th February 1894- Dehra office for reprodu'ction. The  ,, F. Rozario, Surveyor. 

,, H .  Sindon, Draftsman. publication of the former map, 
Munshi Jafir Khan, Draftsman. however, is delayed for want of 
Mr. W .  Manly, Draftsman, and four other draftsmen. from the G~~~~~~~~~ reEard- - 

ing the boundaries therein. T h e  
map of Afghanistan, also in four sheets, on the 16-mile scale, was talien in hand 
and very nearly completed a t  the close of the year. This map would have beer 
completed much earlier but for the necessity of incorporating with it a large area 
of new survey on the 8-mile scale by Surveyor Sheik Mohiuddin, and a large 
accumulation of reconnaissance surveys executed by Intelligence officers, all of 
which had to be adjusted on the 8-mile scale standard maps, and then finally 
reduced for incorporation with the sheets of the map of Afghanistan. These 
additions will more than compensate for the delay caused in bringing out 
the map. 

745. T h e  revision of the sheets of the North-West Trans-Frontier Series 
and the South-West Asia Series has very seriously taxed the resources of 
this small office during the year. On taking in hand the second editions of 
these sheets it was found that no less than 19  of them have been affected by the 
curvevs and reconnaissances of recent vears. The  strain caused bv this work 
was especially felt owing to the absence of more than one draftsma; in conse- 
quence of i l l  health. 

746. Of the miscellaneous work done, the map illustrating Mr. Butcher's 
traverse from Bushire to Bandar Abbas, undertaken a t  the  request of the Intelli- 
gence Branch of the Quarter Master General's Department, is perhaps the 
most important. It reflects much credit on Mr. Butcher, of the Telegraph 
Department, for the intelligence and skill he brought to  bear on the execution 
of his field work. 

747. Perhaps the largest undertaking that will be required from this office a t  
Dresent is the map of Persia, in six sheets, on the scale of 16 miles= I inch. 
This has already been commenced and the printing of one of the sheets is in 
hand, but i t  will be some time belore all the sheets are ready for the press. It  
is hoped that the large additions in the recent surveys will combine to render the  
map the best and most complete as  yet published. 

Mr. Ecrles rcports very highly o f  the uork done by his assi5tants. Messrs. Peychers. Christie, McA'Fr, 
~ u ~ h e s ,  Manucl and Guth1.i~. and .,pcalts n.cll oC (be computers. 

'1 lie Supcrintcndent rcports very favourably o -  the assistance rendered him by Mr. Christie and Mr.  
McA'Fee. 

The correspondence office has carried on its work satisfactorily during the year. 
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748. In the early part of the year, the office sustained a very severe loss in 
the untimely death of Mr. A. Kitchen, whose accomplishments as a draftsman 
had contributed in no small degree to the success of the general mapping.* 

1V.-FOREST SURVEY BRANCH OFFICE,  D E H R A  DUN. 

749. The Head-quarters Office of the Forest Survey Branch is located a t  
Dehra Dun, and throughout the year it has been under the direct supervision of 
Mr. W. H. Reynolds. The following classes of work are dealt with :- 

( I )  Correspondence, accounts and Forest Department map records. 
(2) Final computations of the several field detachments. 
(3) Drawing and compiling of special maps for the Forest Department. 
(4) Training of surveyors for forest work. 
(5) Other miscellaneous work for the Forest Department. 

750. The  map records of the forests in the several provinces under the 
Government of India as well as Madras, have been posted up to date. These 
maps comprise a series of the best available maps on various scales for each forest 
reserve ; district maps illustrating the reserved and protected forests according 
to forest divisions; and provincial maps showing forests by forest circles or 
Conservator's charges ; also a general map of India on which is shown the entire 
forest areas that have been gazetted to date under the Indian Forest Laws. 
The last acts as  an index to the several provincial portfolios. 

751. The tabulated statements as well as  the alphabetical lists connected 
with the foregoing nlap records are fairly advanced towards completion. These 
statements, which are in bound volumes, contain references to the best available 
forest maps of each reserve as well as to the numbers and dates of all Govern- 
ment notifications, whereby each forest has been constituted a reserved or 
protected forest, and numbers and dates of notifications authorizing changes 
f&m time to time in forest boundaries. 

752. During the year a catalogue has been compiled and printed of the 
maps in deposit in the Forest Survey Office ; it contains 250 pages and the maps 
are recorded under the foilowing headings :- 

- 

i. Forest maps of areas surveyed and published by the Forest Survey 
Branch. 

ii. Forest and other maps published by the Forest Survey Branch for 
special purposes. 

iii. Forest maps surveyed and published by the Survey of lndia and 
Madras Revenue Surveys. 

iv. Other maps published by the Survey of India Department on which 
forest areas have been located and sketched in  in the Forest 
Survey Office. 

v. Other maps in deposit on which no forest areas are entered at present. 

The catalogue contains a complete list of printed maps that are at present 
available for forest purposes. 

753. For forest working plans, in several provinces, numerous areas have 
been deduced, comprising chiefly areas of forest blocks and compartments, areas 
for exchanges of land, areas of different classes of forests, etc. Seventy-five 
4-inch maps as well as various other maps on smaller scales have been dealt 
with under this head. 

754. For the several Provincial Forest De~ar t~nen t s ,  97 special maps and 
maps of tracts surveyed by the Forest Survey Branch have been published during 
the year ; 108 map sheets are in the press, and 88 maps are in progress or in 
different stages of completion. 

Colonel Holdich reports that Mr. Atkinson has  done good service during the year, not only while in 
chargeof the office, but also a s  a compiler and draftsman. H e  works well with the Intelligence Branch, 
and adapts hirnseli to the requirements of that office a s  well a s  of his own. 

M; Curnelius is reported to have maintained his g . , o d  repurat on and to have worked with both rkill 
and energy. On him, since hlr. Kitchen's death, has fallen thebulk of the dt licate hachuring required for 
the small scale maps. 

01 the draf~rmen, hlessrs. Sindon and Rorario, and Munshi Jafir Khan, are said to have worked 
rieadily and well. 
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755. During the recess months or a s  opportunities offered, 30 apprentice!: 
and colourists were trained for forest survey field work ; five men qualified in tra 
versing, 24 in plane-tabling and one in triangula~ion. 

756. A vast amount of miscellaneous work was dona during the year, in- 
cluded in which is the colouring of 2,730 printed maps and the additions of forest 
growth records to 29 published sheets; 1,497 maps were cut up and mountee 
in book form and 177 tracings were prepared for variods forest and district 
officers. 

757. This office was inspected by the Surveyor-General in October 1894, 
who was quite satisfied with the general eficiency of the establisl~ment and with 
the excellent manner in which the forest map records are kept. The  field 
maps and con~putations of the different survey detachments were scrutinized 
and the external evidence thereon showed that they had been executed with 
care. T h e  test surveys have been carried out systematically and the apparent 
results are satisfactory. But the European supervision is considered to be in- 
sufficient. In some of the Provinces, e.g., in Burma, the professional work 
was entirely carried out and supervised by native agency, and native surveyors 
on small pay, via ,  860 a month, were made entirely responsible for testing and 
passing the work. Although Mr. Reynolds may have a few trustworthy men 
of this class who can be relied on, it cannot be considered an adequate means 
o f  guaranteeing good and accurate work a s  a general rule. With this exception the 
arrangements ar;d system of the Forest Survey Branch are quite satisfactory, and 
Mr. Reynolds is entitled to credit for the successful management of his branch. 
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LIST OF MAPS AND C H A R T S  PUBLISHED DURING T H E  YEAR 

~ - ~ - 

1 893 -94. 
-. 

REMARKS. 

2. 

With additions to 
1894. 

With additions to 
1892. 

With additions to 
1891. 

With additions to  
1888. 

With additions and 
corrections to  1893. 

... 
With additions to 

I 892. 
With corrections to 

1892. 
With additions to 

1869. 
With additions to 

1891. 

TITLE. 

ATLAS OP INDIA. 

Sheet NO. 47 . . . .  
Sheets Nos. 79 and  104 . 
Sheet No. 103 . . . . . .  
Sheet No. 107 . . . .  
Sheets Nos. 113 and 121 . . , . , , , 

Sheets Nos. g S . E . ; l z  N.E.; 23 N.E.;zjS.E.; 42 S.E.; and 
49N.W.  . . .  . 

Sheets Nos. r N.E.; 15 N.W.; 35 N.E.; 67 S.E.; 86S.W.; 
105 N.E., and 1-6 N.W. . .  

Sheet No. 6 N.E. . . . .  
Sheet No. 28 S . X .  . . .  
Sheets Nos. 22 N.W.; 32 N.E.; go N.W.; and 129 S.E. . 
Sheet No. 31 S.W. . . . . . . .  
Sheets Nos. 69 S.E. and 92 N.E. . 
Sheet No. I;O N.W. . 
Sheets Nos. 42 N.E. and 61 N.W. . . .  
Sheets NOS. 8 N.E. and 131 S.W. . 

GBNBRAL MAPS. 

BombayPresidency(withouthills) . . .  
Bombay Presidency (exclusive of Sind) . .  
India . . . . . . . . . .  
indo-China . . . . .  
Route map of the Western Himalayas, etc. . 

PROVINCIAL MAPS. 

Assam, sheets Nos. 4 and 9 . . . . . .  
M y s o r e ( s k e l e t o n ) .  . . . . . . .  

Sind . . . . . . . . . .  
qerar  . . . . .  
Jpper Burma . . . .  
Bengal . . . . . . . . . .  

D I V I ~ I O N A L  MAPI. 

Allahabad, Nos. I and 2 (N.-W. P.) . . . . .  
Pegu, Sheets Nos. I and 3 (Burma) . 

DISTRICT MAPS. 

Amritsar(Punjab) . . .  

Bhagalpur (Bengal) . . . . . . .  

I 
In. M. 

1 = 4  

1=1 

1=4 

1=4 

1=q 

1=4 

1=4 

1=4 

I=+ 

1=4 

Number of I Sheam. 

I 

t 

I 

I 

2 

6 

6 

I 

t 

4 

I =q 

1=4 

1=4 

1=4 
1=4 

I=32 
1=32 
1=128 

1=32 
1=32 

1=8 

1 3 6  

1=16 

l=Z4 
1=64 

1=90 

l = 4  

1=4 

1-2 

1=4 

.~ 

I 

a 

I 

2 
a 

I 
I 
1 

a 
I 

2 

I 

I 
1 

I 

6 

2 

2 

1 

. - .- 

Corrected to April 
1886. 

With additions to 
1887. 

With additions to 
I Sgo. 

Preliminary edition. 
With additions to 

1893. 

With addition to 
railways to 1893. 

With additions !* 
railways to 1893. 

With additions anrl 
corrections to March 
1893. 

Wiih addition of the 
Province of Coorg 
and railways to 
February 1894. 

W ~ t h  additions and 
correclions to DP- 
cember 1892. 

... 
With additions and 

corrections to Janu- 
ary 1894. 

Revised to 1st April 
1892. 

With additions to 
railways to 1881. 

With addition, and 
correcllons to July 
1888. 

With aclditions and 
corrections to June 
1892. 

.. - --- .- --- - - -  - -  -. 
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TITLE. Number of I a .  I She,,k. I REMARKS. 

. . . . . . . .  Goalpara (Assam) 

. . . . . . .  Hmghly (Bengal) 

. . . . . . . .  Katha (Burma) . . . . . . . .  Nadia (Bengal) 

. . . . . . .  Naga Hills (Assam) . . . . . . . .  Palamau (Bengal) . . . . . . .  Ruby Mines (Burma) . . . . . . . .  Tippera (Bengal) 
Bhamo (Burma) . . . . . . . .  

Sheets Nos. 166 and 195 (in one), 196, 221,222, 247, 248 and . . . . . . . . . .  271 

Bonrbay. 

. . . . .  Sheets Nos. 245 N.E. and 245 S.E. 
Sheets Nos. 85, 158,183. 190, 223, 240,272 and 273 . . 
Sheets Nos. 42, 57 (Ralputa~la), 6S, S j  (Bombay) . . 

Burmn (Lower). 

S W N.E 
Toungoo District, Sheets Nos. 271-; 274f; 274 y; 

N.W N.W. S.E. S.E. S.E. 
274 =; 274 y'; 274 7; 274 7; 274 7; 2 7 4 7 ;  

S.E. S.W . . . . . .  ~ 7 4 ~  and 274, 
. . . . .  Sheets NOS. 232 and 279 (in one) 

Sheets Nos. 235,236, 237,564, 572 and 572A. . . .  
B i ~ r m n  (Ukper). 

Sheet No. 263 . . . . . . . .  
Certtval Indin ond Rnjputnnn, 

Sheet No. 57 . . . . . . . . .  
S h e e t N o . 3 8 2 .  . . . . . . . .  

Central Provinces. I 
S.E Nimar District, Sheets NOS. 7 f ; 7 ; 8 ; 8 %' ; 

8 N . W . ;  8 e ; Q  G,,  8 N A . .  gS.\V,. s.g. 
4 I ' 3 '  6 , , a 7 ;  

N . e  N e S.W. S.E.  S.E N.W. S\V. , ; 9,;9+'; , ; 9 ~ ;  9 + ; 1 4 7 ; 1 4 * ;  

14 S.W. S.W. S.W. N z , .  
, ; I 4  - -  , 9 1 4 ~ ; I S  a , parts of 2 s.P" and 

S.W N n. N.W. 7 , ' ( inone);3 +and8N?(inone);partsof7T,  

S.W. N.W. h 'W 7 and s* (in one) ; parts of 7 and +-' ( ~ n  one) 

N \v 
8 ??. and T'-E' (in one) ; g 5 and parts of (in 

N.\V N W N W. N . W  one) ; 14---' and - (in one) ; 15 + and part of- 

(in one) . . . . . . . . .  
Hoshangabad and Betul Districts, Sheet No. 24 S'wm 

N.W. Bctul District, Sheet9 NOS. 2js+ ; 2G Nz'; and 26 -. . 

In. M. 

I =4 With additions and 
corrections to 0 cto- 
bet 1893. 

With additions to 
November 1892. 

With additions a n d  
corrections to May 
1892. 

2nd edition. 

2nd edition. 

Railways c o ~ ~ c t c d  t o  
January I 894. 
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TITLE. Number of I Scale. I S,,aetstr. I RIIIARLS. 

STANDARD MAPS-continuad. 
C 

Control Provinces-continued. 

N E  N E  
Hoshangabad District, Sheets Nos. 23 Se ; 24 + ; 24 +' ; 

N.W. 
35 S$ ; 23 and (in one) ; 34 and -(in 

N E one) ; 34 NG and part of +' (in one) . . 
Jubbulpore District, Sheets Nos. 85 ; 86 ; 86 ; 

Y .E S . W . ,  S s  86?;105 3 ; 1 0 6 ~ 3 ;  106 -5; 106 -, , 
4 3 

and 107 (in one); 106 '2. ; 106 Nq ; 106 c' and 
183 

N E S W  S. W 107 + (in one) ; I07 ; 107 S+ ; 107 ; 107 - 
S W N.W 107 2 ; 108 z' ; 108 Nq ; 108 ; 108 5 ; 

3 

N.W. 108 Ne ; 128 z' ; 128 '2' and 129 1 (in one) ; 

N.W. N.W. N E N W  
128 7 ; 129 -; 129 7 ;  130 ; 130 -; 

13OS+ . . 
Chanda District, Sheets Nos. 122 and (in one) ; 

S.W. S.W. 
1 2 2  i 123 i 123 

123 N.W- 
3 and 4 

Bhandara District, Sheets Nos. go ; 92 ; 92 N+ ; 

S . .  S E. 
ga N2 ; 92 - ; 92 +. . . . . .  

Raipur District, Sheets NOS. 141 and 164 Ns (in 

S.E. S.W 
one); 141 T and 164 + (in one); 187 N;e.; 

N s ,  N.W. 
187 Ne; 187 , , 187 187 N$i 187 'G; 

S W. S.W. S.W 187 '!; 187 f; 187 ,; 187 -; 208 Nz; and 
I 

N.\V 108-'. . . . . . . . . .  

In. M. 

Hyderabad (Deccon). I I 
Sheets Nor. 202, 203,212, and 213 (in one). . 1 ~ = r  1 I 

,, I, 204, 105, 214, 215, and 222 (in one) . , , 

North- Western Provinces and Oudh. I I 

N.E Bashahr State, Sheets Nos. 3~7y; 347 %wz ; a d  347 -, 
Sheets Nos. ago N. W. and 290 S. E. . , , . . . . . . . .  Sheet No. 312 S .  W. 

$ 9 . .  1 1 4 .  . . . . . a m .  

Sheets Nos. 32, 39A., 40, 41, 56A1 57, ~ 8 ~ 5 9 ,  77, 78, 79, 80, 
97,98, and 160 . . . . . . .  

Sheet No. 146 ' . . . . . .  

With additions to 
railways, etc., to 
April 1894. 

With corrections to 
Cth October 1892, 

2nd edition. 1=1 
I=I  

Preliminary edition. 

15 
I 
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Novth-Eastevn Frontier. I . . . . . . . .  Sheet No. 22N.W. 
Sheet No. 23S.W. . . . . . . .  
Sheet No. z3N.W. . . . . . . . .  
Sheet No. 15 . . . . . . . . .  
Sheet No. 22 . . . . . . . . .  

South-Eastern Frontier. 

Sheet No. 1S.W. . . . . . . . .  
Sheet No. 4 N.E. . . . . . . . .  
Sheet No. 4S.E. . . . . . . . .  
Sheet No. 4S.W. . . . . . . . .  
Sheet No. I . . . . . . . . .  
Sheet No. 3 . . . . . . . . .  
Sheet No. 7 . . . . . . . . .  

Calcutta:-Sheets Nos. GI, Gz, Gg, Gq, Hz,  HQ, Hq, Hg, 
H6, H7, 11, 12, 13, 14, 15, 16, 17, 18, 19, 110, J5, Jg, Jro, 
J I I ,  K3, K I I ,  Klz, KIJ, LI,  Lz, Lg, L4, Lg, L14, L I ~ ,  
MZ, MS, ~ 7 ,  MS, M ~ ,  n410. NI ,  ~ 3 ,  ~ 4 ,  ~ 9 ,  NIO, N I I .  
N12, N I ~ , N I ~ ,  N I ~ ,  N16, N17, 0 4 ,  011, 0 1 2 , 0 1 3 ,  014 ,  
015 ,  016 ,  0 1 7 ,  0 1 8 ,  P I ,  Pg,P8,  P12, P1.7,  PI^, P15, P16, 
PIT,  PIS, Pl9. 04, 9 6 ,  Q7. 9 8 ,  910, Q I I ,  9 1 3 ,  Q14, 

17, 918,  &19, 920, RI ,  R I I ,  RIJ,  R14, R I ~ ,  K17: 8 2  219.  Rzo. R I I .  Rzz. S I ,  92. ~ 3 ,  s.+, S S ,  SIO,  SI I ,  
S I Z , S I J ,  S14, S I ~ ,  S17, SIS,  S I ~ ,  T I ,  T2, T j , T q ,  T7,T8, 
Tg, T I ! , , T I ~ , T I ~ ,   TI^,  TI^, Uq, Us, U6, & U7 . , . . . . . . . .  uetta CIVII S ta t~on  
olhapurCityandEnvirons . . . . . .  

Mandalay and Env~rons (with boundaries) . . . .  

Mandelay and Environs (without boundaries) , . . 

Relative positions of Gold Mining and Prospecting grants, 
District I<atha . . . . . . .  

Forest reserves, Jhansi District . . . . .  
Central Provinces . . . . . . . .  . . .  Forest surveys in Kheri and Pilibhit Districts 
Forest surveys in Narsingpur Division . . . .  
Forest surveys in Balaghat Division . . .  
Forest surveys in the Pyinmana District . . . .  
Forest surveys in Chhindwara, Seoni, and Nagpur-Wardha 

. . . . . . . . .  Divisions - .  
Forest surveys in the Tennaserim Circle . . . .  

India showing Rice cult~vation . . . .  .. showing Cotton cultivation . . . . .  
,, showing Sugarcane cultivation . . _ .  
,, showing Railwaya . . . . . .  

Agra . 
Ajmcre 
Akola 
Aligarh 
Allahabad 
Amraoti 
Handa . 
Basti . 
Bara Bnnki 
Renares 
Rareill 
R u l a n ~ ~ h a h r  
Rassein 

3rd edition. 
bth edition. 
7th edition. 
3rd edition. 
5th edilion. 

4th edition. 
5th edition. 
4th edition. 
7th edition. 
4th edition. 
2nd edition. 
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APPENDIX. 

EXTRACTS 
PRO Y 

REPORTS BY EXECUTIVE OFFICERS. 

BURMA AND THE INDUS DELTA COAST. 

Statement 4 the outturn of work executed by No. 24 Party  during Season 1893-94. 

Principal 
Triangula- 

tion. 

Secondarv 
Triangula: 

tion. 

Number of stations newly fixed . . 
,, figures completed . 

Length of serles in miles completed . . 
,, approximate series in miles in advance . 

Area of triangulation in square miles . 
Average triangular error in seconds . 
Astronomical azimuth of verification . 
Average probable error of angles in seconds , 
Number of principal stations selected in advance . 

,, station platforms constructed. . 
11 stations placed under official protection . 

,, the elements of  which have been computed . 
~ r e i ' e m b r a c e d  by the triangulation t o  points exterior t o  main 

triangulation in square miles . 
Number of points fixed by intersection but not visited . 

91 stations and points the heights of which have been 
determined . 

Number of miles of rays and paths cleared . 
,, preliminary charts of triangulation . 
,, hill tops cleared of jungle . 

Secondary 
Triangula- 

tion. 

Number of secondary stations newly fixed . 
Length of series i n  miles colnpleted . , 
Area of triangulation in square miles . 
Average triangular error in seconds . . 
Linear error in feet per niile , 

11 9 )  ,, (Intersected points) . 
Number of points fxcd  by intersection but not visited . 

,, stations and points the heights of which have been determined 
,, beacons erected . 



Extruct frotti the  Narrative Repout of M R .  P. I?. PRUNTY, Extra  Asststant Superin- 
tendent, No. 24 Party, o t~ thc I N D U S  DELTA COASI' ' ~ R I A N G U L A T I O N ,  Season 1893-*#a 

T h e  programme consisted in erecting and lixing beacons a t  the mouths of the llldus 
from Karachi to the Kori creek in Cutch. 

From the 3rd until the 17th November 1893 I was occupied in the  vicinity of Ka- 
rachi making a r r ~ n g e m e n t s  for boats, water  casks, wood for  the beacons, coolies for  
their erection, e tc . ,  etc., a s  nothing is procurable along the coast line, and all supplies 
had to be  laid in a t  Karachi. r h e  Port  Oficer a t  Karachi was instructed by the 
1)irector o f  Indian Marine t o  supply me with a steam launch, as  it w ~ s  considered unsafe 
and hazardous t o  ernbarlc on t l ~ e  season's work without having a launch 2s an auxiliary 
to the country boats. 

T h e  steam launch " Repulse" lent t o  the detachment in the  first instance was a 
good and serviceable boat, and rendered grea t  help to  the work, but after using I,er for 
about two months, she was replaced by the " Hazel," a small boat quite unfit for the 
rough work she was required to  perform along the coast, or even in the creeks, or crossin,a 
over the treacherous mouths of the Indus. A s  there was no other  launch f ~ r t h c o ~ ~ i ~ ~ g ,  
1 had to make the best o f  this one-her average speed being about 2 knots a n  hour, and 
my work was in consequence very much delayed. In the early part of March 1 . ~ 4 4 ,  
the Port Officer wrote to  say that he considered it  unsafe for this launch to remain "ut 
any  lonqer and requested me to return her into port. 1 was sul~sequently infornled that 
she had been condemned a s  unfit and unsafe for further use. 

By the 18th November I was ready t o  s tar t  from I<arachi but a cyclonic disturbance 
which llad just taken place all along the  coast prevented me lor several days from gelting 
out of the harbour, but once out I proceeded down the coast for 40 miles, reconnoitring the 
country a s  I went  along, landing whenever practicable and selecting sites for the beacons. 

Having determined on the s i tes  [or several beacons, I had the spars, material, etc,, 
brought out from Karachi and s tar ted t h e  work of erecting thern. As the coast l i n e  
swarm-. with white an t s  1 was strongly advised by the Port Engineer of Karachi to  rise 

masonry foundations for the beaccns, if I wanted them to last any time. As the bea- 
cons from Karachi to  the I ~ ~ d u s  a r e  intended t~ last ten years, and the remaining ones 
four years, 1 decided to t2ke this precaution to ensure their permanency. This  necessitated 
making fur ther  arrangements for lime and concrete, a s  the original idea was simply to 
sink the beacons into the earth, and hold them by logs and struts. 

Eighteen beacons extending lrom Karachi to  the Lndus have been sunk in masonry 
concrete foundations 7 feet deep, and secured by 4 cable (wire) ropes embedded 3 feet  in 
lime concrete and anchored a t  the base by a grappling iron and log of wood. 'The remain- 
der  o f  the  beacons, which a re  of secondary importance, have been embedded ro feet  in the 
ground, and  secured by wire guy ropes buried 5 feet  and anchored by a grappling iron 
and  log of wood. T h e  beacons stand 40 fee t  above the ground and have two cross-pieces 
of wood 10 feet  long attached t o  the spar  6 fee t  from the top, and forming two crosses 
a t  right angles t o  each other. T h e  beacons a r e  painted white and are  visible from 8 to  
10  miles out a t  sea.  T h e  sites on which the beacons a re  situated a re  above the present 
influence c f  the tides, and there is every reason to hope that they will last until the wood 
decays from ordinary causes. 

After sufficient sites were selected for the beacon work t o  go on, I devoted nlyself 
to Iayirlg out the triangulation for determining their positions. This  was a very difficult 
and irksome task, owing to the swampy nature of the country, which is perfectly flat arid 
intersrcted by innumerable creeks all more or less {ringed with dense mangrove forest. 

By the  end of  February 17 beacons had been erected, extending from Karachi, 
a distance o f  about go miles along the coast, and stations selected for fixing t i lem. 
A s  haze \\.as beginning to set  in and fcaring its consequences i f  I poslponcd the obserka. 
tions ally longer, 1 resolved to s tar t  them a t  once ; but to enable me to do SO 1 had to break 
my establishment u p  into squads, and send my recorder on ahead with the carpenter,  
Inason, and a contingent of coolies to  supervise the erection of the  remainder of the 
beacons. Having made cvery arrangement for the onward ~vork,  I commenced the 
observations. I'he theodolite was mounted on a trestle 10 feet  high, and this, with the 
height of its stand (5 feet),  gave me an elevation of 15 feet  above the ground, and a fairly, 
good command of the surrounding country. It was very difficlllt t o  keep  the instrumellt 
levcl during the observations. a s  the high trestle on which the theodolite was ~ e r c h e d  
vibrated terribly through the violence of the wind and the soft  y le ld~ng  soil o n  which it  
stood. 

On the  20th April the haze became so  dense as  to  obstruct all vision, and I was "om- 
pelled to  close work. 

Observations have bren taken a t  25 stations, fixing the posilion of 17 beacons along 
the coast from liarachi, and of four other points in the Karachi Harbour, v i ~ ,  the light- 
house, signal flag staff,  and red light beacon a t  Manora, and a Harbour beacon on tbc 
Chino creek. Thir ty hracons have heen erected during the season, of which the positions 
of 13  remain t o  be lixed hy triangulation. I f  a good steam launch IS provided, and i f  t he  
weathcr is fair,  this shortld not occupy more than from two to three months of the  early 
part  of next field seasqn. 



Nothing is procurable for  180 miles along the coast from Karachi to the Kori 
,-reek in Cutch. Everylhing has L O  be imported from Karachi by bo;tt, in the way o f  
rn;lterial, labour and the llecessaries of like, and even drinking water (the source of  tht: 
greatest anxiety to me througliout the field season) had to be brought from a distance or 
80 miles, until the mouths o f  the Indus were struck near Keti  Bandar. The supply of water 
was as  u ~ ~ c e r t a i n  as  the weather, and the  whole camp has frequently felt the pangs of 
drought, notwithstanding the precaution of doling out the scanty daily ration of  2 lotas 
per man. 

T h e  climate is very unhealthy and malarious and the health of the establishment was 
bad for the greater:part of the season ; fever attacked ug a t  the start,  and for two months 
af ter  entering the delta there was hardly a man fit for work. 

The  coast line is very much broken, and consists of a nar:ow str ip  of shirtings and 
about a quarter of a mile in breadth:  all the country for l o  to 15 miles inland, is swamp, 
intersected by numberl-ss creeks 

T h e  present mouths of the Indus extend from a few miles zouth-west of Keti Bandar 
to the Mull river, some 30 miles south-east. T h e  Hajdmaro river, once one of the main 
channels of the Indus, has dwindled down into an insignificant creek, about I mile in length 
T h e  water of this river has fourad a course miles away from its former bed, and has 
changed all the features of the country around the locality where it now wanders. 

BALUCH ISTAN. 

& COLONEL T. H .  H O L D I C H ,  C.B., C.I.E.,  R.E., Superintendent ,    st Grade, i n  charge 
No. '5  Party, Season 1893.94. 

T h e  field work of the last two seasons has resulted in considerable additions to  our 
~l lov. ledge both of the ethnography and of the liistory of Makrdn, and  a short summary of 
thebe results is I~erewith appended. 

2. hlr. \\lainright found an opportunity of visiting the ruins a t  Sutkagen Dor about 
40 miles north-west of Gwadar in the winter of 1892-93, 

Sutkagen Dor. but his cursory examination of them has thrown little 
new light on their origin 01 intention. T h e  series of stone paved platforms bounded by 
\\.ails uearly 2 feet thick and evidently once connected with a gigantic bund 25 feet 
thick built of massive stones between two low hills which form an artficial protection 
against the floods of the river Dasht, is conjectured by Major Rlockler t o  have been a 
tetnple, although local tradition points to  its having served a s  a " bunder"  in days when 
t l ~ e  sea  reached far up the delta of the Dasht. T h e  existence of buildings built of burnt 
brick in its vicinity and the remains of the  second platform, of which the underneath 
layers a re  formed of  burnt brick I feet above the first, certainly might seem to connect 
it wth the ancient "ziggaruts" or temples erected hy those pre-Setnitic races that 
peopled lower Rlesopotamia, and of which the famous Birs Nimrud near Babylon is the 
niost celebrated example. 'This would carry us far back to the days of sun and planet wor- 
ship, when, as  Nearkos tells us, the island of Astola on the Maltran coast was sacred to the 
sun, man) centuries before the Christian era. T h e  existence of masses of burnt brick 
in connecti In not only with this possible " ziggarut " but with those remarkable collec- 
tions of dwellings and tombs called " dambs," is a curious feature which deserves the 
attention of antiquarians in connection with the universal use of burnt brick in ancient 
Mesopotamia, even in districts where stone was readily available. Nevertheless local 
evidence is strongly in favour of Sutkagen Uor having been nothing more than a " bunder " 
or " gha t"  in the days when the Dasht was navigable up to this point. There a r e  even 
traditions of its having served as  the landing place of a Portuguese force \\ hich carried 
the adjacent fort by stratagem, the soldiers being inttocluced within the walls concealed 
in bales of goods. A Portuguese coin too has lately been found iu the fort, which seems 
t o  conlirm the local story. Whatever  may have bren the liistory of these remarkable 
ruins in the dim past, there can be  little doubt that within historic times Sutkagen Dor has 
been a seaport. 

3. There is little or nothing to adtl to the records of those other adjacent ruins, the 

The" Darnbs." " Dambs " of L)aniba Koh. Those small buildings which 
cover t l ~ e  hill sides in hlakrdn in some parts of the  district 

known a s  Damb, are invariably built 3f slabs of limestone, or calcareous sandstone, found 
by the builders "ready cut 1)y the hand of nature on the hill sides," and  subsequently 
cemented with mud. 

4. Tllry are  roniectured by Colonel hlockler, on the evidence of  excavated I~ones, to  
have bren the tolnbs or sepulclires of the people who dwelt in the more elaborate stone 
built Iiouses w\iich crowd therrselvrs into small townships on neighbouring hills and plains. 
Many of lllese Iior~srs were oprned and examined, and Colonel hlockler has not the s l igl~test  
do1111t that they belong to the same era a s  th: " Dambs" and are  the remains, in fact, of the 
city whose inhabitants deposited their dead in t l ~ e  " Darrbs." But on  the  adjacent 
  la ins bclow them, wzs the evidetlce of an ancient brick kiln, and of masses of debris, to 

T 



support  the  fact that "the greater  part of the  town on the plain below was built of burnt 
brick," although all trace of it ' I  had been effaced by water  owing t o  the heavy floods 
with which the  lai ins had been inundated." At  Sutkagen Dor indeed there a re  the  "actual  
remains of a burnt brick house," and further examination shews th:t burnt brick was 
largely used in this neighbourhood and was probably the  chief constructive material. 
Within historical times and  in adjacent  regions, sun-dried brick and puddled rnud a r e  
the universal resource of builders, a s  for instance in t h e  case of t h e  Kaiani cities and  
citadels in the Helmund valley, and it is certainly s t range that ill a district where for all 
t ime limestolle has been obtrusively abundant, the early artificers of the Damba Koh houses 
should have troubled themselves to  prepare burnt bricks. Here again is apparently another 
link in the  connection, faintly t r ~ c e d  before, between Lower hlesopotamia and  Makrdn. 
W h a t  became of the early Accadian brick-builders of S lesopota~nia?  Is  it  possible that  
they were driven southward by Semitic immigration? O r  does this point t o  the human 
tide rolling in the opposite direction, and support the  theory that  the earliest forms of 
civilizatioll entered Mesopotalnia from t h e  south, coming up  from t h e  Persian Gulf with 
the  fishgod " Oannes," a s  the Accadian legends tell us ? O n e  thing seems pretty certain. 
W e  must abandon the theory of a Phmnirian origin for the Damba Koh, unless indeed 
we  a r e  prepared t o  abandon also a Semitic origin for the  Phuenicians thelnselves. T h e  
builders of the Dambs a r e  connected by  local tradition with the  'I'uranian races of 
southern India, a ~ ~ d  the general tendency ot all recently collected evidence on the subject 
o f  their early constructions is in support of the local traditions. O n e  small link further 
ulay be  suggested in the chain connecting the  Damb builders with the  early Turanian 
inhabitants of hlesopotamia rather  than with the later Semitic settlers. They occasionally 
buried their dead (as Colonel hlockler tells us ; for we have found no additional evidence 
lately) in ear then pots. I know of no other  examples of this very original form of 
sepulture nearer  than Warka  (the ancient  Erech) of hlesopotamia. There, indeed, the  
extent  of the burial grounds, and the depths a t  which the coffins lie (600 feet below the 
surface of the  ground in some cases) testities that  it is the most ancient of all forms of u 8 - 

Chaldzan tlurial. Further  than this we have no new grounds for speculation about t h e  
Damba Koh.* 

5. During last winter I took some pains t o  discover whether a t  the present time there 
is any  t race in Makrdn of those Asiatic Ethiopians of whom Herodotus wrote a s  being 
inhabitants of  the fourteenth and seventeenth satrapies of the Persian empire, 500 years 
B. C. ,  a n d  who were suhject t o  Persia in  the  days of Darius Hystaspes. ?'his is of 
interest in connection with the  still vexed question whether the earliest immigrants into 
Mesopotamia, those people who, according t o  Accadian tradition brought with them from 
the  south the  science of civilization, were a Semitic race, o r  Kushites, descendants 
of Ham. I t  is quite impossible to ignore the early existence of Kushite races in the  east  
a s  well a s  t h e  south. W e  have not only t h e  authority of t h e  earliest Greek poets 
and historians, but Biblical records a s  well in support of the  fact, and modern interest 
only centres  on  the  question what has become of them. Below suggests that  it was 
after these various Kush-Kash-Kach Kuj  or K a j  tribes, that  certain districts of Baluchistan 
a r e  named Kach Gandava and Kach Makrtin ; and that  the chief of these tribes were 
the Gadara, af ter  whom the country was called Gadrosia by the Greeks. It was thus a 
matter  of some interest t o  discover whether  the Gadurs of 14as Bela exhibited any Ethio- 
pian traits. But the Gadurs  proved t o  t ~ e  a section of the Ra jpu t  clan of Lumris, and pro- 
bably the  oldest section of that clan, holding themselves aloof from other sections, a n d  
never intermarrying with them. ' Ihere could be no mistake about the Rajput origin 
of the red-skinned people whom both Mr. Wainright  and I interviewed. ' lhey were 
pure Kshatryas of the lunar race ;  but it is prohable that  they represent  the Gadrosii even 
though they a r e  not descendants of Kush. T h e  other  Rajput  t r ibrs  with whom they now 
coalesce have apparently held their tenure of the district of Las from so  remote a period 
that  they may well be the Oritm of Arrian's his tory;  the people who with the Gadrosii 
disputed Alexander's passage through the mountains west of the Arabius and who called 
their capital city by the  essentially Ilindu name of Rambakia. But  though 1 failed t o  
discover the Kushite, it does not follow that  he  has died out of the land. Makrin is  
lull of an able-bodied black people with woolly hair, who a r e  slaves and the descendant0 
of slaves-some of whom, no doubt, a r e  importations from the coast of Africa, but 
others  a r e  bred in the slave villages of the Arabian sea coast, and have been YO for  cen- 
turies. These  a r e  now Asiatic negroes rather than Asiatic Ethiopians, but the blood of 
Kush may be amongst  them all the  same, a weak infusion from long descent, and 
overlaid by all the  physical characteristics o f  the Negro. They  a re  a fine well-de- 
veloped race of people, and some of the finest physical specimens may be found a s  
stokers in the  P. and 0. Company's service. 

6. Next  in order  o f  chronological interest a re  the  stone-built ruins o f  Gondakehat, 

Gondakeha. about I I miles t o  the north-west of Las Bela on the right 
bank of the Kud stream. They  a re  described by Mr. 

Wainright,  who visited them last winter, a s  consisting of "detached portions of stone 
walls o f  great age, evidently remains of a fortified camp or strong-holdof no small extent.  

Since  writing this I find the following in the intrndnction to Fergusson's History of India Architecture :- 
" Geographically, hcrwever, one thing seems t,,lerably clear, I f  the Dravidians came into India in historical 

t imes,  it was not from Central Asia !ha1 [hey migrated, but from Babjlonin or some such southern region of tlro 
A ~ i a ~ i c  continent." 



Amongst these ruins two circular enclosures bounded by walls of massive stones were 
found.  T h e  walls were 4 feet to  5 feet high and about 4 feet wide. T h e  enclosure is 
entered by an opening 3 feet wide, facing due east. A few pieces of stone-like pottery 
were found, but no upright altar stone or any relics were discovered by d i ~ g i n g  about 
the centre of the enclosure. T h e  extent  and appearance of these ruins point t o  their 
being very ancient: and  of considerable importance-no modern name is given to them." 
It  is impossible to  say what these ruins represent. T h e  stones used in their construction 
are  unshaped and  of g rea t  size. They are  certainly far older than the  remains of the 
medi;eval Arab cities that a re  scat tered about Makrdn and the Bela district, but there is 
ample historic evidence that the Arabs occupied Bela many centuries before the  Christian 
era. T h e  ancient name of the Purali (Arabius) and of the people who lived east  of 
the Purali, between that river and the Hab ( the Arabii) so  often alluded t o  in Arrian's 
History of Alexander's invasion of India, is sufficient t o  indicate that the Arabs were 
masters of.this great  entrance into India a t  least three or four centuries B. C. ; and I 
should be more inclined to connect the ruins of Gondakeha with the early Pagan days 
of Arabic ascendancy when Zimbabue in Mashonaland was built, than with anything more 
recent.  

7. Next  in chronological order, I should place the  'cave c i ty '  (as it is called) of 

Gondrani. Gondrani, or the Shahr-i-Rogan, about 1 9  miles north-west 
of the town of Las Bela, and beyond Gondakeha. This  con- 

sists of a large number (about 300) of caves " excavated artificially in the sides of a con- 
glomerate hill known as  the Gondrani hill. 'They lie along both banks of a small feeder 
of the Kud stream. Most o f  the caves a re  of one uniform design comprising an an te  and 
a n  inner chamber. T h e  inner chambers are  rectangular in shape and generally about 
12' x to' and a little less than 6 feet  in height. T h e  floors and sides of these caves shew 
that  the excavation was effected by pickicg out each stone, rock, or pebble, and ye t  there 
a re  no indications o f  the use o f  iron instruments, although the chambers are  strictly sym- 
metrical, and every angle is a true right angle, whilst the floors and roofs a re  perfect 
planes. N O  rock carvings or traces of colour were found and nothing indicative of Bud- 
dhist origin." T h e  above description is by Mr. Wainright.  T h e  an te  chamber shewn in 
Mr. Wainright 's plan is more or  less circular in form wit11 a n  opening obviously widened 
by the decay of  the cliff front.  T h e  connecting door between the an te  chamber and  inner 
apartment is described a s  very narrow, The  plan of these caves is recognised by Khan 
Bahadur Imam Sharif as  similar to  Euddhist caves found near Chilas (or Chiras) in northern 
Afghanistan, and indeed there can be  no doubt ahout  their Buddhist origin ; for we find 
that  when Chach, tlie usurper of the throne of Sind, passed from that country t o  fix the  
boundaries of Makrdn and Kirmdn in the  year 2 A .  H.. he travelled through Armabel and  
made a treaty with the reigning chief, nrho Tuns n Buddhtst  priest, descended from the  
representative of Rai S a l i ~ r a o ,  King o f  Hind. Thus  in the middle of the eighth century 
Bela was clearly a Buddhist kingdom, and by the middle of the tenth we find a kingdom 
of Buddha placed some~vhere north of Sadusan (the ancient name for Sehwan) on the right 
hank of the Indus in Ibn tlaukel 's map. I t  is  a matter  of surprise that  more clearly de- 
fined Buddhist relics have not been found in this part of Baluchistan and Sind, but the  
districts between Bela and Sehnfan, and north of that line, have yet  to  be  examined and 
surveyed. They  a r e  a t  present occupied by the most troublesonle sections o f  the Mingal 
tribe o f  Brahuis, themselves of clear Mongolian origin, and probably formerly Buddhists. 
It is worth noting, however, that  there is something significant in the name of Gondrani 
a n d  Gondakeliar a s  applied to  a district occupied by  cave dwellers. T h e  Gonds of 
Central lndia are  themselves cave dwellers, and there is ample evidence of the lormer 
p~.ehistoric existence of a Dravidian race in South-western Baluchistan. As Mr. Wain-  
right remarks " the name Gondrani r n t ~ l r t  point to  an aboriginal o r  Gond origin for these 
caves, but there is nothing in common between these artificial caves and the cave dwell- 
ings found in the Kaininr range and the Sone  forests of Central India, tbe  latter being 
of natural formation and containing crude drawings in red o c l ~ r e  and   tone implements. 
No remains whatever \\?ere found in the caves now accessible ; many, however, are  in- 
accessible owing to time wear." 

8 .  There  are  certain unnamed ruins, about 8 miles north-west of Las Bela, which a r e  
Ancient  sircs of Bela. described by Wainright as  follo\vs :-" These ruins are  marked 

by fwo artificial mounds lying about one hundred yards apar t  
on the right bank of the P u r a l ~  river. T h e  nlounds evidently represent the site of an Arab 
settlement, the debris a l~out  being co~nposed of Arab pottery of t\,hicli some pieces a re  
highly glazed. No coins were found by excavating the  mounds. At  the  foot of the  
more northern of  thc two a re  indications of old dwellings, hut so  dilapidated by time t h a t  
it is only by standing on tlie higher part of the plain and looking down that  faint rect- 
angular lines and blocks are  discernible. T h e  rrmains are  extensive, but everything is 
flllsh with the  lai in." They a re  modern compared to the Gondakehar ruins, and may 
possibly represent a former site of the city of Bela, or Armail (Armabel).  Probably the 
sepultures, referred to i l l  the Gazettcers of Daluchistan a s  being 5 miles west  of Bela, 
denote the cemetery of this lost city, it being obviously the usual practice of t h e  Arab  
settlers of tllc mitldlc ages to  build their cemeteries some miles apart  from their dwell- 
ings. All the Las Bcla district is dotted over with these cemeteries, generally built on 
ri.iing crounrl cornmanding a n  extensive view, and thus hecoming themselves c o ~ ~ s p i c u o u s  
objccts i l l  thc landscape. It  may be owing to this sc.paration that whilst the cities of t h e  

T a 



dead have absolutely disappeared from the  face of  the ear th,  their sepulchres a r e  remark- 
ably well preserved. 

g. Another name for the  Arab  city of Armail or Armabel is Karabel. A t  least these 
Karia Pir. names have been much confused in medizval Arab geogra- 

phy, and have been accepted a s  represent ing the same 
city by modern ~ c h o l a r s  Rut I think t h a t  IZarabel more probably is  the  name that  
should be applied t o  yet  another  site of ancient Bela about I 4 rniles east of that town and 
now called Karia Pir. It is possible that  Armabel and IZarabel existed a t  one and  the 
same time, but it appears  more   rob able that  on the destruction of the one city (and all 
these cities have obviously been destroyed a t  one time or another by fire and sword) a 
fresh site was chosen, ant1 the city re-built under another  name ([<aria Pir) is a more 
modern site than those north-west of the  town. It is thus described by Mr. Wainright. 
" Karia Fir is marked by an extensive artificial mound, about 80 feet in height.  1 -he  
chief interest in this s i te  lies in the frequent finds of coins. T h e  coins found this year 
were all of  copper and of little v a l ~ ~ e .  Some bor-e the  inscription " Mahmed K h a n "  in 
Persian characters, and others were more clea ly Arabic. A seal was also found. T h e  
dkbris consists of Arabic pottery, old iron, broken pieces of bone bvristlets a n d  a large 
quantity of charred bones, supposed t o  be human. Excavations were made here and there 
on  this mound, and from 4 t o  6 feet below the  surface two large grain jars, a n  earthen- 
ware plate, two tiles, etc., were unearthed intact. 'I he men of Bela say that valuablegold 
coins have been found here, but  none were fnrthcoming, and nothing about these ruins 
points t o  their having been anyth ing  but a considerable Arab settlement. T h e  legend 
attached to all the ruins visited this year  is that they a re  the remains of cities destroyed 
by  fire from heaven. Destroyed by fire, they certainly were." S o  many invasions of 
India  have been planned with various success by successive Khalifs, since the first inva- 
sion in the time of  Omar  the 1st (about 644 A D . )  till the final occupation of Sind, by 
Mahomed I<asim in the days of the 6th Khalif (Walid) about 712 A.D.,  that there is n o  
difficulty in accounting fcr the successive rise a n d  fall and the varied fortunes of a n y  city 
occupying so  important a strategic position a s  Bela, even within the limits of lhis single 
century. For  all tlrese expeditions were over land, even when supported by sea. 
Mahorned Iiasim took Bela (or Arnrail) and destroyed it on his way to Sind, and as  t h e  
route of Arab invasion gradually shaped itself into a g rea t  commercial highway, which 
existed for e ight  centuries, Armail was likely enough replaced by Karabel, and those 
other  cities sprung up, of which we have yet to  write. It is worth ~rot ing that in those 
early days when probably t h e  high road to India was nothing like so well developed as  it 
s u b s e ~ ~ u e n t l y  became, Mahomed Kasim's force, which marched through Makran from end 
to end, consisted of 6,000 picked cavalry from Syria and Irak, 6,000 armed camel sowars, 
3,000 infantry and a large baggage train. T h e  siege material used for  the  destruction 
of  Debal and Nirun Kot  (Hpderahad)  was, however, subsequently despatched by sea. 
T h e  seai found by Rlr. \I7ainrlght was deciphered by Mr. C .  J .  Lyall, and found to be  
comparatively modern Arabic. I<aria Pir  is evidently the  latest of the old sites of Bela. 

10. T w o  other sites of Arab cities were examined by Mr Wainright in the Las Bela 
district, and find a place in the descriptive geography of Arab writers. 

lchairo Kot  " lies about 1 0  miles north-west of Liari and 6 miles south-west of She. 

Khairo Kot. 
T h e  si te  is marked by an extensive low red mound, the 
colour b e ~ n g  due to the burnt  pclttery which covers the 

mound. This  mound is situated in an extensive plain called " R e l "  and directly opposite 
to  the Hirari river, or pass, where it debouches from the Hala range into the valley of the 
Purali. North of the mourid lie four  Khalmiti tombs in fair preservation Search and 
excavation unearthed a number of small copper coins with Arabic inscriptions, an oblong 
coin with inscription too defaced t o  decipher, fused metal beads, a topper  earring, glazec! 
pottery, glass bangles, ar.d pieces o f  delicate and bright coloured glass, but nothing 
intact." 

There  is, I think, little dificulty in identifying Khairo Kot  with the Kambali of 
Arab geography. T h e  geographer Istakhri writing about 950 A.D. gives the distance 
from Armabel to  Kambali a s  two days1 journey and six days from Kambali to Dehal * T h e  
once celebrated port of Debal has now been itlentified by General Haig with a ruin 
covered site some 16 to 2 0  miles south-west of That ta ,  and about 4 5  miles south-east of 
Karachi 'l'here is very little use in assuming any arbi t rary value for a day's journey as 
r ~ c k o n e d  by metlizeval geographers. X day's journey must be accepted I~terally, a s  it 
would be in Arabiii a t  the present tima, as  presenting just so much distance as  it was 
c o n v e ~ ~ i e n t  or possible l o  travel in a day. In wcll-populated districts, it may mean but 
a few miles from place to placc ; in desert countries it may represent a long day's travel 
for a good camel, say 80 n ~ i l r s  ; elsewhere i t  is the distance from one halting placc t o  
another, varying indelinitely. It may even represent so  many days' journey by sea, a s  
when Debal is said to  be four days from Tiz on the hlak1.511 coast. 

Ibn tiaukel, who \v:~s contrmporary ~v i lh  Istakhri and probably compared notes with 
him when they met in the valley of the Indus, gives another name, Yusli, for  the  town 
which is two marches irom Armail, on the direct road to Debal. Thus Yusli has been 

Kambali is rtated to be c n  the road from Debnl to Makren and not directly hetwren Armail and Debal, thus 
*hewing that the route to Slakrin which now runs from Sonmiani was known and used habitually as well aa the 
mere northern route. 



much confounded with Kambali by modern writers, but I think the two places a re  distinct. 
Edrisi, the compiler, about the end of eleventh century,says that Kambali is tiyo marches 
from Armail (wllich he describes as  being well-peopled, wit!] pleasant environs and rich 
inhabitants), and adds that  it is about a mile and a half Irom tlie sea. 

I I .  1 had the opportunity this year of exalllining the coast of the I-as Bela district, 
and  the evidence of such levelling as  1 could carry out 

Yusli. clearly proved that a t  no very distant date  the sea must 
have reached within a mile or two of Khairo Kot, and there is no other examined s i t e  
\\.hicll will answer this description. Khairo Kot is close to one of the modern l ~ i g h  roads 
t o  Bela from I<arachi, but lies south of the most direct ancient route from Debal. There  
is a route from the Hab  range to Bela, crossing the range almost directly between Debal 
;nd Bela \vhich leads by Uthal, and west of Utlial about I 4 miles a re  the ruins of another 
Arab settlement, which may also be reckoned a s  two marches Irom Armail (or Bela). 
'I his I t h i~ :k  may be the Yusli or Yusa \vliicli has been mistaken for Kambali owing to 
similarity of description. 

Rlr. Wainright says of these ruins (called Kalli Kot) that they are  insignifi,cant in 
extent.  " Excavations only unearthed broken prt tery,  glazed and otherwise, but a s  the 
ruins lie amongst \\,ell cultivated fields they may have been extensive ones. Cultivation 
~vi l l  in a short time cover the site entirely, a s  the ground about is flat." 

1 2 .  One ollier "buried city I' in connection wilh this season's work calls for remark, 
and it is probably the oldest and most important of all. 

13. both  Ptolemy and the author of tlie Periplus speak of a Minagar or Minnagara 
which was the  c a p ~ t a l  of lndo Skytliia and somewhere 

Minagar or Manhabari. near the Indus, but inland. It  is quite clear, however, a s  
Sir  H. Elliott sufficiently proves, that  there \Irere t\vo Minagaras, and that one was on the 
Kerbudda, and the other on the Indus, and that  considerable confusion has arisen betwcen 
them. T l ~ e  Minagar of the Nerbudda has been identified with klandargarh, but the s i te  
of the I n d u s c i t , ~  has hitherto been unknown. With this ancient capital of Indo Skythia has 
been associated tlie Rilanhanari (Istakhri), Alanliatara (Ibn Haukel) or hlanabari (ldrisi) 
of the Arab geographers, and here again we a re  confronted with the usual difficulty of two 
places with sinlilar names, there 1 eing no one site which will answer all tlie descriptions 
given. General Haig in his pamphlet O I I  the sites of Mansura and Brahminabad ~ h o w s  
that there was in all probability a Manjabari on the old c l i a ~ ~ n e l  of the Indus, nearly opposite 
the  famous city of Mansura, some 40 miles or more north-east of the nlodern Hyderabad, 
which \ \ , i l l  ans\Irer certain points of Arab desc.ription ; but he shows further that  it could 
not be the hlanliabari that is referred to by Ibn Haukel and Idrisi a s  being west of the 
Indus, and t w o  days' journey from Debal on the road to Armail (Bela) and Kanazbun 
(identified subseqently with Fanjgbr). W e  have now no diKiculty in deciding where 
that  road used to run, and accepting, first, General Haig's position for Debal, and next 
Idrisi's description ok the place as  I' built in a hollow" with fountains and springs around 
it  and gardens adjacent, together with the fact that the road to Manhabari from Debal 
" passrs tllrough the small town of Kl~ur,"  there can be little doubt that the  ancient 
Manhahari or s ~ i l l  more ancient Minagar, stood on the present site of Rlugger I'ir. T h e  
"small town" of I<hur may still be lou~id not far from tlie Malir water ~vorlts which keep 
Karachi supplied, and Mugqer Pir is the resort of all the holiday makers in Karachi 
Here the sacred alligators a re  kept. Hence t l ~ e  prebent ~ iame,  but the real name of the 
place, divested of its vulgar attributes, is Manja or hlanga F'ir. T o  what the affix Pir 
may be due which is so common throughout the Bela district 1 cannot tell. Hut t h e  
position of the Minga Pir  with its encircling wall of hills ( s u g g e s t i ~ ~ g  the crater of 
a volcano, though there is nothing volcanic about those ' r e c e n t '  deposits) with the 
adjacent hot springs and gardens-so rare  a s  t o  bc allnost unique in this part of the 
country, its convenient position with resp-ct t o  the coast, and above all i ts most interest- 
ing remains of Arab tonibs, which include some of the best specimens in Sind or  
Baluchistan, mark it most unmistakeably a s  the h4anhabari of Idrisi, " two days from 
Debal on the road to Armail, o r  t o  Rlakrl~i." 

14. Here then our tale of buried cities unearthed during last cold weather comes t o  
an end ; but wiih the modern maps of Makrdn before us, and one part of the medixval 
map thus made plain, together with what we know of the changes of the Makt.An coast 
configuration, and with Mr. Wainright 's description of ancieut sites in western Makran 
and eastern Persia, we have now no difficulty in ul~lolding the entire record of this 
marvellous medizvnl geographical system, a record which places Makrdn i l l  a curious light 
as the "open sesame " of  India; the connecting passage between west and east.  For these 
cities tvwe not obscure and u l ~ k ~ ~ o w n  provincial to\v~is. Wherever the Arabic language 
was spoken (which was over ncarly all the old worltl), their names \\.ere known, and the 
reputation of their citizens and mercllants as  lair and straight dealing people or otherwise, 
was as  much discussed by travellers, nlercllants, and politicians a s  doubtless was the 
s tate  of the roads and the means of [ransport over t l len~.  

1 5 .  A passing reference has been made to one of the great cities of Makrdn, 
the greatest probably and the first on the road from Armail through Rlakrdn to 
F'ersia. 

O w i ~ i g  to the loosenrss of Arahic orthograp!iy and hal~itual car-:lessness of Arab 
writers a s  regards diacritical marks, the name of this [,lace has come to be written in a 
great varicty of ways. 



16. Kannazbur, Kinnazbur, Kabryun, Firbuz, etc., all represent the same place, a s  the 

Kanazbur. constant reiteration of its distance from Armail on the 
Makr ln  high road testifies. I t  was a large city (as large, 

we a r e  told, a s  the celebrated city of  Mansura which covered a t  least two square miles of 
country), but not so  large a s  Kir  (Kiz, Kej) which according t o  Idrisi was a s  large a s  
Multan. 

O f  Firhuz he  says that  " t h e  inhabitants a r e  rich. T h e y  carry on a good trade ; they 
a r e  men of their word and enemies of fraud, and they are  generous a ~ l d  charitable." 

1 7 .  Sir  H.  Elliott rightly conjectures that  Firabuz or Kannazbur is somewhere in the  
neighbourhood of  Panjgur. I t  is in fact on the  one  great  highway which traverses 
Makrdn, and  has traversed it  f rom time immemorial. Kannazbur existed long heiore the 
days of Mohamed Kasim's invasion of Sind and of A r a b  ascendancy in Makrill ,  for we 
read that  the g rea t  k ing  Chach of  Sind, when he passed through Makr in  en route to  
Kirmdn in the year 2 A. H. t o  settle i ts  boundaries, built a fort there, and caused a naubat 
of instruments to  be played in the fort morning and evening. T h e  fort of Chach has long  
disappeared, but there is a comparatively new fort built by  the Naoshirwanis a t  a place, 
called Khudabadan near Panjgur (which is a name dat ing from the  sixth century) wllich 
may very well represent the s i te  o f  the old one. T h e  most extensive date  groves of 
Makrdn a re  t o  be found near  here, and afair ly  wide extent of cultivation isstill maintained 
by l<arez irrigation. It  is an important position, and must always have been so, a n d  there 
a r e  t races of irrigation works on such a gigantic scale in the  neighbourhood a s  t o  prove 
it t o  have once been t h e  centre  of a large population. 

18. But we  c a n l ~ o t  follow medixval geography further into Makrdn. In connection 
T h e  Kharmati Tombs, vide illus- with last season's survey one antiquarian point  of interest 

tration. still remains to  be noted, and it is one which has a wide 
interest through S ind  and  Makrdn. Reference has already been made to the singular 
tombs which are  found in groups in the  districts s t retching from Karachi t o  Bela, and 
which a re  generally known a s  " Khalmati." T h e y  are  far too conspicuous a feature in 
the  landscape to be overlooked even by the most cursory traveller. Groups of them may 
be  seen a t  Malir, near the Karachi water-works; a t  Mugger (or Manja) P i r ;  and again 
on t h e  road t o  Sonmiani and Makrdn, whilst there is hardly a n  Arabic settlement in t h e  
Las Bela district, of which the site has been traced, which has not, son~ewliere  in the near  
neighbourhood, a sepulchral record of its dead citizens. Generally placed on rising 
ground, with a fair command of the surrounding landscape, they a r e  the most conspicuous 
witnesses yet  remaining of the  nature of that Saracenic architecture which must have 
beautified these early cities. Possibly their distance from the town has helped to preserve 
them in the days of ruthless slaughter and destruction ; more probably their witness in 
solid stone engraving to the faith of Islam (no matter how perverted) has saved them from 
successive Mahornedan destroyers;  o r  indeed it may be possible that  whilst the cities 
themselves have never been re-built o r  have revived in sites far apart  from their ancient 
foundations, these sepulchres have been still erected over dead Moslems buried in their 
traditionally sacred places. 

19. However that  may be, the preservation of the tombs and the delicate carvings 
which embellish t5em is marvellous ; and even giving all consideration t o  the favourable 
nature of the almost rainless climate of that part of the frontier, i t  seems impossible to  
believe that  many centuries can have elapsed since the  deep square-edged carvings of the 
superstructure left the carvers' hands. 

20. Th is  superstructure, which is raised over t h e  grave, consists of two oblong s tone 
enclosures placed one above the other, the upper being smaller than the one below, and 
bolh resting on plinths formed of flat slabs of stone. Above the upper one is usually a 
single slab set len,oth\vays on edge, and surmounted a t  one end with a solid floral decora- 
tion which probably denotes tht: ~ o s i t i o n  o f  the  head of the buried Moslem below, and may 
be meant to  represent a turban, but  is usually more suggestive of  a pumpkin or a conven- 
tional flower of the  lotus species. As is the  case in all Mohameclan decorative art,  no 
living figure, even in the most conventional form, is introduced. T h e  patterns deeply en-  
graved on the sidcs of the upright slabs a re  all either purely geometrical, or they a re  re- 
lieved by the conventional lotus, o r  rosette, which is a prominent feature throughout. T h e  
Saracenic arch is a very conspicuous feature. T w o  tombs set side by side frequently 
denote the resting place of a man and his wife, the woman's tomb being the smaller, and  
generall" distinguished by the introduction of bangles and anklets illto the carved decora- 
tion. Occasionally a pair a r e  placed on a high platform three or four feet above ground 
level, and a re  protected by a domed roof supported on pillars, denoting that a departed 
chief of ,wealth and importance lies below. N o  inscriptions were founcl on any of them 
except the simple record of a name on one, which, from thc position of it, was far more 
likely t o  b e  t h e  name of  the  mason than that of the departed chief. Here and there a 
piece of ground about 50 feet square is enclosed with a masonry wall, built of well squared 
and neatly-fitted slabs of stone riveted together without mortar. T w o  parallel ranges o f  
stone slabs, each slab being about 6 inches deep  and  set up on edge,  neatly fitted and riveted 
to  its neighbour, will form a wall which is about I foot 6 inches wide, 4 feet  high, and t h e  
intermediate space between the parallel slabs bsing filled in with earth. T h e  wall is sur- 
mounted by slabs placed flat. A plan and elevation a re  given in the adjoining   late, a3 
%ell as  an elevation of a well-presrrvrd tomb with a section through it. Inside the enclo- 
sure a re  frequently a number of tombs of small size and insignificant proportions, degenerat- 
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ing into mere conventionaI imitations o l  the larger structures outside. Amongst them are  
simple slabs laid flat with the mere outline of carved symbols in sliglit relief. Local 
tradition calls these tombs '' Khalmati," in the Bela district, and asserts that those near 
Malir were built by Jokias. 'I'lie only people now known as  Khalmati a re  an insig~~if icant  
tribe now residing in the Pasni district of Baluch hlalirdn, but u h o  emigrated originally 
f ~ o m  Sind, and  claim affinity with the Rind tribes, asserting that  their ancestors came 
from Syria. 'l 'hey apprar  to have taken their llanle (according to Ross)  from the  Khalnlat 
creek, or Khor, wliicl~ is a. well-kno\vn feature on the MakrPn coast, and is even recorded 
u ~ i d e r  the name of Kalamd in the log kept  by Nearkos where he sailed I r ~ m  Karachi 
t o  the Euphrates 300 years B. C. 

21. Rily own opinion is that they a r e  not I<halmatis, but I<harmatis, and that  they 
a r e  a section of the Kharmati tribe which All.. James (the Commissioner of Sind) tells me 
now inhabits the districts north-east of  Karachi, i ~ ~ c l u d i n g  the s i te  of the a n c i e ~ ~  t Arabic 
city of 1)ebal. 

North-west of them lie the Jokias whose chief is entitled Jam. The  chief of the 
Jokias and Kharmatis alike a r r  still ( z c c ~ r d i n g  to James) principal jaghivdnvs In Sind ; and 
the Khar~na t i s  claim connection with ltind lor Arab) Baluchis and say that  Syria was 
their original home. Whether  the Jokias and Kharmatis claim atfiuity I am not a t  present 
aware. 'The Kharmatis a r e  evidently the tribe mentioned by Sir H. Elliott a s  being the 
modern representatives of  the ancient Kharmatian sect still existing in S i l~d ,  and their 
forlner inHuence in the lndus valley can be gathered from the following hislorical [acts, 
chiefly taken from Elliott's History. 

W e  hear of t l ~ e ~ n  first in the days when the power of the Khal~fa t  a a s  declining, 
e r e  the  reign of Al hiluktadar (A.  D 908-.932), by which time the ' furks were already 
aggressive and the Karmatian heretics first brought themselves into prominence by 
plundering Kufa, Basrah, and Samarrah, and even carried off the sacred black stone 
from Alecca. 'l'hey a r e  not ~nentionetl by Ibn Haukel, who was in the lndus valley about 
the middle of the tenth century, but it could not have been very long a f te r  his time 
that they began to spread there, having been driven from the seat of their early conquests, 
and appearing in Sind chiefly a s  refugees from Bahrein and A I  Hassa. About 985 
they founded new settlements on the Indus, and shortly after were in occupation both 
o f  Maasura and Multan. Mallmud of Ghazni cantured Mansura about A D. 1036 on his 
return from Somnath, being already in possession of Khozdar and Multan, and thus 
practically ended the period of Arab ascendancy in Sind with the downfall of the 
Karmatians. 

22. Biruni tells us that  Mallmud reopened the old mosque a t  h4ultan built by the 
Ummayide l<hal~fs, which had been closed by the Karmatians when they occupied 
h'lultan, owing to their hatred of  the..IJmmayides. They had built a new J a n ~ a '  Masjid 
with the stones of the great Multan temple a f t e r  smashing up the historical idol. 1  US 
for  a short period we see that the I(ar~natiana were the actual  rulers of Sind. They  
were by no mealls the only heretics of their time. There were such schismatics a s  
kharijis,  Zindiltis, Khwajas and Sllariites, flourishing in Makrdn and Sind before their 
d a y s ;  but there is a peculiar interest attaching to the " ~ e o p l e  of the veil," a s  the 
Karmatians were called, as  it is quite clear that they were in close coyresponde,nce rfot 
only with the Karmatians o f  Persia and  Arabia, but also with the m e d ~ z v a l  sclilsmat~cs 
of Syria, the Ismailians o r  'assassins' (Hashasllin, according t o  Conder),  the Druses, 
a n d  o t l~ers  of those mystical sects who were all suspected of being largely indebted to 
the  east for that mystic and theology which landed them finally in pure 
atheism. After the disappearance of the Karmatians from Rlultan, we hear little more 
about them, hut we know that they still flourished. T h e  Ghazni rule did not last long. 
It  was replaced by the Sumra dynasty of Mohamedan Rajputs in 1051, and o n e o f  the 
Sulnra Rajas, a t  least, was a Karmatian. The  Sammar, who were also Rajput converts 
t o  Islam (about I ~ O O ) ,  replaced the S u ~ n r a s  in 1351, Their chief was f r s t  entitled Jam- 
a title evidently derived from the h40gal " Cham," and it is rather significant that a 
Mohamedan title quite foreign to western India should have been assumed just a t  this 
period of Mogul ascendancy. 

23. I hroughout the short-lived Mogul dynasty of the Arghans, who succeeded the 
sammars  in 1 5 2 1 ,  and the Turkhans who followed in 1554, we hear no more of  the 
Karmatians. Nor does Sind occupy a very prominent position in the  annals of the 
hlogul dynasty of India; but we may safely assume that t h e  I<armatians survived 
throughout the days of the hloguls, and that they may now be rccognizcd in the Karmatis 
on the site of the ancient Drbal. These then a re  the people who probably built the 
' Karmati' tombs i l l  Lower Sind and the Bela districts. It is probable that they ceased 
to build them with the disarpearance of the old Arab settlements, cities, or towns 
which they occupied. T h e  pure Arab settlers disappeared from Sind about the time that 
the  Karmatian rule was displaced in Multan. T h e  first Ghaznivide Governor of  Sind found 
very ferv pure Arab families rcmaining, for by llis time the descendants of the Arab 
troops brought into the lndus valley by Moliamed Kasim and previous invaders, were 
mostly merged into the progenitors of that mixed race of  Rinds that now claim t o  have 
come origirlally from Syria. ?'hat Mahomed Kasim's troops carlre chiefly from Syria, 
we know from the message of the savage Khalif Sulaiman "Sow and s\lrrat for none 
of you will evvr see Syria." T h e  original Arab i n v ~ d e r s  b ~ o u g h t  no women with them, 
contrary to their usual custom ; so they must have taken wives of the people of t h e  



country, and although, during tlie two or  three centuries of subsequent Arab o c ~ u p a t i o l , ~  
and Arab immigration, Arab wometl may hdve been freely introduced into India, yet  it 
s clear that there must have been a large admixture of Icdian blood a s  time ~ e n t  on ; 

and amongst the  scattered tribes of Rinds, who form the bulk of the  population in some 
districts of Makrdn, and on the borders of Sind,  there is probably nothing like a pucco 
Arab t o  be found. 

24. \Vhen the Arab cities of Armail,  Kambali, Yusli, e tc  , disappeared i t  is impossible 
t o  say. Some of them doubtless were destroyed by Mohamed Kasim and re-built, but 
many of them arose subsequent  to  his date. It  seems unlikely that the tides of invasio~i 
that  set  in periodically from the west after Mahmud of  Ghazni set the example early in 
the  eleventh century, passed over Makr in  or Las Bela. Possibly these cities survived 
till a cotnparatively recent date. A seal has been found in one  of them with a date  a s  late 
a3 t h e  seventeenth century, so  that  the freshlicss of the carvings on tne Karmati tombs is 
no matter af surprise. T h e  interest of these tombs, architecturally, lies in the fact that 
they belong to the  "dark  a g e "  of Indian architecture. It is during tlie two or  th r re  
centuries  succeeding the Arab occupation of Sind that  the  a r t  of architecture in India 
se-ms t o  be absolutely unillustrated. Here, however, is a t  least a contribution towards 
filling up the gap, although there is nothing in these remote Karmati tombs which can 
rival the interest o r  splendour of either previous or  succeeding ages. 

L A T I T U D E  O P E R A T I O N S .  

ExtracC f r o m  the Narrntive Report o f  CAPTAIN S.  G. B U R R A R D ,  R. E., i n  charge of 
No. 2 2  P a r t y  (Astronotnical),  Season 1893-34. 

T h e  programnie of work laid down for the field season 1893-94 was the  continuation 
of latitude operations on the  Jodhpore Meridional Series, and the instrument to  be em- 
ployed was Zenith Sector No. I .  

Observations were commenced on October 29th a t  Agra longitude station, where I had 
been directed to  observe an.  astronomical latitude on niy way to the Bikanir desert.  
T h e  observations were completed on November 4th)  and the party left for Bikanir on 
N o v e r ~ b e r  6th. 

A t  Uikanir every assistance was rendered me by the S ta te  officials. I had n o  
difficulty in procuring camels, but it was not easy to obtain carriers a s  the kahrir class is 
almost extinct.  I left Bikanir city on November ~ 8 t h ~  and marched westward into the 
desert,  carrying supplies for the khalis is  with me. Ten  miles ovr r  tlie sand is a long day's 
~i iarch for Rnhn'rs, and I took six days t o  d o  60 miles. O n  December 4th I arrived a t  tlie 
trigonometrical station of Bithnok, which is situated on the border line between 
Bikanir and  Jeysulmere, and  about 50 miles rlue north of the station of Jamb?, wherc: 
I observed for latitude in 1892.93. Work  was finished on December loth, and tlie party 
marched north to Khirsar. T h e  hamlet of Khirsar, mentioned hy Col. Rogers in 1 8 7 ~ ,  
had disappeared ; there was no village within a day's march, and  water had to be broug!lt 
daily froni Poogal, a distance of I I  miles. Poogal has been in itr time an i ~ n p o r t a t ~ t  
placr., but has now sunk into insignificance; it formerlv belonged to Jeysulmere, but is now 
a fief of the Bikanir Rajah. T h e  I<ao of Poogal is of the Rathor clan of Rajputs of the 
same family a s  tlie Maharajahs of Jodh ore and Bikanir. In 1808 Mounstu;lrt Elphinstonc, 
when on his mission to Cabul, marched from I)ellli through Sliaikhawdti ~ n d  Biltanir, and 
halted two days a t  Poogal ; when there lie got his water f r ~ m  the Sutlej,  a distance of 133 
miles. 

Observations were closed a t  Khirsar on December z ~ s t ,  and the party marched tiortli- 
wards tor1'elu. On December 24th I reached the boundary line betwren Bikal~ir  and 
Bahnivalpur. T h e  Rajputs  of Bikacir are  more attachccl to  the soil than tlie Mahommc- 
d a ~ i s  of Balidwalpur, and the advancing sand has driven the latter before it. As the 
sand advances, the Rdjput deepens his well, and enlarges his undergro~lnd cisterns, in 
which he stores the rainfall of the monsooll, and it  \\.as quite the exc~pt io t i  in Biltanir 
and Jodhpore t o  find a hamlet missing that  was shown on t l ~ e  map. In I3c1ltdwalpur it is 
quite different, and from tlie moment of crossing the boundary the difference becomt-s 
marked. My station at  T-.lu was four marches willlin the BahSwalpur boundary, and in 
those four marches I saw no village, no well, n o  human being and no track : rhinkarn 
antelope, and houbarn bt~stard were and there were a few ruins of form-r ham. 
lets, half buried by the advancing sand. Tlie Atlas sheet had led me to expect signs 
o f  life a t  every I P  or 15 miles, but except lor the remains of an occasional tank, excava- 
ted perhaps a century ago, and now almost obliterated, though still holding \tfalt.r for a 
month or two after the Inonsoon, there \\,as notLing t o  show that  man had ever lived here. 

Tlie station of Telu was reached on Deceniber 28th ; it is situated within I I m.il(.s 
o f  the old town of  Mojgarh, from whicli I was ahlr to  get wat r r  daily. 0bsrrv;ltion.; 
were closed on January 3rd 1894, and on (lie 5th I reached blojgarh. This  was 011c.r: 
a large and Por~rishing town on the banks o f  tlie river Hukra :  it possesses tlie remain; 
of  a s t rong brick fort with walls 60 fret  high, avid o f  :L hne E'athan mosqur, ral)itllv 
falling to  pieces. T h e  populatior~ is not a tenth of what it has been, and thrro a re  now 
only loo  l i o u s ~ s  In t h e  course of another century the tnwn will share the fate of the 



surrounding village3 and be  buried in the sand. Tlie few inhabitanls that  still remain 
there a re  held together by the  presence of a well dug centuries ago, the olle well in th r  
whole country round: they make no at tempt t o  cultivate the ground, but get their wheat 
from the Sutlej,  and they sell in return a sub-carbonate of soda, which they obtain 
from a plant called sujjee which grows wild in the desert. 

On  January 6th I crossed the dry bed of the extinct river H u k r a ;  the bcd varies 
in width from 2 l o  3 miles, and it must once have been an important channel connecting 
the Himalayan snows with the Arabian Sea. Sir  Alexander Cunningham states that 
the water  even now, a t  rare occasions, comes roaring down the Hukra, but i f  this is the 
case, it must soon be absorbed in the deszrt.  No water has been seen in its bed a t  
Mojgarh within the memory of living man, and though the tradition that a great  river 
flowed here in former ages, has been handed down to the inhabitants from their ancestors, 
there is no record of even one flood since the days of Mahmlid of Gl~azni.  This river, 
which is also called the Ghaggar, is frequently mentioned in Hindu history prior to  the  
Mahonimedan invasions; and the  battle, in which the last Hindu Emperor of Delhi was 
defeated, was fought on its banks. T h e  line of fine old ruined forts, Mirgarh, MBroth. 
Mojgarh, Dingarh, Derawur and Khairgarh testify t o  the former existence of a permanent  
river ; with its disappearance they ceased to be towns, and a re  now merely brick nionu- 
ments  in memory of the Hukra. 

O n  January 9th I arrived a t  Lidirnsir, my fifth station. Though distant only 10 

miles from tlie Sutlej, it is surrounded by sandy desert.  Work was completed here on 
January 17th) and on February 1st I reached Dera Din Panih,  a principal station of the 
Grea t  I ~ i d u s  Series. T h e  party was much delayed here by constant rain and clouds, and 
work was not completed till February 26th. T h e  party then moved t o  Mooltao, and I 
observed for latitude a t  the  Mooltan longitude station, complet i~ig observations there on 
March 14th. 

Seven stations were thus completed near the meridian of 72'. In addition to  these 
seven I had been directed to observe for  latitude a t   he Arnritsar longitude station ,where I 
closed work on April 5th. 

FINAL RESULTS. 
I observed for six nights a t  each station, except a t  Bithnok and Khirsar, where water 

had t o  be brought from such long distances that  I curtailed my stay and only observed 
four nights. At  Telu also the difficulty of getting water made me anxious to  move after 
four nights' work, but a s  several stars had been lost through clouds, I had t o  work for 
six nights. 

T h e  difficulty of obtaining " pairs " of stars for the Talcott method increases a s  one 
advances northward, and neither a t  Amritsar nor De ra  Din PanAh could I discovera 
sufficient number of suitable pairs. T o  con~pensate  for the deliciency, 1 observed each 
pair 4 to 6 times, instead of  2 or 3 times, as  ordinarily is the custom. But it is a well- 
established fact, that 6 observations of one pair give a less valuable result than one 
observation of six pairs, and the probable error a t  both Aniritsar and Dera L ) i ~ i  Pandh is, 
a s  I expected, larger than a t  any other station. 

Tlie final results of the season's work have been abstracted, and are  shown in the 
following table :- 

In 1892-93 1 \ ~ a s  working the Talcott  neth hod for the first time, In one way and 
another thcre is a good deal to learn i l l  observing with a zenilli telescope, and I con- 
hdently expected that my results in 1893-94 woultl sliow a marked improvement over 
those ol 1892-93. T h e  'l'alcott method of ohsel.ving is so much simpler than the sector 
mrtliotl, and tlie elimination of a graduated l i ~ n b  is such an advantage, that in 1892-93 
1 felt  certain that my results would be better than thaw I had obtained in previous years, 
when worlting on the sector metl~od. They proved, however, to  be worse, and what has 
disappointed me more is that the results of tlic presrnt  season's work have a larger pro- 
bable r r ro r  than ever. I am quite certain that this has nothing to do with errors of in- 
tel.seclioll : I was more particular this ycar than I had ever been before, and as  it is im- 
possible to make the liorizontal wirc precisely horizontal, owing to the comparative coarse- 
ness of tlie atlj~lsting screws, I al\vnys matle a point of intersecting the two stars  of a 
pair a t  the same identical spot on  the horizontal wire. 

U 

No. 

- 

I 
a 
3 
4 
5 
6 
7 
8 

-~ 

4- A 

I 

-5.41 
+R'oI 
f2.86 
+r'oS 
-1.74 
-2.47 
-2'zj 
+ ~ ' Y I  

. 

p. e. 

f '063 
f '053 
f '063 
f.046 
f.061 
f 'oh4 
f '086 
f ,078 

~- 

N 
S 
S 
S 
N 
N 
N 
S 

~~ 

Geodetic 
lat~tude 

=A 

------ 
0 I II 

27- 9-39'93 
27-53-22'03 
28-29.40.91 
28.56-1 1.34 
29-21-41'58 
30-10.58.70 
30-34- 1.87 
31-37-58'72 

STATION. ' 
- -. . -- 

A g r a .  , . 
Bitlitlok . . 
Ichirsar . , 
'l'elu . . . 
1-Bdimsir . . 
Mooltnn . . 
Dcra Din Pandh . 
A~nrilsar . . 

- -- 

Astronomical 
,iatit.de 

vation. 1 =+ 
- 

1 0 1  1) 

I ' 37- 9-34.52 
180 27-53.2j'OJ 
196 28-29-43'77 

stars. 

70 
74 
76 
811 

92 
72  
45 
34 
..- 

ryz 
262 
184 
178 
204 

2s-56-12.42 
2 9 - Z L - J Q . ~ ~  
30-10 56.23 
30.33-59.62 
31.33- 2'53 



When working on the sector method, I always regarded the level a s  the  weakest part 
of the instrument, a s  it was inferior in accuracy both t o  t h e  limb graduation and to the 
micrometer screw. But with the sector method the dislevelment is determined by tzro 
levels, and with the Talcott by only one. When tu?o levels a r e  used, they seldom show 
the same dislevelment, and a mean was always adopted. I have no doubt now, that  this 
mean was a better value than could have been obtained from any single level, and that the 
presence of two levels is one of the  reasons of the superiority of the  sector over the 
zenith tclescope. 

With the  sector it is se ldo~n  necessary t o  use more than l o o  divisions of the nlicro- 
meter screw in any  one observation, and  a n  experienced observer will work for hours 
without using more than 20 divisions. Wi th  the zenith telescope one cannot bring the  
s ta r  near the  wire with the tangent  screw, and the  whole distance between two s ta r s  of a 
pair must be measured by the micrometer screw. Consequently it is not unfrequent to  
meet with measurements exceeding 8,000 micrometric divisions. Any error in the value 
of a micrometer division will be rejectaneous with the  sector, where it has only t o  be 
multiplied by 100, but it  is ilnpossible to determine the  value of one micrometric division 
with such accuracy that  it can be multiplied by 8,000 without causing appreciable error .  
Wi th  the Talcot t  method it is easy to  test the  accuracy of t h e  value of a micrometric 
division ; in certain cases the distance between the  two stars measured by the micrometer 
is positive, and in other cases negative : in the  former the  rnicrometric measurement has 
to  be added t o  the  mean declil~ation, in the la t ter  subtracted. I f  the value of a micrometric 
division were errorless, the latitude, a s  given by stars, where the micrometer correction is 
~ o s i t i v e ,  should not differ appreciably from the  latitude given by stars, where the micro- 
meter  correction is negative. 

T h e  value of one divisiori of the micrometer screw in this zenith sector was determined 
in 1871 by Colonel CV. R4. Campbell a t  oV.425456. 

As long a s  the instrument was used a s  a sector, this value answered admirably; but 
in 1893, when I first worked on the  .l'alcott method, 1 found that  Campbell's value was too 
large by o " ~ o o o o ~ S ,  and this year, 1893-94, I have used the value oN.425398. But after 
working out all my res~t l ts ,  I now find that  this value is still too large, a s  is shown in the 
follo\\ing table :- 
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Agra . . . . I 
Bithnok . . . . . I 

STATION. 

Khirsar . . . . 
Tell1 . . . 
Lfldirnsir . . . 
Moultan . . .  
Dern Din Panill . . 
Amritsar . . . . ,  I 

-- ~ --. p~ - - . . - 

At I-ddilnsir 1 observed more stars t l ~ a ~ i  at  any other station, but found no decrease 
in the probable error. In fact my third programme of 40 s tars  gave values throughout 
uniformly larger than the final mean of all the s tars  observed, and my probahle error  
would actually have been better, had 1 been content to  observe two programmes only, and 
had not troubled over these 40 s tars  a t  all. The high values given by this third programme 
were due to  the coincidence, that t h e  micrometer correction happened by chance t o  be 
positive throughout. As Lieutenant Lenox-Conyngham has pointed out, the micrometer 
value varies with focus, and consequently with temperature, in amounts that  have 
appreciable effect, when multiplied by factors varying from 2,000 to 8,000. 

T h e  probable error  usually obtained with the sector method was +0"'045, and with 
the Talcott method +0".058 : t l ~ i s  year my mean probable error is +0".066. 1 attribute the 
superiority of the sector  method t o  the presence of t w o  levels, and to the inappreciable 
effect of error in the micrometric value. T h e  comparative inferiority of my resulis in 
1893-94 1 attribute to the deterioration of the  level employed. In 1892-93, the bubble of 
this level could be reduced t o  a length of 10 divisons ; in 1893-94, its bubble could not be 
made shorter than 50 divisions, and a t  any  temperature below 35' Fahr, was too long to 
work with. It  is a chloroform level, and h4r. Holmes, the  maker, has explained the 
contraction of the liquid in the tube :  the chloroform, he says, has dccomposed, and the 
accuracy O F  the level been thereby impaired. For stability, for  accuracy of graduation, 
and [or rapidity of settlement these chloroform levels by Holmes are  unequalled. 

It should bc noted that our Astronomical latitudes are not corrected for  " altitude 
of station,'' a s  explained in Chapter IV of  Colonel Clarke's Geodesy. In the plains of tht. 
Punjab this corrtction would generally be about --ot'.04: a t  hill stations it  would be 
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greater,  amounting a t  G6ru Sikkar in Rajputana to -o"'z4. I think it  would be advisable 
to  introduce this correction, firstly, because it affects every latitude with the same sign 
aud, secoildly, because we  already apply more minute corrections than this. 

In the Xarrative Reports of the Astronomical parties thz quantity (Q-A) has gener- 
ally been taken to represent the angle that the direction of gravity, owing to local attrac- 
tion, makes with the normal to the ~ n a t h e m a t ~ c a l  surface of the earth. In accordance with 
this hypothesis our observers have been accustomed t o  estimate the value of (@-A) a t  their 
stations of observation with the assistance of maps, and to record their estimates on t h r  
spot, before any results have been computed. Their predictions, it  is not surprising. 
generally prove wrong, but it is not very clear why their estimates should be so  much 
more in error than those of the English observers. The English estimates seldom differed 
from the actual results by more than 2", whereas it is not uncommon in our records to  find 
a deflection of gravity of 3" or 4" north, where the observer has prophesied a similar amount 
south. In estimating the local attraction, there are  two elements of uncertainty : we are 
ignorant of the variations in density of the matter underlying the earth's surface, and we 
d o  not know to what distance from our stattons to  extend our calculations. But these 
are  difficulties not conlined to Irtdia, and whilst the English observers have met with 
comparative success, the  Indian have found their predictions so  generally wrong, that  the 
custom of estimating has practically been abandoned. 

In the following table (table I )  I have arranged the results of all the Indian 
astronomical latitudes in series of meridians and  parallels. The  symbols Q and  A denote 
observed astronomical latitudes and geodetic latitudes respectively, and the sign of 
($-A) is determined by always deducting the geodetic value from the astronomic. 
Supposing a t  any  station the quantity (&-A) to  be  due to  local attraction only, then i f  
(@:A) is positive the plumb line has been subjected to  southerly attraction, and the 
zentth displaced to the north. Similarly a negntive value of (&-A) denotes northerly  
attraction. 

Astronomical latitudes are  observed, and geodetic latitudes computed t o  the 
hundredth part of a second of arc, and the value of (Q-A) can be consequently determined 
for every station t o  a like degree of accuracy;  but in this 'I'able I have omitted the 
decimal places. Though the probable error of an observed astronomical latitude derived 
from the accordance intev se of the several observations, is never a s  much a s  ot'.ro, 
the probable error in any single value of Q is owing to local attraction not less than 
a"*5  I f  t h e  difference ($-A) is due t o  more causes than one, the refinement of decimals 
does not help to  separate the different effects, but rather distracts theat tent ion from 
coincidences, and gives a fictitious value to  results. In any question involving the values 
of the earth's axes, results obtained from observed latitudes only must be but approxi- 
mate, and no final settlement can be arrived at  until the azimuths and longitudes are  
included. 

Latitudes have been observed on two longitudinal series of triangulation-(I) the 
Great Longitudinal Series from Calcutta to  Karachi, and (2) the series on parallel 
16a0 from Vizagapatarn to Bombay. Observations have been taken a t  intervals OD five 
meridional series, running from south to north, along the meridians of 7z0, 7s0, 76') 78' 
and So0, and there have been two groups of latitudes observed in Southern Burma. 



Table I.  

The vn,'ues o f  ($-A), as Chey stund a t  presmf. 

PARALLEL O F  186'. 

BOMBAY TO VIZAGAPATAY. 

-- 

S ~ t i o n .  

Collba . 
Mlndvi . 
DhatJeshvar 

Khanpisura . 
Kem . . 
Kanheri . 

Nitali . . 

Achola . 

Bolarum . 
Pirmulo . 
VanakJnda . 
Singhwiram 

Parampddi . 

Sinjib, W a  talr . . . 

-- 

MERIDIAN O F  78'. 

COMORIN TnE TO DEHH.\ ARC* CApE D U N .  

MERIDIAN O F  80'. 

PoNDICHERRy S H h H ~ A -  

~ -- - - - -- - 

SOUTH BURMA. 

Mergui 

PARALLEL O F  24% 

c ~ L ~ ~ ~ ~ ~  T~ KARACHI. 

MERIDIAN O F  76'. 

AGAR TO L U D H I ~ N A .  

-- 

MERIDIAN O F  72'. 

AYYRDABAD TO ~ ~ O O L T A N .  

- - -- -- - 

((-A) 

-. 
1, 

+ 3 + 2 
+ I 

- 4  

+ 5 

+ 
- 6 

- 4 

- 3 

- 5 

- 7 - 7 

- 5 

... 
o 

+ 6 

- 6 - 5 

o 

- 6 

- 7 
-14 
-38 
-29 
-47 
-36 
-33 

(PA) 

+ 6 
+ 8 
+ I 

- 2 

- 3 
- 4  

o 
- 3 - 8 - 7 

o 
- 4 - 8 
- 6  - 4 
- 7 - 7 - 8 
- 5 
+ j - 
+ 2 
+ 4 
+ 5 
+ 5 
+ 5 

o 
- 6 
-11 

MERIDIAN O F  7j0. 

Station. 

P u a n z  . . 
Kutipara . 
Pachapalniyam 
Bnngalore . 
Pavagada . 
H6nnur . 
Namthabad . 
Tuagat . . 
Kodangal . 
Damargida . 
Voi . . 
Badgaon . 
l'akalkhera . 
Ladi . . 

Kalihnpur . 
Pahlrgarh . 
Kesri . 
U s i n  . . 
Agra . . 
Noh . . 
Datairi . . 
Kaliina . . 
Nojli . . 
Qehra . . 
Amsot . . 
Rajpur . . 
Mussooree . 
Banog . . 

Station. 

Tiruvendipu- 
ram . . 

Madras . 
Cudali . 
Kistama . 
Darutippa . 
Ongole. . 
Dinapa . 
Dh~ilipalla . 
Nialamari . 
tlolikUnda . 
Ramglr.. . 
Burgpa111 . 
A n k o ~ a  . 
Ditval . . 
Rijuli . . 
Bhlmsain . 
Si tap l r  . 
Tingmara . 
Sarandi Pa t  . 
Karaundi . - 
Potenda . 
Pavia . . 
Kanakhera . 
Dewarsln . 
Etora . . 
Nimkit  . 
Jarlira . . 
Ramuhpur . 

Shtion.  

SonAda . . 
Chiniina . . 
Deesa . . 
G r u  3ikkar . 
Samdari . . 
Thoh . . 
Chamu . . 
Jamb0 . . 
Rithnok . . 
Khirsar . . 
'1 elu . . 
Lddimsir . . 
Mooltaa . . 
Dera Din Panih 

-1 -- 

0 I 

72 51 

73 35 

74 12 

74 49 

75 21 

75 46 

76 19 

77 2 

---- 
78 jq 
78 38 

79 a5 

80 59 

81 15 

S3 82 44 22 

~ 

ei 
B 
. 
ld 
-I -- 

0 1 

8 9 
g 29 

I I  o 
13 I 

14 6 

14 55 
15 6 

16 lo 

17 8 

18 3 

19 7 

20 44 
21 6 

a3 g 

24 7 

24 56 
25 47 

26 57 
27 l o  

27 j a  

28 44 

29 ? I  
29 53 
30 2c 
30 zz 
30 24 
30 27 
30 28 

( A )  

R 

0 

- 3 

- 5 

- I 

... 
- 1 

+ 5 

o 
+ 3 

+ 3 + 1 

-- 

) 

I, 

o 
- I 
- 6 

o 

- I 

- 4 

Station. 

Karachi . 

Cdru Sikkar. 

Aramlia . 

Curbria . 

Kaliinpur . 
Ranglr . 

Lora . . 
K a r i r a .  . 
Curwini . 
tlurfliong . 
Chendtvar . 
Mallrncha . 

H ~ N P V R .  

5 
-0 

3 
3 -- 

' 
11 45 
13 4 
14 I 

14 a7 

15 I 
15 30 
15 56 
16 26 
17 1 
17 43 
18 35 
18 54 
19 25 
1 9  49 
20 13 
20 57 
21 25 
21 43 
22 13 
23 11 - 
24 37 
25 27 
z j  5 1  
26 16 
26 54 

27 21 
28 o 
28 aa 

Station. 

Curiria . . 
Kbnkra . . 
Bbnskb . . 
T b i n g  . . 
Rikhi . . 

Isanpur . . 

e 

-10 

-3 

+ I  

-8 

-3 z, 
3 

< 

-4 

-3 

-6 
, -5 

-7 

-7 

-6 

-9 -6 

(@-A) 

+ 3 

- 5 - a 

- I 
- 3  

o - I 

- 8 

- 4 

- 6 
+ I 

.- 3 - 5 

- 5 
' - 4 + 2 

+ I 

o 

- I 

- I 
- 3 

+ I 

+ 4 
o 

--zo 

0; 
v 

2 -- 
0 1 

67 4 

72 4 

75 2 

76 7 

77 42 

79 28 

So 12 

81 IS 
82 20 

84 zq 
S j  29 
87 S 

MANGALORB TO KASHMIR. 

i 
-a 
. 
3 -- 

0 ,  

24 26 
25 38 

26 50 

27 53 

29 17 

30 3S 

6 
3 

. 
3 -- 

. I 

23 7 
24 7 -- 
14 i j 
24 1~ 
zj 
26 4: 
26 40 

/ 27  1; 
27 > 3  
28 30 
2S 56 

29 za 

;o I I 
j o  34 

Station. 

Mangalore . 
Koramdr. . 
HJnavalli . 
Kundaol . . 
~ a v a ; ~  . . 
Mavinhdnda . 
Majala . . 
Khinpisura . 
Dhaigaon . 
Valvadi . . 
T h ~ k r i  . . 
Harnbsa . . 
Deo Dongri . 

Aramlia . . 
Khirnor . . 
Jetgarh . . 
Kewat . . 
Garinda . . 
Rim Tbal . 
Sawaipur . 
Khimuana . 

Sangatpur . 
Arnritsar . . 
ShAhpur . . 
Murree . . 

1 

(+.A) 

" 
- 4 
-I I 

- S 
- 3 

o - 3 
+ I 

+ 3 
+ 3 
t 3 
t I 

- 2 

- 2 - a 

$ 
, 

4 

0 , .  

1 1  52 

14 8 
14 17 

15 15 
15 2 j  
16 25 
16 47 

18 U 

19 31 

20 44 
a t  I 

22 47 
23 a7 

-- 
24 25 
25 45 
26 18 
26 54 

27 56 

2S 30 

29 jg  

30 22 

31 I.? 
31 38 
32 z 
33 g j  

- 



Every observer very soon discovers that the quantity (&-A) is par~ial ly  subject to  law^, 
and is not merely due to  the accidental p r o x ~ l l ~ i t y  of his station of mountain Ir~asses. 
T h e  results on the meridian of 80' afford an example of the peculiarities of what we call 
l i local  attraction." An observer finds on commencing a t  Madras strong southerly attrac- 
tion, which he attributes to t h e  excessive density of the sub-marine s t rata  underlying the 
Indian ocean ; 60 miles northwards from' the  coast, the deflection of his plumb-line has 
decreased from 8" t o  I", and a t  Kistama in Lat. 14O 27' he finds a northerly attraction of 
2". 'This northerly attraction continues for 150 miles, till a t  Nidlamari it is 8', and the natural 
supposition would be, that a mass of more than ordinary density was being approached, 
that  immediately over this mass gravity would act in the direction of the normal, and that  
on crossing it to  the north southerly attraction would commence. Rut  the northerly 
attraction continues for another 150 miles, and a t  Ankora it is still 6" ; for a third length 
of 150 miles it continues very strongly marked, and a t  Lingmdra it is again 8") and there 
is not one positive value for (@-A) till Karaundi is reached in Lat. 23') over 500 ntiles from 
Kistama. A t  two intermediate stations, it is true, the  value of (@-A) is nothing, but a t  
these stations it is only natural to  conclude that  the  main northerly attractive force, 
acting throughout the series, has been compensated by some purely local and accidental 
source of attraction. On the Great  Arc the latitude stations were 60 miles apart,  and it is 
just conceivable, though contrary to  the  laws of chance, that a t  16 successive stations 60 
miles apart  there might be  some purely local source of northerly attraction, a t  too great  a 
distance to  cause southerly attraction a t  the next immediate station to  the north. But on 
the meridian of 80°, the stations are only 30 miles apart,  and this is such a small distance 
that any hill, causing northerly attraction a t  Sitdpdr for instance, would of necessity at t ract  
the plumb-line a t  Lingmdra to the  south. 

T h e  difference ($-A) a t  any station may be  due to a n y  one o r  more of the following 
causes :- 

(i.) T h e  deflection of the plumb-line, due to  local disturbance of gravity. 
(ii.) An error in the initial latitude a t  Kalidnpur, due to  local attraction a t  that 

station. 
(iii.) An error in the adopted initial azimuth a t  Kaliinpur, on which the orienta- 

tion of the whole system of triangulation depends. 
(iv.) Errors in the  adopteh values of theear th ' s  axes. 

From Table I it appears that  on the meridian of 60* Himalayan attraction does not  
affect the plumb-line, south of Lat. 27' 30'. On  the  meridian of 78' the attraction of the  
Himalayas extends to Lat. 27' 5r', on that  of 76' to Lat 2g0, and on that  of 750 to Lat. 
320. On the meridian of 72' the attraction of the  Sulemdn mountains is very slight a t  
Dera Din Pandh, and a t  Mooltan the apparent  northerly attraction of 2'' is probably not 
due to  these mountains, a s  the longitude observations show that  in the prime vertical the 
plumb-line is deflected to  the east. 

The  locus of then,  where the influence of  the Himalayas first disappears, runs 
t l~rough Lucknow, Aligarh, Hdnsi and Si i lkot .  In the west a n d  centre of the  Punjab no 
latitudes have been observed, except  a t  Dera Din Panah and Mooltan, and the locus 
cannot be continued. No observations have been taken, a n d  consequently nothing is 
known of  the  effect of Himalayan attraction between Lucknow and the Brahmaputra. 
Hinsi,  Aligarh and Lucknow, points of no deflection, a re  all about 125 miles from the  
nearest point of the Himalayas, whicli in each case is situated to the north-east. By rneri- 
dional measurements, Lucknow is 130 miles from the Himalayas, Aligarh 150, and Hdnsi 
230. But a t  Siilkot,  also a point of no deflection, the Himalayas are  only 20 miles 
distant meridionally. As long ago  as  1867 it was pointed out by General Walker  that 
Himalayan attraction was more fully compensated in the western than in the eastern 
plains, and the observations taken this year a t  Amritsar afford rernarkable confirmation 
of  this view. No observations have been actually taken a t  Sidlkot, but a t  Amritsar, 
which is only 55 miles distant, there is a southerly attraction of 4". It  is certainly sur- 
prising that the influence of the Himalayas should have been so wholly compensated, for 
LO the south and west lie flat unbroken plains. A subterranean source of attraction appar- 
ently exists in the desert around Montgomery, affecting the plumb-line a t  both A~nri tsar  
and Mooltan. At A~nri tsar  the Himalayas a re  visible to t,le north-east, and any observer 
would predict a plumb-line deflection i n  that direction : but the latitude observations s h o \ ~  
southerly attraction, and the longitudeobservations westerly, the resultant deflection being 
south-west. At Mooltan the Sulemdn Range is visible to the north-west, b11t the 
resultant deflection of the plumb-line is north-east. At  Agra the plumb-line is appar- 
ently attracted to the north-west towards the same point near Montgomery as  the plumb- 
lilies a t  Amritsar and blooltan. 

l ' h e  fact that Ilimalayan attraction on the meridian of 78' is decreased ill effect by 
7" between Nojli and Knlidna, and by 15" between Rdjpur and Del~ra,  perhaps warrants 
t l ~ e  inference that the centre of attraction on this meridian is near the Sutlel, about  70 
milrs north of the loot of the hills. On the meridian of 80' the diminutio~l of attraction 
between Hdmudpur and JarGra, places the centre of attraction also about 70 miles within 
tllc I~ills. 



xvi 

Sub Oceanic ntlr-actiorr. 

T h e r e  a r e  good reacons for believing that  along the coast of India, from Bombay to 
Cocanada, the plumb-line is attracted towards the  ocean, though in the Bay of Bengal 
there is  n o  appearance of such attraction. At Bombay the coast line runs north and 
south, and t h e  suhrnarine s t rata  can exert no influence on t h e  plumb-line in the meridian. 
But if we take the three grea t  meridional series that intersect the  Indian Contine~lt  on the  
meridians of 75O, 78' and So0, we find that  in each case successive negative values of 
(@-A) continue southwards from Lat. 25O, until the coast line is approached, when a few 
positive values close t h e  series. On the  meridian of 75' there is northerly attraction 
from Lat. 25' 45' t o  Lat. 14' 8', but Mangalore, the last station, exhibits southerly attraction. 
O n  the meridian of 80' there are  negative values from Lat. 22' 13' to Lat. 14' 27', but 
the three last stations, two of which a r e  on the  coast and one near it, give positive values. 
On the meridian of 78' the  same long succession of negative values occurs, with the  
exception of Honnlir and Pdvagada, but the extreme station of Punncz has a southerly attrac- 
tion, which would probably be grea te r  than it  is, if it were not partially compensated by 
the attraction of a northern mass, situated t o  t h e  south of KutipBrai. 

T h e  four main a rcs  of longitude, that  cross lndia proper from east  to  west, tend 
to show that  the plumb-line is deflected outwards on the southern coast of India :- 

Arc ol longitude. 
Difference in  the values 

Length in miles. I i o[ the arc. 
(Astronumic-Geodetic). 

From Mooltan to Fyzabad . . . . . . - 1  
From Bombay to Waltair . . . . . . . I  
From klangalvre to Madras . . . . . . 

Though the  distance from Mangalore to  Madras is much less than that  from Bombay t o  
Waltair,  a n d  only one-fourth of that  from Karachi to  Calcutta, the astronomic values of 
t h e  three arcs  a r e  in defect of the geodetic by almost the same amount. A defect in the 
astronomic value of the Madras-k11angalore arc  can only be  caused by a deflection of the 
plumb-line towards the ocean, a t  either one or both of these stations. I f  the existence of 
sub-oceanic attraction be admitted, it  would be a n  easy matter  to find values of the 
earth's axes t o  suit the four longitude arcs, but i f  such attraction be denied, the results of 
these arcs could not be reco~lciled to  any  spheroid. 

The Initial Lalitude of Kalia'tzpur. 

T h e  most superficial observer could hardly fail to  notice, from the  results of Table I, 
how greatly in excess the  negative values of (@-A) a r e  of the positive. Even i f  we 
exclude the whole area in which Himalayan attraction shows its influence, and omit such 
stations a s  Kalidna, which have been included by Everest and Clarke, the negative values 
still greatly predominate throughout India. Except in a narrow belt round the southern 
coast, and in a zone loo  miles broad that crosses lndia about Lat. 2s0, no positive value 
is to be found throughout the  continent. 

Excluding all stations under the tnfluence of the Himalayas, the total algebraical sum 
of the  remaining values of (@-A) is -185" for I 16 stalions. 

This  predominallce of negative values can, I think, be only explained in two ways .  
(ij either our adopted values of the earth's axes must b e  very much in error, o r  (ii ) 
the initial latitude otlserved a t  ICalidnpur must have been affected by "purely local" 
attraction. 

I t  is impossible of course to tell a t  w h a t  point on each meridian Himalayan at t rac-  
tion really ends, and when on the meridian of 7S0 we  assume its limit is a t  Noh, where 
gravity first coincides with the  normal, the absence of deflection may have been merely 
brought about by  a counter-attraction from the south. It  may be that  Himalayan attrac- 
tion extends much further south, and  that about Lat. 26" it is merely neutralised by the 
Vindhyachal and Sdtpura ranges. But it is clear that to  whatever distance it does extend, 
it would not tend to make ($-A) negative over the Deccan : i f  its influence were relt south 
of Lat. a4O, the  initial latitude a t  I<alilnpur must have been affected, and every geodetic 
latitude diminished accordingly. I f  our initial station had been a t  Madras, a pre- 
dominance of negatives might  have been due t o  the great  source of northerly attraction, 
bu t  with the initial statlon in Central India an excess of negative values could not be s o  
produced. 

If  the  predominance of negative values be due  to the adoption of erroneous axes, the 
errors in these axes must be  such a s  would make all geodetic latitudes too large. I11 



other words geodetic arcs are  too large north of KaliPnpur, and too small south. An arc 
of 1' in Lat. 27" must be too large by om.o8g, and in Lat. 16' too small by 01"375, from 
which it  follows that the radius of curvature in Lat. 27' is too small by 480 feet, and in 
Lat. 16' too  large by 2,180 feet. I f  the radii of curvature of the Everest spheroid be cor- 
rected by these amounts, and the form of the correct spheroid computed, the results 
a re  :- 

Semi-Equatorial axis = a = 20943512 
Semi-Polar axis = b = 20359738 

(a--b) = 93774 

~ l l i ~ t i c i t ~ = L  
25" 

These anomalous results have been deduced approximately, and are  only correct t o  
the nearest I ,OOO fee t  ; but this amount of accuracy is sufficient to show that  the excess of 
negative values cannot be wholly due t o  erroneolis axes. 

T h e  simplest explanation is that the plumb-line is subject a t  I<alidnpur to a southerly 
attraction, and that  the initial observed latitude, and with it every geodetic latitude in 
India is too great. This supposition is supported by the fact, that, with the single excep- 
tion of 14urilsong, which nras known to be abnormal by the observer, the negative values 
are ,  a s  a rule, so much larger than the positive. ?'he largest positive value of (@-A) is 8" 
a t  Madras, \vhich is probably due to submarine density, and the largest positive value in 
the interior of the continent is 6" a t  Kesri : whilst these positive values are  exceptional, 
negative values of 7" and 8" a re  common. 

It will be no easy matter to determine definitely the exact amoutit by which the 
initial latitude is in error. T h e  algebraical sum of the results a t  I 16 stations is- 185' and 
the mean is- 1"'5, but this mean is undoubtedly too large. T h e  latitude stations a r e  nnt 
grouped symmetric,ally round KaliPnpur as  a centre, and consequently errors in the geode- 
tic latitudes, arising from error in the elements of the figure of the earth, ~ ~ o u l i l  not be 
eliminated. By successive approximations and alterations of the values of the earth's 
axes, 1 find the error in the initial latitude a t  [(alidnpur to  be very nearly + rf'.z. 

T h e  sum of the squares of the residuals in Table I,  excluding 1 3  Himalayan 
stations, = [ ( Q - ~ ) ~ 1  =2470 : if the initial latitude, and with it every value of A, be 
diminished by 1"'2, the sum of the squares is 2173. 

The 1uitial Azimuth nt Kalia'npur. 

I f  the ini~ial  azimuth a t  I<alidnpur be  too large, the geodetic latitudes of station 
torvards Karachi will be too large, and (4-A) be made negative : geodetic latitudes of 
stations towards Calcutta will be too small, and (@-A) positive. From Table I it \\,ill be 
seen, that on the parallel of 24", the mean value of the seven stations east of I<alilnpur 
is + 3".1, and of the four stations west of Kali5npur -at'.3. At Karachi there is 
possibly southerly attraction, and the fact that ( $ - A )  = o, argues, perhaps, in favor of 
the existence of some compensating cause, tending to increase the value of A.  No lati- 
tudes have, however, beer1 observed on the Great Longitudinal Series betwecn Neemuch 
and Karachi, and no safe conclusions can be  drawn from the few results that exist a t  
present. 'Througl~out Southern and Eastern l ~ l d i a  and Burma observed azimuths are, as  a 
rule, in defect of the computed, and thus corroborate generally the result of the latitudes 
obsert rd  or1 the parallel 240. 

T h e  initial azimutl~ of Slira~ithdl a t  Kalidnpur was not dependent, like the i n ~ t i a l  
latitude, on the astronomical observations at  any one station, but was deduced from the 
results of 6 3  different places. Moreover, an error of j" in this initial azimuth tvould only 

the geodetic latitude of Karachi or Calcutta by I". The results of t h e  11 observed 
latitudes a re  not( entitled to  the same weight as  the great numher of azimuths from 
which the initial azimuth was deduced, and if these latitudes and azimuths appear con- 
tradictory, ~t is more reasonable to a s u m e  that local attraction has caused errors of 2" 

or 3" in the latitudes, than that 6 3  observed azimuths have been liable to  a mean error 
of 10". 

The axes o f t h e  earth. 

There is no recognised criterion by which ahnormal values of ( + - A )  may be rejected 
and this is the great aifficulty i l l  the way of testing which values of the axes are  
more probably correct. 

Professor t'ierce's criterion of  rejection gives the following resr~lts :- including every 
value of ( @ - A )  and rejecting nothing, the mean error (=r+!;qr) of is + 7n. With 

' U L . 1 4 ,  I - - 

this mean error, Pierce's criterion rejrcts everv value of (@-A)  larger than 19". Now, 
omitting all stations with a difference of I$ and upwards, the mean error o f  the 
remainder is 4 $ "  : with this mean error all stations ~vitll a larger difference than 12" are  
rejected. A third recomputation by the criterion rejects nothing further. 

I3ut Prolcssor Pierce's criterion is based on thc Thcory of Errors, and I do not think 
that the Theory of Errors is applicable to Indian latitudes 'The differences ( @ - A ) ,  i f  



0" and I "  

I" and 2" 
2" a l ~ d  ." 
3" and 4" 
4" and 5" 
5" and 6" 
6" and 7n 
7" and  8" 
Over 8" 

tahulated in order of magnitude, d o  not agree a t  all with the  errors  computed by theory, 
and do not collforn~ In any  way to the Probabi l~ ty  curve. 
.-. - - - - -  - - - - - - - - .. . - - -- - - - 

T h e  whole Theory of Errors is based on the  hypothesis, that the errors a r e  independ- 
en t  and accidental, but deflections of the plumb-line in India cannot be considered either 
one  or the other. 

I f  we find the  spheroid that  most nearly represents  the surface of India, by malting 
the  sum of the squares of the corrections to  the  observed latitudes a ~ninimum, the result 
will not represent the figure of the earth, nor will it conform t o  the plains of India. 

Himalayan deflections cannot be regarded a s  residuals, and, I think, they should be 
rejected in the  calculation of the earth's axes, and afterwards included in the determina- 
tion of the deformations of  the surface. A similar uncertainty exists with regard t o  
stations on the coast, whether to retain them or reject them, and this is a matter of con- 
siderable importance, a s  the coast stations unfortunately happen t o  be at  a greater  distance 
from Kaliinpur than any  others, and consequel~t ly have a greater  influence in determining 
the  values of the axes. 

If  any area is being surveyed for geodetic purposes, and a t  all stations on its boundary 
the  plumb-line is attracted outwards, the locus on the celestial sphere of the zeniths of 
boundary stations encloses too small an ast.ronomica1 area for comparison with the surveyed 
terrestrial area, and too large a spheroid must result. T h e  effect of any  large source of 
attraction in the  interior of the area is neutralised, i f  astronomical observations a re  taken 
on all sides, but  the effect of external sources of attraction cannot be compensated. 

In this matter  of the rejection of certain values of ( @ - A )  it is not on.ly a question of 
abnormal deflections. It  frequently happens that  two or more astronomical latitudes 
bave been observed within a few miles of each other. Lieutenant L,enox-Conyngham 
observed a latitude a t  S t .  Thomas' Mount, anrl another 6 miles off a t  the Madras Obser- 
vatory, a n d  they both show strong southerly attraction. Should they both be included? I f  
the correct values bf the axes a re  t o  be determined by making the sum of the squares of 
the  latitude corrections a minimum, each observed latitude will furnish one equation, and it 
is manifestly incorrect that  the attraction a t  Madras should enter into two equations, whilst 
an area in the Funjab larger than England is unrepresented. Both a t  Moulmein and 
Mergui three latitudes were observed a t  small distances from one another, all exhibiting 
strong southerly attraction with scarcely any variation : shoald these three forrn one equa- 
tion or three ? At many stations of the Great  Arc Colonel Herschel ohserved groups of 
four or five latitudes a t  surrounding points in the vicinity, and almost a11 the large Hima- 
layan deflections that we  know of have heen obtained from one small area round Dehra 
Din.  

If two latitudes, observed within a small distance of one another, are  to  be regarded 
a s  one, what is this limiting distance to  be ? 

The  method of reduction by minimum squares might htivr: bren theoretically correct,  
if latitudes had been observed a t   mall equidistant intervals and a t  places unarfected by 
external attraction, but it cannot, I think, be applied now, unless several stations are  
eliminated by arbitrary rejection. Where the selection of stations for latitude observation 
has been left tn the  arbitrary jutlgment o f  individuals, their rejection or  retention ran only 
be decided by the same process. I f  the rule be laid down that every latitude station must 
be  included, the  resulting axes \-:ill wholly depend on the places selected for  observation. 
Pierce's criterion now rejects differences o f  I 2" and upwards, but we have only to  create a 
few more stations in the Himalayas, and the criterion will reject nothing undcr 4 ~ v .  I i  we 
were now t o  determine the axes of t.I,e spheroid from our existing latitude observations, 
the results obtained could be shortly ullst-t by the creation of 30 new latitude stations a t  
places like KaliAna and hladras, which arr ,  while not showing any abnormal deflections, 
yet distinctly under the influence of external sources of attraction. 

In the following calculations I have rrjected the 13 statione, which are, with little 
doubt, under the influence of thq I-limalayas; tllese are  Dera DEn Panith, hll~rree, Isanpur, 
Datairi, Kalidna, Nojli, Dehra, Amsot, RSjpur, Mussooree, Banog, Jarlira and I<fmuipur .  

As the attraction of sub-marine strata is not so  generally acknowlcdged, I have not 
rcjected any coast stations, although I am in favour oC doing so, on account of the untlur 

Errors belween Nc. of errors by the theory. No. of errors by experren~e. 



influence these stations have in the determination of the axes. Out of lag stations I have 
retained I 16. 

If  the correction + i1"2, for  error in the  initial latitude, is applied to every value o f  
(Q-A) in Table I, the following a re  the results :- 

Tlie algebraical sum of the values of (Q-A) is 

-13' at the a stations south of Kali6npur 
On the meridian of 72" . and + 7" at the 11  stations north of Kalilnpur. 

-18" at 13 southern stations 
On the meridian of 75" . . . . i ( and 

+8' at I I northern stations. 

o" at 5 northern stations. 
On the meridian of 76' . . . 

(there are no southern stations). 

-I I" for I 4  southern stations 
On the meridian of 78' . . . and 

+a" for 5 northern stations. 

-30" for 20 southern stations 
On the meridian of 80' . . . . 1) and 

+24" for 6 northern stations. 

-43' for 15 southern stations. 
O n  the parallel of 18a0 . . 

(there are no northern stations). 

I have omitted the stations on the parallel of zqO, as this is the parallel of Kalidnpur, 
and consequently the latitudes of these stations are  not affected by errors in the axes, nor 
will the values of (p-A) a t  these stations be altered, however much the values of the 
axes be corrected. 

From the above results it will be seen that on each series the sum of the southern 
values is a negative quantity, and the sum of the northern a positive : this is a t  variance 
with what we should expect, since we have included all tlie stations on the southern coast, 
where sub-oceanic attraction has a tendency to make ( # - A )  positive. It  is impossible 
to attribute this striking regularity t o  the accidents of local attraction, and the only 
conclusion is that errors in the adopted values of the axes tend t o  make all southern 
values of (+-A) negative, and all northern positive. 

This  conclusion is particularly interesting, as it means that Everest's second constants 
a re  more suitable to the Indian latitudes than his first constants, and that Clarke's axes 
are  less suitable than either. 

The  results in Table I are  those that hold, when Everest's first constants are  
adopted a s  the values of the earth's axes. 

l ' he  several values of the axes of the earth a re  :- 

a- b 
a I b I---- a-b I -?- 

Everest's first constants . . . 

On the hypothesis that  (@-A)  is due t o  errors in Everest's first constants, an excess 
of positive values north of Kalidnpur signifies that northern geodetic latitudes are  too 
small, and an excess of negative values in the south signifies that southern geodetic 
latitudes are too large. In other words geodetic arcs of meridian measured from 
Kali i~ipur ,  whether to the north or south, are  all too small, and consequently the radii 
of curvature too large. 

The linear measure of a meridional arc, with observed latitudes a t  its terminal points, 
gives the radius of curvatrlre of the meridian at  the middle point of the  arc : s o  from 

Everest's second constants . . . 

Clarke's axes . . . . . 

zogzzg32 20k1375 

20y20902 

20926062 

20953642 

208j512I 70941 



every observed latitude we obtain a value of the radius of curvature of the meridian at a 
certain latitude. If a=semi-equatorial axis, b=semi-polar axis, and r',r".. =radii of 
ture in latitudes p',+" ..., we get 116 equations between a, b, r,'rU.. , the solution of 
by least squares gives the most probable values of a and b. 

I n  order to determine approximately the apparent errors in Everest's first constants, 
I have taken the means of the results by northern and by southern stations, and have 
obtained the following data :- 

In Lat. 27' an arc of I' is o"-41 too small, and 
In Lat. 18" an arc of I" is o"35 too small. 

From which it follows that the radius of curvature in Lat. 27" is too large by 2,37s 
feet, and in Lat. 18' too large by 2,023 feet. 

The values of the axes are then given a t  
a=zog19423 
b=a0850747 

(a- b) = 68676 
Ellipticity =&. 

These axes give a smaller spheroid of revolution than Everest's, whereas Clarkets is 
larger than Everest's. They are,  I consider, determined with sufficient accuracy to justify 
the statements, ( I )  that, as far as the Indian latitudes are concerned, Everest's first 
constants appear more suitable than Clarke's axes, and (2) that Everest's second con- 
stants are more suitable than his first. 

By means of General Walker's formula, given in Vol. I I . ,  G.T.Survey of India, I have 
calculated for every latitude station the values of (#-A), that would be given, if  we 
recomputed the Indian triangulation (firstly) with Clarke's axes, fsecondly) with the new 
axes, approximately determined above. I give the results in Table 11. Though these new 
axes have been determined from the Indian latitudes only, and but approximately from 
them, the results in Table I1 are correct to the nearest half second of arc, and are 
precisely those that would obtain if these axes were introduced. 

The latitudes on the parallel of 24' have been omitted, as the values of (+-A) at 
these stations remain unchanged, whatever axes are employed. 

It will be noticed from Table I1 that the employment of Clarke's axes decreases 
~os i t ive  values in Southern India, and negative values in Northern ; consequently the effect 
of both Himalayan and sub-oceanic attractions is reduced, but the predominance of 
negative values in the interior of the continent is greatly accentuated. 

The employment of the new axes, determined above, is advantageous for the main 
area in the interior, but largely increases the effect of attraction round the soulhertj 
coast and in the vicinity of the Himalayas. 
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Excluding 13 Himalayan stations, the algebraical sum of the  values of ()-A) a t  t h e  
remaining r 16 stations is  a s  follows :- 
- - 

-- ~ - 

I f  no correction be applied to initial latitude . . -1 85" -239" 

~p 

If the initial latitude at Kaliinpur be corrected by +[".a -46' 1 -96' / +M' 

With new 
axes. 

With 
Everest's first 

constants. 

If attraction towards the Ocean on t h e  southern coast be admitted, then the algebrai- 
cal sum would have a tendency t o  be  positive when the  initial latitude had been 
corrected. 

Now omitting the stations on the parallel of 24', for  reasons given above, the follow- 
ing comparisons between the  results a t  northern and southern stations is of interest;: 
the correction of + 1'-a has been applied to  the initial latitude first. 

I I 1 

With Clarke's 
axes. 

With 
Total algebraical sum of values of ()-A) Everest's first With Clarke's With new 1 constants. axes  1 axes* 

. . . . . .  At 66 southern stations 

. . . . . .  At 33 northern stations 

From this it is seen how greatly the difference between results a t  north and south 
stations is accentuated by the employment of Clarke's axes, and how it entirely dis- 
appears with the new axes. T h e  positive value of + 18" for southern stations is what 
would be expected, owing to the attraction on the coast. 

T h e  sums of the squares of the latitude corrections =[($I-A)'] are a s  follows, omitting 
13 Himalayan stations :- 

I 

. . . . .  With Everest's first constants I 2173 

If no  correction be 
applied to the initial 

latitude. 

With new axes . . . . . . .  2235 

- - 

If the initial 
latitude be corrected 

by + 1'I.a. 

In each case there is an improvement shown by correcting the initial latitude a t  
KaliPnpur. This  improvement is least in the case of the new axes, and this is because 
these new axes increase t h e  positive values of (#-A) along the southern coast, until 
they a re  s o  comparatively large, that a correction of + I".Z grratly increases their 
squares. 

If the four coast stationr, Mangalore, Punnce, Tiruvendipuram and Madras be  omitted, 
the sum of the squares of the latitude corrections will be :- 
A I I 

. . . . .  With Everest's first constants 2317 j t o l a  

II no correction be 
applied to the initial 

latitude. 

. . . . . . .  With Clarke's axes - 1  2317 

If the initial 
latitude be corrected 

by + I".z. 

. . . . . . .  With new axes 1990 / 1851 

.- - --- -- . -- 

From this it will be seen how greatly these four coast stations assist the values of 
Clarke's axes : the  rejection of these stations scarcely reduces the sum of the squares at, 



all, if Clarke's axes a r e  employed, but causes a most marked improvement in the results 
derived from the  new axes. 

The lndian Longitudes. 

Whilst the  Indian latitudes generally show a n  excess of the astronomic value of an 
arc  over the geodetic, the lndian longitudes show a defect : whilst the latitudes indicate 
too large a radius of curvature for the meridional ellipse, the longitudes show that the 
radius of the parallel is too small. These two results a re  not necessarily antagonistic: 
a decrease in the  value of the ellipticity might make the radius of curvature of the 
parallel of 24" larger, even if the values of the axes had been decreased. 

A comparison of the values of the longitude corrections a t  stations east of Kalidnpur 
with the values a t  stations west, leads to the conclusion that there must be a deflection 
of the plumb-line in the prime vertical a t  the initial station of Kaliinpur : this deflection 
amounts to about 3", and is towards the west. From the character and comparative pau- 
city of the  longitude arcs it is impossible to  calculate this deflection with a greater accu- 
racy than to the nearest whole second of arc. 

T h e  following a re  the arcs of longitude measured in India :- 
-. 

I ASTUONOMICAL VALVE-GEODETIC VALUE. 

If it  is assumed that I f  a deflection towards 
no deflection exists the west of 3" exists at 

T~PUINAL Srrrlors. at KaliBnpur. Kalianpur. 

Moulmein to Kaliinpur . . . . . 
Prome . 0, . , . . . 
Akyab ,, ,, . . . . . 
Chittagong ,, ,, . . . . . 
Jalpaiguri ,, ,, . . . . . 
Calcutta ,, ,, . . . . . 
Waltair ,, Y . . . . .  
Fyzabad ,, ,, . . . . .  
Madras ,, ,, . . . .  
Jubbulpore ,, ,, . . , . , 

Bolarum ,, ., . . . .  
Dehra Dlin ,, ,, . . . . . 
Agra B e  I, . . . . . 
KaliAnpur to Bangalore . . . . . 

,, ,, Nagarkoil . . . . . 
,, ,, Bellary . . . . . 
,, ,, Amritsar . . . . , 

,, ,. Mangalore . . . . . 
,, , ,Bombay . . . . . 
,, ,, Deesa . . . . . 
,, ,, Peshawar . . . . . 
, ,, Mooltan . . . . . 
, ,. Karachi , , . . . 
. ,. Quetta . . . . . 
- -  - - -  - 

Rejecting the three stations situated a t  
Debra Dfin 2nd Peshawar, there remain, in addition to the initial station, 17 longitude 
stations in India and 4 in Burma. 1 have distinguished between the lndian and the 

Evarest's first 
constants. 
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Burmese stations, because the tatter,  with Everest's first cdnstahts,  she* almost the 
abnormal differences of the Himalayan stations. 

For  the  arcs of longitude measured over India proper, Everest's first constants a r e  
as  suitable as  Clarke'e axes, but the Burmese arcs  a t e  inimensely in favour of the latter. 

T h e  sums of the squares of the longitude corrections a r e  (e~c lud ing  three Himalayan 
rtations) as follows :- 

I 4 Bunfmse arch I 17 lndianlad.  

With Everest's first constanto . . . . . . I 860 I 442 

. _  I _ _ . _ .  I 

If  we assume that the astronomical zenith a t  Kal i inpur  is displaced 3" t o  the east 
owing to a local disturbance o f  gravity, the sums of the squares  become - 

I I 
-- -- 

( 4 Burmese arcs. 1 17 Indian arcs 

With Everest's first todktantr . i . . . . e l  5s6 1 383 

WithfJarke'saxep . . . a . . . I 

T h e  effect on the  constants of the  Indian longitudes will be thus seen to depend a t  
present on the inclusion or exclusion of the  four Burmese arcs. 

Though 55 arcs of longitude have been measured in India, the greater number 
of these are  tedundant checks, and there a re  only 24 independent measurelnents, 
whereas there a re  129 latitudes. O w i n g t o  the system of circuils, the accuracy of a longi- 
tude arc  is not inferidr t o  that  of  a latitude. By including local attraction a s  a n  
accidental and irregular source of etror,  we g e t  :- 

p. e. of a Longitude Arc . . . . = f z"'7 
p. e, of an Astronomical Latitude . . = *2*.d8 

of the 24 longitude arcs, th ree  a re  abnormally affected by the Himalay~s ,  and a 
fourth, Que'tta, is in the midst  of mountains where the deflection of gravity might, 
from estimation, be anything between +20 '  and -20". Five other longitude stations, 
Nagarkoil, Bangalore, Bellary, Bolarum and Agra, a re  situated too near the  meridian of 
Kali;inpur to  be of any  use in the  determinat~on of the earth's axes : they were selected 
a s  auxiliary stations in the formation of circuits, and their results afford an additional 
check on the initial azimuth a t  Kalidnpur. There  are  thus only 1 5  longitude arcs  
suitable for  comparison with geodetic arcs, and of these fifleen more than half have one 
terminal on the  coast. South of the Great  Longitudinal Series there a r e  only three 
arcs without a terminal on the coast, and these three have a north and south 
direction, and consequently a small amplitude. For these reasons, I think, the Indian 
latitudes deserve more weight than the Indian longitudes. T h e  apparent antagonism 
between the two would disappear, if we could teject the four Burmese longitude stations, 
but  their results a re  above suspicjon, and their rejection is out of the question. I think 
at some future date the introduction of two long~tude  stations in Upper Burma would 

information, if they were selected carefully. 
In the case of the Indian longitudes, the geodetic value generally exceeds the 

astronomic ; but in the plains of the Punjab and the  deserts of Sind, where no mountain 
ranges exist, the  astronomic generally exceeds the  geodetic value. 

11 we omit the Burmese and Himalayan stations and take the four great corn- 
pound arcs of India, we ge t  the following differences :- 

- - --- - - - - - -- --- - - . -- 

Mangalore-Madras . . . . 
Bombay-Vizagapatam . . .  
Karachi-Calcutta . . . .  
Mooltan-Fyzabad . . . . 

Parallel. Ara. 

. ---- 
L O N C I T U U D  DIFQERENCBS. 

-__- -- - - - . 
[f now we take the sums of the squares of these differences, the result is in favour of 

Clarke's axes, but a s  these residuah probably represent,  to  a large degree, the effect of 
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sub-oceanic attraction, they cannot be  regarded a s  irregular or accidental discrepancies, 
and the sums of their squares a re  unreliable tests. 

I was  induced this summer to  undertake this examination of the results of the Indian 
latitudes, by my repeated failures to  predict even the direction of a deflection of the 
plumb-line. As the calculations entailed considerable extra work, I have included my 
results in this report. Though these results are disappointing and inconclusive, and 
though I have been only able t o  approach the subject from the point of view of a n  
observer, I think the  discussion may perhaps be of some assistance, when latitude 
operations are  resumed, and when new latitude stations have to be selected. 

Ext rac t f rom the Narval ive Repovl of LIEUTENANT G. P. LBNOXICONYNCHAM, R.@., 
in  charge No. 23 P a r t y  (Astronomical), Season 1893-94. 

During the preceding season (1892-93), latitudes had been determined a t  each of the 
azimuth stations of the Bombay Longitudinal Series, and with a view to the work being 
continued over the Bider Longitudinal Series the equipment and instruments were stored - - .  

a t  Secunderabad. 
The programme of work comprised t h e  determination of the latitudes of the follow- 

ing seven stations :- 
Latitude. Longitude. 

0 I 
0 

( I )  Bolarum (longitudestation). : . . . . 17-30 73-34 
(2) Pirrnulo H. S. (azimuth station) . . . . - 17-53 78~38 
(3) Vanakonda H. S. , . . . 17-36 g9-1.5 
(4) Singawaram H. S. , . . . . . . . 17-45 0-59 
(5) Parampudi H. S. , . . . . . 17-13 81-15 
(6) danjib H. S. ,, . . . . . . . 17-31 81-44 
(7)  Waltair (longitude station). . . . . . I 1-43 83.10 

1 lef t  Dehra on 14th November 1893 for Bolarum, where a pillar had already been 
for  me on the site of the longitude station used in 1891-92 ; Colonel Fox, R. E., 

in the compound of whose office it is situated, having kindly allowed me to have the ne- 
cessary work done. 

When I set  up my instrument 1 found that in some u~expla lned  way the liquid in the 
level (No. 4, by Holrnes), which is mounted on the zenith telescope and or) which the 
work depends, had evaporated or leaked, so  as  to leave a bubble of inordinate Iength a t  

temperature of 68OF.-the length of the bubble was 138 divisions,-and a s  the total lerlgth 
of the scaleis only 170 divisions, it would have been impossible to  carry on the work with 
the level in this state. 1 telegraphed therefore to Dehra for another and received an 
answer t o  the effect that the only remaining level of this class had developed the same 
fault as mine, but that Captain Burrard, in charge of No. 22 Party, had been asked to send 
me one of his if  he could spare one. As No. 22 Party had left Bikanir and was in the 
desert before the request arrived, it  took some time to send the level back to the railway, 
and not till the 15th December did it reach me. During this long wait 1 employed 
myself in re-determining the value of my micrometer screw and seeing to the various 
instrumental adjustments. As soon as  the level arrived 1 determined its value and then 
set to work on the latitude observations. I was again delayed a few days waiting for the 
Peshkar, whom His Highness the Nizam's Rlirrister had promised to send to accompany 
the party, and finally started for my second station, Pirrnulo, on 28th December. 

The  Great Trigonometrical Survey station of this name is situated on an immense 
boulder a t  the top of a low rocky hill. This boulder was not large enough for the obser- 
vatory tent,  and the pillar was therefore built in a suitable place in the prime vertical to  
the bast. The  work was slightly interrupted by cloudy weather, but I obtained 48 double 
observations. The next station was Vanakonda H. S. This is a high and conspicuous 
hill covered with jungle. There were still traces of the road formerly made 
by the triangulation party, but the instrument being very light a shorter and steeper 
route was selected and cleared. T h e  hill apparently has a bad reputation, partly super. 
stitious and partly owing to the belief that it is inhabited hy wild beasts ; an old man, 
the patel of a neighbour~ng village, declared that since the triangulat~on party had been 
there in 1869 no one had ever been up it. I obtained 46 double observations. 

Between this and my next station, Singawaram, [he Bider Longitudinal Series is 
cut by the Jubbulpore Meridional Series, and a latitude had been observed a t  Bolikonda 
H. S. common to both series, in 1888-Hg, l had therefore a double march to do. 1 had 
been rather undecided as  to  whether I should make for Parampudi and thence g o  up  
the GodAvari t o  Singawaram, or go to the latter vih Yellandu and thence down the 
Goddvari ; it was evident that the latter would be the better route so long as  there was a 
road ol nrly sort from Yellandu onwards. I ascertained that there was a fairly good 
track, and also that there was a good metalled road from the Godhvari to a point not 
f a r  from Parampudi. 

The march from Vanakonda to Yellandu wasa long and difficult one. In the summer 
of 1893 there had been exceptionally heavy rains, which had caused many of the numer- 
ous tanks to overflow, and il~drlced the inhabitants to cultivate rice in larger quantities 



than usual. T h e  result was that the ordinary tracks had very frequently t o  be abandoned 
and a way found by some circuitous route. W e  struck the Goddvari a t  a point opposite 
Bhadrachilam, where arrangements had been made for boats to  take the party across and 
for fresh carts for the remaining march to Singawaram. 

Singawaram H. S. is situated a t  the top of  a conspicuous hill, about 3 miles t o  the 
east  o f  the Goddvari. It is very thickly covered with jungle and on all sides, a s  far  as  
the eye can reach, there is nothing but thick jungle, except here and there where small 
clearings have been made near villages. At this station I lost one night through cloudy 
weather but obtained 44 double observalions. 

I noticed a peculiarity a t  this station which 1 was unable t o  account for, namely, that 
a t  night it was very much cooler in my camp a t  the  foot of the hill than in the observatory 
a t  the top. T h e  difference in level was about 400 feet,  and I should think that a t  mid. 
night it was roo cooler a t  the  foot of the  hill. 

On finishing my observations I marched back t o  Bhadrachelan~ and thence took boat 
down the Goddvari. W e  disembarked a t  a place called Prakkaylanka, whence an excellent 
metalled road took us t o  a point within ra  miles of Parampudi station. T h e  station is 
situated on a low jungle covered hill, near a very small village of the same name. The 
observations were completed here in 5 days. 

From Parampudi we  retraced our steps t o  the Godivari and took t o  boats again for 
one day. This  brought us to  Rajahmundry, whence we went by rail to Waltair. The 
longitude station a t  Waltair is s i tua te i  in the corn ound o f  a house belonging to the 
widow of the latc Nursing Rao. At this station robserved  three programmes twice 
each, obtaining 52 double observations. 

'The remaining station, Sanjib H. 5.. was reached by  taking the train t o  Narsipatam 
road station and thence making one march t o  the foot of the hill. T h e  hill is over 2,000 feet  
high and very steep. T h e  summit is very rocky and all the water had to be carried up from 
the  foot. There were a good many clouds, but by being constantly ready to take advan- 
tage of a tempornry clearing up I succeeded in finishing in four days. This  closed the 
season's work, and t h e  party returned to Secunderabad. 

There is very little to  say of the work from a professional point of view. The  
instrument worked satisfactorily throughout, except in the  matter  of the level previously 
referred to. T h e  levels used with the zenith telescope belong to a set  of six made by 
Holmes, and are, so  fa r  a s  I am aware, the only ones with reservoirs which have been in 
use in the department. I have received through the officer in charge of the Mathe- 
matical Instrument Office a letter from Mr. Holmes, in which he explains that  the 
liquid used in the levels made by him is chloroform, and that chloroform is liable in the 
course of time to a chemical change, causing it to  contract in bulk, so that the dimiliution 
of the amount of liquid in the levels is not due either to evaporation or leakage. Mr. 
Holmes adds that t o  abandon the chloroform in fabour of spirits would greatly diminish 
the sensitiveness and accuracy of the levels,-a statement well borne out by the great  supe- 
riority, particularly in rapidity of settling, of his levels over any others that I have used,- 
and concludes by saying that all that can be done is to  have the levels refilled annually. 

I f ,  however, a s  now seerr~s clear, the reservoirs in these levels a re  not to blame, there 
is no reason why they should not be  made considerably larger so as to hold a sr~fficient 
quantity of chloroform to replace all the loss that would occur in a considerable number of 
years, and so prolong the life of the level to  any reasonable extent.  

In the computations, the value of the micrometer screw deduced from the  work of 
season 1890-91 was employed, but a scrutiny of the Table 11 below, in which the results a re  
classified according t o  whether the sign of the micrometer correction was positive or 
negative, clearly shows that this value is too small. T h e  mean of the errors therein deduced 
is o"~oror ,  and the value of one revolution must be increased by that amount. A s  the 
weights of the means of results with ~ o s i t i v e  and with negative micrometer corrections 
respectively, a re  in each case approximately equal, it is nol necessary to correct each 
individual result. A sufficiently close approximation has been obtained by correcting the 
mean of the above means by a quantity depending on whether the mean positive or mean 
negative correction was in excess. This is done in Table L I I ,  and l'able IV contains 
final latitudes, also the geodetic values, and the difference between the two. 

That the value of the micrometer screw should have altered appears at  first sight very 
unlikely, but when it is recollected that the "value" means the angle subtended a t  the 
object glass by the space between two threads, it is evident that it will alter with every 
re-adjustment of the focus, and as  determinations by observations of a polar s tar  a t  elonga- 
tion, a t  least when made without the assistance of a n  electric chronograph, d o  not give 
the result with a probable error less than the correction w deduced, it appears that this 
method of deducing the value from the season's ObservatiK, and then correcting the lati- 
tudes is the best that can be devised. In future it will be better to  do this hefore taking 
out the probable errors, a s  those now given must be considerably !;rger than the true ones. 
T h e  old value of one revolution of the micrometer screw was 69 '345, and the correction 
now determiner1 is o".or. T h e  focal length of the telescope is about 3 feet, so that to 
find the linear movement of the eye end necessary to produce this change in value we 
have- 

9--34_5-.11t.. - 
0'01 Z 

whence r=o.oo51g inches, or about $$a of an inch. 



In a brass tube 3 feet  long an increase o l  temperature of about 13' Fahre1:lleit wonltl 
produce a linear expansion of of an inch, it  is clear, therefore, that even if  the focal 
adjustment were never touched, such an error in the value of the micrometer, a s  has been 
found this year, could easily occur. 

It  is obvious that small probable errors cannot be expected unless the  actual value 
of the micrometer revolution a t  each station is very accurately known, hut tnis does 
not imply that the final value ol the latitude will be untrustworthy, lor so  long a s  the mean 
positive and mean negative correction are  equal, and the number of results with positite 
1s the sanle a s  the number with negative correction, no error, however large, in the adopted 
value of tlie micrometer revolution, would affect the result. T o  ensure tha t  these condi- 
tions a r e  exactly fulfilled would be impossible, but a sufficient approach to  them is always 
obtained, a s  a scrutiny of c o l u m ~ ~ s  5 and 6 of Table 111 will show. 

T h e  four tables which a re  appended sufficiently explain themselves. 

T a b l e  I. 

Prelimi?znvy values and probable ervovs. 

T a b l e  11. 

Deduction of e rror  of adopted value of I revolulioiz of nticvometev, from cotnpavisort of 
reszrlts wit/z positive and n e p t r v e  corvectlons. 

STATION. 

Bolarum . . . . . . 
Pirmulo . . . . . - 
Vanakonda . . . . . . . 
Singzwaram . . . . . .  
Parampudi . . . . . .  
Waltair . . . . . . . 
Sanjib . . . . . . 

Bolarum . . 
Pirmulo . . . 
Vanaltonda . . . 
Singawaram . 
Parampudi . . . 
Waltair . " . . 
Sanjib . . . 

Astronomical Latitude. 

Q 

1 7 ~  30' 7"'46 
1 7  52 58'45 
1 7  36 0.24 
1 7  45 8.70 
1 7  1232'65 
1 7  43 20'4.1 
1 7  3112.41 

No.of pairs. 

47 
43 
46 
44 
43 
52 
41 

Apparent  error 
In adopted 

value of I rr- 
vulution. 

~~- . 

Probable Error. 

f o " ~ ~ 6 o  
f o .o69 
f o 'oj? 
f o ' 0 7 0  
f o  .064 
f o '053 

. f o  .obY 
- -- 

Mean of apparent errors -o".oror, 
i .e. ,  adopted value of one revolution is too small by O".OIOI. 

T a b l e  111. 

Application of the covrcctrbn found i r r  Table 11 t o  pvelr'minny values of co-lalr'tudr. 

Bolarum . . 
Pirlnulo . . 
Vanzkonda . . 
Singawaram . . 
Parampudi . . 
Waltair . . 
Sanjib . . 

hlean 
co-latitude 
with positiv 
correction 

=a. 

Trueco-latitude 
a + h  

=-- + C. 

52'50 
1 ' 5 2  

59'70 
51.31 
1 7 ' ~ B  
39 62 
47 68 

- -- . -- .- -. -- 
Mean Mean Mean 

m - n 
1 witli nega- 

tive correc- 
- 

a 
''O' 

tion = b. 

52 67 
1 7'' 

6u.01 
51 ' j1  
27'66 
31)'37 
47.96 

'Urrectlon 

-- , 
52'52 

1.52 
59.76 
51.30 
27'35 
39 63 
47.61 

correct~on a 
= In. 

- - 
I 

17 '1  

31'5 
16 I 
21.7 
28'1 
24.6 
3 3  

= ,-,. 
II 

21'7 
30 6 
27.7 
19'6 
22.7 

y 

-2'3 
+o',$ 
-5.8 
+ I . I  

+2 '7  

=c. 

v 

-0'02 

+ 000 

-0.~6 
+O.OI 

+0'03 
26.1 - 0.8 
20.4 I t 6 . j  

-0.01 
+0'07 



Table IV. 

F i n a l  Lat i tudes a n d  diferences between Geodetic a n d  Astronomical values. 

Astronomical Latitude. STATIONS. 

T I D A L  A N D  LEVELLING O P E R A T I O N S .  

Bolarum . . . . . . 
Pirmulo . . . : . . . 
Vanakonda . . . . . . . 
Singawararn . . . . . .  
Parampudi . . . . . .  
Waltair . . . . . . . 
Sanjib . . . . . . . 

E x t y o c t j r o r n  the N a r r a t i v e  Repor t  o f  LIEUTENANT-COLONEL J. HILL, R.E., in cltavfc 
No. a5 Party-Season 1893-94. 

U I I/ 

17 30 7'50 
17 52 58-48 
1 7  36 0'30 
17 45 8.69 
17 1 2  3 2 . r ~  
17 41 20.38 
17 31 12'32 

Guring the  field season 1 inspected t h e  tidal observatories a t  the  western stations 
(excepting BhPvnagar and Aden), namely, those a t  Maskat,  Bushire, Karachi, Apollo 
Bandar  (Bombay), and Prince's Dock (Bombay), in the  order named. I did not think it 
necessary t o  g o  t o  Bhavnagar, because t h e  works a t  Port  Albert Victor had not made 
sufhcient progress t o  require inspection by me, and the  requisite ser ies  of tidal registra- 
tions a t  t h e  Bhdvnagar tidal observatory ended while I was engaged on inspection duty 
elsewhere. I, therefore, arranged t o  send a n  assistant to  BhPvnagar t o  take zero measure- 
ments, etc., dismantle and clean the instruments, which a re  the  property of the Bhdvnagar 
State ,  hand them over to  the S ta te  Engineer, and close the  observatory. As regards 
Aden, it  was not col-rvenient to  make a n  inspection o f  the  observatory tht:re before the  
close of the  year under  report,  owing l o  circumstances which I shall now mention ; b u t  
I have arranged to have the inspection made early in the  ensuing year. The  fieltl season 
was  signalised unfortunately by a disaster which altered several of my plans. On the 
af ternoon of the  agth December 1893, when I arrived in Karachi by steamer fron] 
~ r l s l , i r e ,  1 received telegrams informing me of  the  wreck, in a heavy storm, of the 
Bushire tidal observatory. This  necessitated consulrations while I was a t  Karachi with 
Mr. 1). Morris, the Port  Engineer, who most kinclly volunteered his assistance, alld 
the of plans, etc., a t  Poona af terwards.  During my stay a t  Karachi,  in 
addition to inspecting  he tidal observatory, 1 took the opportunity to  lind out the condi- 
tion o f  the bench-marks laid down in the  course of  our spirit-levelling operations in  
Karachi and its neighbourhood, executed in 1859-60 and 1883. T h e  bench-mark of 
referellce o f  the tidal observatory (laid down in 1880 and transferred to  another  stone of 
exactly eclual height in I 883) had of  c o t ~ r s e  been cal.efully preserved, being, in colnrnon 
with the observatory, insprcted every year ; but all lhe other  bench-marks had clisal~peared, 

tl,e exception oI a bench-mark cut  a t  t.he main entrance to Holy Trinity Cllurch, 
Karaclli, which bench-mark has  become useless, owing to its having heen sinking 
gradually for some years. I had, therrfore, to  arrange for laying down and connecting a 
nen. series of bench-marks, extending from the tidal observatoy a t  Manora through 
I<imari and Karachi ant1 thence by the  Ta t ta  road ant1 Thul  railway station to the  
sout11 e l ~ d  tower of  the I<arachi base-line of verification ; together with the publication 
o f  the heights of the brnch.rnarks in a special pamphlet. I mentionrd in my last annual 
rrporL that,  bc,iore going on privilege leavr, 1 instructed Lieutenant Morice to  obtain, 
from Port  Officers a ~ i d  other  qualified persons, by means of  circulars, certain information 
required for the preparation of a p  Indian Co-tidal chart. The  information s o  obtained, 
together with that obtained from the  Marine Survey, our own observations and o ~ h e r  
sources, has heen utilizetl, and will, I I~ope ,  enable the chart, which is  already well advanced, 
to be . ,~brnittrd for pr~blication, a t  the  time I rnr.ntioned, belore the spring, namrly, of 1895. 
T h e  {.h;lrt is constructed on Rlercator's projertion so  a s  to be useful to  naval mcn, 
and it shows the tidal and levelling operaliuns of the department, as well a s  the co-tidal 
lines. 

T h e  work carried on during the  year  will now be noticed in detail. 

nur ing  the survey year under review, tidal observations by means of self-registering 
Ral1ces, \ \ e re  talten a t  tliirtern stations, na~ncly,  Adrn,  h,Jaslcat, E ~ . ~ s l ~ i r e ,  /<-fimcht; 
Rl;Pvnagar, /Ipol/o Bntrdav (Bonrba,y), Print e 's  Dock ( E o n ~ b a y ) ,  blinicoy, Trincomalee, 
/<rdderpore, h'nn,<oon, hlergui, a ~ l d  /'orb Blnir. T h e  seven tidal stations, whose nnmrs 
are  not italicised, are minor st.:tions, where observations, as  a rule, a r e  taken for five years 
only. t 'rince's Dclck is included among them, a s  the conlinuance of its registrations 
beyond the limit of five yezrs is not required by the general scheme of tidal opcratior~:, 



although the registrations are  so uselul t o  the officials of the Docks that they seem likely 
t o  be continued indefinitely. T h e  six stations whose names a re  italicised, a re  permanent 
stations, wkere the minimum period of observations lasts for 19 years, and where ol,svrva- 
tions should continuc to be taken until the work a t  all the stations is completed. 111 addi- 
tion to the observations take11 a t  the stations enumerated above, personal tidal obsrrva- 
tions to graduated staves were talten daily, with the object of comparing the actual heights 
and times of High and Low Water  with those predicted ill the tide-tables at  the follow- 
ing ti(la1 stations, a t  all of which the  tidal observatories a re  closed :-Cochin, Tuticorin, 
Colombo, Chi~tagong,  Akyab, hloulmein. . 

T h e  tidal observations a t  Mergui and BhPvnagar were closed on the 6th June and 
17th August 1894, respectively, five years' observations having been completed a t  these 
stations. 

The tidal observatory a t  Bushire was wrecltt-dl in a storm, on the 19th December 
1893 : it was re-erected on an iron substructure, and the obs-rvations were resumed on 
tile 23rd April 1894. No new tidal observatories \vr:re established during the year 

It  will be seen from the foregoing, combined with the particulars given in p-evious 
Annual Reports,  that since the resuml)tion of tislal 01)erations systematically i 1877, 
observations have been talten a t  33 tidal observatories, of which 2 2  (including hl dras) 
have been closed on the completion of their regislralions, ancl I I a re  now in operatic 

During the year 1894-95 tidal observatiol~s will be contiuued a t  the follo\ving st. 'ons 
where they a re  now being taken, vlz., Aderl, Masltat, Bushire, Karachi, Apollo HL -1ar 
and Prince's Dock ( E o l ~ b a y ) ,  Rlinicoy, Trincomalee, Kldderpore, Rangoon, and ,rt 
Blair. No observatory \\:ill be closed. 'Two new tidal observatories will be opened, thc e l  
nanlely, a t  Madras and Diamond Island, and possibly the proposed tidal observatory a t  
Port  Albert Victor in Kathi6nfPr; but the conlpletion of the last-named observatory within 
a year from the present time does not seem probable 

Regarding the proposed resumption of titlal observations a t  Madras, I hoped it  would 
not be necessary t o  report any further delay about it  beyolid that which J mentioned in 
my last Annual Report,  but I regret to  s tate  that  the tidal observatory is not yet  ready, 
and that I must continue t.he story o: delay wlier-e I left it off last year. I mentioned 
the11 that in co~npliance with the request of the I?nginper, Harbour Trust  Eoard, 1 sent him 
drawings on the 30th March 1893 to enahle him to put u p  a sanctioned temporary obser- 
vatory in wliicli to take tidal observations, !,ending the c o m p l ~ ~ t i o n  of the permanent 
observatory on tlie northern arm of the harbonr. In the following November, having 
heard nothing further on the subject, I directed R,lr Belcham, arho had to pass through 
Madras, to  see the  Enginet-r and find out what had been done. He r e p o r ~ e d  that the 
Engineer informed him that the liarbour Trust  Boar-d had not thought it worth the expense 
to  erect a temporary building, when the arliis of tile harbour were so near cotn- 
p!etion; but I may here remarlc that  they s a r ~ c t ~ o n e d  tlie erection of a tenrporary 
builtling in their Resoluiioli NO. 7 of the 20th January 1893, on the express 
reco~nmendation of tlieir Engineer;  a n d  that they sent me no iniin~ation that they had 
rescillded their resol~rtion. i\lr. Eel~:ha~n's reporl, thus lar, was not very encouraging; 
but it p r o c e d e d  to inform nie that the Engineer expressed the hope that the permanent 
tidal observatory \vould be ready in May 1894.. 'I'lrat hope, however, was not destined to 
be realised, and alter waiting until .August 1894 \r'itllout receiv~ng any conlrnunication 
whatever from the Engineer, I was obligetl t o  write to  the  Secretary, Harbour Trus t  
Board, a letter \vhicli elided a s  follows : " It is no\v sixtern months since I sent  your 
E n g ~ n e e r  the pl;in.q lie aslted for, and it is lo  me a matter ol regret that so  many months' 
tidal observations have been lost. I, tlierefol-e venture t o  express the hope that  the Board 
will now i~iforln tne when they especl  the permanent tldal observntory will be ready for 
the reception ol the tidal apparatus." In  reply lie s ta ted that it was hoped that the 
observatory would be ready very shortly. Tha t  was not very definite; but a few days 
alterwards he wrote saying that the Engineer reports that  the chamber for the tidal 
observatory will be ready t o  receive the instruments I)y the end of September." On 
receipt of this itiformation I vvrote to Lhe Engineer asking for a rough sketch of the 
chamber, etc.. to enable me to complete my preparations, and mentioning certain pre- 
cautinns necessary in the details of the design. In his reply he expressed the hope that 
the observatory \vonld Ile ready eillier by thc end of September or early in October. T h e  
Secretary to t l ~ e  tiarbour T r u 4  I3oard also wrotc to  Ine, on the 26th September, sa).ing 
thai  the Engineer inforlnrcl him that Ile hoped LO have the tide-gauge chamber ready early 
in October. Much hope has ihus been expressed, and there tlie matter now stands. 

With refrrc-nce to the estab!islim~nt of  a tidal observatory on Diamond Island, a t  the 
mouth of the Eassein River i l l  Eul-ma. 1 stated i l l  my last annual report that the obser- 
vatory was ready, and that one of Mr. Eelcham's first duties would be to proceed to 
Diamond island to set u p  tlie apparatus ancl s tar t  t l ~ e  tidal observation. My report was 
writtrn in October 1893, and on tlie 22nd of ilie follon.ing nlontli the Executive Enginper, 
Rassrin Uivision, wrote enqtlil.il?g when I \voultl arrange t o  put up the apparatusland 
asking me lo bear in mind that ihe best season is the end of  December and all Janllary 
and February. I had written to Iiim, on tlie rGth o; the same month, that  I had instructed 
Mr. Belcham to start the observations in Decembrr, ant1 our letters crossed in transit. Sub- 
sequently he telegraphed and wrote asking Ine to  drfer  sending Rlr. Belcham, a s  it was 
found that the 0bservatoi.y hird bee11 dan1agc.d during the Inonsoon. I was unable*to 
comply with this reqrresl, for Mr. Eelclia~n was then a t  Port  Blair, from which place I had 

Y 2 



ordered him t o  proceed to Calcutta, and thence t o  Burma, t o  inspect the work done 
Dianlond Island, and, if  possible, s tar t  the observationc, the11 t o  inspect the Rangoon tidal 
observatory, and alterwards to  proceed t o  Ceylon, aud it  \ \ la j  impossible t o  alter this pro- 
qramme, on \vhich his work for  the whole field season depended. Also, a s  1 had been ready 
'to undertake the tidal observations a t  Diamond Island for  the past three years, I naturally 
did not wish to  lose the opportunity of obtaining Mr. Belcham's report  on the  actual s ta te  
of the work there. H e  visited Diamond Island from the 25th t o  29th December 1893, and 
tinding tlie communication with the sea quite closed, and being unable to  open it, he, i n  
accordance with his instructions, continued his tour of inspection. On the 15th February 
18194, the Executive Engineer again telegraphed to me saying that  the  observatory was 
ready, and t h a t  a man should be placed in charge of  it. Before the receipt of this telegraln, 
hlr. Belcham and his tidal observatory inspection party had left Poona to re-erect the tidal 
observatory a t  Bushire, whicll, a s  already s tated,  had been wrecked in a heavy storm, and  
the  other tidal observatory inspection party was a t  the  island of Minicoy. I, therefore, replied 
t o  tlie Executive Engineer, that  my two inspection parties being engaged on work which 
could not be interrupted, I was not then in a position to s tar t  the  worlc a t  Diamond Island ; 
but that the telegraph master a t  that  place, who had to undertake the duties of tidal obser- 
vatory clerk, ought  t o  be placed in charge of  the observatory a t  once in order  that he  might 
keep the communication open until I should be in a position t o  put up the tidal apparatus. 
1 also pointed out the advantage of  having a series of experimental co~nparisons of the 
water-level within and outside the float-cylinder by means of graduated poles taken, so that  
there might be n o  doubt regarding the working of the com~nunication pipes and cylinders 
before commencing ohservations with a self-registering tide-gauge. I gave him all the  
necessary details, and  in a subsequent letter,  written to  him during the same month, I said 
I thought it " a s  well t o  s ta te  clearly that, in view of the  past history of the operations 
a t  Diamond I s l a ~ ~ d ,  I d o  not feel  justified in incurring the expense of sending my tidal 
assistant and his men, together with t h e  self-registering tidal apparatus, to  Lliamond 
Island, until 1 have evidence from a sufficient number of e x p ~ r i m e n t a l  comparisons, between 
the \rater level within and outside the float-cylinder, that  the  co~nmunication may be 
considered to be generally free and  not l ~ a b l e  to inttrruptioi;." The  telegraph master took 
the necessary experimental observations during the past rainy season, sending them to me 
week by week, and 1 am glad to report that they a re  very satisfactory, and  show that 
communication has been quite f ree  throughout the  season. T h e  self-registering tide-gauge 
observations will accordingly be commenced a t  the earliest possible date  during the 
approaching cold season.  During the rainy season it would not have been possible t o  
put up the  appar.-tus. In my annual  report for 1891.92, I commented on the difficulty of 
communicating with Diamond Island during the rainy season, the  objections to that  
locality as  a tidal station, 2nd t h e  grea t  labour and heavy expense that have been incurred 
t o  o5tain tidal observations there. I need not now do more than refer t o  :he opinions I 
then expressed, which subsequent events have abundantly confirmed. 

My cordial thanks a r e  due to  Mr .  D. Morris, the Port  Engineer  atPKarachi ,  for his 
invaluable help in c-onstructing the iron substructure for t h e  Bushire tidal ohservatory, 2nd 
for all the other assistance he afforded us in re-establishing the observatorv there. Details of 
this work will be found further on. 1 wish also once more t o  mention my obligations to  
Commander A .  Channer, R. N., for his kindness in carrying our  men and their eupplies 
b~- tween  tlie Island of Alinicoy and Ceylon, thereby much facilitating our operations. 

I shall now describe briefly the working o f  each tidal observatory, commencing a ith 
Aden and following t h e  order  of the stations round the coasts t o  Burma;  including in this 
survev those stations where in lieu of automatic tidal observations, personal observations 
t o  a graduated staff a re  taken daily, in order to  lurnish comparisons between the  actual 
and the predicted heights and  times of high and low water.  

Aden.-The observations a t  this station have been satisfactory on the whole, the 
self-registering tide-gauge having worked well throughout the year, except in the follow- 
ing instances : The  spring regulator clock s topprd  on the 2nd January 1894 ; after 
ineffectual efforts t o  re-start it, the spare pendulum clock, kep t  in the observatory and 
mentioned in my last annual report,  was subs t~ tu ted  for it on the 5th ; this clock stopped 
on the 7th) and 011 the  6th the spring reg~rlator clock, which had been thorougllly 
repaired, was re-attached to the gauge. From this time until  the 13th of the same month the 
clock had a larpe error  ; but it was then regulated, and has been working well up t o  the  
present.  From the 13th June t o  t l ~ e  8th July about  low water the pencil marked a 
straight transverse line on the  diagrams a little above the  4-foot line, except o n  the 26th 
and 27th June  when the tide did not fall s o  low, and on the  2:st when the pencil appears  
t o  have overcome t l ~ e  o h s t a r l ~ ,  which probably consisted of grit or dirt allowed by the 
c-lerk to settle on the guiding parallel bars. T h e  clerk profrssed llis inability to  discover 
the cause of the ohs~ruc t ion  to  he motion of the p e ~ ~ c i l .  As rrgnrds t h ~  manner in which 
his work was performed throughout the  year, lie was on I tavr  from the 1st January to the 
2nd Al~ri l ,  and during this time his \\.orli was not done properly by the man appointed 
locally to ac t  for him. Under 1)resrnt arrangvmcnts the clerk is obliged t o  work both 
in the Port Orlice and in tllr tidal observatory ; and thc amount ot work rcqrlired from him, 
\vhich inclucles a walk t o  the top of Flag S~; t f f  hill t:vcryutlay, is more than an ordinary 
man can b r  rxpected to  do propcrly in a c l i ~ ~ i a t e  like that of Aden. I r r com~nrn t l  that 90 

long as  lic is required to do this clouble tluty lie sliould be ~ r o v i d e d  with an assistant. 
T h e  auxiliary instruments have worked without a siligle [allure thl.oughout the year. 
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Tlie tidal observatory was not inspected during the year, for the reason already 
mentioned. 

A1askat.-At this station tlie self-registering tide-gauge has behaved remarkably 
\vcll. There was only one short break of 10 hours in the registrations during the ye?r ,  
owing t o  the unavoidable stoppage of the clocl<, which ran down on the 21st November. 
During tlie cyclonic \veather, from the 18th to the ~ 1 s t  November 1893, all attempts to ge t  
to  the tidal observatory were ineffectual, owing to the dangerous roughness of the sea, 
and the  clerk was then unable to  wind the c10c.k before it ran down. Uuring the cyclone, 
the observatory, o\ving t o  its sheltered pcsition, remained quite safe ; but half of the 
stones \vere waslled out of the north dam (described in last year 's An~iua l  Report)  which 
closes the indentation in wliicli the tide-gauge worlts, converting it into a protected well 
or cistrrn, the frame-work of ~vhich dam consists of a double ro\v of massive beams and 
rails ; and all the loose stones forming the small rough stone wall t o  the south of the 
observatory were washed into the ~vel l  and, together with debris from tlie north dam, 
were heaped round the cylinder, without, however, doing it any damage. By tlie 1st  
December the tlani \\,as repaired and tlie debris around t l ~ e  cylinder removed. On the 7th 
and 8th January 1894, tlie weather was again so  bad tliat the clerk could not visit the 
observatory, but neilher on this, nor on any subsequent occasion, did the clock rnn down. 
Bad wealher was again experienced from the loth to the 12th February, when the north 
dam was again somewhat damaged. It was repaired by tlie 20th of tlie same month, 
and since then no further damage has been reported, although there was  bad weather 
again in June. 

( l i  the auxiliary instruments, the aneroid barometer has worked without interruption, 
apd has shown diurnal variation ; but it is not sufficiently sensitive, and has required 
tapping t o  bring it into agreement with tlie standard mercuiial barometer 

T h e  cloclc of the anemometer got out of order on the 9th July and had t o  be sen t  for 
repair to  Poona. I t  was set going again on the 17th August, and the registrations of the 
instrument have been very satisfactory. T h e  rain gauge remained in good order. T h e  
standard sundial lias answered its purpose well. Tlie cleric has taken observations with 
it  regulal-ly \\.eel< by week since tlie upera t~ons  conimtnced in order to  check the error  
o f  the chronometer. T h e  rate of the latter has been found very regular (about 18 seconds 
daily, losing), and the tide-gauge clock has been kept  to correct time. 

I inspected the tidal observatory, on the 9th December, and found andlef t  everything 
in a satisfactory condition. 1 had sent Surveyor Dhondu Vinayek in advance to do tlie 
necessary cleaning and adjusting of the instrumrnts, and to take the usual rneasure- 
ments. He arrived on the 25th November, having experienced a t  sea the cyclonic 
weather already mentioned, and found t l ~ e  tidal observatory building and anemometer 
house in good order. On seeing what had occurred, betnreen the 18th and a r s t  Novem- 
ber, he set coolies to  work, who cleared tlie well and filled tlie north dam wit11 stones, 
adding some new posts and planks, tlie bet ter  to  retain tlie stones. Tlie rough stone wall 
to  tlie south of tile observatory, liaving proved disadvantageous, was not rebuilt. T h e  
cylinder was freed from rust ; the wood-nrorlc tarred where necessary;  and everything 
restored to good condition. It was noticed that  between 2 and 6 P. M. daily the drum of 
the tide-gauge did not keepstrictly in time with the  driving clock, losing about two minutes 
in the lioi~r. T h e  tide-gauge (as mentioned in last year 's annual report) is the instrument 
that  was previously in use a t  Cocanarla , and a t  my illspection of tliat tidal station, in Feb- 
ruary 1888, I noticed this defect in the instrument, remedying it by changing the cord of 
the back-lash wciglit from its place on the axle to  the surface of tile drum. T h e  same 
plan was again atlopted, and the time recorded on the drum lias since agreed with that  
indicated by the clock. A small Iiole was also cut through the  observatory floor and fitted 
with a vcrtical case open a t  the top, and going down below tlie level of the floor, for the 
pencil countc-rpoise mriglit to work in, and so allo\\l the pencil t o  move along the entire 
length of t l ~ e  drum, without the necessity of w i n g  a secondary pulley which originally 
carried tlie weight, and under cvliicli the  cord passed from above, to  rise again a s  far a s  
the bed-plate wht-re its end nvas secured. 'This pulley had been removed by the clerk, 
under the i~npression that  some irregularities in the tidal curves had been due to its action. 
'I'he graduated staff was removed, cleanrd, painted, and refixed in position ; and its zero 
testecl and f o ~ ~ n t l  to agree with tliat of the tide-gauge. 

A~lrtcorological records have been forwarded periodically by the clerk t o  the Meteoro- 
logical Rrporter  to the Government of India, whose meteorological instruments, as  well 
as  all the other i ~ i s t r r ~ ~ n e n t s ,  have been kept  clean by the clerk, and attended to punctually 
according to instruclions. 

T h e  cl(:~-k anrl his assistant clerk are  both careful and. trustworthy men, and have 
perfornietl t l ~ r i r  duties very sr\tisfactorily. 

ASnjor J .  Haycs Sadlrr,  Her Britannic MajestylsConsul and Political Agent at  AIaskat, 
has the kintlness to  visit, the observatory occasionally; and my thanks are  due to  him for 
his continul,d co-ol)crntion, and Ll~c interest he takes in the operations. 

Hu.\hirc..-At t l~ i s  station the sclf-rrgistrl-ing tidr-gauge worked most satisfnctorily 
and w i t h o ~ ~ t  a si11g1~: stol)1lagc., until the 1yt11 L)ect.nibcr 1893 whcn, between 4 and 5 P.M., 
during thf. Ii11a1 1)11rst of :I lo l~g  conti~iuecl and heavy gale from the south-east, the founda- 
tion 01 tho tid.11 observatory &vc way, ant1 all the nlasonry above t11c well was destroyed, 
c-xcrpt the north-east corncTr. 'The \ v o o d ~ n  obsrrvatory house, which had rested on the 
Inasollry s u b s ~ r u c t ~ ~ r e ,  was fortunat-ly only tiltcd over and, wit11 ail the  apparatus 
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contained within it, was s a v e d ;  but the tide-gauge although saved was much damaged, a n d  
the tidal observations had to be suspended until the 23rd April 1894, when the observatory, 
af ter  lwing re-erc-ted, was re-opened for obscrvat io~ls .  I was informed that  so heavy a 
gale had not bee11 known a t  Bushil-e lor ten years ; nevertheless the masonry substructure 
would have weathered it if  il had been built with good mortar ; but the debris showed no 
signs of mor ta r ;  in spite o f a  Facing of I'ortland cemrnt .  it had all been washed out, and  
t h e  s tones fell separately and  did not  cowe down in blocks ; the wonder being tl:At the 
structure had successfully resisted occasional severe weather fo r  more than a yea!, and that  
it ~vithstootl during the  17th a n d  18th December the storm that eventually wrecked it. 
Mr. hlorris, the Port Engineer  of Karachi, to  whom I sllowed a sketch of the original 
observatory, agreed with me that  it was s t rong enough a s  designed. Its erect ion is 
describetl in Iny Annual Reports  of 1891-yz,  and last year (1892 93): 

I inspected t h e  obwrvatory from the 16th t o  the 18th December 1893 and found that, 
ill spi te  of the heavy weather, everything, to  all outward apprarance,  was safe and sound, 
and  the tide-gauge working very satisfactorily. I ,  therefore, decided not to  stay for  an 
extra week a t  Bushire, but to leave by the mail steamer, advertised tosail on the ~ g t h ,  a n d  
go  t o  Karachi, where I I l ~ d  preliminary work to d o  connected with the spirit  levelling 
there,  leaving Surveyor Dhondu Vinayek to finish off the measurements and other  details 
of the Bushire inspection. O n  the afternoon of the 1 9 t h ~  I reached the mail steamer, 
which was  anchol.ctd out some miles from shore in the  pilot boat,  the only craf t  in  
Bushire tha t  would venture out t o  sea. After being almost swamped, and,  in spi teof  
water-proofs. altogether drenched, I got on board a t  about  4 o'clock. T h e  weather was 
so  bad that the s teamer was unable to  s ta r t  until the following morning, and, owing to its 
being impossible t o  transmit messages from shore. I was unaware of what had happened 
t o  the tidal observatory, until on arriving a t  Karachi I received telegrams on the subject 
from Bushire. 1 then appiied personally t o  hlr. Morris, the Port  Engineer, who most 
kindly interested himself in the matter, and arranged with him for  the construction a t  his 
workshops of a n  octagonal iron substructure, the corner  posts of  which were  to be ernbed- 
ded  3 feet in the solid rock, to surround the well and  support the timber cabin o f  the  
Bushire tidal observatory It  \\,as decided that the  substructure should be formed of old 
rails, and t h a t  a n  annulus of stone laid ~hroughout  in Portland cement should be built round 
the top of the well, enclosing within its Inass the  lower part of the iron suhstructure. 
After finishing my business in Karachi and returning to Poona. I sen t  Mr. Morris from 
the  latter place, on t h e  16th January 1894, the  necessary drawings for  executing the work, 
namely, a plan and sectional elevation, a working plan and a n  erecting plan, and he put 
the work in hand a t  once. T h e  drawing of these plans was the work of Lieutenant 
Morice. I also telegraphed, on the same day, to  Mr. Belcham, recalling him to Poona a s  
soon as  his work a t  l 'r inco~nalee should be finished. A t  Poona, Mr. Eelcham wasemploy- 
ed  for a few days preparatory to  going t o  Bushire, in t h e  manner described previously. 
H e  arrived in Karachi on the 17th February, and ,  in addition to  other work. he 
assisted in t h e  completion o[ the  iron substructure and se t  i t  u p  experimentally before 
taking it t o  Bushire. H e  left Karachi 011 the 6th and reached Bushire on the 16th 
March. Some time was occupied in cleaning the well and removing the debris ; but, by  
t h e  ~ 1 s t  April, the communication pipe, 47 feet long, had been taken up, cleaned and 
relaid;  the annulus bui l t ;  t h e  substructure put up and the cabin erected upon i t ;  the float 
cylinder placed in ~ o s i t i o n ;  a new rain-gauge pillar, built on the toll of  the Telegraph 
Office, t o  replace the original one which had stood there until the 19th December, when i t  
was carried away by the s t o r m ;  and bench-mark A from which the inscribed stone llad 
been purloined, restored to its original condition. On the ~ 2 n d  April, a new tidr-gauge 
brought from Poona, and adjusted to work on 5 the natural scale,, instead of  on the scale 
a s  formerly, was se t  up and e x ~ c r i m e n t a l  observations taken with lt, ant1 a f te r  its bed- late 
had been connected by levelling with the bench-marks of reference, and its. zero adjusted 
t o  the original value, the regular registrations ware resumed on the 23rd April. From 
this date  until the 5th Alay Mr. Belcham remained a t  Bushire, employed in superintending 
the putting of  the finishing touches t o  the observatory, in watching the performances of 
, h e  tide-gauge and  other instruments, in taking zero measurements, and in instructing 
Mr. J. 0. Twells, one of t l ~ e  senior telegraph clerks, w l ~ o  was placetl in charge of the observa- 
tnry from the date  of  i ts  re-establi.il~ment, in the  duties of tidal observatory clerk. Mr. 
Belcham left the observatory and all the instruments in thoroughly good order, and 
reported that Llr. Twells u ~ ~ d e r s t a n d s  his duties in every particular. A careful and 
&tailed descril,tion, with plan and sectional elevation, of the new observatory, prepared by 
hlr. Belcham, is f l e d  in my office, together with photographs of the observatory as  it now 
stands. I am greatly i~ldebted to Mr. T. Y. Johnstonc, superintendent  of 7relegrapl~s, and 
his assistant, hlr. R.  C .  C a ~ n ~ b e l l ,  fo r  their prompt action, a t  the time of  the accident, i n  
saving the ins t run~ents  and making secure the observatory cabin, in co-o~era t ion  with 
Surveyor Dhondu Vinayek, a s  well as  lor their help, most freely in man)' ways 
t o  Mr. Belcham while he was engaged in re-erecting the  observatory. Mr. Johnsto~le 
continues t o  exercisr a supervision over the observations. 1 have already mcn- 
tianed above my obligations to  hlr. D. Rlorris generally ; but I would add here that, in 
adtlition t o  constructing tile iton substructure in his workshops, he lent  Mr. Belcham a 
qlIantity of tools, e tc . ,  without which the erection of the substructure would have been 
very difficult, and also provided him with a mason and a mechanic, who accompanied him 
to Bushire and both of whom assisted him most efficiently. Mr. Morris also did not charge 



&he customary commission on the work done ; but only the  bare cost-price of the mate- 
rials, and the actual cost of labour. 

T I I ~  tide-gauge now working a t  Busliire is tide-gauge No. 22 ,  which was last u w d  a t  
Tuticorin. It is one of the new pattern by +die. with chain a t t a rhmrnt  to  the pencil 
traveller; b ~ ~ t  the regulator clock of the damaged tide-gauge was attat-hed lo it : t Busliire 
by Mr. Belcham, in lieu of its own pendulum clock and the l a t t e ~  was brought ha :k 1)y him 
to Poona T h e  readings of the gauge are  checked daily by a comparison of the ~ a t e r - l e v e l  
inside the float-cylinder, a s  indicated hy the pencil on the drum, with that outside as  indi- 
cated by a graduated staff fixed near the outer end of the con~munication plpe. Since the 
tide-gauge was set  up, on the agrd A p r ~ l ,  it has worked very sat~sfactorily, the i ~ ~ t e r r ~ ~ p -  
tions to  its registration. having bpen few and unimportant. T h e  p e ~ ~ c i l  failed to n a r k  
for  a short time on the 7th and 28th May, and on the z r s t  and zznd J u l y ;  and on the I ~ t h  
June there was a short interruption,of two hours and a half, due to the b r e a k i ~ ~ g  of tlie 
cord of the back-lash weight, and a further interruption the same day, owing to the cord 
af ter  being repaired having been wound in the wrong direction round tlie axle ; by the 
time this mistake was rectified it had caused an interruption to the registrations of about 
five hours. 

T h e  record of the aneroid is fairly good The cloclc stopped only once, namely, on 
the 26th April, while Mr. Belcham was a t  Bushire; but for some time previously it had 
bee11 losing several minutes per diem, and had to be se t  daily by the clerk. Mr. Belchan1 
also found a material difference between the readings of the dial and of the  pencil Also, 
there was no record for the fortnight between the 23rd Octoher and the 6th November, 
owing to the supply of diagrams having run out, the periodical return of stores required 
not having been submitted in time. 

'1 he anenlometer has worlced well. At my inspection it was found that, while the 
velocity gear was in good adjustment, the direction gear did not record accurately, owing 
to the co~inect ing pin having fallen out. Subsequently, during the loth February, no record 
was obtained, owi-ig l o  the spirals not having been let down upon the diagram. 

Karach i -At  this station tlie self-registering tide-gauge worked very satisfactorily 
throughout the year. 'The only irregularities were the follo\\,ing :- 

The  communication became imperfect on two occasions, for three hours and one hour, 
respectively ; the float-band stuck on the stud-wheel once, for a short time ; and there 
were five short stoppages of the clock. T h e  gaps in the tidal curves, so  occasioned 
were insignificant; and in all cases the curves were readily completed by interpola- 
tion. 1 inspected the tidal observatory, between the 2nd and 9th Jdnuary, assisted by 
Surveyor Dho~ldu Vinayek, who left Buchire on the 25th December, and  arrived in 
Karachi on t l ~ e  3rd January, and found Lhe tide-gauge working well, and everything 
looking very neat and clean. I mentioned in my last year 's annual report that  in 
March 1893 the clerk had been directed to  ascertain the condition of the bottom of the  
float-cylinder, and the communication, by means of monthly n ~ e a s u r e ~ n e n t s  inside and  
outside the c!,linder taken from the level of t l ~ e  bed-plate, and to report a n y  accumulation 
of  mud lo the Assistant Enginerr, wit11 a vie\\? to its im~nedia te  removal. T h e  clerk took 
these measurements as  ordered, but the cylinder had not been cleaned out, and I found 
that over t ~ v o  feet of niud had been allo\ved lo accumulate within it .  This  accumulation 
was removed. Tlie mud collects now in tlie c y l i n d ~ r  more rapidly than in former years ; 
I ,  therefore, directed that in future the cylinder should be cleaned out once every six 
months, and the condition of the mud outsidc the cy!inder ascertained a t  the same time, 
with a view to its removal i f  necessary. These directions have been complied \vith. In 
hlnrcl~ last, a t  the cleaning of the cylinder, no mud had collected inside it, but some 
dredging was necessary around tlie observalory;  six ~ n o n t h s  later, in September,  a 
dcposit of mud was removed from \vitliin the cylinder, but no external dredging was 
necessary. I had tlie bench-marlt of rrference protected by a strong wooclen railing, and 
on finishi~ig my insl~ection lelt everything in good 01-der Afterwards, on the 13th Feb- 
ruary, a new graduated staff was set  up. 011 the 17th of the same month Mr. Belcham 
arrived in Karachi, and,  before going on to Bushire, took the opportunity to  inspect t l ~ e  
observatory ; he also inspectcd it on h i ;  r tatarn froin Bushire. Tlie anemometer has given 
very perfect records;  b ~ ~ t  the ancroid Iias been repeater:ly out of order, an, l  its clock has 
not b e i ~ ~ g  going for the laqt month, namely, since the 3rd September;  during the preced- 
ing six months it had become very i~iscnsitive and its rcgistratio~is usrles;, and ~ n o t l l e r  
aneroid  nus st I I ~  substituted for it a t  next insl,rcLioli. Thc  tic-In1 ol~servatory clerlc, 
J h a ~ n ~ t  Mal, performs his duties very satisfactorily. klr Morris, the Port S n g i ~ ~ e e r ,  has 
the Itinclness to generally si~lxrintencl tlie \vork, ant1 under his direction his i\ssistant 
Engineer, Mr. ll l i ;~r:~m Siug, immc-dintely sul,ervises the tidal observatory. For m n ~ i y  
year& Rlr. D11ar;tm Sing has liccn o f  great  assistance, visiting the observatory frequently. 
taking mcnsurrmr,nts for t l~~te rmina t io~i  of zero when required, and providing for all 
neccssnry clcaning and repairs 

I - 'OI .BII~II~'~V.- ' l ' l i e  Stntr  E n ~ i n e e r  ol Porband;~r, Kat!iid\vdr, wrote to me in January 
stating that lie li:~il been l n k i ~ ~ g  titlal ohscrvntions a t   he port a t  15 minute intervals 
for a year, ant1 ar;l<ing me \vIicre II(.  coilld y t  l o r ~ n s  and instrucl.io~~s for the reduction 
of his ol~sr~rvntions. I s rn t  Iiiln [lie inlormation he n?;l;rtl lor, together with a specimen 
set of tlic [orliis rcqnil.c.tl for O I I C  year 's ol>sc~rvations at  a port, which were to  be 
rcturnetl to nic ar t rr  rxa~nin;~t ion,  and I olfcrcd to unrlcr(nke t l ~ c  calcnlatiou, i f  he should 
fccl disinclined to do so, on account of the labour involved, a ~ ~ d  incorporate the results in 



the tide tables for t h e  Indian Ports ,  a s  had been done  in the case O F  the tidal observa- 
tions a t  P o r t  Albert Victor, which were carried out under the direction of Mr. Proctor- 
Sims,  the S ta te  Engineer o f  Bhdvnagar. In May, I received a letter from the Adminis- 
trator,  Porbandar State ,  enquiring whether one year's observations were sufficient for the 
co~npilation of a n  accurate tide-recortl of a port, and asking whether I thouglit it would 
be  advisable to  continue the  observations for another  year ,  or whether those talten up t o  
da te  were sufficient for all practical purposes. I replied that  the 05servations t ; ~ k e o  were 
sulficient for t h e  determination of a good value of the mean sea  level, and of the niean 
and  extreme tidal ranges, etc,, if  the  tidy-gauge had been connected by spirit  levelling 
with a bench-mark on shore : but tha t  I was unable t o  say whether they were sufficient 
for the  co~npilation of  a n  accurate tide-record of a port,  o r  for all practical purposes 
until I knew exactly what the S t a t e  Engineer wished to deduce from them. I added that 
they would suffice fo r  the  preparation o f  tide-tables, similar to those for Port  Albert 
Victor and Okha  Point in our publications, and that  I should be  happy to malie a n  
arrangement at. Porbandar, such a s  that  now being made a t  Port  Albert  Victor (where it 
is intended to supplement the  existing observations by a more extended series of observa- 
tions, t o  be taken with a self-tegisterillq tide-gauge) if, after preparing tide-tables from 
the  S t a t e  Engineer's existing observations, such a n  arrangement  should seem advisable 
to  the  S ta te  authorit.ies. With reference to  the question of extending the S ta te  Engineer's 
present  series of observations for  a second year ,  I s ta ted that  1 thought such an extension 
would be desirable, especially if it were contemplated t o  have tide-tables prepared from 
his tirst year's observations. O n  the 26th June, the  Administrator wrote informing me 
that  it had been determined to continue the observations a t  Porbandar until t h e  ~ 1 s t  
December ~ S g t .  

Bhn'vnn,<ar.-At this stalion, t h e  self-registering tide-gauge has  continued working 
well, only a few short  and unimportant interruptions in the registrations having occurred 
since the  beginning of the  year .  O n  the 14th January, the bolt of the  air-cock hn~ldle  
came off and  was not  replaced for 6 hours, conscquently the tidal curve remained 
unrecorded for that  time. There was imperfect communication ior three hours, on the 
15th February, owing to a leak in the communication pipe, and  for about  1 2  hours, on the 
5th March, through the pipe having become choked. T h e  cord support ing the counter- 
poise weight of the pencil broke a t  6-15 o'cloclr on the evening of the 19th  February, 
and work was re-started a t  7 o'clock on the following morning. T h e  usual 5 years' series 
of observations were. completed in J a n u a r y ;  but the S ta te  Engineer  had reasons for 
continuing them until Ju ly ;  ant1 in August Surveyor Dhondu Vinayek went to Bl~dvnagar, 
took zero measuremer~ts, and carried out the usual details of an inspeclion, dismantled 
and  cleaned the instruments, which are  the property of the Bhivnagar  State, handed them 
over  to the  S ta te  Engineer, and closed the  observatory. H e  also set  up a graduated staff, 
t o  which personal observations will be taken, and , -a t  Captain Godrich's request, se t  its zero 
to  correspond with the zero of the tide gauge, instead of making it  agree  (as is custom- 
a ry)  with t h e  datum of the tide-tables. 

T h e  aneroid worked without an actual interruption until December. During that 
month it stopped for a short time on three occasions, and in January it stopped once. 
These stoppages were unimportant ;  but the instrument is not sufficirntly sensitive ; and 
the diurnal variation is not properly recorded on the diagrams. 

T h e  anemonleter has  worked admirably, and \\:ithout a s ingle  interruption. 
T h e  succ.-ss which has at tended the tidal observations a t  Bhdvnagar has been 

due t o  the excellent arrangements of Mr. F'roctor-Sims, the State  Councillor and Engineer, 
t o  whom I would tender my cordial thanks lor his unvarying and kind co-operi~tion. hly 
thanks a re  also due to  his Nautical Assistant, Captain F. kl. Goclrich, who has had the 
immediate superintendence of the tidal obseri-atory. 

Apollo Batrdar ,  Bon2bay.--The tidal registrations a t  this station have been most 
satisfactory, and have proceeded without a break throughout the year  under  repor t  ; 
in fact,  the tide-gauge bas worked without a single failure s ince November 1866-an 
admirable record. T h e  graduated staff set  up la5t year has fully answered its purpose. 
111 addition t o  two visits paid to  the observatory while   as sing through Bombay, 1 made 
the regular annual inspection of it in January, being assisted as  usual by Surveyor Dhondu 
Vinayek. T h e  ohservatory was found, a s  always, kept  in very good order by the clerk, 
1. Fernandez;  and a t  the  close of the inspecti011 the tide gauge was left clean and in 
perfect adjustment. On the 4th June,  the  t i ~ l e - ~ a u ~ e  well was cleaned out, and three c a r t  
loads of mud removed from it Auxiliary instrunlents a re  not elnployed a t  e ~ l h e r  of  t h r  
Bomhay tidal observatories, as the necessary meteorological observations are  take11 a t  the  
Colaba Observatory. 

Pr ince 's  Dock, Bombay.-The self registering tide.gauge, with short upright d r u ~ n s ,  
of the  pattern in use at  this station only, has worked remarkably tvelI, although its per- 
formance is inferior t o  that of the ordinary instrulnent o f  Newman's pattern, with one long 
horizontal drum, which is capable, as sllo\vn in th,: preceding ~ a r a ~ r p p h ,  of t~or l t ing  for 
years  without a single failure. Interruptions to tile registralions took place durillg the 
year undzr report, owing t o  the followillg occurrences : 1 he cord of thc cou~ltcrpoise 
\\-tight broke on the 6th October, ant1 g hours elapsed before it was repaired. On thc 
5th Noveml~er, otving to its Rim.;iness, the diagram paper w . 1 ~  ~ i e r c r d  twice by the zero- 
penci' ; but  t h ~  latter released itself a f t e r  an hollr on both occasions. On the 7th of 
the  same montlr, another small tear  was made by the pencil, on this occasion, in 



consequence of a crease or wrinkle in the diagram paper. The upper edge of the diagl-anl 
paper was twisted for about 5 hours on the 7th December, when the  clerk set it right. 
the float-band broke on the  27th February and was repaired on the fo!lo\ving day, t h r  
interruptions so caused to the registrations lasting for 17 hours.. Lastly, the driving clock 
stopped a t  1-47 P.M. on the z ~ s t  July, and was repaired and set  golng again a t  about 9-30 A.M.  
on the ~ 3 r d  of the same month. 1 inspected the observatory in January, being assisted, a s  
usual, by surveyor Dhondu Vinayek, who carried out t h r  cleaning, measurenients, etc., 
and in March, a f te r  the breaking of the  float-band, I made an inspection by myself, 
and took the required sets of measurements for determinaition of  zero. At  both inspec- 
tions the tide-gauge was left in perfect order. T h e  new zero-pencil holder, 1 contrived 
and fitted to  the tide-gauge in April 1893, answers well, and much better than its prede- 
cessor; but its action would be  more satisfactory, and the tide-gauge would be clec,idedly 
improved i f  the diagram paper  were stronger and tougher, of a smoother surface, and 
freer from small hairs. At the January inspection a chiselled inscription was addrd t o  the 
bench-mark of reference. The  screening off of the p o r t i ~ n  of t h e  ground-floor of thc 
light-house which forms the tidal-observatory, by means of a corrugated iron partition put 
up since July 1893, a s  then requested, is a g rea t  improvement, giving privacy, and 
protecting the observatory from the intrusion of unauthorised visitors. T h e  clerk bas t e e n  
performing his duties satisfactorily. 

I am indebted to Mr. P. Glynn Messent, the Acting Engineer t o  the Port Trust ,  
who, during Rlr. Squire's absence on leave throughout the year under report, has exercised 
a general control over the  working of both the Bombay tidal observatories. 

Cochin.-I am much obliged to Mr. H .  Woodhouse, the Port Officer a t  this station, 
for having furnished to me regularly the monthly tabulated comparisons between the  values 
given in the tide-tables, and the times and heights of high and low water obtained daily from 
readings to  a graduated staff, or tide- ole, in the manner described in my two preceding 
annual reports. ?'he height   re dictions contained in the tide-tables for 1893 agree 
very closely with Lhe the actuals; but, assunling the correctness of the Port  Oficer 's  
tirne, the time predictions were on the average about 30 minutes too early. During 1894, 
the height comparisons have been as  satisfactory as  ever, and there has been an improve- 
ment in the time comparisons, their apparent  average error up to date  being only about 
20 minutes too early. Even this apparent error may, possibly, somewhat exaggerate the 
real error of the  tide-tables; for it  must be borne in mind that a few minutes' errcr  in 
local time is quite possible, and that although heights, except in rough weather, can be 
accurately observed, the times of high and low water cannot  be determined with very great 
precision by observations to a tide-pole. When the time of high and low water is measured 
by two independent trained observers from the tidal curve traced by a self-registering 
t i d ~ . g a u g e ,  their permissible difference is ro niinutes ; and a t  least a s  great an error may 
reasonably be allowed when readings are  taken from so  rough zn appliance a s  a tide-pole. 

Minicoy.-The tidal observations a t  this remote island-station have been again very sat is factor^, and nn miscl~ief has been d o r e  by the islanders to Survey property during 
the perio under report. Owing to the isolation of hlinicoy (which is only visited a t  
regular intervals by the steamer carrying the Superintendent, Imperial Light Service, from 
Ceylon), it is not possible on each 1st October to report on what occurs there during tile 
exact period included in the Survey year, and the following remnrks will deal with obser- 
vations from the loth July 1893 to the 3rd September 1894. Nothing was  reported t o  
have occurred affecting the tide-gauge until the 29th January 1894, on which day th- brass 
loop a t  the bottom of the float, to  which the counterpoise chain is attached, broke: and 
the clerk repaired it temporarily with copper wire, renewing a t  the same time about 4 
inches of the chain which he found much corroded. This piece of work only occupied 28 
minutes, and no hourly readings were lost. On the loth March, 47 minutes were spent 
in subitituting a new copper loop for the broken brass one, and on this occasion also no 
hourly readings were lost. On the 19th June, after the commencement of the S. \V. 
monsoon, the counterpoise chain got caught near the bottom of t!le float c ~ l i n d a r  and 
parted, but was repaired, and 6 feet of it renewed by the clerk in a little over an hour 
For about four hours, on the 19th July, the pencil marked a straight transverse line on the  
diagram just over the central groove in the drum. The clerk, therefore, I1a1 the float. 
cylinder c l ~ a n e d  out, and a large quantity of sand and rubbish was taken out of it. T w o  
days Inter sand was found to have accumi~lated to  a thickness of about  6 inches round the  
bottoln ol the float-cylinder, and was removed without interrupting the work. At the 
same tirne a piece of the stone supporting the cylinder was found to have broken off, and 
the water was consequently f l o w i ~ ~ g  too freely in and out of the cylinder, and causing 
excessive oscillation of the pencil on the drum. The  water \\.as too rough a t  the time to 
admit ol work being done at  the bottom ; but on the following morning the stone was 
~nendrd ,  and it \Ifas then found that sand had again collected round the bottom of the 
cylinder t o  a thickness of about 4 or 5 inches, retarding the water  communication and,  
consequently, the free movement of the pencil on the drum. Observations had, therefore, 
to be suspended lor a little under 3 hours, during which time two holes in the float- 
cylindpr were operled wit11 diffic.ulty, all shell fish on the inner and outer surface of the  
cylinder werr scrapcd off, and Ihe accumulatioti of sand was removed. Finally, a little 
rnc.rP than an hour was sprnt  i n  cleaning the inside of the float-cylinder on the morning 
of the 3rd Scpteniber. It will be noticed that, with the exception ol the breakage of the  
1 ) l - a ~ ~  loop at  th r  bottom of the float, due to continued corrosion, the interruptions t o  the 
rt.gistrations occr~rrt~d during last S. W. monsoon, a t  which time the sea was rol~gh,  and 
titat all the intrrruptions were trivial. Zero ~neasurements, taken periodically by the clerk, 
show 1l);lt the tdc-gauge has rrmai~lcd in good ad jus t ln rn t ,  
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T h e  registrations of the aneroid have been uni~i terrupted,  and most satisfactory 
throughout the  whole period under  report .  

T h e  anemometer has  worked very well. Some trouble from an ts  was experienced, 
similar to  that  mentioned in my last annual  report. O n  four days, in the  early par t  of 
September 1893, some small black a n t s  were found in the mechanism, and on three of these 
occasions they stopped its working for  a short time, O n  the  12th of tha t  month, the 
clerk applied some carbolic acid, mixed with a little cocoar.ut oil, round t h e  instrument, 
since when t h e  an t s  have kep t  away. On the  3rd October, the anemometer was trans- 
ferred 8 feet t o  the south, t o  a masonry column 104 feet high, which the clerk had built 
according to instructions ; t h e  interruption t o  the registrations, s o  caused, lasting less than 
34 hours During December there were three interruptions t o  the registrations, the  first 
t\vo caused by the  cups sticking, and the  last by rust collecting 011 the  velocity shaft. 
No other  interruptions occurred. 

T h e  s tandard sun-dial has been used to rate the clocks, the  clerk having taken period- 
ical observations with it for that  purpose. This  instrument, and the  mercurial barometer 
and rain-gauge, were in good order  throughout the whole period under report.  

I had arranged with Commander A. Channer, R.N., Superintendent ,  Imperial Light 
Service, Ceylon and Minicoy, that  an inspection party, consisting of a surveyor and t w o  
Inen, should sail with him to Minicoy in January ; but he changed his plans, and did 
not  find it convenient t o  take the  party there until the end of March. The inspecting 
party, consisting of Surveyor Dl~ondu  Vinayek, the senior mechanic, and one peon, sailed 
with Commander Channer  from Colombo, on the 31st  March, and r e t ~ ~ r n e d  t o  that  place 
with him from Minicoy, on t h e  12th May, just before the  burst of the S. W. Monsoon. 
During his inspection, Surveyor Dhondu Vinayek, as  directed, strengthened the support 
of t h e  tidal observatory house. H e  had new piles carefully sunk into the  sand and 
attached t o  the  observatory, without interfering with the observations 01 altering the level 
of  the bed-plate, and the structure ouqht now to last t o  the time when the series of 
observations will end, without requiring further strengthening. H e  also thoroughly repaired 
the communication bridge and  ladder. T h e  several instruments were found t o  have 
been kept, as  usual, in excellent o r d e r :  they were thoroughly cleaned, and left in proper 
adjustment. T h e  clerk continues t o  take a great  interest in his work, and t o  perform all 
his duties ill a very satisfactory manner : the assistant clerk is also well versed in his 
duties, and both men work together  in harmony. T h e  special daily observations taken 
for  the  Meteorological Reporter  to  the Government of India have been continued satisfac- 
torily, and transmitted to Calcutta, a s  usual. No characteristic storm passed over the  
island during the period under report.  

I have already mentioned my obligations t o  Commander Channer, and I wish t o  s ta te  
here that  my thanks a re  also due t o  the Collector of Malabar for his co-operation, ever  
since the commencement of the tidal operations a t  Minicoy. 

Tuticorin.-Captain Baker, the Port  Officer a t  this station, kindly continues t o  send 
me every month the  daily times and  heights of high and low water,  obtained from 
readings taken during day-light t o  a graduated staff. T h e  results of the comparisons 
between his values and the  corresponding predictions in the  tide-tables continue t o  be  
most satisfactory. 

Colombo.-The Engineer in charge of the Harbour works a t  this station has the 
goodness to  furnish observed tidal values for comparison with the values contained in t h e  
tide-tables. T h e  comparisons have been made for the  year 1893, and, in the  case of both 
times and heights, a r e  very satisfactory. 

Galle.-Owing t o  the  smallness of the  tidal range,  and the  roughness of the sea 
a t  this station, daily verificatory observations a re  not taken ; but Captain Blyth, the  
Master Attendant, undertook, a s  mentioned in my last annual report,  to  test the tide- 
tables  daily, and report a n y  marked difference occurring between actual and  predicted 
tides. A s  yet  no report has been received from him. 

Trimcomalee.-The tidal observations a t  this station have continued to be highly 
satisfactory; and the registrations of the tide-gauge may be considered practically perfect 
throughout the year under report, there being only one  actual flaw in them, occasioned by 
the pencil failing t o  mark the diagram for  6 hours, on  the  la th  November. T h e  graduated 
stafl used for comparing the  level of the  water  inside and outside the  float-cylinder 
was washed away in June,  and was replaced by a spare one kept  in reserve in the obser- 
vatory. T h e  former, which was picked up, was repainted, and is now kept in reserve. 

T h e  aneroid has worked well on the whole. Its drivingclock stopped eleven times 
during the year  under repor t ;  but  none of these stoppages lasted for more than a few hours. 

T h e  performance of the anemometer was not satisfactory. Complete stoppages 
of the  instrument were  not numerous, only seven having occurred during the year ; but 
the clock-time is open to suspicion for  34 ~ n o n t h s  a t  the beginning of the year, and there 
is no certainty tha t  the direction of the wind in the same time was correctly recorded. 
Since the 20th March, the velocity gear  has not worked, and another anemometer should 
be s e t  up  a t  next  inspection. 

T h e  mercurial baromrter and the rain-gauge have been kep t  in order through- 
out the year, and their registrations a re  complete. 

Mr. Relcham inspected the observatory, between the 16th and 26th January, and 
found the tide-gauge and aneroid \\orking well, although very dirty owing to coal dust 
having got into the observatory cabin three or four day.; before his arrival. He found the 
ruby forming the top pivot of the balance wheel of the driving clock of  the tide-gauge 
cracked ; but the crack did not extend right across the  stone. H e  set  up the standard 
sun-dial on the pillar prepared for it, as  mentioned in my last annual report, and instructed 
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the clerk in its use. H e  had some trouble in adjusting the anero;d (which is a good in. 
strument of the new pattern), owing probably to  the effect of the coal dust  with which i t s  
mechanism had been clogged, and which it is impossible to keep completely out of the 
observatory when coaliag is going on close by in the Naval Store Yard. 'The readings 
were sometimes very accordant with those of the mercurial barometer and a t  other times 
differed from them by as  much a s  0.03 inch. T h e  marking of the pencil was also faint. 

H e  found the clock and direction gear of the anemometer out of order, a n d  the 
nut for securing the cups t o  the rod missing. H e  put the instrument to  rights, and 
made an alteration in the adjustment and figuring of the diagrams, so  a s  to make the daily 
record run continuously from top to bottom on  each sheet. 

H e  found the graduated staff decayed and  useless; and s e t  up a new one in its 
place : he also prepared a spare one a s  a reserve and left i t  in the observatory. At the 
end of his inspection he reported that  all the instruments were in adjustment, and were 
left working well; and that  the clerk had been thoroughly instructed in the use of tlie 
standard sun-dial, and had taken good independent observations with it, and had also 
been ordered to take similar observations a t  least twice a week for t h e  future. T h e  clerk 
understands all his duties, and has performed them satisfactorily throughout t l ~ e  year. 

I am indebted to Mr. J. Forsey, the Naval Store-keeper, for his continued kindness 
in exercising a supervision over the tidal observations. 

Madvas.-The permanent tidal observatory a t  this station is being bui l t :  and, a s  
regards the proposed resumption of tidal observations, I have nothing to add to my 
comments made above. 

Cocanaa'a.-In my notice of this station, in my last annual report, I gave figures 
showing large discrepancies between certain tidal heights a s  observed, and as  predicted 
in the tide-tables, and mentioned the  regrettable circumstance that  tidal comparisons had 
been discontinued, and that,  in future, I could only expect to  receive, through the kindness 
of the Port  Officer, particulars of such tidal discrepancies a s  should be sufficiently remark- 
able to  attract his notice. NO such particulars have been sen t  to me during the year  
under report. 

Kiddeup0re.-At this station, the tide-gauge worked very well throughout the year, 
and its driving clock only stopped once for a few hours during that  time ; but on 
sevente-n days in May, and nineteen days in June, the Roat-band stuck for a short time 
\vhile the tide was about 9.5 feet above the zero of the gauge, this being, no doubt, due to  
a stud of the stud-wheel sticking in one of the holes of the float.band. T h e  small por- 
tions of the tidal curves thus improperly recorded can be readily interpolated. 

T h e  aneroid only experienced five short stoppages ; but its registrations have not 
been sntisfactory ; they have been largely in defect of the readings of the mercurial 
barometer, and although the diagrarns indicate a rise and fall during day time, tlris indica- 
tion was obtained by the clerk tapping the instrument, the pencil tracing almost a straight 
line during the night. 

T h e  anemometer, s o  far a s  its mechanism is concerned, has behaved well ;  its 
registrations of wind-velocity being uninterrupted, and its direction gear  having only 
failed to mark on one day. Doubt, however, is t h ~ o w n  upon the registrations of this 
instrument, owing to the unauthorised action of the clerk, which I shall mention presently. 

Mr. Belcham inspected the tidal observatory, from the 5th to  the 10th Llecember, 
and reported that, although otherwise in good order, the whole structure oscillated owing 
to the disturbance of the water caused by passing steamers, and he recommended that as  
the dcck works were completed, a firmer and more permanent tidal observatory should be  
erected. He found tlre tide-gauge antl anemometer, but not the aneroid, in proper adjust- 
ment, and he reported that on the day of his arrival, on paying an early visit to the obser- 
vatory, he found the clerk changing tlie allelnometer diagram a t  8 A M., instead of a t  noon, 
and making, nevertheless, the usual entry that  t h e  diagram was taken off a t  noon. On 
bring questioned, the clerk said he had been adopting this procedure since the 3rd June 1893. 
(doubtlrss to avoid mid-day visits to the observatory), and Mr. Belcham noted in his 
re l~or t  that the diagrams required correction from that  day to the 5th December;  he also 
admonished the clerk, and told hi111 to be careful in future t o  change the diagrams a t  noon 
and to enter  in  his reports tlie facts a s  they occurred. All the instruments were cleaned, 
and a t  the end of his inspection Mr. Belcham reported that they were all in thorough 
order and adjustn~i:r~t. T h e  aneroid, however, soon afterwards returned to its former 
u~~satisfactory coridilion. 

In consequence of Mr. Belcham's report of the instability of the observatory, I com- 
municated with the Port Commissioners, with a view to liavil~g a wellmdesigned observatory 
erccted, close to  the site o f  the present one, during the coming cold season. Alr. 
13elcham1s proposed correction of the anemomeher diagrams, lrom the 3rd June to 5th 
Decemtjer 1893, could not be made in my ofice ; for, on exanii~iing the diagrams taken 
off antl put on, on the 3r:l Junr ,  it was found that  the former, which would have had the 
last four hours blank i f  the rlt=rkls statement had been true, was niarlced by the spirals 
fronl top to bottom; and neither it nor any otlicr diagram has any indication that it was 
taken OR or put on, except a t  tlie regular hour of noon. For all that appears to the 
contrary, the clerk may have commenced his unnuthorised action immediately al ter  my 
o w n  inspection of the observatory i l l  January 1853 (mentioned in my last annual 
report) ; but trnfortrlnately this cannot be ascerta~ned from an inspection of the 
diagrams, anrl a do111)t is thus cast on all the diagrams, from I ~ t h  January to the 5th 
Dece~nt)er 1 8 ~ 3 ,  ~'Iiicli  may all require a correction of 4 hours. 

Chl'llt/~~?l,:~.-l an) much obliged to Air. Good, tlie Port O s c e r  a t  this station, for 
having sen1 me pcrsonnlly observcd tidal values for comparison with the values contained 
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in the tide-tables. T h e  comparisons have been made for the  year  1893 (excepting 
the  month of January, for which values were not received) and, both a s  regards tinles 
and heights, a r e  very satisfactory. 

Akyob.-At this station, Captain Bishop is kind enough t o  continue supplying me 
with personally observed tidal values for comparison with the values contained in the 
tide-tables; for which I feel much obliged t o  him. His observations for height accord 
very closely, and his observations for time accord fairly well with the corresponding 
values contained in the tide-tables. According t o  his observations, the  time predic- 
lions in the tide-tables appeared to be  about 20 minutes too early during 1893, and 
during 1894, up to  date ,  about 15 minutes too early. T h e  errors may, possibly, be really 
less, however, for reasons similar to  those given a t  the  end of  the  paragraph on the 
Cochin observations. 

Rangoon.-At this station, the  self-registering tide-gauge worked well, except in 
January when there were several s toppages o f  the driving clock. O n  the  14th of that 
month, after a stoppage, the  clerk's efforts t o  set  the  clock going again were unavailing, 
and it  had t o  be removed for repairs. It was returned and se t  working on the I 7th; but 
it soon took to stopping again, and on the last day of the month it  stopped twice. It  
was again removed for repairs 011 the  1st February, and replaced on the 3rd of that  month, 
since when it has experienced only two short  stoppages. 

This  year ,  the registrations of the aneroid again shorn many interruptions and other 
defects. T h e  instrument is insensitive, and its driving clock stopped 23 times, on each 
occasion for about  12 hours;  the s toppages occurring generally between sun-set and 
sun-irse. 

T h e  anemometer has worked exceedingly well in its new position, mentioned in my 
last annual report, and its registrations have only two interruptions of 22 and I r hours' 
duration, respectively, caused by the  stopping of the driving clock. 

I t  will be  noticed that  the interruptions t o  the working of the several instruments 
were caused exclusively by the  stopping of their driving clocks; this may have been 
partly due to  the tremulous motion communicated t o  the  observatory a t  spring-tides, 
which e b b  and flow with much force, and it may be necessary t o  stiffen further the 
bracing of the observatory; also, perhaps, t o  sever its rigid connection with the long 
bridge leading from it t o  the shore, through which it  appears  likely that  shocks a r e  
occasio~~al ly communicated to  it : the latter object would be effected by removing a small 
part of the outer  end of the bridge, SO a s  to have a small gap  between it and the observa- 
tory, the gap  to be crossed by means of a short wooden foot-way or planking, secured 
by one end to the observatory, the other end being allowed to rest  loosely and move freely 
on the  floor of the bridge. 

Some trouble was occasioned by the inroads of rats. These animals gnawed their 
way into the tidal observatory, and, according to the clerk's account, completely destroyed 
the diagram of the aneroid containing the barometric observations for the week ending 
on the 2nd October 1893, and  slightly injured t h t  tidal-diagram in use on that  d a y ;  they 
also partially destroyed a laler aneroid-diagram, the remains of which were transmitted 
to  my office by the clerk. 

Mr. Belcham made an inspection of  the observatory in two instalments, namely, 
from the 17th to  the 20th December, and from the 1st to  the 3rd of January : the i ~ ~ t e r v a l  
between thern being occupied by his visit of inspection t o  Diamo~ld Island, already 
mentioned. Mr. Belcham reported that he found the Rangoon observatory in good order 
and the tide-gauge and  anemometer working well, although the float-band of the  formrr 
instrument had a kink near the 2.3 feet line. H e  had the  kink smoothed out, and a 
slnall of spare band  laced carefully over the damaged part  to  strengthen it With 
the exception of the aneroid, he left all t h e  instruments working well and in good 
adjnstmelit. H e  also reported that the observatory clerk understands and does his work 
well, and  keeps the observatory and the instruments clean and tidy. 

1 feel much obliged to Mr. Kynoch, Vice-Chairman of the Port  Commissioners, and 
to Mr Clementson, the  Port Engineer ,  for their co-operation. 

Moulnrein.-Captain Dodd, the Port Officer a t  this station, has for the last eight 
and a half years been sending me regula;ly every month statements of the actual times 
and heights of high and low water observed daily under his direction, compared with the 
predicted values given in the tide-tables ; and I feel very grateful t o  him for his long- 

. .  . 
continued help. 

In 1893, the average errors  both in time and  height remained unchanged from what '  
Lhey were in the preceding y e a r ;  but, I am glad t o  s tate ,  that  during 1894, up to the 
present, they show a sensiille decrease. The  low water heights and times, which have 
been remarked on i n  former reports, were during last June, July, and August nearer the 
truth than t l ~ r )  have been before. T h e  values in feet and inches of the average excess 
of predicted heights above actual heights at  low water, during the month of August for 
the seven years ending with 1893, may be found l)y turning t o  my two last annual 
reports 'I'he average excess for August 1894, was 1 feet I inch, a value which compares 
very favourably with former values, being about half the excess for August 1893, and 
about a third the  excess for August 1892.  T h e  comparisons between the actual and 
predicted tidal values taken a t  the tidal stations a re  sent regularly t o  Mr. Roberts, and 
the improvement he has now been able, with rap ta in  Dodd's kind assistance, to  make in 
the Moulmein tide-tables is very marked, and will. I  hop^, continue. 

Mergui.- At this station all the i n s t r u m r n ~ s  have worked well. T h e  chain of the 
counterpoise weight of  the tide.gange caught in the float-cylinder twice in  one day for 
about 3 hours each time, and a few stoppages of the driving clock occurred, orving to the 



vibration of the observatory which, a s  it neared its time for being closed, had been grow- 
ingvery  shaky;  but none of the interruptions so caused to the  registrations are  of any 
importance. T h e  driving clock of the  aneroid stopped once only;  and the registrations 
of  this instrument have continued to be  most satisfactory, and closely accordant with the 
readings of the mercurial barometer. This  aneroid is the only really satisfactory instrument 
of the  old pattern a t  present in use in the Indian tidal observatories. T h e  anemolneter 
has again worked without a single interruption ; and the standard sun-dial has been most 
uselul, the clocks having been kept, by its means, t o  correct time. T h e  usual series of 
5 years' tidal observations were completed towards the end of March, a t  which time 
Mr. Belcham was a t  Bushire and Surveyor Dhondu Vinayek on his way from Poona to 
Minicoy. 1 have already mentioned how the visit of the latter t o  Mir~icoy (and con- 
sequently t o  Mergui) was delayed for more than two months. From Minicoy, Surveyor 
Dhondu Vinayek proceeded, uia" Colombo, to  Rangoon, where he took some verihcatory 
zero-measurements, and went 011 by the first steamer to  Mergui, arriving there on the 4th 
June, after the corllniencement of the  south-west monsoon. H e  reported that on his 
a r r ~ v a l  in Mergui he  fo~rnd all the instruments working well ; but the piles of the tidal 
observatory were much decayed;  and the chain of the counterpoise weight of t h e  
tide-gauge had broken and had disappeared, with the exception of a length of 4 feet 
which hung below the counterpoise weight. He found the preponderance of the 
float thus diminished by 1% ; but the value of the working zero, as  determined by his 
measurements, did not appear  to  be sensibly affected. Between the 4th and the 12th 
June he made a regular inspection of the tidal observatory, dismantled, cleaned, and packed 
up the instruments and sent  them t o  Poona, with the exception of the mercurial barometer 
which he  afterwards ,took to Rangoon and left in the transit  observatory with the instru- 
ments which are  stored there for  future use a t  Diamond Island. H e  also fixed a graduated 
staff or tide-pole t o  one of the piles of the barrier a t  the head of the  pier, mentioned in my 
annual report for 1890-91, and set  its zero to  correspond with the datum of the tide-tables. 
H e  took over all the records, for conveyance to Poona, and closed the observatory. 

1 am much indebted to Mr. H .  G. Batten, the Deputy Commissioner of Mergui, 
for having most kindly superintended the tidal observations ever  since 1890, and for 
having undertaken to report to  me from time t o  time any cases he  may notice in which 
the predictions contained in the tide-tables do not agree with the actuals observed by 
means of the graduated staff. 

Port BLazr.-The observations a t  this station have been proceeding steadily. T h e  
float-cylinder of the tide-gauge has been cleaned periodically and the communication 
kept  free throughout the year, only one slight irregularity from retarded communication 
having occurred. T h e  tide-gauge has worked remarkably well, and there has been only 
one iliterr~iption of 13 hours to its registrations. During rough weather near the end 
of October, part o f  the wooden enclosure protecting the  float-cylinder was washed 
away, but it  was promptly repaired, and no further damage occurred 

T h e  aneroid has worked ~ v i t h  only one stoppage of I I hours' duration ; but it is not 
sufficier~tly sensitive to give good registrations. 

'The anemometer, w-hich was reported upon unfavourably in my last annual report, 
continued faulty, and, towards the end of November, was replaced by another anemometer 
the registrations of which have been good;  they only had the follo\ving breaks :-On three 
days in January the  velocity spiral failed to  mark tlie diagram ; on the 6th March the 
clerk forgot to gear the  barrel and thus lost the observations for 24 hours; and,  lastly, 
the driving clock stopped for 22  hours on the 6th September. 

Mr. Belcharn inspected the observatory from the 24th to  the 30th November, and 
reported that he found it in excellent order and the tide-gauge working well : but that 
neither the aneroid nor the anemometer, although a t  work, were in asatisfactory condition. 
The  float of the tide-gauge required repairing, and the gold wire of the aneroid, which 
was too thick, required t o  be  changed for a finer wire. 'This was done ; but although the 
readings of the aneroid were iniproved by the substitution, they a re  not satisfac~ory. Mr. 
Belcliam brought wit11 him from Poona an anemometer to replace the faulty instrument 
already mentioned, which he found to be recording much less than the true velocity of the 
wind. The  substitution was made on the 27th November, and the old instrument after 
being cleaned was enclosed in a case and left in reserve, so a s  to  be available i f  the newly 
erected instrumrnt should get out of order. H e  also set up  a standard sun-dial on the 
pillar which had bern prepared for it as  mentioned in my last annual report ; ant1 ~ns t ruc t -  
ed the clerk in the use of the instru~nent .  At the close of his inspection, Mr. Belcham 
reported that ;ill the instruments were clean and in good order, and w o r k i ~ ~ g  ~vel l ,  and that 
tlie rlcrk had been keeping them clean ant1 had bern perlormicg his dutirs s;,tisiactorily. I 
regret that I am obliged to repeat verbatim what I wrote on the subject of clerk: a t  Port 
Elair in my last annual report, namely, this : l 'Sheik Mohamed, the tidal observa- 
tory clerk, has been performing his duties very satisfactorily, I consider, howt ver, that a n  
assistant clerk is necessary at  a station so isolated as  Port Blair, and I requested ('aptain 
Rrookes to  appoint one, i f  possible. I have not as yet heard that the apl)nlntn~ent  has 
been n~ade:." I wrote to Mr. Rrookrs on this subject on the 18th of last I I I I I I ~ ~ ~ ,  saying 
that I should be glad i f  the appointment of the assistant clerk could be made a s  \eon as 
possible, and that the man selected should be instructed in his duties brtore the next 
annual inspection o l  the ohscrvatory. 

T h c  observations with the standard sun-dial were continued from ~ l l e  time of Mr. 
Brlchaln's inspec-tion to  the 6th March, when the clrrk appeared to grow t o e d  of taking 
thrm, and to tliink it easier to rely exclusively for tlie rating of  llis rlllc 011 steamer 
time. On discovering this I \\.role a letter to Mr. Brookes (on the 30th %larch) requesting 



him to make the clerk take sun-dial observations a t  least once a week, in reply t o  whicll 
he  informed Ine during the following month tha t  the clerk was setting the  tide-gauge 
clock hy s teamer time. As this was what I was objecting to, 1 had t o  write to him again, 
on the 9th May, repeat ing my request ;  and  eventually, on t h e  24th June, the sun-dial 
observations were resumed, and  a r e  now being. continued by the clerk with regularity. 

Since the date  of my last annual report, the Por t  Officer and  his establishment were 
moved from Ross  Island across the harbour to Aberdeen. In  consequence of the i u c o l ~ -  
venience a n d  loss of time to the clerk through having according t o  a new arrangement  to  
t ake  his reports fo r  t h e  Por t  Officer's inspection a n d  signature, I suggested t o  the Chief 
Commissioner in January that  the  tidal observatory should b e  placed, a s  formerly, under 
the supervision of Mr. Brookes, who continues to  reside on Ross Island, and in February 
the  Chief Commissioner informed me tha t  Mr. Brookes resumed charge of the observatory 
on the 9th of that  month. 

I feel much obliged t o  Mr. Brookes (now and  Assistant Superintendent ,  P o r t  Blair) 
who has had the supervision of the tidal observatory during t h e  past twelve years, fo r  the 
g rea t  assistance he has thus afforded t o  t h e  operations. 

If t h e  unavoidable suspension of the tidal observations for four months a t  Bushire be 
excepted, the operations have been very successful during the  year under report  ; and a t  
the  present da te  the  work is proceeding most satisfactorily a t  a l l  the tidal observatories 
without exception. 

With the exception of the tidal observatories to  he  opened during nex t  Survey 
year a t  Madras and Diamond island, and  possibly, though hardly probably, a t  Por t  Albert 
Victor and Porbandar, no new tidal observatories will be required until after the termina- 
tion of the operations a t  Minicoy a n d  Trincomalee in January 1896. It  will then be  
convenient to  continue the extension of the  minor tidal stations. In 1889 the eventual 
establishment of tidal observatories a t  the following new stations was sanctioned :--Acheen, 
Bangkok, Perim and Suez. O n  the  Western Coast of India one new tidal station a t  least 
is  required t o  the  north of Bombay, and  another  to  the south, near hilangalore, if a 
suitable s i te  can be  found there. In Burma, the tidal station of Mergui, where tlie 
observations have recently been finished, is situated a t  the northern end  of the 
Mergui Archipelago, and  its usefulness cannot  extend southwards owing to the numerous 
islands of the  Archipelago which greatly colnplicate the  tides. It would be advantageous 
t o  have a tidal station a t t h e  southern end of the Archipelago in about latitude lo0, near 
Victoria Point,  a n d  another  on the  coast of the Gulf of Siam in Siamese territory near 
Chuni-phaun, which I have reason t o  believe the Siamese Government would be  willing tn 
e rec t  and maintain (see my annual report for 1886-87). I ' hese  two observatories could 
be  easily connected by spirit-levelling along the new road up  the Pakchan creek ant1 
across the Isthmus of Kra, and  their establisli~nent would provide us with tidal observa- 
tions in British waters  a t  the  southernmost extremity of the province of Burma, and with 
unrivalled means of comparing the  tides on both sides of the  Malay Peninsula. 

T h e  exper ie~ ice  accumulaled during past years has, 1 hope, resulted in the tidal 
observatories being n o w .  built on very convenient patterns. 'I he capacity of the float- 
cylinders has of late years  been somewhat en la rged ;  and the plan of bentling the com- 
munication pipe so  a s  to  form a siphon, although described in books, is never now adopted 
in India. Of the self-registering instruments employed at  the observatories, the t ide-gaugts  
of Kewman's  pattern with long horizontal drum, and means for altering a s  desired the scale 
on which the tidal curves a r e  delineated, have answered their purpose admirably, and a r e  
in use a t  all the tidal observatories except  Prince's D o c k ;  they are  now made by Messrs. 
LCgC 9r CO., who have introduced some minor improvements in t h e  mechanism. 'The 
tide-gauge a t  Prince's Dock has short upright drums, and the points in which it is inferior 
t o  the instrument in general use have been particularised in the  remarks on that observa- 
tory in this report, a s  well a s  in that  for  1892-93, and for 1891-92. T h e  aneroids a re  
not satisfactory, with the exception of  one instrument of old pattern which has been 
working until recently a t  Mergui and three new aneroids by Messrs LCgC & CO. which 
a re  now working a t  Aden, Minicoy, and Trincomalee ; and our chief r e l ~ a n c e  is placed 011 

the  mercurial barometers, which a re  read four times a day. T h e  index errors  of some of 
the mercurial barometers have rc?t been recorded, and the inspecting officers s l~ould take 
the first opportunity of supplying this omission ; by comparing these instruments with 
standards, and sending their index errors  atld their heights above mean sea-level to  the 
Poona office, for record. 'The anemometers, a s  I had occasion t o  remark in  my annual 
report for 1891-91, are  unsatisfactory instruments. There  is no means, available a t  ;t 

tidal observatory, for tes t ing the  accuracy of their n>easuremellts o f  wind-velocily : ,there 
is much friction between the parts, and  the toothed wheels and spirals a re  constarltly 
wearing out and  requiring repairs. P f t e r  such repairs, whatever the instrument may have 
been originally, there can be no certainty of its being a true recorder of  wintl-velocity, 

REDUCTION O F  THE TIDAL OBSERVAT~ONS AND EXTRA TIDAL WORI<. 

T h e  observations for one year a t  1 3  tidal stations have heen recluced, and the tabulated 
values of t h e  tidal constants so obtained a re  appended. Another table sho\ving the varia- 
tion i l l  hright of the sea-level, from the g e n r l a l  mran h e ~ g h t  a t  all the permancnt and 
closed tidal observatories, f o r  each calellclar year  of  the tidal operations, is also appended, 
t o  endble comparison to be made between the values a t  each s ta t~on .  T h e  computatiorls 
for  each tidal ohservatory commence now on January 1st. Should a new observatory be  
established on anothr r  date ,  the  first calculations only would be  made from t h ~ t  
date, but those for  the second and s u b ~ e c ~ u t n t  rea rs  would begin on January 1st. 



The following are the amplitudes (R) and epochs (5) deduced from the 1893 observa- 
tions at Aden ; and also the mean values of the amplitudes (H)  and of the epochs ( K )  for 
each particular tide evaluated from the 1893 observations :- 

Short Period Tides. 

A,=5'808 feet. 

V A L U E ~  OF THE TIDAL CONSTANTS, MASKAT, 1893-94. 

Long Period Tides. 

The following are the amplitudes ( R )  and epochs (c) deduced from the 1893-94 
observations at Maskat; and also the mean values of the amplitudes (H) and of the epochs 
( K )  for each particular tide evaluated from the 1893-94 observations :- 

Short Period Tides. 

Lunar monthly tide . 
,, fortnightly ,, . . 

~uni-solar ,, 1) . 
Solar annual I I 

,, semi-annual ,, 
-- 

- 
A,=7'694 feet. 

I 
H = R =  ' I r r  . . . 

... . . . 
R = '014 

K = 1g0'64 
- - -  --------.----A . -. - - -- 

- 

H 

'049 
'033 
.007 
'43 1 
'105 

K 

316O.32 
13'3 1 
69.59 

0 . q  

173~20 

R 

'043 
'047 
,007 
,431 
,105 

r 
-- 

282' 39 
215'34 
104.95 
79'63 

330.73 
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Short  Period Tides-contd, 

A,=pe694 feet. 

C = 259O 72 
H = .o89 
K = 21 1O.79 

'130 R = -048 
C =  324O.18 

t-i = '134 
K = 225O.52 

R = -069 
1: = 91O.92 

-072 H = ... 
K = 2g0.28 K = ... 

Long Period Tides. 

The following are the amplitudes ( R )  and epochs (0 deduced from the 1892-93 obser- 
vations at Bushire ; and also the menn values of the amplitudes (H) and of the epochs 
(x) for each   articular tide evaluated from the 1892-93 observations:- 

Lunar monthly tide . 
,, fortnightly ,, . . 

Luni-solar ,, 19 • 

Solar annual 11  . 
,, semi-annual ,, . 

Short Pevrbd Tides. 
. - --  

AO=4.87R feet. 

'055 
'047 
,017 
-168 
'135 

219O.37 
340.62 
178.44 
130'89 
274'76 

-062 
'03 3 
.018 
.168 
'135 

a0'65 
6.91 

299'83 
87'57 

188 13 



Short Period Tziles-contd. 

A,=4'878 feet. 

Long Period Tides. 

VALUES OF T H E  TIDAL CONSTANTS, KARACHI, 1893. 

The following are the amplitudes (R) and epochs (5) deduced from the 1893 observ- 
ations a t  Karachi ; and also the mean values of the amplitudes (H) and of the epoch 
( H )  for each particular tide evaluated from the 1893 observations :- 

Sltovt Period Tides. 

A0=7'20j feet. 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

~un i - so la r  ,, 1, . 
Solar-Annual 11 . 

,, Semi-Annual ,, . • 

H 

'027 

'049 

- I  28 

'414 

'124 

K 

3o6Oe10 

155.18 

74.16 

144.85 

201-79 

'024 

-069 

-124 

-414 

'I 24 

317O.89 

95'09 

145.70 

254.18 

60.46 



Lon{ Period Tides. 

VALUES OF THE TIDAL CONSTANTS, BHAVNAGAR,  1893. 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, )I . 
Solar Annual I) 

,, Semi-Annual ,, . . 

The following are the amplitudes (R) and epochs (f) deduced from the 1893 observ- 
ations at Bhdvnagar ; and also the mean values of the amplitudes (H) and of the epochs 
lor each particular tide evaluated from the 1893 observations :- 

Short Period Tides. 

'039 
'059 
'029 
. ~ r g  
-182 

A,=za'~50 feet. 

352O-94 
236.26 
316.99 
103'11 
331.28 

' L o n ~  Period Tides. 

'044 
'042 
-030 
'I  rg 
-182 

25O.57 

280.15 
32'63 

24'28 
173'63 

- 
K 

I 5'-60 

357'19 

13'77 

Solar Annual 1 1  . - a 1 2  103.80 

,, Semi-Annual ,, . '194 175'15 

- -- -. . . - A - - - -- 

1"- 
- - -- - - . -- 

e; 
-- 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, I I  

343'-15 ,082 

-054 

-028 

'093 
I 

201.21 

50'97 

'038 

'ozg 



The  following are the amplitudes (R) and epochs (c) deduced from the 1893 obsetv- 
rqtions a t  Bombay (Apollo Bandar) ; and also the mean values of the amplitudes (H) and of 
the epochs ( K )  for each particular tide evaluated from the 1893 observations :- 

Long Period Tides. 

The  following a re  the amplitudes (R) and epochs (C) deduced from the 1893 observ- 
ations a t  Bombay (Prince's Dock) ; and also the mean values of the  amplitudes (H)  and of 
the epochs ( K )  lor each particular tide evaluated from the 1893 observations :, 

Luni-Solar ,, 11 . . 1 -027 1 282O.11 

-- ---- 

I 
.028 

'097 

'187 

50°'5 I 

344O-45 

Solar-Annual I) 

,, Semi-Annual ,, 

244O.86 

331'-68 

186~~77 

'097 

'187 
- 



Short Period Tides. 
-.. 

A0=8'253 feet. 

- - 

tolrg Period Tides. 

The following are the amplitudes ( R )  and epochs ( 5 )  deduced f rom the 1893 observ- 
ations at hlinicoy ; and also the mean values of the amplitudes ( H )  and of the epochs ( R )  

or each particular tide evaluated from the 1893 observations :- 

Lunar Monthly Tide 
,, Fortnightly ,, 

Luni Solar ,, 11 

Solar-Annual I) 

,, Semi-Annual ,, 
--- 

Short Period Tides. 
-- - . - -. - - 

AO=sezq7 fee:. 

- -- - -- 

u 

13O.75 
25-17 

234.97 
3a7-13 
178.64 

H 

'053 
-06 I 
'or 2 

-081 
'185 

'047 
'087 
'012 

'08 I 
'185 

H = R =  
{ IC= (= 
H = H =  ' J (  K =  {= 
H = R = 

H = R =  
{ K =  f:= 

H = R =  

351°'33 
229'23 
272 2 2  

45'97 
336'32 

-- 

-037 
203O.42 

,355 
1g0.86 

,004 
99O.46 

*oar 
: 216O.37 

'ooo 
45''00 

-- - 



Shod Period Tides-contd. 

A0=5z47 feet. 

R= '037 R=  -763 R =  ... R= '014 

t;= 236O.44 K, I;= ~45 '36 
H = .o26 . . . H =  'a25 

K =  ... K =  217O.80 
R =  'oao 

H= 
K =  1oO.83 K= 285O.09 

R =  '212 R =  .or5 R =  '010 

<= 222'-40 
H = -008 H =  -016 

K =  178O.68 K =  48O.22 K =  248O.27 K =  87O.58 
'003 

317O.74 

Long Period Tzdes. 

The following are the amplitudes (R)  and epochs (I;) deduced from the 1893 observ- 
ations at Trincomalee ; and also the mean values of the amplitudes (H)  and of the epochs 
( K )  for each particular tide evaluated from the 1893 observations :- 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, 11  

Solar-Annual 11 • 

,, Semi-Annual ,, , 

S h o r t  Period Tides. 

A0=1'987 feet. 

'050 
'059 
'027 
'399 
.142 

7O.4 1 
231'44 
347'93 
63'84 
30'39 

'057 
'042 
.02S 
'399 
'I42 

3g0-8r 
27-35 

310.67 
345'00 
232'71 
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The following are the amplitudes (R) and epochs ( 5 )  deduced from the 1893 obscr*- 
ations at Kidderpore; and also the mean values of the amplitudes (H) and of the epochs 
( K )  for each particular tide evaluated from the 1893 observations :- 

Long Period Tides. 

Short Period Tides. 
- - - - - -- 

A,=I 1.292 feet. 
- 

The following are the amplitudes (H) and epochs (<) deduced from the 1803 obser~v- 
ations at Rangoon ; and also the mean values of the amplitudes (H) and of the epocbs ( r )  

< 

326O.58 
223.79 

2.7 I 
339'17 
306.87 

H 

'069 
'07 I 
'020 

'190 
'256 

- .- 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, 91 

Solar-Annual J 8 

,, Semi-Annual ,, . 

Long Period Tides. 

- 
K 

358O.69 
Ig'ro 

324.89 
260.31 
149'15 

R 

-061 
'100 

,019 
'190 
-256 

Lunar Monthly Tide 
,, Fortnightly ,, . 

Luni-Solar ,, 1 1  • 

Solar-Annual ,, . 
,, Semi Annual ,, . . 

. - - 

R 

-200 

'315 
.go2 

3'326 
'593 

< I H  
331O.46 
a45 '50 
76 .62 

233 '44 
131 '91 

-227 
'222 

'934 
3'326 
'593 



for eacb particular tide evaluated from the 1893 observations :- 

Shard Period Tides. 
- . . . -. -- -- -- 

A,=IO.ZI 7 feet. 

The following are the amplitudes (R) and epochs ({) deduced from the 1893.94 ob- 
servations at Mergrri ; and also the mean values of the amplitudes (H) and of the epochs 
(Y) for eacb particular tide evaluated from the 1893-94 observations :- 

H= R = -103 R = 
K = 5 = 132O'92 5 = 

H =  
K = ( = 1 6 8 ~ ~ 1 3  K = 

,196 
322O.45 

'217 

78O.94 

-071 
283' 23 

,081 

H =  R = 
'4 ( K  = ( = 

s, ( H E  R = K - < = 

"79 

-082 
259'43 

,013 
36O.06 

'985 
110°'25 

1.020 

117O.51 

R = -028 

Q1 
K = 13O.68 

E R =  
M8 7 = H = 

K = 

t K =  < =  

K = 207~-36 

R = 
( =  

H = 
K = 

L ( = 
a H = 

78O.54 [ 
R = 
1: = 
H = 
K =  

R = '042 R =  '747 . . . '334 I 5 = 29g0'47 < =  90°'19 K, H = '029 H = .676 H  = A2 '346 
K = 97O.34 K = 30°.89 ... K = 65'*88 

-266 
2lO.71 

.266 
121~-72 

'427 
24g0'07 

'360 
126O.87 

R =  -381 

(*'I, 

R = '085 

H = 62O.41 

R = -142 

K = 50°'87 

R = '490 
5 = 243O.82 ( = 214O.89 

K = K = 52'-72 H = 232O.55 

5 = 
H = 
K = 

Long Period Tides. 

- 

'38 
85'-38 

'414 
163O.04 

- - ---  - -  - - - - -  -. - - 

Lunar Monthly Tide . 
,, Fortnightly ,, 

1.uni-Solar ,, 11 

Solar-Annual I )  

,, Semi-Annual ,, 

.- - - 

R = 
5 = 

H =  ,046 H =  
K = 

- -- 

R 

'190 

-188 

'464 

1'423 

'187 

- -- 

... 

... 

... 

... 

K 

23O.21 

42'48 

44'1 1 

145'94 

342'0) 

- -  -_-- 

5 

351"-64 

248'26 

82.94 

224'85 

- 

H 

'215 

"33 

'480 

"423 

139.851 -187 

-- - - . - -  __ I - -- 



Short Period Tides. 

Lotlg Period Tides. 

A0=12.984 feet. 

Lunar Monthly Tide I 'OB7 

,, Fortnightly ,, I O i 8  

Luni-Solar ,, I )  . . 1 .078 

' R = 
f = 
= 

K = 

H= R = 
'6 { K =  ( = 

H= R = 
K =  f = 

Solar- Annual , I '633 

' I 

R = -032 R =  '591 

H z  '534 
K = 28g0.83 ( K = 33..+O.14 

I 
R =  
c = 

Ql H = 
K = 

R = 

=, < = { H =  
K = 

'356 
41°'41 

'356 
323O.56 

,, Semi-Annual ,, '135 

'034 
265O.81 

'029 
290°'06 

-288 
250O.31 

'231 
:31g0'07 

R = ' I S I  

f = 267O.37 

K = I 80°.37 

'039 
235O.38 

-018 
1ooom25 

R =  
< = 

H =  
K = 

I R = 
< = 

H =  
K = 

R =  
M, < = 

{H = K = 

R = 
f =  

K = 

R = 
1; = 

H = 
K = 

R = 
1: = 

H =  
K = 

.-- 

'011 

55O.43 
0 . 3  

67'-43 

1.001 R = '193 
16O.27 < =  42'01 
1'037 

305O.65 

... 

... 

... 

... 

5'290 
3 P g o  
5'479 

311O.90 

'065 
272'-62 

-069 
142~'12 

-107 
309O.47 

'115 
13s0'47 

1 = 
H  = 
K = 

R = 1.078 R = '324 R = '097 
350°'82 

K = 31 3'-62 

"77 
zgg0'4a 

'183 
245O.18 

{", H = 
K = 

2 
"55 

338O.09 

. . . 
'1 

K = 352O.18 . . . 

1 
H =  
K = 

R = 'or8 
; = I 75O.68 

M = 9fj0'41 

'423 
166O.51 

'454 
352O.51 

R = -064 
f = 325O.47 

K = 144O.74 



The following are the amplitudes (R) and epochs (1;) deduced from the 1893 
observations at Port Blair; and also the mean values of the aniplitudes ( H )  and of the 
epochs ( K )  for each particular tide evaluated from the 1893 observations :- 

Shovt Period Tides. 

- 
p~ - -. - - -- 

A,=4'677 feet. 

Long Period Tides. 

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

Luni-Solar 
1) . 

Solar-Annual IJ 

,, Semi-Annual ,, . . 
- -- .. 



lii 

Table showing the variation in  height o f  the sea-kvel  from the general mean kright 
a t  a l l  the permanent attd closed t idal  observatories, fov each calendar year  of 
the t idal  operations. 

-- 

Yearly variatio. 
from general 
mean in feet. 

Mean sealevel above 
zero of gauge in 

leet. 
Calendar year. 

rS8o . . 
1881 . . 
1662 . . 
1883 . . 
l8Sl . . 
1885 . . 
1886 . . 
18Y7 . . 
1888 . . 
1889 . . 
1890 . . 
18y1 . . 
1892 . . 
1893 . . 

Mean 

- 

1874 . . 
1875 . . 
1876 . . 
1877 . . 
1878 . . 
1879 . . 
1880 . . 
1881 . . 
1832 . . 
1883 . . 
1834 . . 
1985 . . 
1886 . . I  
1887 . . I 
1888 . . I 

Calendar year. ! 
ADEN. 
5'754 
5'828 
5'749 
5'788 
5'842 
5'878 
5.905 
5'8 13 
5.869 
5'83 1 
5'796 
5'835 
5'835 
5.806 

5.824 

KARACHI. 
7.08 I 
7'167 
7'141 
7'192 
7'276 
7'316 
7'276 
7'183 
7.091 
7'156 
7.189 
7'245 
7'221 
7'140 
7'132 

Mean sea-level above 
zero of gauge in 

feet. 

Yearly variation 
from general 
mean in feet. 

MORMUGAO. 
5'591 +*o6t 
5'553 +'oaq 
5'503 -'026 
5'468 -'061 

Mean 5'529 

--01 I 

KARWAR. 
-'028 5'559 +'018 

5'525 -'006 
5'537 +'006 
5'501 -'030 

1889 . . I  7'152 

- . 

-.IOZ 
-'016 
-'042 
+mg 
+"93 
'"33 
+'093 

'OOO 
-.ogl 
-'027 

1890 . . 
:891 . . 
1892 . . 
1893 . . 

-.OSI 
- 1  

-.og8 
+.o61 
+.018 

+ . o ~  
+.0& 
-.066 
+'040 
-'lo3 

7.1 66 
7.085 
7'241 
7.201 

I 
I Mean 

i 1879 . . I I880 . . I 1881 . . 
1 8 8 2  . . 
1 1883 . . 

Mean 

2.319 
2'390 
2'356 
2.347 

2'356 

' TUTICORIN. 
2'161 
2.155 
2'109 
2'135 

2' 140 

1888 . 
1889 . . 
1890 . 
1891 . a 

1 -  
Mean 

1889 . , 
1890 . - 
1891 . . 
1892 . 

Mean 

-'037 + '034 
'000 

--oog 

+'OPI 
+'ox5 
-'03I 
-'a35 

OALLE. 
1'71 I 
2'683 
2.616 
2'575 
2.661 

2'649 

hean  j 7'183 

I 

BOMBAY. 
(Apollo Bandar.) 

1Bl8 . 1 "265 
1o.lH5 18:g . . 

1880 . . I 10.185 
1881 . 
1882 . 1 10'252 10.196 

1883 . : 1 10.254 

+'&a 
+ '034 
-"333 
-074 
+ ' o ~ a  

~- - - ~ 

5'531 
- 

BEYPORE. 
5'4 1 1 
5'385 
5'389 
5'415 
5'397 

5'399 

+'006 
+'062 
f '038 

: 

18R9 a . 
1890 . . 
1891 . . 
1892 . . 
t893 . . 
--- 

+'034 
-.046 
-.046 + 021 

-335 
$ '023 
+'022 

+ .O,s 
+'034 

1884 . ' 
1885 . . 
1886 . . 

+"349 + '069 
+'004 
-'W5 
-.oa8 

-- 

+ ' o I ~  
-'olq 
-'010 
+'016 
-'ooa 

COCHIN. 
2'368 1887 . . 

BHAVNAOAR. 
22'703 
22.743 
22.59~ 
22'698 
22'555 

1885 . . 
1866 . 
1687 . . 
1 8  . . 

i 1 a 8 g  
Mean 

. . 10.253 
10.304 
10.265 

+ ~ 1 2  

22.658 

. - - - - - - - -- 

1837 . . 
1888 . . 
1R8g . . 
1 8 9  . 
lay1 . 
1892 . . 
1893 . . 
-- - 

Mean 
- -- .- - 

-.026 
+'020 

-.026 
-*002 

-'075 
+.053 
-.or0 

10.205 
10.251 
10'205 
10'229 
10'156 
10.284 
10'211 

10.23 1 

i 

I -- 

1885 . . 
1836 . 0 

1887 . 
1888 . 
1889 . a 

COLOMBO. 
2.166 
2.286 
2'221 
2'112 
2.189 

Mean 2,217 



Table showtng the variation in height of the sea-level f r o m  the general mean height 
at all  
the t idal  

Calendar year. 

1879 . . 
1880 . . 
1881 . 

Mean 

1882 . . 
1886 . 
1887 . . 

Mean 

1881 . . 
1882 . . 
1893 . . 
1884 . . 
1985 
1886 . . 
1887 . . 

Mean 

-- 

1697 . . 
1888 . . 
1889 . . 
l8go . - 

Mean 

1879 . . 
1880 . . 
1881 . . 
1E8z . . 
1883 . . 
1894 . . 

hlean 

- . -. . - . - . -. . - . 

the permanent and 
operations-contd. 

Mean sea-level above 
zero of gauge in 

leet. 

PAMBAN PASS. 
2.678 
2'74 1 
2'722 

2'714 
.. 

NEGAPATAM. 
1.972 
1'997 
2 110 

2.026 

-- 

MADRAS. 
2.206 
2,198 
2'163 
2' I 72 
2'02 I 

2.327 
2.2 go 

2.197 

COCANADA. 
5'314 
5'025 
5'328 
5'374 

5'260 

VIZAQAPATAM. 
5'035 
4'940 
4 793 
4'829 
4'837 
4'670 

4'852 

closed t idal  observatories, f o r  each calendar year o f  

1882 . . 
1883 . . 
1884 . . 

Mean 
- 

1882 . . 
In83 . . 
1881 . . 
1*85 . . 

Mean 

Yearly variation 
from general 
mean ~n feet. 

-.036 
+'o27 
+.ooS 

- 

-"%4 
-.029 
+'o84 

- 

+moo9 
+QOI  

-.034 
--025 
-.'176 
$'I30 
+ '093 

+ "354 
-'235 + -068 
+'I14 

+'183 
+'088 
-'o54 
-'023 
-.o 15 
-'la2 

Calendar year. 

1882 . , 
1883 . . 
1884 . . 
1 8 8 5 .  . 

Mean 
-- 

I 

1882 . . 
1883 . . 
1884 . . 
188s . . 
1886 . . 
1887 . . 
1888 . . 
1889 . . 
1890 . - 
'891 
1892 - 
1893 

Mean 

1887 . . 
1888 . . 
1 8 8 9 .  . 
1890 . . 

Mean 

- 

1888 . . 
1889 . . 
1890 . . 
1891 . . 

Mean 
-. -. 

- .  

+.136 
+'169 
+ ' I  lo  
-'084 
-'204 
+'099 + '003 
- ' I 1 2  

-'006 
+'I81 
-'206 , + '004 
-'035 

- = 

2 8 A  

Mean sea-level above 
zero of gauge in 

feet. 

DIAMOND HAR- 
BOUR. 

9,369 
9'052 
8.920 
8.806 

9'037 

KIDDERPORE. 
10.735 
10.587 
10.677 
10.935 
11.376 
11.180 
10.843 
11*180 
11.502 
10.633 
10.855 
I 1.321 

10.985 

- -- 

CHITTAGONG. 
7'969 
7'963 
7'975 
8.123 

8.008 

AKYAB. 
7'436 
7'563 
7'662 
7'335 

7'513 
~ -- 

ELEPHANT POINT. 

RANGOON. 
I 0.405 
10.438 
10.379 
10.185 
10.065 
10.368 
10.27a 
10'157 
10'263 
10.450 
10'003 
10'273 
10.234 

roSa6y 
i 

FALSE POINT. 
7.600 
7 . m  
7'560 

7 '59 9 
~ - 

DUBLAT. 
'4'531 
14,426 
'4'413 
'4'233 

14.401 

Yearly variation 
lrom general 
mean i n  feat. 

+'332 
+'015 
-'I 17 
-.231 

-250 
-'398 
-'308 
-- '050 
+'391 
+'I95 
-.142 
+'I95 
+'517 
-'351 
-'I30 
+'336 

- 

-'039 
-'045 
-'033 
+ ' I  1s 

-"377 
+'055 
+'I49 
-.128 

+'385 
-'294 
-.036 
-'057 

1884 . . 
Id85 . . 
1886 . . 
1887 . . 

Mean 

+.or2 
+ '017  
-'oaf3 

-- 

+'I30 
t '02 . j  
+ ' O I Z  

-'168 

I 2'426 
11'747 
rz.005 
I I '984 

--- 

I 2.04 I 

I -  
1881 . . / 1882 . , 

11883 . . 
1 1884 . . 

1 8 8 5 .  . 
1886 . . 
1887 . . 
1883 . . 

' 1889 . . 
1890 . . 
1 8 9 1 .  . 
1892 . . 
1893 . . 1- Mean 





T h e  extra  tidal and levelling work is not entered in the table. This consisted- 
(a) in reducing the tidal observations taken in 1883-84 a t  Aden with Professor 

G. H. Darwin's new apparatus Lor facilitating and abridging the reduction 
of tidal observations; camparing the results so obtained with those pre- 
viously reduced in the ordinary way ; and computing, by means of the new 
values, the constants for 1885 to enable predictions for that year a t  Aden t o  
be run off on the tide-predicting machine: these predictions, together with 
those contained in the old tide-tables for 1885, are  intended to be compared 
with the actuals, in order that,  should the result prove satisfactory, the new 
method may be  permanently adopted ; 

( b )  in supplying the Engineer to the Corporation of Calcutta with a complete copy 
of the diagrams of the self-registering tide-gauge working a t  Kidderpore for 
the year I 893 ; 

(c) in supplying the Officer in charge of the Marine Survey of lndia with the mean 
establishments of the port for 37 places, computed from observations during 
two semi.lunations a t  each place taken by the Marine Survey of India ; 

( d )  in supplying the Executive Engineer, Special Defence Division. Military Works, 
Rangoon, with a copy of the times and heights of high and low water 
recorded hy the self-registering tide-gauge a t  Brooking Street Wharf, 
Rangoon, during January, February, and March 1894 ; 

( r )  in supplying Messrs. Payne, Gilbert, and Sayani, Solicitors, Bombay, with copy 
of  actual heights of the tide above Prince's Dock Sill, Bombay, a t  hourly 
intervals from noon of 31st July 189' t o  noon of 4th August 1891 inclusive, 
measured by the self-registering tide-gauge a t  Prince's Dock tidal obser- 
vatory ; 

( f )  in supplying the Chairman, Port  Commissioners, Rangoon, with inscriptions 
for the four plates of the Rangoon Standard Bench-Mark ; 

(g) in collecting and collating materials for a co-tidal chart, on Mercator's projec- 
tion, of the tidal and levelling operations, and preparing the chart ; 

( h )  in computing ' t h e  age of the tide" from one year's observations a t  each of the  
36 Indian tidal stations ; 

( i )  in tabulating for comparison, the monthly and yearly values of mean sea-level, 
a t  certain ports, and commencing the investigation of the question of the 
seasonal variation of sea-level ;. 

( j )  in computing the table of variation in height of the sea-level from the general 
mean ht ight  a t  all the permanent and closed tidal observatories for each 
calendar year of the tidal operations ; 

( k )  in revising and doing other work connected with the Tidal volume; 
(I) in submitting reports on the operations carried QII in the Bombay Presidency 

and in Burma to the  local Governments ; 
(nz) in designing and rebuilding the tidal observatory a t  Bushire ; 
(n)  in carrying out some extra spirit-levelling in and near I<arachi, rendered 

necessary owing t o  the wholesale disappearance of the old bench-marks ; 

No completed tidal diagrams were sent  for safe custody to the  Surveyor-General's 
affice, during the year under report. 

In addition t o  the calculations already mentioned, the usual work has been done in 
connection with the issue of the tide-tables for 1894 (which, on arrival a t  my office from 
London, were a t  once distributed), and with the preparation of those for 1895. 1 he tide- 
tables were again issued late this year. They did not reach my ofice from London until 
the 2nd January 1894, whereas they ought to  have been received before the end of 
November 1693, in order that they might be forwarded in time to the more remote stations. 
I have requested Mr. Roberts to  print them a t  as early a date as  possible, with the.object 
o f  hastening their ~ e n e r a l  issue; but,  judging from past experience, his efforts in this 
direction must be neutralised, and a pecuniary loss to  Government occasioned, so  long a s  
they are  obliged to be passed through the Store Department of the India Offiie in 
London, wl~ereby consideral)le delay occurs in their transmissio~i. As an instance in 
point, I may mentior~ that tide-tables for  Rangoon for the present year, copied from the 
offic~al tide.tables printed by Mr. Roberts in London, were sold i n  Rangoon by the 
Rnngoon Gazette Press in December 1693, wherras the official tide-table., suppliec! 
t l~rough the Stole  Department of the India Office, did not reach Rangoon unlil the Iollow- 
iug 1no11t11. This  circumstance appcars to  have greatly reduced the sale of the official 
tide-tablcs at Rangoon;  for a comparison of their sales during this and the preceding 
year shows a sudden diminution of the proceeds amounting to 60 per cent. 'The action of 
thc Rnnfooll Ga3ct tc  Press, although thus inconvenient to  Government, was probably 
convenient t o  the pl~blir ,  nzhich had previously, as I mentioned in my last annual report, 
sutTc.rcd Iron1 the ticlay involvecl by the present procedure lor their trans~nission, whereby, 
[or example, Lhe tidc-tables for 1890 did not reach Rangoon until February of that year. 
I he burvc~or -Gencra l ,  as  stated i l l  the same report, expressed the o p i ~ ~ i o ~ ~  that a change 



in the manner of issuing t h e  tide-tables was  desirable ; and I think the time has come 
for making the change, and for  authorising Mr. Roberts  t o  dispense with the intervention 
o f  the  Store Department, and t o  forward the tide-tables to  my office direct, immediately 
after they a r e  printed and bound. T h e  supply could then easily reach my office early in 
each November ; and, in order t o  protect  the Government sale, copies ought either not t o  
b e  procurable by the public in London o r  elsewhere before the  same time, o r  all rights in 
t h e  tables should be reserved to the Government or the official vendors. 

In connection with the  tide-tables for 1895, t h e  values of the constants,  calculated 
in the usual manner, were sent to  Air. Roberts  ready for use in the Tide-Predictor ;  and 
in addition he was furnished with the actual values during 1893 of every high and low- 
water  a t  eleven stations, measured in duplicate from the tidal diagrams, together with 
tidal observations for the  same year taken daily during daylight from graduated staves or 
tide-poles a t  the  sites of the Cochin, Tuticorin, Colomho, Chittagong, Akyab, and Moul- 
mein tidal observatories, kindly supplied with g rea t  regularity by the Por t  Officials. In 
order  to save Mr. Roberts t h e  labour of the  calculation, all the predicted times and heights 
o f  high a n d  low water  for 1893 a t  these stations were compared with t h e  above-men- 
tioned actual values and the errors tabulated, thus giving him in a convenient form, infor- 
mation capable of assisting him materially in improving t h e  predictions. An improve- 
ment in the  predictions for the riverain stations during t h e  period of the  south-west 
monsoon has always been a desideratum, but I am afraid that unvarying accuracy a t  that 
season of the year is unattainable, owing to the impossibility of making a true forecast of 
the  rainfall, which has a g rea t  influence on the level of the river water.  I'he riverain 
stations a t  which the accuracy of the observations has been tested a re  Kidderpore, 
Rangoon, Moulrnein, and Chittagong. At  Kidderpore, during the  months preceding and 
following the south-west monsoon, t h e  actuals accorded well with the predictions, the  
heights agreeing on the average within about 8 inches, and the times within about 15 
minutes;  but during the months of May, June, and July, although the times remained 
unaffected, the  heights actually measured exceeded the predicted heights by over a foot 
on the average, and  near  the times of full moon the following extreme errors of height 
were observed :- 

feet. inches. 
On 26th May 1893, excess of observed H. W. over predicted H.  W. = 7 2 

I ,  1. $ 9  ,, 9, I, 1, L.W.  ,, ,, I> .  W. = 4 1 

r9 27th June ,, ,, ,, . H. W. ,, , H .  W. = A 4 
$ 9  >t  9 ,  ,I $ 9  9, I. L . W .  9, ,, L. W. = 3 
., 24th I, I) ,, ,, L.. W .  ,, , L. w. = 3 7 
., 29th ,, ,, *. ,, ,, H. W. ,, ,, H. W. = 3 11 

T h e  excess of the actual above the  predicted heights of the  tide a t  Kidderpore throughout 
the months of May, June, and July was largely due t o  the exceptional rainfall. T h e  
greatest  excess of rain fell in May;  the excess in June, although then declining, was still 
large ; and  much of the  effect of  the abnormal rain fall dui ing these two months continued 
through the month of July. A t  Rangoon the actual ant1 predicted tidal heights were 
accordant within a foot,  except  in June, July, October, and November, when the actual 
heights a t  low-water were about 16 inches less than the predictions, and the actual 
heights a t  high water  were within f 4 inches of the predictions. These errors  call for 
special notice ; for it is obviously dangerous !or the actual heights of the tide, especially 
a t  low-water, to be materially less than the anticipated valut.s. The  time predictions a t  
Rangoon were about zo  minutes late in January, February, and March, and ahout 15 
minutes early in November, \vhilst for the other months of the year they were very close 
to  the truth. Regarding Moulmein and Chittagong, nothing requires notice beyond what 
has already been mentioned in the paragraphs devoted to those stations. 

T h e  datum for the tide-tables for 1895 is the datum of soundings i n  the latest charts. 
A table giving the particulars of the da tum a t  each tidal station was printed a t  page lii 
of the appendix to  the General Report for 1891 -92, and is applicable to  the year  1895. 
T h e  following particulars for Maskat and Bushire form an addition to  that  table :- 

- ---- - - ~ .- --..-p--p.p-.pp.---- - - -. . . -. -- --- .p-p----.- ~ -- . 

Tidal Station. I Datum of soundings in latest charts, and lor tide-tables lor 1895. 

Bushire . . .  
Maskat . . . 

Ditto ditto ditto. 

Mean low-water of ordinary spring-tides. 

- . - - ----- - -- - 

T h e  tide-tables for 1895 will contain predictions for 35 tidal stations. T h e  amount 
realised by the sale of the tidr-tables is Rs .  340 less than was realised last year ;  and 
the limited number of presentation copies were distributed in strict accordance with the 
l ~ s t s  sanctioned by Government. 

T h e  usual tabular statements a re  appended, showing the percentage and amount nf  
the errors  in the predicted times and heights of high and low-water for the year 1893 a t  
17 stations, a s  determined by comparison of the predictions entered i n  the tide-tables 
for that year  with the actual values, measured from the tidal diagrams a t  11 stations 



and from graduated staves or tide.poles at 6 stations ; the former measurements being 
made by trained assistants in my office, and the latter by Port Officers' subordinates. 

No. I. 

No. 2. 

Statement showing the percenlaze and the amount of the errors in the Predicted Timer 
of High Water at the zlarious Tidal Stationsfor the year 1893. 

Statement showing the percentafe and the amount of the errors in the Predicted Times 
ef Low Water at the various Tidal Stationsfor the year 1893. 

Nurnher of 
cornpar~sons Enor6 of Error. over Error. over erron I ~ m o r ,  - 

S t n t o n s .  between 5 mlnutcs minutes an3 15 minutes lo minutes ovcr actual and ( and 1 under 1 a d e r  1 a n , l n e r  ,. 
pred~cted under. 15 m~nuteo. ao rnlnutw. minutes. minutan. 

valees. 

Aden . . . . . 
Karachi . . . . 

-- 

STATIONS. 

Aden . . . . - 
Karachi . . . . 
Bhlvnagar . . . 

I Apollo Bandar . . 
Bombay 

Prince's Dock . 
Cochin . . . . . 
Tuticorin . . . . 
Mlnicoy . . . 
Colombo . . . 
Trincomalee . . . . . 
Kidderpore . . - 
Chittagong . . 
A k y a b .  . . . . 
Rangoon . . . . 
Moulmein . . . . . 
Mergui . . . . . 

BhAvnagar .  . . . . 
Apollo Bandar . . Bombay f rince's Dock . 

Enors of 
5 mloutcs 

and 
under. 

Per cent. 

39 

34 

29 

36 

30 

2 

43 

35 

42 

15 

20 

43 

3 

25 

42 

35 

Number of  
comparlsono 

between 
actual and 
prcd~cted 

valucs. 

679 

7O4 

7O5 

705 

694 

322 

349 

692 

264 

690 

706 

333 

365 

706 

365 

705 

Cochin . . . . . 
Tuticorin 
Minicoy 
Colombo 
Trincomalee 
Kidderpore 
Chittagong 
Akyab 
Rangoon 
Moulrnein 
Mergtii 
Port Blair 

Port Blair . . . . . 
- 

Per cent. 
33 
35 
I 8 
33 
35 

705 I 40 

Enors overs 
mlnutes and 

under 15 
mlnutes. 

Per cent. 

42 

47 

41 

44 

43 

4 

43 

38 

35 

25 

35 

22 

2 I 

35 

42 

40 

I Per cent. 
40 
40 
27 
45 
40 
9 

40 
4 1 

Errors over 20 
mlnntes and 

under 30 
minutes. 

Per cent. 

7 

5 

10 

7 

I I 

53 

5 

10 

12 

14 

20 

I I 

39 

19 

5 

10 

Errors orer rg I 
mlnutes and 

under l o  
mloutes. 

Per cent. 

10 

10 

I I 

11 

14 

XI 

8 

13 

8 

8 

I I 

7 

31 

15 

9 

7 

47 

Errors ovar 
30 mloutcs. 

Per cent. 

a 

4 

9 

a 

a 

30 

I 

4 

3 

38 

14 

I I 

5 

6 

a 

8 

3 8 2 



No. 3. 

Statement showinf the percentage and the amount of the errors in the Predicted 
Heights of Hlgh Water  at  the various Tidal  Stations for  the year 1893. 

I Number of 
comparisons 

between 
the actual 

and predicted 
vnlues. 

Aden . . . .  
Karachi . . .  
Bhdvnagar . . .  

Apollo Bandar 
Bombay 

Prince's Dock 

Cochin . . , 

Tuticorin . . .  
Minicoy . . .  
Colombo . . .  

. . .  Kidderpore 

Chittagong . . .  
Akyab . . .  
Rangoon . . .  
Moulmein . . .  
Mergui . . .  
Port Blair . . .  

Errors over 
8 inches 

and under 
12 inches. 

Per cent. 

... 
4 

I8 

4 

7 

... 
5 

... 

... 
2 

15 

22 

2 

I2 

I 6 

6 

.,. 

Mean 
Range at 
Springs 
in feet. 

6.7 

9'3 

31'4 

13'9 

13'9 

3'2 

3'2 

4'0 

2.6 

2'1 

I 1'7 

'3'3 

8'3 

16'4 

12'7 

18.1 

6.6 

Errors over 
12 iuchec. 

Per cent. 

of in:zer:nd 

Per cent. 

94 

74 

35 

68 

67 

93 

68 

93 

90 

77 

33 

29 

88 

50 

39 

70 

94 

No. 4. 

Error8 over 
4 inches 

and under 
8 inches. 

Per cent. 

6 

22 

27 

2 7 

2.5 

7 

2 7 

7 

10 

21 

2 1  

20 

10 

32 

2 I 

22 

6 

Statement showing the percentage and the amount of the  errors in the Predicted Heights 
o/ Low Wate r  a t  the various Tidal  Stations fo r  the year 1893. 

Aden . . . . .  
Karachi 

S l r l l o m l .  

Bhivnagar . . . . .  
Apollo Bandar . . Bombay f ~nce'sDock . . 

Cochin . . . . .  
Tutiwrin . . . . .  
Minicoy . . . . .  
Colombo . . . . .  
Trincomalee . . . . .  
Kidderpore . . . . .  
Chittagong . . . . .  
Akyab . . . . .  
Rangoon . . . . .  
Moulme~n . . . . .  
Mergui . . . . .  
Port Blair . . . . .  

Number  o( 
cornparisonn 

between 
the  actual 

and predicted 
values. 

I Per cent. 

Mean 
Range a t  

Sprlngs in 
feet. 

Errors over 
4 inches 

and under 
8 inches, 

Errors of 
4 Inches and 

under. 

.- 

Per cent. 

4 
I 8 
18 
22 

25 ... 
17 
9 
4 

2 7 
22 
21 

32 
27 
24 
34 
6 

Errorn over 
8 inches 

and under 
1 2  inchcs. 

Per cent. 

... 
2 

17 
4 
6 

... 
2 

..a 

. a .  

3 
14 
I2 

4 
22 

15 
10 

,.. 

Errors aver 
1 2  Inches. 

Per cent. 



T h e  fo rego ing  s t a t e m e n t s  for t h e  y e a r  1893 may be thus  summarised  :- 

No. 5, 
Table o f  Avevage Errors in the Predicted Times and Heights of High and Low Water- 

at the seceral T ~ d a l  Sfationsfor thej .ear 1893. 

Pcrcentnge of time predictions within 15 minutes of a c t u a l ~ .  

High water Low water 
per cent. per cent. 

Open coast g at which predictions were tested by S. R. tide-gauge . 73 68 
stn~ions. 1 4 ,. $8 8 tide-p:)le 43 45 

Riverain 0, I )  S. R. tide-gauge 57 
t 9 ,  tide-pole 

57 
stations. { : :: 78 66 

STATIONI. 

OPEN COAST. 

Aden . . . . 
Karachi . . . 

Psrcentoge of height predictions u i th in  8 inches of actzrals. 

Mean range 
at springs 

in feet. 

6'7 
9'3 

- .=-A 

AVERAGS ERRORS. 

H . W .  L . W .  H . W .  L . W .  

High u8atcr Low water 
per cent. per cent. 

ga t  which predictions were tested by S. R ,  tide-gauge . 93 
t t  4 ,, I, t~de-pole . . 08 

9 8 

Riverain e. 9, . S.  H tide-gauge 68 50 
99 

statiu~,s \ :: . tide-pole . . 55 59 

10 
10 

13 
10 
I I 

27 
8 

11 
10 

32 
19 
12 
8 

14 

17 
12 

14 
9 

13 

Percentnge of height predictions ngveeitrg w i t l ~ i ~ r  one-tenth of mean range nt sprirrgs. 

B h f i \ ' n a g ~ , 4 ~ o ~ ~ o  i a n d i r /  :::; 
Bombay prince's ~ o c k  13.9 

High watcl Low water 
per ccnt. pcr cent. 

predictions were ~estcd by S. R. ~idc-gauge . 96 
tide-pole 

9 5 
S j  92 

Rivcrain S. R. title-gauge . SO 8 4 
stations. 1: :: ti~le-pole . . 86 8 I 

10 
I I 
2 0  

I I 
11 
24 
10 
12 
I I 

33 
23 
'4 
9 

Cochin . . . 
Tuticorin . . . 
Minicoy , . . 
Colombo . . . 
Trincornalee . . 
Akyab . . . 
Mergui . . . 
Port Blair . . . 

In this sunlmary the  t r s t s  a r e  of t w o  classes,  t h e  first arid more  accu ra t e  class beirlg 
those made by r of self-registering t idr-gatlges,  and t h e  s e c o l ~ d  h r i n g  those  made by 
means  of t;de-polcs. I Iiave mentioned, in t h e  paragraph on Cochill, t h a t  while height 
readings  (exccpt  in rough wen th r r )  can h e  accura t r ly  taken from a tide-pole,  corre- 
s l~o~ l t l i r l g  t i ~ n r  readings,  owing t o  the  rouqh nature  of t he  n p p l i ~ n c e  a n d  t h e  c h a n c e  o f  
inaccuracy in the local t ime, muxt be 3llowwi a cnn+ideral)le margin of er ror .  Sub jec t  
to  this coilsiderat;on, the  predictions for tirnt:, altllough not e q l ~ a l  to  tllose for  height, a r e  
r~ndouhterl ly very  g o o d ;  a n d  the  figures t aken  a s  a whole show a high s t anda rd  of gene ra l  
accuracy. 

2 C 

3'2 
3'2 
4"J 
a.6 
2 ' 1  

8'3 
18.1 
6'6 

'025 
-027 
'02 I 
'024 
'024 
'052 
'010 
'012 
'064 
'I 19 
'020 

'01 8 
.025 

General Mean . 

,025 
,027 
'032 
.O I 8 
.024 
-026 
'078 
'042 
'064 
' I  19 
'040 
'023 
'025 

15 / '043 

RIVERAIN. 

Kidderpore . . 
Chittagong. , . 
Rangoon . . . 
Moulrnein . . . 

'042 

,071 
'056 
'05 I 
'072 

17 
13 
16 

r 1.7 
13'3 
16.4 
12'7 

2 
3 
8 
4 
4 
2 
4 
1 
a 
3 
2 

4 
1 

*071 
'063 
'025 

General Mean . 

-- . - 

2 

3 
I a 
3 
4 
I 

3 
a 
2 

3 
4 
5 
2 

K O  
10 

5 
8 

10 

9 
10 

I I 14 

15 

'052 

'053 



Durlng the year under report one s tandard bench-mark for Calcutta has been under 
construction, and t h e  following bench.marks and survey s tat ions were connected in the 
course of thc levelling operat ions :- 

One brnch-mark o i  reference for the town and cantonments of Karachi,  3 Harbour 
LVorks i ~ i s c r ~ b e d  bench-marks a t  the same port, 38 ordinary embedded bench-marks, 330 
ordinary inscribed o r  minor bench-marks, 13  railway bench-marks, 2 7  Irrigation and 
Phblic Works  Department  bench.marks, and 3 Great  Trigonometrical Survey Stations. 
An extra  number (32) of minor bcnch-marks on the alignment of the proposed railway from 
S a ~ n b a l p u r  to  Cuttack were also connected for  the  use o f  the Engineers who will cot-,- 
struct the line of railway ; and  the particulars regarding them are  on record in my office, 
but a re  not being included in the printed pamphlet o f  heights, a s  these bench-marks a r e  
all liable to disturbance. 

'I he dimensions of the s tandard bench mark for Calcutta given in my last annual 
report have been slightly modified during its erection. It  will b e  connected with the 
I<idderpore tidal observatory and the main levelling in Calcutta dur ing  t h e  approaching 
cold season, and the inscriptions will be placed upon it, after which it will be fully described 
in the Government Gazette. 

T h e  bench.mark of reference for  Karachi was erected in 1862, and all levels in 
Karachi a r e  referred t o  it .  It was accepted by Lieutenant-Colonel Laughton, S.C. ,  of 
the Bombay Revenue Survey, a s  defining the  datum of his survey of Karachi  made in 
1873-75. T h e  original inscription gave the  height to  three places o f  decimals of a foot, 
and was a s  follows : " Height above mean sea-level 27.552  feet ;" but this inscription be- 
came so weather-worn a s  t o  be almost illegible, and a solid slate, bearing the  inscription 
given below, was fixed to the bench-mark during last season by Mr. Belcham, who tested 
the height and obtained for  it a value of  2 7 ' 5 5 9  feet,  practically identical with its accepted 
value, nh ich  still remains in force. 1 he bench-mark is solidly built on rock and is not 
liable to settlement. It is situated in the south corner of the compound of Holy Trinity 
Church,  and consists of a circular masonry pillar 2 feet  2 inches in diameter, r is ing 2 feet 
g inches a b o \ e  ground level It is plastered with Portland cement, and its top is capped by 
a thick horizontal slate. An iron pin 2 inches in diameter, fixed in the pillar, passes 
through a perforation a t  the centre  o f  the slate and projects slightly abave i ts  surface;  
the top of the pin being the point of reference. 

T h e  slate is inscribed a s  follows :- 
G. T. S. 

Bench-Mark 

A c c e p t e d  height a b o v e  
Mean sea-level 27'55 

A. D. 1862. 

T h e  pillar is protected by a substantial i ron railing, which was erected by the Irriga- 
tion Department. 

On the 30th November last I s e n t  Mr.  Darlington, the  Vice-Chairman, Port  Commis- 
rioners, Rangoon,  particulars of four inscr ipt io~is  which were t o  be  prepared on gun-metal 
plates and inserted in sunken spaces reserved lor them on the s tandard bench-mark for 
Rangoon. After  they have been placed in position, and  the  bench-mark h-is been finally 
inspected, a description of it will appear  in t h e  Government Gazette. 

All the bench-marks of reference a t  the tidal stations were found undisturbed and in 
good order ,  with the  exception of bench-mark A a t  Bushire, from which the inscribed 
s tone had been purloined, but which was restored t o  its original condition b y  Mr. Bel- 
cham during last season. 1 he bench-mark of reference of the  Manora tidal observatory 
a t  Karachi was protected by a s t rong  wooden railing during my inspect ion;  and  
during my inspection of the Prince's Dock observatory, I had the  letters G. T. S. B. M. 
chiselled a s  an addition t o  the bench-mark of reference. 

All the bench-marks in Karachi and its suburb Manora laid down in 1859-60, 
namely, the first nine entered on page 38 of the  Tables  of Heights in Sind, the Funjab, 
North-Western Provinces, and Central India (Calcutta, 1863), have disappeared, with the 
exception of a bench-mark in Karachi Church (Holy Trini ty  Church), which was found 
by spirit-levelling in 1892 and 1894 to  be gradually sinking, and which is quite useless. 
All t l ~ e  bench-marks laid don-n in 1883, when a line o f  levels was run from the tidal 
station a t  hilanora t o  the last-mentioned bench-mark, have likewise disappeared. T h e  
heights of these bench-marks were not published. 

Alterations having been made recently in the railway station enclosure a t  Chinchvad, 
within which embedded bench-mark No 104 1 3  of Spirit-Levelled Heights  NOS. 2 
and 3, Bombay Presidency. etc.) is situated, the following a re  now the correct measure- 
ments Irorn adjacent  objects to  the bench-mark, a s  Iurnished by the Agent, G. I. P. Rail- 
\ \ay Company :-"94 feet 8 inches west of the Government Telegraph Post 2, 1 7  feet  



south of the nearest rail, 77 feet 10 inches from the south-west corner of the station build. 
ing, 62 feet  g inches from the  front return south-eastern corner of the platform palisade 
fence, and 91 feet I inch from back return corner of the same palisade fence. 

Bench-mark No. 10 (page 7 of Spirit  Levelled Heights, Burma) was reported by 
the Engineer-in-Chief, Burma S ta te  Rallway, to  have been unavoidahly destroyed, owing 
t o  bridge No. r o  of the  Si t tang District, on which it was cut ,  having failed. He reported 
further that  after the bridge had been rebu;lt a circle was cut on the top of the south- 
east  parapet wall, and the reduced level of t h e  centre  of the circle was found to be 
15.23 fee t  above mean water-level a t  Rangoon. 

Bench-mark No. 108 (page 22 of Spirit  Levelled Heights, Burma) was also 
reported by the Engineer-in-Chief, Burma S ta te  Railway, to  have been unavoidably 
destroyed, owing to bridge No. 132 of the S i t t ang  District, on which it was cut,  having 
to be rebuilt. H e  reported that a circle was cut  on the top of the east  parapet  of the 
north abutment of the new bridge, and  the reduced level of the cen t re  of the circle was 
found to be 49.07 feet above lnean water-level a t  Rangoon. 

A bench-mark a t  the Poona Railway Station (No. I 15, page 14 of Spirit  Level- 
led Heights Nos. z and 3, Bombay Presidency, etc.) has been obliterated during altera- 
tions in the station platform. 

I take this opportunity to  suggest that  it  would be  advantageous i f  the principal 
marks of reference, such a s  pillars of the base lines and standard bench-marks, and  
a proportion of the lesser though very important stations and bench-marks of the Great  
Trigonometrical Survey of India, were t o  be  visited periodically and reported upon by a n  
officer of the Department. At  present the Department is without regular means of veri- 
fying the reports upon the survey stations, which a re  submitted by the Civil authorities a s  
a matter of yearly routine from all quarters of India ; and the destruction or dilapidation 
of stations and bench-marks is sometimes discovered only by accident. I mentioned in 
my last annual report how I chanced to be able t o  save from ruin the pillars of t h e  Mergui 
Base Line; and in the appendix to the recently printed pamphlet of Spirit  Levelled 
Heights, Burma, I reported that  althuugh the  Trigonometrical Station a t  the Mergui Court 
House, through which the tidal station was connected with the line of levelling to  the  
Base Line, had been carefully preserved, all the other bench.marks (seven In number) 
laid down in the town of Mergui in 1881.82 had disappeared. P a r t  of the spirit-levelling 
I shall now proceed to report on was rendered necessary by the wholesale disappearance 
of the survey bench-marks a t  Karachi. I think that these instances of neglect, i f  not of 
mischief, a t  widely separated places, coming within the recent experience of a single 
officer, point to the desirability of carrying out the above suggestion. 

T h e  extra levelling a t  Karachi, which was rendered necessary owing to the  circum- 
stances d e s c r ~ b e d  above, was executed most satisfactorily by Mr. Belcham, and consisted 
of a line of the usual rigoroms double levelling, carried from the tidal observatory 
a t  Manora t o  the Karachi Base Line, a distance of nearly J 7 miles, in the course of 
which one important bench-mark of reference, 18  permanent minor or inscribed bench- 
marks, and one Great  Trigonometrical Survey station were connected. 

T h e  regular levelling operations were carried out by Mr. J. Bond, and consisted 
of a continuous line of double-levelling from Sakti Railway Station of the Bengal-Nagpur 
Railway, where the work closed a t  the end of  held season 1891-92, t o  Sarnbalpur, and 
thence across the Mahdnadi and along or near the alignment of the proposed railway, on 
the south or right bank of the river, to Cuttack, closing a t  Kendrapdra near False Point 
tidal station, and thus connecting Bombay by levelliug with False Point and Calcutta. 
This line, together with 524 miles o f  levelling executed by Mr. Bond in 1891-92, consists 
of the following two sections :- 

* (a) Bilespur to Sarnbalpur, 163 miles. 
(6) Sarnbalpur to I<endrapAra, 259 ,. 

l ' he  levelling was carried during the past season over rough and hilly country 
covered with jungle and intersected with numerous s t reams and water-courses, falling 
into the Mahdnadi, a difficult and unhealthy region, in which Mr. Bond and his detach-  
ment suffered much from illness. The  total rises and falls amounted to 12,890 feet,  and 
the outturn to  369b miles of double-levelling, in the course of which the heights of 355 
permanent bench-marks, r r Railway bench-marks, 2 Public Works Department bench- 
marks, 25 Irrigation bench-marks, 2 stations of the Great Trigonometrical Survey, and 
3 2  temporary bench-marks on the alignment of the proposed railway to Cuttack were 
determined. This  is a good outturn and very creditable to Mr. Bond, who carried out 
his appointed work most efficiently and brought the direct line of spirit-levelling between 
Bombay and False Point to a successIul completion, in spite of many difficulties. The  
highly satisfactory character of  the levelling, thus completed, may be estimated by com- 
paring the height of the closing bench-mark a t  Kendrapdra as  derived from the neigh- 
bouring tidal station of False Point with its height as derived from the origin of the line 
of levels a t  Kalysn Railway Station near Bombay. 

T h e  height derived from the origin is I foot 4 inchcs higher than that derived from 
False Po in t ;  and the distance between these points is 1,185 miles. 



Extrac t  from Report by M R .  J .  BOND, Ext ra  Assistant Superintendant, 4th grade, 
on the levelling operations executed-Season 1893-g4. 

The levelling detachlnent, a s  under, proceeded by rail from Poona on the 20th November and corn. 
menced work a t  Sakti railway station on the st December 1893. 

Levellers I Mr. J B o n d  Extra Assistant Superintendent. 
Vinayek Naravan. Survevor. . ,  

Recorders 4 hub->urveyora~aIwant Atmaram. 
1 V. V. Zanker. 

A third, or auxiliary recorder, Govind Ramchandra, who was on leave, rejoined in the field on the 8th 
January.  

The party had scarcely commenced work when malarious fever set in, a n d  on the 8th I)ecember both 
levellers were completely pros~rated and brought into camp by trolly, and the second leveller, Surveyor 
Vina ,ek Zlarayan, was ordered by the doctor a t  Raigarh tu return to Poona. 

*he party then proceeded to  Jh l r suguda  to recruit their health. pending the arrival of Sub-Surveyor 
Sitaram Leshaant ,  \\.ho was sent to take the place of Surveyor Vinayek Narayan a s  second leveller He 
arrived at  JhPrsuguda on the 10th Llecember, but a s  he had no acquaintance whatever wtih spirit-levelling 
observations, a few days were devoted to instructing and practising all the sub-surveyors, vrs., Sitaram 
\ eshwant, Ualwant Atmaram, and V.  V. Zanker, in the use of the standard levels and  staves, a s  there was 
a likel~hood of further casualties from sickness, and I was so frequently ill myself that  I scarcely expected 
to be able to get through the season's work. 

Work \\,as resumed orb the ~ 2 n d  Ilecember with Sub-surveyor Sitaram Yeshwant a s  second leveller, 
but after working with the party seven weeks and  completing 116 miles, he also fell sick and was sent home 
to Poona, as  the Civil Surgeon stated he would be unfit to  resume field work. Sub-surveyor Balwant 
Atmaram then took his place, and worked from the 12th February to the end of the season a s  second 
leveller. 

T h e  Mukadam of the detachment, Rama Tekaora, reported his return to du ty  a t  the end of the 
recess ; but before (he field operations commenced, he died of influenza on the 12th November 1893 His 
death was a great  loss to the detachment. T h e  experience he had In selecting stations in advance over 
broken, undulating and hilly cuuntry, and across streams was of great  value, and accelera~ed the work. 

The  percenlaue of sick was so great at  times that  1 found the greatest difficulty in moving camp. Carts 
were engaged a t  Sambalpur by the month for the carriage of the camp equipment, a n d  beyond that place 
none were obtainable even for the carriage of the sick. I had, therefore, to send evtrything that could bc 
spared for a fortnight or so, about i o  miles in advance, and  the carts on their return were used lor the 
carriage of the sick, and a s  opportunity occurred those men who were unfit for further work during the field 
season were sent to their homes. 

Throllphout the held season every one in camp suffered more or less from sickness, and the progress 
of the work was conseqc~ently very much retarded. T h e  past field season was from beginning to end the 
unhealthiest I have ever experienced. 

Results of comparison of staves-Season 1893-94. 
- 

Mean difference of length d 
pairs of staves from l o  feet. 

Date of comparison. I Stave;I3: and Staves 83 and I a4 

1 -- - .  - 
I append the usual tabular statement of the outturn of levelling, also the followin 

tables :- 
Table A, giving the Great Trigonometrical Survey statiuns connected, and the 

errors of their original heights. 
Table B, railway bench-marks connected on the Bengal-Nagpur Line, and their errors. 
Table C, irrigation bench-marks connected, and their errors. 

. . . . . . . .  Raigarh, 25th November 1893 
Sambalpur, ~ 3 r d  January 1894 . . . . . . . .  
Harbhanga. 24th Maich 1894 . . . . . . . .  . . . . . . . .  Kendrapara, ; ~ t h  May 1894 

Tabular Statement of  outturn of work f o r  the Jield season 1893-94 from SnRli Sla- 
tion of the BengaI-Nligpur Railway,  via  Sambalpur and Cuttack, to K e n d r p d r a .  

...- .. -. . - . .  - = = - -  - 

I 
N u M B E R O P  OF 'Number NUMBER O p  B E N C H - M A R K S  CONNECTED. DOUBLE LEVELLI NC. FEET. ol sta- I lion-+ at 

which 
During the 
month ol 

Main Line. Branch Line. Rises. Falls. 

-- 

. . . . . .  ... Decemhe, 1893 . ... ... january  IS*,^ . ... ... ... February ,, . 5 ... ... ... ... 8 63 2 I 

April ,, . ... 
May 

... 1 2 

A. 

+'ooo716 
-.000567 
-'oo I 353 - ooo81a 

+'001547 
-.000880 
-'002424 
+.owogB 



Table A. 
L i s t  of Grea t  Tr z ~ o n o m e t ~ i c a l  Sl lrvey  Principal  and  Secondary s tat ions  connected by 

spiyzt-levelling-Season 1893-94. 

Sambalpur Secondary Lohlr, H. S. . . I  I a68 

East Coast Principal . Cuttack, H. S. 

Great lndus Principal . S. End, Karachi Base . 46.29 

REMARKS. 

HEIGHT I N  FEET ABOVE 
MEAN SEA L e v s ~ .  

-- 

On circle and dot mark on 
ruck in sitri. 

The he~ght relers to the mark 
stoneat the topoi the pillar. 

Error of 

A dot on silver at floor level 
defines the station. 

SERIES. Name of station. height by 

Table B. 

Lis t  of Rai lway Bench-marks on the Benga l -Naqpuv  .Ttzilway connected by the Survey 
o/ India Levelling Operatrons-Season 1d93-94. 

No. 

LEVEL I N  FEET. 
Error of 
Railway 
Levels is 

feet. 

. . . . .  Rail a t  Kharsia Railway Station 
,, Ndharpali ,, . . . . .  
,, Raigarh ,, . . . . .  
11 Jdmga ,, . a , . .  

,, Kanika s . . . . .  
,, Belpahdr ,, . . . . .  
,, Jharsuguda ,, . . . . .  

I I I - 
NOTE.-Both Survey of India and Railway levels originated in Bombay. 

Table C. 
Comparisons o f  P .  W. D. Irrigation Bench-marks connected by s p i r i t  levelling- 

S lason  1893-94. - 
 NO.^ 

- 

180 

a09 

-- - 

H E I G H ~  I N  FEET ABOVE 
MEAN SEA LEVEL AT FALSE 

PO I NT. Error of 
BENCH-MARKS. P. W. D. 

Levels in 

103.59 At Ramchandi Devi's Temple, on the right bank 
/T\ of the MahBnadi, + mile east of mile post 

No 16 on the road from Cuttack to Sambal- 
pur . . . .  103'59 +0'74 

Mahlnad i  River Gauge a t  Cuttack (69 foot &inch gradua- 
t i o n ) .  . . . . . . .  69'08 6967 +oe59 

A 
B. M.  ]<endrapbra Canal Head  Lock at  Jagatpur . 75'76 76.54 +0'78 

76 54 

. . . . . . .  

G T. S.  Kendraplra  Canal Bench-mark about ) mile 
B. M. west of canal milrstone No. 15 from Jagatpur. 
0 T h e  letters G,,TMs' were added during last 

45'30 
fie111 season 

-- 

45'30 4 5 9  5 +0'05 



I shall now add some remarks on the s tandard of accuracy of the Survey of India 
spirit-levelling operations. T h e  rigorous procedure employed in these operations is de- 
scribed in Colonel Walker's " Memoranda on Levelling Operat ions" published in the 
Appendix to  the Manual of Surveying for India, 3rd Edition (Thacker, Spink & CO., 
Calcutta, 1875),  and in the  introductions t o  the several departmental pamphlets of spirit- 
levelled heights. I he general system, which is gradually approaching completion, consists 
a t  present of lines of double levelling extending from tidal station t o  tidal station, either 
by more or less direct routes near the coasts, o r  by crossing the Peninsula from sea t o  sea 
a t  different latitudes, the lines sometimes interlacing and forming circuits. The  lines have 
been planned t o  form junctions with the  grea t  triangulation, t h e  heights of which they 
control, and t o  follow a s  much a s  possible the  g rea t  lines of communication along rail- 
roads, high roads, rivers and canals. Standards of accuracy, such a s  a r e  familiar elsewhere, 
by which the error of levelling is restricted within such limits a s  I inch per  mile, 2 feet or 
I foot per loo  miles, etc., would be useless; for it  is seldom that  the resulting heights 
can be checked before the  levelling has proceeded for many hundreds of miles. This 
renders t h e  most rigorous precision imperat ive;  and a very small amount  of disagree- 
ment  is consequently permitted between the readings of the  t w o  levellers, who work in 
concert and with different instruments. 

T h e  following table shows the maximum and terminal differences between the  heights 
obtained by the two levellers along six sections of the  line of levelling from Karachi, 
vid Calcutta, t o  False Point :- 

Section of line. Length 
of Sect~on. 

I miles. I feet. I feet. 

Maximum difference 
between the results ob. 

tamed by the two levels. 

MArh Pir, Upper Sind, to Dera Ghazi Khan . 
Mini Pir, Upper Sind, to Karachi . . 
Dera Ghazi Khan to Chach near Attock . 
Calcutta to Tiliagarhi . . . . . 
Tiliagarhi to Patkd Gerouli . . . . 
Agra to Patki Geruuli . . . .  

Terminal difference 
between the results ob- 

tained by the two levels. 

Mean maximum difference per loo miles I 0.18 I ... 
, I 

-- -- 

T h e  very high s tandard of accuracy preserved in the Survey of India spirit-levelling 
operations may be realised by inspecting the  following Tables  I and  11. Table I gives 
eight typical specirne~ls  of lines of levelling connecting tidal stations, a n d  the errors shown 
in it were calculated on the assumption that  the height of mean sea-level is the same at  
all the tidal stations. Table  I1 gives five specimens of closed circuits taken a t  random 
from t h e  published pamphlets of spirit-levelled heights. In calculating the errors  in both 
tables s igns were  disregarded, s o  that  errors  of contrary signs did not tend to neutralise 
each other  :- 
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Line of lnell inr from mean sea-level a mean u l m l  
at the undermentioned tidal stations. 

Karachi to-False Point u i i  Calcutta . . 
Bombay to False Point direct . , . . 
KQrwir to Madras . , . . , . 
Beypore to Madras . . . . . 

Okha t o  Bombay . . . .  
Bombay to KQnvdr , . . . . 

Madras to Negapatam , . . . . 
Madras to Cocanada , . . . . 

Len ih of line 
of tvelling. 

miles. 

2,500 

1,218 
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mean sea-level. 

feet. 

+ 1.72 
+ 1.60 
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per loo miles. 

feet. 
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Table 11. 

Closed Circuit. 

I miles. 1 feet. I feet. 

T h e  Survey of India does not profess to  keep the errors of heights obtained by 
epirit-levelling within any fixed l imit ;  but prefers turning out the very best  work pocsi- 
hle and discovering afterwards what its errors  may alilount to  Spirit-levelling of which 
the  error does not exceed I foot per roo miles is generally considered t o  be  practically 
perfect. It will be found that  the mean error of the great  spirit-levelling operations 
dealt w ~ t h  in Tables I and 11 is about I foot per I,OOO miles 

During next held season tlie levelling operatior~s will be continued from where they 
terminated last season near Cuttack and extended down the Coast to  join the line that  
was brought northward as far a s  Vizagapatatn in 1888 ; connecting trigonometrical sta- 
tions of tlie East Coast Series and completing the junction by spirit-levelling of all the 
tidal stations along the Eastern Coast of India. T h e  s tandard bench-mark for Calcutta 
will also be connected with the Kidderpore tidal observatory and with the  spirit levelling 
already executed. 

Several years ~vill  be required in order to complete the general scheme of spirit- 
levelling operations. The  completed system should consist of a central trunk, continuous 
from south to  north, with branches extending from it a t  various latitudes to  the 
tidal stations on either sea, and supplemented by extra levelling where necessary. T h e  
portion of the sys te~n  lying south of a line joining Bombay and Cocanada may be considered 
a s  finishrd, but tnuch remains to  be done to the north of that line. Thus, for example, 
the centr:~l trunk requires completion between Bider and Bhopal ; a branch is required 
to  join Allahabad and Bi lds~ur ,  and to be c o ~ ~ t i n u e d  thence t o  t h e  tidal station a t  
Vizagapata~n ; and several other lines of levelling a re  required in Kajputana, Bengal 
and Burma, which can be  undertaken when those I liave mentioned shall have been 

Caamnpore-Meerut-Moradabad-Bareilly.Lucltnow Cawnpore . 
D~ld~rnagar-Gorakhpur-Luclcnow-Cawnpore-l>ildArnagar . . 
Plrpainti-l)lldirnagar-Gorakhpur-Purneat~-Pirpainti . . . 
Kedg~~~~-C~ulbarga-Rbichur-Gooty-Bellary-Hubli-Iedgaon . 
RSichur-Gooty-Bellary-Rdichur . . , . . . 

CHIN-MANIPUR BOUN DAKY DELIMITATION. 

E x t r a c t j r o r n  the N a r r a t i v e  Report  of CAPTAIN p. B. LONCE, R.E., i n  charge No. ar 
P a r t y ,  on the operations w2't/z the CHIN-MANIPUR BOUNDARY C O M ~ I I S S I O N - S ~ ~ ~ O ~  

1593-94. 
On tny return to  Burma in January 1893 1 received orders to  arrange either t o  

accompany the Chin-Manipur Boundary Commission which was t o  liave proceeded within 
a few weeks t o  lay down a delinite boundary between tlie two hill tracts,  or to  depute 
one of my assistants t o  carry out the survey work with i t ;  but owiug to a rising in the 
Chin Hills the work had to be postponed until the spring of 1894. 

This  was perhaps not altogether unfortunate, as  the Political officers in the Chin Hills 
Manipur differed considerably, and in some important points, as  t o  tlie general line 

the boundary should take, and it was not till late in 1893 that the Government of India 
decided that a frontier line should be selected following natural features and approximately 
i n  the latitude of tlie line shewn by Pemberton as  the southern limit of Manipur in 1833- 
34, but excluding the village of Lenacot from Manipur. 

I do not propose to  go  deeply into the history of  the Manipur boundary, which has 
been more or less fully described by Mr. Carey in llis report, but a short s ta tement  o f  
the  case may be of some interest, the facts being d e r ~ v e d  from notes and reports by that  
officer. 

At the outbreak of the first Burma war the Burmese were in possession of Manipur 
and  had overrull Cachar, but the British arnis now ousted them and enabled the Mani- 
putis to  conquer the I<abaw (Kubo) Valley, which had for the previous twelve years been 
in the possession of Burma. In the treaty of  Yandaboo in 1826 no mention was made 
of the Icabaw (Kubo) Valley, nor was any boundary laid down between Burma and Mani- 
p\lr, and from 1826 to  1833 the queslion was c o n s t a ~ ~ t l y  before tlie Governments of India 
and Burma. It  was finally decided in the latter year that tlie Kabaw Valley should 
be handed over to Burma, and in November of  that year Major Grant and Captain 
Pcrnberton were deputed to do so, pointing out its norlhern and southern limits and the 
enstern boundary of hlanipur. 

This \\-as done, but Pemberton also proceeded to define a southern limit to  Manipllr 
by continuing thc southern line of the Kabaw Valley westward to the Manipur river. The  
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line thusdrawn ran through territory inhabited by Chins, who were independent  o f  both 
hfani ur and Burma, and it does not appear  to  have been recogniscd by them in any way, 
for t E ey raided i~ldiscr i~ninately ill all diyections, into Lushai,  Manipur ant1 Burma, 
Frerqurnt expeilit,iolis were sen t  against them from Manipur and  also from Burma and 
Lushai, but all failed to  overawe the  Chills, who continued their aggressions until, having 
conquered Upper Burma, it became necessary for  us t o  occupy t h e  hills sheltering this 
war!ike and savage race, in order to  protect our people and property in the  plains and 
valleys. T h e  hills were colisequently occupied and adnlinistered in 1888. 

G r a d ~ ~ a l l y  it became necessary to  extend northwards, and consequently the question 
of the  southern limit of the Manipur S ta te  arose, and a s  no boundary had ever  been 
demarcated, nor was  any  such line recognised by the  hill tribes, tlie recent Boundary Corn- 
nlission \\.as ordered t o  set t le  the question finally. 

'l'he Com~nissioli was appointed t o  assemble a t  'Tinzin in the  Kabaw Valley on the 
27th January 1894. 1 only received intimation of the da te  finally fixed while a t  Thamakan 
in the Soutliero Shan  S ta tes  on the 4th January, and a s  it was absolutely necessary for me 
t o  spend a few days a t  hlandalay t o  arrange for the future work of No 21  Party, etc., I had 
to hurry there a t  once, leaving Captain Gordon in charge of the  party, and  managed by 
going across tlie hills d ~ r e c t  from Kindat to  reach Tinzin on the  d a t e  fixed. hlr. 
Carey, C,l.l<., Political Agent, Chin Hills, had reached that  place 011 the  a j t h ,  and the 
Manipur portion of the  Commission under Mr. Porteous, I.C.S. arrived a t  the same 
moment  a s  myst-If. 

T h e  s trength of the Burma par ty  was a s  follo\vs :- 
Commissioner, B S. Carey, Esq., C.I.E. 
Survey of lnil~a. Captain F. B. Longe. H.E., Mahomed Latif. Surveyor, and 11  followers. 
Intelligence, Lieut. W. H Dent, Yvrlcshire Regiment, and two havildars. 
Escort, Lieutenant B. 'Trydell, Commanding, z Native officers and 51 rank und file, 1st 
Burma Rifles. 

T h e  Manipur party comprised :- 

Commissioner, A.  Porteous, Esq., C.S. 
Escort, Captain M. Kerr, Commanding, Lieutenant Baillie, 2 Native officers and roo rank and 

file, 43rd G L. I, 

Messrs. Carey, Porteous and  I spen t  the afternoon of 27th January discussing the 
general run of  the bou~ldary ,  and it was then practically decided to accept  the  Tui S a  
river or Tinzin Chaung for the boundary to s ta r t  with, a s  by 50 d ~ i n g  it  did not deprive 
Hauchinkup, the Kanhow Chief, who was with us of two of his villages, namely, haulkam 
and Hernzan, which a re  situated in tlie hills south of tlie Tui  Sa.  Had the Tui  Pu or 
Nampalaw Chaung been adupted, these v~l lages  would have passed t o  Manipur. 

O n  the  28th January we went  up a.,small hill, height about 1,500 feet above sea-level, 
a n d 3 h  miles west of rinzin, whcnce we had 3 good view O F  the course of the Tui S a  : we 
decided to move camp to Hernzan and thence ascend Molben hill, and there decide whether 
we should adhere to  the river or run the boundary up  t h e  ridge t o  the top  of the I.etha 
R a n g e  (Tang).  Accordingly we marched on the morning of the  29th across the hills to 
the l ' u i  S a  stream. T h e  s i te  of the camp is 7 miles from Tinzin a ~ ~ d  called Bong Pai,  its 
approximate elevation being 940 feet. T h e  highest point on the  road is, by barometer, 
2,100 feet.  Our  t r a n s p o ~ t  coolies \\.ere wretched specimens and did not all manage to bring 
in their loads;  conseque~lt ly  we were obliged to halt the next day Mahomed [.atif, whom 
I had gent by t h e  river with a n  e s c f ~ r t  and guides, did not reach camp until noon next 
day, and al together  our  s tar t  was unfortunate. 

However, being reinforced hy some Chin coolies from Haulkam, we marched on the 
3 1 s t  January a t  7 A.M. and reached that  village, a wretched place of 8 houses, a t  10 A.M 
T h e  Blanipur party had gone on the day before and had cleared a ltnoll above the village 
and erected a scaffolding for me, whence a very Fair view was obtained. Height by boil- 
ing point, 2,094 fee t .  W e  halted here a short time ant1 then rnoved on about 44 miles to 
a n  old village site called Pangchin (3,207 f t . ) ,  where we found sufficient water for drink- 
ing purposes ant1 halted for tlie night. 

O n  the 1st February we reac.11r.d Hernzan, height 4,186 feet,  and distant 8 miles from 
Pangchin. This  is a village of about 70 houses on a spur  from Moll~en.  It was very 
foggy and cloudy, and I co11111 d o  very little work. Mr. Porteous, who had gone on the day 
before, ascended hlolben and co~nlnenced clearinq. On the 2nd February I #ent  up  the 
h ~ l l  with Xlessrs. Carey and Purteous and .continued clearing, but we were all clay ill 
clouds and could s e e  nothing 0 1 1  the 3rd I a g . ~ i n  went up  Molhen and observed from i t .  
W e  decided to cont i~iuv the boundary u p  the Tlli S a  in preference to  a spur to Molben. 
Un the 4th February \ re  rnnrclicd about 74 miles t o  a small lake under the top of the 
Letha Range  a t  an rlevation of  allout 5 6 0 feet  called Tui  Pi : this ],lace is set- 
dom visited by the Cl~ ins  who consider ill  i ,~~ ,canny . ' J  S ta r t ing  from Hernran r(: 
drscpndrd by a very s teep path to  the T r ~ i  Pu, which we crossed a t  an elevation of  2,147 
feet; thencc: w e  ascended t i y  a 1011:: strep spllr to  within a mile of our camp on the lakc, 
which is a l ~ o u t  100 yards by 50 yarlls i l l  dimensions. The  vicw tc.) t l ~ e  south was fairly open, 
but the nor t l~ern  slope was drll++.lv wooded and I could s r e  very little in that direction. 

On the 5th February WF: r rac l le~ l  Shiclmong rl.,enncotl, ;I dirty village of 65 houses a t  
an elevation of ahout 4,800 feet. ' rhe  I,ighr.ct po i t~ t  nn the ronrl i i  6,500 feet where we 
crossed the Letlra Italige. It was very cloutly, the hill tops heing invisible, 
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\Ve were now considerably south of our proposed boundary and accordingly decided 
to to  the head waters of the  Tui Sa,  near Katong hill, and plant our  first boundary 
pillar ; so  on the 6th, leaving the bulk of our escort, etc.,  Messrs. Porteous, Carey, Dent and 
1, with 40 sepoys under Lieutenant Baillie, marched to a camp a short distance off on the 
Kalla  stream, below the old village of  Kunum, which we found had been deserted and 
rebuilt. At about 4 miles from Lenacot we crossed the  Yangdung stream, when vie were 
met by some villagers, with presents of goats, eggs, etc., from the small village of Yangdung 
close by, and a f te r  a short talk we moved on up a s teep spur to the site ot old Kunum and 
thence down to the Kanastream a t  the foot of Katong hill and a t  an elevation of 3,400 feet.  

O n  the 7th February we went up the  hill, camping just under the top a t  an elevation 
of  about 7,350 feet,  water being found a t  that  point. It  was a lovely day and  the camp 
was beautifully situated. I went up the hill and observed a few angles. W e  halted a t  this 
camp till the I rth, searching for the head waters of the Tui Sa,  which, owing to the density 
sf the undergrowth and forest, was a matter of considerable difficulty, the hill being covered 
with dwarf bamboo. 

After the  first day half a gale se t  in, making our beautiful camp rather a cold an.] 
uncomfortable one, and we all suffered in consequence from severe colds, e tc .  T w o  
boundary pillars were fixed on the loth, namely, Nos. r and 2; No. I a t  the head of the 
rtream Tui  Sa, called here Keng-yoi-dung, and the other on the knoll above it, a t  t h e  
point wherz the spurs from the Letha range s tar t  to Molben and Katong, which latter hill 
we found off the main watershed- (See sketch NO. I .) 

From the immediate vicinity of  Katong hill spring the Kens-yoi-dung, which is that  
branch of  the Tui S a  taken for the boundary; the Luilem, which IS the main source of the 
Tui P u ;  the Kena stream, which flows into the Manipur River, and the 'l'ui Nang, which 
flows into the  Chakpi. 

Very little clearing was required on Katong hill itself, but unfortunately before I 
reached the top some coolies, who h:td been sent  on ahead, had cu t  down the only respect- 
able tree near the top which would have been suitable for a mark. I erected, however, 
a big bamboo over the station, which was visible from Lentang on a subsequent date ,  but  
has since, I am afraid, succumbed t o  the heavy wind. From this hill we had a magnificent 
view, far  away into the Manipur plains and in the Lushai direction. T h e  whole place 
rwarlned with game, and sambhur, red sarao and barking deer  were killed. Besides 
this there were many tracks of tiger, rhinoceros, bear and pig. Having marked the 
boundary we  sent down our kit and escort direct to  the Yangdung stream, and with a few 
coolies and a guard of ten rifles cut  our way westwards along the ridge for about z miles 
till we reached the head waters o f  the Yangdung. W e  selected the more marked of the 
northern sources for the  boundary and erected t\vopillars, one on the ridge itself on a clear 
kno!l, and the other in the jungle below a t  the head of the ravine which was ill defined. 
(See skrtch No. 2.) 

W e  then went down the spur  to  our camp, a t  an altitude of 3,050 feet, which we 
reached, long after dark. This  was the fourth day running that we were unable t o  ge t  
back to camp by daylight, and we were all rather done up with fatigue and expo- 
sure, for we had no tents and the wind had been bitterly cold : the drop from the boun- 
dary pillar to  camp was nearly 5,000 feet  in less than 5 miles and we tumbled about a g o o d  
deal as we scrambled down. 

At Yangdung, 1 found Mahorned Latif whom I had sen t  south from Lenacot with 
a n  escort of zo men on a two-days' trip ; he had done a good amount of plane-tabling. 

As we were unable to  move the whole camp, owing to the coolies having made them- 
selves scarce, and a s  both I and Mr. Carey were far from well, we remained behind and I 
worked up my plane-table. T h e  Manipur column, accompanied by Mahomed Latif, marched 
on the 12th to  the junction of the Rlanipur ~ \ i v e r  and Yangdung stream ; we followed next 
day, coolies, of whom a good many were women, having been procured by Hanchinkup from 
L.enacot and other villages. T h e  length of  the march was about g miles and the path led us 
tirst back in the direction of  Lenacot to  the watershed, then north-west up  a s teep spur, till 
we reached an altitude of  5,000 feet, whence we descended in the same direction, t o  the 
Manipur river, the last mile of the road being very steep. Our  camp was on the north 
side of the junction of  the two streams, and the place had in former times been used by 
Manipur armies when operating in this direction, the old ditch of their entrenched camp 
or stockade being distinctly visible. Here we found some dug ou tsJ '  (canoes) which 
had been brought down by some Manipuris with rations, etc., for Mr. Porteous'  escort 
from Shuganu. 

T h e  river here is broad and swift and is intersected by vertical dykes of rock from 
6 to  18 inches thick, embedded in shale. T h e  right bank of the river is very s teep and 
wooded, but the other side was just here fairly flat for a breadth of a hundred yards o r  
so  : altitude by boiling point 2,253 feet .  W e  halted on the Manipur River on the 14th and 
15th February. On the latter day hlessrs. Porteous, Carey and I went up  the range on 
the far bank, to see the lie of the country to the west and t o  decide our line. T h i s  was 
a stiff climb of 3,400 f e e t ;  we came down by another spur  and with great difficultr 
succeeded in reaching camp a t  nightfall. W e  had been accompanied a s  far a s  this by 
all the chiefs residing along the border:  a good many of them were now allowed to return 
home. 

On the 16th February we marched with part of our escort by yesterday's route 
ever  the range to a camp in the jungle on the 'fui Ta.  Lieutenant Dent, who was ill, and 
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Lieutenant Baillie remained a t  the  river with half t h e  escort. We fixed NO. 5 pillar a t  the 
head waters  of the Yangkai and  Tui  T a  s t reams (see sketch NO. 3) a n d  reached camp a t  
dark. 0 1 1  the 17th February I proceeded along the ridge to  the  north surveying a n d  later  
in the day joined Messrs. Porteous and Carey who had gone westwards. W e  were unable 
t o  move camp a s  the Burma portion of the Commission was still a t  the Manipur River. 
They  came in during the d a y  and on the  18th w e  moved camp over the  ridge (height 5,250 
fee t ) ,  lower down the s t ream about 34 miles to  the foot o f  the Lentang range,  and  a t  noon 
blessrs. Carey, Porteous and 1 went t o  the top of the range and decided our  next  move. 
W e  cleared t h e  hill a t  the  source of the  s t ream on which we were camped and  which w e  
decided should be the  boundary, and from it obtained a fine view of the Lung  Leng, Lung 
Tul and other  ranges, a s  well a s  of Kailam and Howbi. CVe could also see t h e  villages 
of Tanvum and Sunkum, etc., to  our north and north-west. T h e  height of our camp on t h e  
Tui T a  was 3 3 0 0  feet. 

O n  the 19th February we marched t o  a camp in a d e e p  ravine in dense  jungle imme- 
diately below a magnificent cliff called Khovet,  which towered 2,ooo f e e t  above us. O n  
this hill was formerly a village called Manbum which was inhabited by Chaksad Kukis, 
called raksa t  by  the  Chins ; they were at tacked a n d  defeated by t h e  Pois (Yahaws and 
outlying Tashons) and compelled to  fly, and have settled in the  west o f  Thaungdut  Nali. 

A very fine stone slab, standing about 10 feet out of the ground, was found close t o  the 
old village site, and  on each side were s igns of two stone seats  (as in sketch No. 4). W e  
were unable t o  ascertain the history of these relics, none of the Chins being bold enough 
t o  talk of tlie place, which appears  to have some superstitions at tached to it. 

Next  day  I returned a n d  went  south along the  spur  from Khovet, while Mahomed 
Latif went  northwards. Neither of us  go t  much work done, bu t  I lixed t h e  course of the 
Sum Tui  Lui, our  boundary s t ream. 

On 21st February the Commissioner and I went  back t o  Lengtang hill and fixed 
boundary pillar No. 6 on my theodolite station mark (see sketch No. 5). W e  cleared t h e  
hill leaving only a small rhododendron t ree  on the  top  and  a big fir t r e e  close to the top.  

011 zand February we marched south about  3 miles up the T u i  Vai stream t o  i ts  
junction with tlie Sum Tui Lui, close t o  Chibu, the  salt  well, which is very well known,  
people coining from long distances to  extract  the salt from the water  drawn from t h e  ~ve l l .  

While looking about  here, we came on three large s tone slabs, planted vertically 
in the ground, a short distance from the  well. T w o  of these had inscriptions on them, 
and on one  was  the arrns of Manipur, and on the other  the  picture of a d o g ;  on the third 
were  tnro Burmese figures seated under umbrellas. T h e  first s tone s tands 4'4'' high a n d  
the inscription on it  records (in Manipuri) the  fact that  2 Manipuri Majors and 130 officers 
and 2,000 Inen went  there with General Nuttall, Political Agent, and  having conquered 
I 12  villages, Poiboi, Lenkarn, etc., and take11 possession of the well, placed there (on 
a s lab a t  the  foot of the stone) the footprints of t h e  Ra jah  Chander Kir tee Singh, d a t e  
1872 (1793 of Sakabda). 

On the second stone is  inscribed 1872 in English and a dog, and i t  records the  name 
of General Nuttall, Political Agent ,  year  1793 of the  e r a  " Sakabda." This  also has  a 
s lab a t  the  base, on which two naked feet a r e  carved. O n e  of the  Majors mentioned on 
the  first storie was the  'Thangal Major who died on the scaffold in Manipur in 1892. 

On the ~ 3 r d  February we marched by a most round-about way to the Tui  Vel;  the 
route we followed is that connecting the  Nwengal and Nwite villages. At  a short distance 
from the  T u i  Vai, we came across another slab, which had fallen down and was surrounded 
by a heap of stones, presumably a g r a v e  ; the  figures " I 7 I " were cut  on it and  also a figure 
of Hanuman, the  monkey-god. 

On 24th February I went back t o  fix the  courses of the Chining and Salam streams, 
and we put  up  a stone on the watershed between these two streams. 

O n  the 25th February we marched t o  the Tui  Mong. I go t  a good deal of work done, 
and Trydell and Kerr  with some sepoys shot a magnificent solitary bull mythan. 

On the 26th February w e  moved to the Tui  Kui, abcut  34 miles. I t  rained hard, but 
we  put  up  a cairn and  cleared a hill partly, on which w e  decided t o  erect the boundary 
pillar No. 8. This  is a t  the head waters  of four streams, the  Tangha ,  the Tui  Mong, the 
'Tui Kui and the  Tui  Lak (see sketch No. 6). 

It  cleared up  during t h e  night and on the morning of the  27th we  ascended Lunleng 
which was a stiff climb. On the Intelligence Branch map which we had with us, the 
height is given 1,000 feet below what it  actually is, and consequently we  were rather 
surprised a t  the amount of labour we had in reaching the top. The  hill is scarped almost 
all round and the spur  we ascended by was  very s teep  ; in one place we had t o  niake a 
sort of ladder of saplings before we could progress a t  all. W e  eventually reached a 
sort of broken plateau, evidently t h e  s i te  of ar. old village, for, in addition to t races of 
buildings, we found remains of s tone walls, ditches and  gatewa s on the  way up, closing 

nagle from the east. 
r ga s in the natural obstacles, and the ~ o s i t i o n  must have been a most, if  not qui te ,  impreg- 

T h e  highest point, which was trigonometrically fixed during the  operations of the Left  
Column, Lushai Expeditionary Force, is 6,530 f e e t a n d  is about  a mile further on. It  consists 
of a broad and  densely wooded knoll, which it  was impossible t o  clear, and al ter  sketching 
as much of the neighbouring country a s  time and  weather permitted, we started dowtl the 
bill and were caught in a heavy storm when hall way down, a r r i v i n ~  in camp drenched and 
tired out a t  dark.  
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This  closed the boundary work, which was commenced on the 29th January.  W r  
erected no mark on Lunleng a s  the question of the Lushai border came in and we decided 
that  the survey point should be accepted. I had hoped to have been able to  make a 
station of this point, but time did not admit of i t ;  the hill would have taken two or three 
days to clear, and  I dragged the theodolite up with considerable difficulty to  no purpose. 

O n  the 28th February and 1st March it poured with rain almost incessantly, and we 
could d o  nothing ; however by making use of tarpaulins and waterproof sheets, we 
managed to keep dry enough t o  write out a description of the boundary and the positions 
of the pillars, which was signed by both Commissioners, and on the ant1 %larch, l e a v i n g  
the Manipur portion of the Commission in camp, we started on our return march putting 
up  ~ i l l a r  No. 8 on the previously chosen spot on our way. On arrival a t  the Tui Vai that 
afternoon, I traversed up it  to  its junction with the T u i  Mong, \vhich I had only rougIlly 
fixed before, and I got back a f te r  dark in pouring rain which continued all night, soaking 
us and our bedding. On the 3rd March we marched to the Tui Vai and on the 4th to the 
Tui  T a  ; i t  rained each day, and I could d o  little work. Next day we started earl t o  
march t o  the  Manipur River, which we had to cross to  reach our old camping a t  
about 10-30 when on the range above the river, the rain came down in torrents and 
continued all day and night. W e  found the river in flood and had t o  make temporary 
arrangements to  cross as  we had no rations left.  A small raft had been prepared, alld the 
Chins in about two hours madeasufficiently long rope of the fibre from the inner bark of the 
Odan t ree to connect the two banks, and after many failures when my measuring rope and 
others had given way, we managed t o  ge t  the raft pulled across with a loop over the rope. 
As every one was soaked and we wished as  far  as  possible to  keep the kits, etc., dry, we 
sent them over first, with three or four men a trip, and by 7-20 P.M., when I embarked, it had 
made about 30 trips. Ramdas, my chaprasi, and two sepoys were on the raft with me, and 
unfortunately a Chin also, who lost his head and managed to upset the raft and throw us 
all into the  w a t e r :  i t  was pitch dark and pouring in torrents, but we luckily all managed 
t o  catch hold of the raft, and I somehow contrived to keep hold of my gun and rifle which 
[ had in my left hand and saved them,  but the treasure chest, a box of ammunition and one 
rifle belonging t o  the  sentry over the treasure were irretrievably lost. My camera and all 
the photographs I had taken were destroyed, and an aneroid injured ; my watch which was 
in my pocket was however not injured;  though it stopped for a time, it has gone well 
since. 

W e  managed with t h e  aid of Mr. Carey, and some sepoys, who pulled the raft to 
shore, to  ge t  on land again, but found it impossible to  right the raft, and a s  no one could 
be found willing to  try and cross, Mr. Carey, Ramdas and I went over on the inverted raft, 
without accident. Later a few more trips were made, but it  was dangerous and we 
decided to leave the few remaining men and coolies on the far bank for the night. They 
were supplied with food and tarpaulins from our side and had lighted big fires, and we 
gave them whiskey from a case they had in their charge : no one was any the worse next 
day, when by I I A. M. o r  noon all had been assembled in camp. l h e  rait  was righted 
and worked satisfactorily next day. 

W e  halted on 6th and 7th March a t  the  Manipur River (which continued to rise) in 
the hopes of recovering the lost cash chest, etc., but it was hopeless; it rained heavily 
each day and on the  8th we marched to Shielmong. On the way hlr. Carey received letters 
urging him to hurry back t o  T idd im;  so we pushed on, reaching Tunzan, which is 
Hauchinkup's head quarters, on the 11th March. Here we halted one day and on the 
14th we reached Tiddim. There was nothing of any interest on the march ; the route has 
been traversed several times before, but 1 found the position of Lenacot (Shielmong), 
very much out on the Survey map. 

I halted a t  Tiddim till the 23rd March, when Lieutenant Dent  and I marched to 
Kalewa, which we reached on the afternoon of the 27th, and leaving on 29th by the Amyen 
(Irrawady Flotilla Steamer) reached Mandalay on Sunday, 1st April. 

Lieutenant Dent had been suffering throughout the expedition from dysentery and 
had a very trying time. 

Before parting with the  Manipur party, I had arranged with hlr. F'orteous that 
Mahomed L,atif should return t o  Manipur with him to survey the country between Lunleng 
and that place as  far a s  possible, and then t o  fill in a g a p  south-east of Manipur and even- 
tually t o  re-join me a t  Mandalay vi6 Tammu and Kindat. Mr. Porteous telegraphed to 
me from Manipur on his arrival there that  the surveyor had done a good bit of work, but 
that he was then laid up  with a bad attack of  fever, and 1 have not yet  heard whether he 
has commenced his work to the south-east. 

On  the conclusion of the actual boundary work, I had arranged with Mr. Carey that  
instead of going back by the same route, we should go  south-east and strike the Manipur 
River lower tlow~l and later on make a tour for  10 days into the hills west oft he river from 
the neighbourhood of Tunzan : I hoped by this means to  g e t  all the unexplored country 
south of the boundary and in the Chin hills fairly well mapped. Neither of these 
proposals, however, could be carried out. W e  had only a certain number of days' 
rations, and were therefore, after losing so many days through rain and the unfortunate 
delay a t  the Manipur R i v ~ r ,  obliged to march straight back to Tunzan, and then owing t o  
the trouble with the Pimpi people, hlr. Carey and the escort were required for other 
duties and the expedition had to be abandoned. However, it was arranged that if possible 
it  should bc carried out next field season. 
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nJy survey work was necessarily limited t o  a very small distance on each side of  the 
bountlary, a s  the jungle made it  often very d~fficult t o  follo\v the course of the boundary 
streams, and  we had several times much trouble in finding a suitable place for our boundary 
pillar: on one occasion it  took us three days t o  find t h e  source of a s t ream within 3 miles 
of our camp, namely the Kengyoidong. W e  were also very limited a s  to  lime, first because 
Mr. Porteous had been informed that  he must be a t  Manipur t o  meet the  Chief Commis- 
sioner of Assam on the  27th February, and secondly on account  of t h e  difficulty of rations 
and  the  [act that there was very important work for NJr. Carey to the south. 

I, however, managed t o  survey a n  area of about  840 square miles, exclusive of what 
Mahomed Latif may have done, and observed a t  three stations, and  hope t o  have secured 
a connection between t h e  various triangulations which have common points in this district, 
which comlnon points, however, differ a good deal in position. It  was t o  be regretted [hat 
the last portion of the work was  so much interfered with by the  rain, which for several 
days  prevented work of any description being carried out. 

AS regards health, too, I was unfortunate ; owing t o  the difficulty of get t ing transport, 
I only took with me eleven followe~-s for the t w o  parties, a n d  of these five got more or less 
seriously ill and  were for a great  par t  of the  t ime incapacitated, three having t o  be carried 
on t h e  march. This  was a good deal due t o  their being too  lazy to put grass  under them 
a t  night, I fancy, a s  they had tents,  which n o  one else except  Mr. Porteous had, and they 
were well fed, clothed and looked after. 

A rough sketch is a t tached showing approximately the  section along the  boundary. 
T n e  heights a re  from boiling point observations taken chiefly b y  Lieutenant Dent, and 
a re  only approximate. A detailed description of the boundary is not given, as  this has been 
carefully described and forwarded to Government by the Political Agent. T h e  type of 
boundary pillars that have been erected is shown in sketch No. 7, 

Mahomed Latif carried out his duties to  my satisfaction. 
My best thanks a r e  due to Messrs. Carey and Porteous for the  g rea t  assistance they 

gave me, in clearing and many other  ways, for they almost invariably remained with me 
all the time I was a t  work and  personally supervised the coolies, etc., thus saving me much 
time and trouble. 

T h e  cauntry through which we passed was densely wooded, but  the  undergrowth was in 
most cases not heavy, which enabled us t o  move with comparative freedom in this desert- 
r d  t ract ,  which is almost entirely devoid of paths. T h e  only villages we  went  to  or 
near were Haulkam and Hernzan on the  east  of the Letha Range ,  and Shielmong (formerly 
Lenacot),  Kunum, Yangdung and  Tangsi  on tlie western slopes. On the  west of the 
Manipur  River  t h e  country is entirely deserted for several miles north of the  boundary, 
and for a very long distance t o  the  south, though hunting parties g o  there for shooting 
and also t o  Chibu for  salt .  Game of all kinds is very plentiful and  there is no scarcity uf 
water.  

There  a r e  magnificent pine t rees  and  t h e  largest rhododendrons I have seen any- 
where ; we also came across a t ree with a flower resembling in appearance and smell a 
magnolia, though the  flower was considerably smaller. 

T h e  villagers live in the  utmost s ta te  of filtll and  appear  very poor. They  all dr ink a 
liquor obtained from millet which is  fairly pleasant t o  the taste  and is refreshing. It can 
be  niade very s t rong,  but is not s o  a s  a rule and they swallow ~ a l l o n s  of it. 

T h e  women appear  dirtier than t h e  men, but when young have rather  pleasant faces, 
and all seemed to have every conlidence in us  and many accompanied us as  coolies. 

There  were no signs of  a n y  mineral wealth. 
T h e  hill sides a r e  generally very s teep,  and t h e  ridges except  in the case of the sum- 

mits of Khovet and Lunleng a re  extremely narrow, in many cases only a few feet wide. 
Over  the Tui  S a  between Tinzin and  Haulltam, there is a bamboo suspension bridge, 

over which one man can g o  a t  a time, and the  same over the Tui Pu,  below Hernzan. 
Most of the s t reams a re  full of fish, but  they d o  not seem t o  take ei ther  a fly o r  any 
artificial bait. 

S O l l T H E R N  S H A N  S T A T E S .  

N o r r a i i v e  Repor t  of CAPTAIN P. J. GORDON, S. C., Assis lnnl  Suj)erintencr'e,rl, 1 s t  g rndr ,  
No. P I  P a r t y ,  on  Ihe  operal ions i n  t h e  SOUTHERN SHAN STATES, Seasorr 1593.94. 

Leaving Mandalay on the 22nd of November 1 8 9 3 ~ 1  arrived on tlie 30th a t  Thaniakan. 
which it had been decided to make the head quarters  of the detachment which was to  
carry on the one-inch survey in the Southern Shan States. Thamaltan is on the cart-road, 
72 m i l ~ s  from Me~li t i la  Road station and 36 miles from Fort Stedman ; it has a Post a n d  
Te l rgraph  Office, and is the head quarters of the Xlyelat. I n  order  t o  furnish points for 
t h r  plane-tablers, we a t  once commenced tlie triangulation, s tar t ing from the Sintaung- 
hlyinmati base of  the Mijnghsat secondary series of the Great  Trigonometrical Survey 
Mr. James extending southwards, while I worked to the north of Lat. 20' 30". On the 
11th December 1893, 1 met Captain L c ~ i g c  a t  Kxlaw, and we observed together a t  live 
stations and c o m p ~ ~ t e t l  sufficient points to  s tar t  the four available plane-tablers a t  their 
work on the  7th of January 1894. 

O n  this  date  Captain Longe left for the  Chin-Manipur Bountlary Commission, and 
I continued the triangulation and  was able  t o  furnish points to Mr, Kennedy and two 
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sub-surveyors on their arrival from Lashio on the 29th of January. In the meantime, Mr. 
James was working t o  the  south to furnish points in advance for next year's work. After 
the  end of March triangulation had to be abandoned owing t o  the haze and the smoke of 
jungle fires. 

T h e  total out-turn of triangulation for  the season mas 2,370 square miles, furnishing 
points for the two sheets completed this year, and in advance for n large portion of four 
more sheets, which it  is intended to take in hand next field season. 

During April, Messrs. James and Kennedy were employed in putting i l l  the Burma- 
Shan and the  S ta te  boundaries. These were, a s  a rule, entered on the plane-tables it# 

sjlu, and a s  each plane-table section contained several boundaries, this plar! secured a n  
add~t iona l  test of the work. As a rule, boundaries were clearly defined, hut in one or two 
cases there was a difference of opinion between the Chiefs of adjoining States .  In such 
cases both boundaries a s  claimed were entered on the plane-talrle section and traces of 
them sent to  the Superintendent for decision. 

Owing t o  the absence of advance triangulation, plane-tabling had to be carried on in 
very small sections. T h e  total out-turn of topography on the I-inch scale comprised an 
area of  1,064 square miles in sheets Nos. 3 1  I and 312.  T h e  lateness of the s tar t  and the 
inexperience of many of the surveyors rendered the outturn comparatively small. 

T h e  climate of that  part of the Shan States  in which we were lvorking is excellent, 
and, with the exception of a few cases of fever contracted in coming through the malarial 
terai tracts, near Nampandet, the health of the detachment was uniformly good. There 
is now a good cart-road from Meiktila Road station to Fort  Stedman, and a tonga service 
might be organized, which would take one from R a n g o m  or Mandalay to a climate a s  good 
a s  Bangalore or Dehra Dun in little over 24 hours. Although the average height 
of the plateau is  only 4,000 teet, the heat is never excessive, and in December, January and 
February the ground in the early morning is thickly covered with hoar frost. Although 
the country does not possess all the requirements of a sanitarium, it is doubtful whether 
there is any more suitable place in Burma for one, within easy access of the plains. 

After passing the fringe of wooded ,pats on the western edge of the plateau, one 
comes out on a wide expanse of rol!ing grass-covered downs, broken in places by deep 
red canons-a most characteristic landscape of the Shan cou!ltry. '1'0 the east succes- 
sive ranges of limestone hills running north and south separate the valleys and the 
~ l a t e a u x .  All the curious phenomena of a limestone region are  seen among these hills : 
deep rounded basins with no outlet, blind valleys, and caverns, many of which have their 
sides encrusted with figures of Gautama, and are  considered of great  sanctity. Some 
streams disappear altogether 011 one side of a hill and after running underground for a 
considerable distance come gushing out a t  the other side. 

T h e  country is rich in minerals; lead ore is extensively mined in the Bawsaing State, 
where the ubiquitous Chinaman, who is al\vays t o  the front where money is to  be made, 
holds the contract for smelting lead and silver. T h e  possession of this mineral wealth is 
not a source of unmixed benefit t o  the State, a s  the surrounding hills are  so honey. 
combed with old mines, that the people a re  unable to  keepcattie,  grazing being impossible 
owing t o  these pit-falls. Coal of fair quality is found in Pwehla, and copper and iron were 
both formerly mined for in the Myelat. 

From an ethnological point of view, the country is most interesting. In the Myelat 
there are  over twenty different tribes distinct in dress, customs, and often la~lguage. 
These tribes d o  not, a s a  rule, intermarry. Although s o  different otherwise in character, 
they resemble one another closely. They are  unambitious and unenterprizi~lg peol)le, but 
cheerful and fond of amusement, and although constitutionally lazy, t ake  care to  work 
suRiciently hard to keep themselves in comfort. T h e  wife does all the house work and 
a very large share of the out-door work as well. S o  important a member of the household 
is she considered that in most of the States  a widower is exempt from all taxation. 

T h e  Shan is a born trader, and the great feature o f  life in this country is the bazar, 
which is held on every fifth day a t  all the chief villages of States. There the gossip of the 
neighbourhood, as  well as  its produce, is exchanged, and for the few hours in tlie forenoon 
while they last, these markets present scenes of much animation. Our detachment found 
then1 most convenient, a s  fresh vegetables, fruit, and fish, and  sometimes meat were to be 
bought there. 

During the colder months, an extensive t rade is done between the Shan States  and 
Burma, and the traders from the States  east of the Salween with their immense herds of 
iine pack cattle, preceded by a favourite bull carrying a deep-toned bell hung on a wooden 
arch 011 its shoulders, are  continuously passing to and from the plains, principally along 
the cart-road, although a little of the trade finds its way by the old routes aid the 
Natteik Pass to Kyaukse, and by the soutllern road to Yamethin and Pyinmana. The  
cart road leading from Meiktila Road station to  Fort Stedman and Taunggyi is a wide 
mrtalled road with easy gradients : it is intended to eventually carry it on t o  M"n6 
itnd the eastern States. Besides it  there are  a few cart tracks in l ' l l a ~ n a i n ~ k a n ,  Pwehla, and 
Pindaye States, and a number of excellent bullock tracks t l~roughout  the district. 

T h e  only rivers of any importance a re  the Panlaung, Balu, and Paung Laung chaungs, 
but they are not navigable except for raf ts  in the parts we were surveying this 
season. T h e  lnle lake (Nyaungywe State)  with its influents in the valley is much used a s  
a means of communication, and to the south the Balu chaung, which flows out of the lake, 
is thc principal highway of that portion of the country. T h e  boats a re  all owned and 
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navigated by an amphibious tribe, the Inthas, said to have been originally brought from the 
Tavoy province. They build their villages on piles in the lake and construct floating 
gardens close by, where tomatos, water melons and gourds grow in profusion. 'They 
a re  expert fishermen, and supply all the bazars in the neighbourhood with fish. 

Their method of rowing is peculiar; the boatman, or woman, for both are equally 
expert, holds the end of the paddle in the hand, and propels it by the leg which is hooked 
over the handle for this purpose. 

With the exception of Nyaungywe and Fort Stedman, there are no towns in the 
district, even the capitals of States being mere villages. 

The country is generally fertile. Rice, of course, is the principal crop, hut a little 
wheat, cotton and sugarcane is also grown, and in some parts good crops of earth- 
nuts are obtained. Excellent oranges are grown in Pindaya and other favoured spots, 
and, judging from the size and appearance of the wild apple and peach trees, there should 
be no difficulty in cultivating these fruits also. The  only opium I saw was in a small 
Palaung village among the Pindaya hills where rich crops of opium, bhang, and tobacco 
were grown in forest clearings. 

The natives showed a considerable amount of interest in the survey, and helped us 
as much as they could, except when the counter-attraction of a Poongyi's funeral or of a 
day's gambling proved too great for them. 

The country is thoroughly settled and peaceful, and we all moved freely throughout 
the district without escorts of any kind. 

For carriage, pack-bullocks and coolies are ge~ierally procurable, but for Furposes of 
triangulation, it is advisable to e~nploy mules, their extra cost being amply repaid by the 
increased out-turn which they render possible. 

The survey was carried on in 18 States and Sub-states of which g were surveyed in 
f u l l  and g in part. They vary much in size, some of them being very small, e.g., Nankon, 
whose whole area is less than 4 square miles, while others such as Nyaungywe cover 
over 500 square miles. 

The following are the names of the Shan States, with their areas, the survey of which 
was completed during the season :- 

Square m i l e .  
Stoles- 

Pwehla (including Sub-states of Tatpot and Myinmu) . .  101.6 
Nankon . . . . . . . . . . . . .  4.0 
Kyon . . . . . . . . . .  . . .  24'4 
Bawnin . . . . . . . . . . . . . .  40.0 
P i n h m i .  . . . . . . . . . . . .  29.3 

Sub-Stntes- 
Kalaw (of Nyaungywe State) . . . . . . . . .  5.6 
Kyawktat ( do. do. ) . . . . . . . .  49.0 

Owing to the excellent arrangements which Mr. Hildebrand, C.I.E., Su erintendent P of the Southern Shan States, had made, and to the hearty co-operation o hisstaff, we 
had no difficulties, except those due to the nature of the country and the state of the 
at~nosphere. Mr. Giles, who had charge of the Myelat, rendered me the greatest 
assistance. 
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Minbu . . . . . 
Nadia . . . . . 
N a i n i T a l .  . , . . 
Puri . . . . . . 
Palarnau . . . . . 
Ruby \liner . . . . 
Singbhoom . . . . 

S T A N D A R D  MAPS. 

ASS~M-  
Sheets Nos. 5, 10, 43, and 44 . 

BINGAL- 
Sheets Nos. 320, 343, and 314 . 

BOMBAT- 
Sheets Nos. 119 and 340 . . 

CENTRAL INDIA A N D  RAJPUTANA- 
Sheets Nos. 335, 378, 408, 419, 

462,480, and 483 . . . 
Sheets N35, a6, 51,363. and 381 

hl ADRAS- 
Sheets Nos. 23. 24.43.44,45,46, 

47, 56, 74, 79, 105, 106, 107, 
108, 136, 137 and 138 . . 

N o a r a - W ~ S T B R N  P u o v ~ ~ c a s -  
Sheets Nos. 6, g, and 26 . . 

UPPER . BURMA (NORTH-EAST 
FRONTIER SIRIBS) - 
Sheets Nos. 15 N.W. and 15 

S W . .  . . . . 
Sheet No. 15 (4th edition). . 
Sheet No. 22 (5th edition) . 
Sheet No. 23 (2nd edition) . 

UPPER BURMA (SOUTH-EAST 
FRONTIER S E R I B S ~  
Sheet No. I S. W. (4th edition) 
S h e e t N o . z N . W . a n d 2 S . W .  
Sheet No. I (4th edition) . . 
Sheet Po. 3 A. (and edition) 
Sheet No. 4 (2nd edition). 
Sheet No. 5 (1st edition) . 
Si.cet No. 6 (and edition). . 

of 

Number of 
Sheets. 

-- 

18 

4 

3 

P 

7 
4 

17 

3 

3 

S h e e t N o . 1 0 .  . . 
Sheet No. 13 . . 

--- 

work-continued, 
~ -- --- - -- . . - 

REMARKS. 

Additlonr and corrections made to dat 

Additions made to roads. 

Ditto. 

Ditto. 

Outline and printing in progress. 
Additions to railways. 

Additions and corrections to roads and rail- 
ways. 

Additions and corrections. 

Outline and printing nearly completrd. 

Statement  

Scale, 

In. M. 

r Completed and published. 
2 Outline and printing nearly completed. 
I Completed and published. 

6 In progress. 

. . 

. \  

I =4 

~ = a  

I = I  

I = I  

I= I  
1=I 

I = I  

I = I  

I=)  
1=8 
1=8 
1=8 

1=4 
1=4 
1=8 



DRAWI.hG OFFICE. CALCE'r ' rA.  

Statemerr: of 

of 
Sheets. 

l o  

I 

4 

. . . 

... 

I 

3 

I 

3 

15 
, 

I 
1 

31 

8 

TITLI. 

work-contd. 
- . -  . -- - - - - 

R ~ M A R W .  

~ 

Corrected to date for engraving. 

Redrawn for engraving. 

Corrected to date lor engraving. 

Redrawn for engraving. 

Redrawn [or engraving. 

Ditto. 

Redrawn for engraving. 

Ditto. 

Ditto. 

Corrected to date for engraving. 

Ditto ditto. 

Ditto ditto. 

Corrected to Scpternber 1894 

Additions and corrections. 

Prepared for engraving. 
Drawn a s  a specimen for heliogravure. 

Reduced to I-inch and f-inch scales and rnqerlrJ 
on office copies. 

Prepared for the Ankwerp Exhibition. 

-- .. 

a E 

scale. 

A D M I N I S T R A T I O N  
R E P O R T  MAPS. 

B ~ N ~ A L -  
Chittagong . . . . 
Cuttack . . 
Darjiling . . 
Faridpur . . . . : Gurhja t .  . . . 
Hazaribagh . . . . 
Hill Tippera . . . 
Hooghly . . . : 
Howrah . . . . . 
M a l d a .  . . . . 
A n g u l .  . . . 

CENTRAL PROVINCES- 
Balaghat . . . 
Bilaspur - . . 
Betul . . . . 
Chhindwara . . . 
Harnirpur . a 

Hoshangabad. . . 
Mandla . . . . 

NORTH WESTERN PROVINCEI- 
Alrnorah . . . . 
Garhwal . . . : Naini Tnl . . ' 

PUNJAI- 
Hazara . . . . - 
Hissar . . . . . 
Kangra . . . . 
Karnal . . . - 
Shahpur . . 
Sirnla . . . . . 
Dera Ghazi I<han . . 
Dera lsrnail Khan . . : 
G u j a r a t .  . . - . 
Hoshiarpur . . . . 
Mooltan. . . . . 
MuzaRargarh . . . 
Peshawar . . . 
Umballa . 8 . . 

I N D E X  MAPS. 

T O  illustrate progress of fie!d 
parties . . . 

Central Provinces-Provincial 
i t  .' H yderabad 

MISCELLANEOUS RIAPS. 

Table of topographical symbols . 
Andaman islands . . 
Plans of rnads, railways, canals, 

etc., received from Publ~c Works 
Department . . . . 

W O R K  I)ONE FOR O T H E R  
DBPARTMENTS. 

STATISTICAL MAPS. 

India illustrating British Provinces 
and Native States 

Do. do. River Uasins . 
Do do. Religions 
50. do. Rainfall . : j 

-- 

I 
In. M. 

I 1=8 

1 
1=16 

] 1 = 8  

] 1=8 

]=lo 
] 1=8 

) 1=8 

I = I Z  

] 1=8 

I = *  

1=16 

] 1=8 

Various 

1 ' = J Y  

. . . 
I = , +  

Various 

1=32 1 
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D R A W I N G  O F F I C E ,  CALCUTTA. 

India illustratin 

Do. do. 
Do. do. 

Do. do. 

Do. do. 

Do. do. 

Do. do. 
L)o. do. 

Do. do. 

Do. do. 

Statement o f  work-contd, 

Do. do. 

TITLE. 

- 

W O R K  D O N E  F O R  O T H E R  
DEPARTMEN'I'S-contd. 

S T A T I S T I C A L  MAPS-contd. 

Do, do. 

Do. do. 

Do. do. 
Do. do. 

-- -. 

REMARKS. Scale, 

-- 

In. M. 

Do. do. 

Number 01 
Sheets. 

Do. do. 

Do. do. 

Do. do. 
Do. do. 
Do. do. 

Do. do. 

Do.  do. 

Do. do. 

Prepared for the Antwerp Exhibition. 

Coloured for Secretary of State. 

Railtva s and  
Coal d i n e s  
Geology 
Physical Confi- 
guration ! 
Density of Popu- 
lation . . 
Crops, Rice and  
Cotton . . 
Physical Confi- 
guration . . 
Rainfall . . 
Density of Popu- 
lation . . 
Forests ( I )  class 
o f . .  . 
Forest (2) limits 
of the distribu- 
tion of the various 
kinds of trees . 
Railways, Tele- 
graphs, and 
steamship routes 
British Prov~nces 

and Native States 
Em~gration fo 
the Colonies . 
Geology . . 
Areas in the 
Southern Seas  
open to inland 
emigration . 
Public In9truc- 
tion in British 
India . . 
Public and  
Private Instruc- 
tion in British 
India . . 
Horses and 
Ponies in British 
India a n d  
Mysore . . 
Languages , 
Canal systems . 
Land .Revenue 
system in British 
l nd ia and 
Myjore . . 
Economic miner- 
als, Economic 
Producs . , 
Sheet ( I )  Cotton, 
Wheat, Rice, and 
Barley . . 
Sheet (a)Linseed, 
Jowar, Ginjell), 
a n d  Bajra , 
Sheet (3) Tea, 

Ute, Coffee, and 
Indigo . . 
Religions (Sheet 
I )  includes pre- 
vailing religions 
in each tract, 
Hindus, Moha- 
medans, and 
Buddhists . 
(Sheet 11) in- 
cludes Sikhs, 

I I 
Pepared for the Stat~stical Atlas of India (2nd 

edition) for the Revenue and Agr~culturd 
( / Deparirnent. 

\ 

1 
\ 

) 

I 

) 
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D R A W I N G  OFFICE,  CALCUTTA. 

of 

Number of 
Sheets. 

9 

I 
I 
I 
I 
I 

I 

4 

I 

I 

6 
I 
I 

to 

I 

1,336 
433 

Statement work-contd. 

R s m ~ m n s .  TITLE. 

-- .- 

STATISTICAL MAPS-contd. 

India Illustrating Jains, followers 
of the animistic 
and aborieinal 
cults and Native- 
Christians . 

Do. do. Live stock . 
DO. do. Normal seasonal 

rainfall and 
mean tempera- 
ture . . . 

DO. do. History of a 
small cyclonic 
storm in the 
r a ~ n y  season . 

Diagiam illustrating incidence of 
Land Revenue 

DO. do. Education . 
Do do. lrrigration in 

lndia com- 
pared with 
vation areas of . culti- 

Do. do. progress, oi  
construction, 
etc., of Rail- 
ways in 1892. 

Bengal . . . 
Do. . . .  

\ 

/ 

Scale, 

In. M. 

' 1 = 3 ~ 4  

I 
1 4  ... 

1 

Prepared forthestatistical Atlas of lndia (2nd 
edition) for the Revenue and Agricultural 
Department. 

Illustrating Collegiate and secondary education. 
Do. Female ditto. 
Do. Primarv ditto. 
Do. Mahomedan ditto. 
Do. death-rate from small.pox, fever, and 

cholera. 
For Chief Commissioner. 

Corrected for Director of Land Records, Gwalior 
States. 

Inserted P a r  ana boundaries and names for 
Chairman, gistrict Board. 

Additions and corrections lor the Diwan of 
Mysore. 

Prepared for Viceroy, showing railways to date. 
For Engineerin-Chief. 
Brought up to date for Sanitary Commissioner's 

report. 
Showing opium grown in British Teritor and 

Native States for Mr. Hart, Secretary, dp ium 
Commission. 

Prepared. 

For Surveyor-General's Office. 
For other Departments. 

- -- 

P E 2  

Do. . . . . . 
Do. . . . . 
Do. . . .  

Central Provinces . . . 

MISCELLANEOUS MAPS. 

Central lndia and Rajputana 
Sheets Nos. 348, 349,369, and 
370 

DistrictPuri . . . . 
M y s o r c .  . . . . 

l n d ~ a  . . 
Umerkot-Pachpudra &ilway map 
Upper Burma . . . . 
India . . . . . 

A map of the Viceroy's tour, 1894 

MAPS, COLOURED,  rlc.  

Maps on various scalrs . , 
Ditto . . 

--- 
~~ . 

I = I  

r=4 

1=16 

1=3o 
r=gz 
1=64 

1=96 

r=96 

... 
,.. 

-- 
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Statement of work-continued 

Number ol 
Shecb. 

- 

Yaps rxaminrd. r' 
Atlas sheets . . . . . . . . . . . . . . .  
General maps . . .  . . . . . . . .  
Provincial maps . . . . . . . . . . . . . .  
Divisional maps . . . .  . . . . . . . . . .  
1)istrict maps . . . . . . . . . .  . . . .  
Standard maps . . . . . . . . . . . . . .  
Administration Report maps . . . . . . . . . . . .  
Indexmaps  . . .  . . . . . . . . . .  

. . . . . . . . . .  Statistical and extra-departmental maps 
hliscellaneous maps . . .  
Office copies of various maps, with additions and corrections in teiritorial boundari;s and 

public works . . . . . .  . . .  
Tracings of roads, canals, and  railways from originais supplied by Public w o r k s  Depart- 

ment . . . . . . . . . .  . . . . . . .  Engraved procis of atlas sheets'in various stages 
Engraved proofs of large scale plans . . . . . . .  
Engraved proofs oi general and provincial maps, including index charts . . . .  

. . . . . . . .  Engraved proofs of administration report maps 
. . . . .  I.itho.  roofs of general and provincial maps, including index charts 

Litho. proofs of district maps transferred from copper plates . . . . . .  
L~tho.  proofs of s ~ a ~ i s t i c a l  and extra-departmental maps . . . . . .  
Photo. proofs of standard and various other maps . . , . . , . . 
Colouring of maps fur varlous purposes . . . . . . . .  . . . . . .  Projection and examination of graticules and plotting of points 

N B.-In addition to the ahove, many miscellaneous jobs, such a s  supply of geographical data to 
v a r i ~ ~ u s  officials, calculation of areas, compulation of graticules for the projection of the sheets of the Indian 
Atlas, examination of the proof sheets of the catalogue of maps a n d  charts of Burma and of the "Survey 
of India Notes," a s  to tbe correct orthography of geographical names, have been performed by the 
Examining Section. 



D R A W I N G  OFFICE,  CALCUTTA.  

Stnter~renf showin1 
- -~ . . 

T I T L E .  

- 

S T A N D A R D  MAPS. 

PUNJAB.  

Dis!ricts Umbolla and  
devozepore. 

SheetsNo.213and214 . a 

Distvict  Perhawar. 

Sheet No. 6 (portions of new 
Nos. 79 and 80) , . . 

District  Hnsava. 

Stwets Nos. 3, 4, 5, 6 7, and 8 . 
,, Nos. 3, 5,6, and 7 . - 

Indus Rivevain Suvvey. 

Sheets Nos. 4c, 59 (60 and 81),78, 
79, 80, 98, and 99 . . . 

Sind nnd Bohawalpuv disputrd 
boundary survey. 

Sheets Nos. 98 S. W., 98 S. E., 
99 N. W , gg N. E., 99 S. E., 
115 N. W., and 115, S. W. . 

1)istvict ?hang. 

Sheets Nos. 118 and 144 . , 

NORTH-WESTERN PROVINCES 
A N D  OUDH. 

ni s t r i c t s  Nnini  Tal  (incltrdiflg por- 
t ionr of late Tarni and K ~ r m o u n  
Distvicts),  BGnor, and Morada- 
b'ld. 

Sheets Nos. 46, 97, 98, 250, and 
251 . . . . 

Sheets Nos. 63. 6;, 65, and 8 1  

R o t ~ ~ p r t v  Slnte and Moradnbnd. 

Sheets Nos. 47, 48,49. 50, 6.4, 65.  
66, and 67 . 

nis tv ic ts  J l e rv~r t ,  R u l ~ i n ~ f s l z a l ~ r  
and MornlttibnB. 

Sheet No. 31 . . . . 

Districts B~cd,itrn, Bareilly, 
Pilibhit  and Klreri. 

Sheets Nos. 65, 66, 67, 63,  8 1 ,  82, 
03, 84, 98, gy, and loo . . 

Disfvict  B U ~ I I U I I .  

Sheet NO. 50 . . . . 
- ,,... -- - - ~  

the  W O Y R  
- 

scale. 

In. M. 

I = I  

I = I  

I = I  
I= I  

(= I  

a=1 

I = I  

I = I  
I = I  

a= I 

1 x 1  

I = I  

I = I  

pevfovmed 
-- 

Number 01 
sheets. 

Y 

I 

6 
4 

8 

7 

s 

, 5 
4 

I 7 

I 

I I 

I 

durinf the year 1893.94. 
- 

R ~ M A R K S .  

Proofs passed ; press order given. 

Proofs examined and returned to press Lor ct;r- 
rection. 

Proofs passed ; press order given. 
Additions and ccrrec~ions made to boundaries. 

Fair maps examined with plnne.tahle sec t in~~s  ; 
corrected and sent to press lor reproductic~n ; 
proofs passed ; press order given. 

Ditto d i ~ t o .  

Examined with Executive Eng~neer'r z inch 
maps of the Jheluni and Che~;ab river survey 
maps. 

Proofs passed ; press order given. 
Prools correct$ d and sent to press tor comple- 

tion. 

Fair maps examined with 16-inch plans, c-rrec~ed 
and sent to press ; proofs under examination. 

Proofs passed ; pres9 order given. 

Names corrected to new spcllit~g, drawing touched 
up and white leaded for repruduc~ion ; proofs 
exam~ned. 

Additions anc! corrections made to boundaries. 

-- - - - -- -. 
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SECTION 11-conthurd. 

Statement of zt~ork-continued. 

Ditto ditto. 

- 
RIUARKS. 

Additions and  corrections made to boundaries. 

Proofs passed ; press order given. 

Fair maps corrected and sent to press ; p~oofr 
under examination. 

Additions and corrections made to boundaries. 

Proofs passed ; presa order given. 

Ditto ditto. 

--- - - --  
_ ^  ._ - -  

Ditto 

Ditto 

Number of 
Sheets. 

4 

I 

I 

I 

4 

3 

6 

30 

9 

4 

TITLE. 

S T A N D A R D  MAPS-contd. 

NORTH-WBSTBRN PROVINCES 
AND OUDH--C~ntd .  

Districts G h a ~ i p u r  a n d  Ballia. 

Sheets Nos. zog, 210,218 and a r g  

District Bahraich. 

Sheet No. 146 . . . . 
Districts Fyzabnd, Sultanpur,  a n d  

ynunpur .  

Sheet NO. 178 . . . . 
Districts Lucknow a n d  Rae 

Bareli. 

Sheets Nos. 135 and  136 . . 

District Hamirpur. 

Sheets Nos. 3,4.6 and  7 . . 
nislr ict  Muttra. 

Sheets Nos. I I, 12 and  23 . . 

District Bijnor. 

Sheets Nos. 2, 3, 4, 5, 6 a n d  7 . 

Portion of the Nain i  Ta l  (late 
Kumaun) District. 

Sheet No. 46 N+, ; No. 63 
N.W. N.E S.W. E. - 

8,314' 3 1,a,3,47 1,3,4- 

S.W. 64 3, S+ ; No. 250 -; 
1 A 3 ~ 4  

end No. 251 N.W. S.w. 
1.1.3.4 ' G* 

s.e. - . . . . . 
1.1 

District Yhansi. 

Sheets No.;. 39A, 41, 56A, 57, 58, 
59, 77, 79 and 80 . . . 

B E N ~ A L .  

Districts Bolasore a n d  Cuttncb. 

Killa Icanika. 

Sheets Nos. az1, zag, 247 and 
a48 . . . . . 

ditto. 

ditto. 

In. M. 

I= I  

I = I  

I=! 

I =I  

I = I  

I = I  

I = I  

4=1 

I = I  

I=! 

Dttto ditto. 
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work-contd. 

REMARKS- 

Proofs passed ; press order given. 
Proofs returned and sent to press for correction. 

Touched up and corrected for reduction to I. 
inch scale. 

Proof returned to press for correction. 

Prpof passed ; press order given. 

Proof held in abeyance pending receipt of 2-inch 
fair map of District Jalpaiguri of the new sur- 
wy . 

Additions and corrections made to boundaria. 

Proofs passed; press order given. 

Ditto ditto. 
Proofs examined and sent to press for correc. 

tions. 

Proofs await receipt of unpublished prints from 
the district officials. 

Comple~ed and held in abeyance for completim 
to margin. 

Drawing in progress. 

Additions a n d  corrections made to boundaries. 

Proofs passed ; press order given. 

Fair maps corrected and sent to press. 

Fair maps touched up and corrected f o r  
reprints. 

Correclions made to boundaries. 
. . -- - - . 

o j  

Number of 
Sheets. 

2 
a 

4 

I 

I 

I 

a 

I 

I 

3 

6 

12 

16 

I 

8 

8 

36 

4 

TITLE. 

S T A N D A R D  MAPS-contd.  

BEKGAL-corrtinued. 

District Cuctack. 

Killa Kujang. 
Sheets Nos. 195 and 196 . 
Sheets Nos. 223 and 224 . 
District Darjeclinp (including 

British Sikkim.) 
Sheets Nos. 269 and 270 - 
Sheet No. 292 . . . 
Districts Darjeeling. 7alpaiKu*i 

and Purnea. 
SheetNo.271 . . 
Districts Darjeeling and Yalpai- 

gurr. 

Sheet No. zgg . 
District Faridpur 

Sheets Nos. 2 and 4 . . . 
District Hasaribagh and Sontho! 

Parganas. 
SheetNo.207 . . 

Distvict 174~rnensi>lgh. 

Sheet No. 359 . - 
Sheets Nos. 375, 376 and $8 

Sheets Nos. 348, 349, 359, 3789 
388and391 . . - 

ASSAM. 

District Lnklrimpur. 

Sheets Nos. 84, 85. 99, 10% "5 
and 131 (4 sections in each) . 

Distvict Sibsogar, 

Sheets Nos. 99, 100, 115 and 131 
(4 sections in each) . 

District Kamrup. 

SheetNo.10 . . 
BOMBAY.  

Sheets Nos. 158, 159, 183, 240, 
272, 273, 57 and 85 . . 

Sheets Nos. 160 and 174 (4 sections 
in each) . . . . 

Sheets Nos. 167, 168, 169, 224, 
127, 228, 270, 275 and 276 (4 
sections in each) . . . 

Sheets Nos. 175, 206, 241 and 303 
- -- . .. - - 

Statement 

In. M. 

I=1 

2=1 

'=I  

I = [  

I=' 

1=1 

I = I  

I = I  
I = I  

I=I  

2=1 

a=r 

I = I  

I= I  

a = ~  

Z=I  

X = I  

-- - - 



D R A W I N G  OFFICE,  CALCUTTA.' 

SECTION No. 11-conlinued. 

S T A N D A R D  MAPS-concld. 

LOWER BCRMA. 

Sheets Nos. 23a and portion of 
219 . . . . .  

Sheets Nos. a34, 235, 236 and 237 
Sheets Nos. 181, I 82 and a31 (j 

sections in each) . 
Sheet No. r7g in 4 sections . . 

Sheets Nos. 563, 564, 570. 571, 
57a, 57aA, 579,580 and 581 . 

U P P E R  BURMA. 

Diatr ic f  Kyouksc. 

Sheets Nos, a61, 262,263 and 264 

Distr ic t  Mnndulny. 

Sheets Nos. 258, 2j9, 260 and 261 
(4 sections in cach) . . 

P A R G A N A  MAPS. 

Distr ic t  Bogrn. 

Main circuits Nos. I ,  a 3 ,  4 and 
(6, 8) . . . , 

D i ~ t v r r t  Bh~zgnlpur. 

Sheet No. 9 . . , 

Parganas Nizampur, ~Mascal, 
Kutubdia . . .  

Thana Pattia. ~ h a k e r i a .  Salkania, 
and COX'O Bazar . . 

D i ~ t r i c l  Champo~an. 

Sheer No. 6 . . . . 

D i d r i c t  D o t i t r l i m g  (Dnling Srtb- 
diuision).  

Main circuits Nos, t , 2  and 3 . 

Dhce P,lnchanogram. Govern- 
ment Estate in I I sheets . . 

Ditto dltto. 

Statement  of work-contd. 
. 

Number of 1 Sheets. 1 REMARKS. 

1 2  Corrected up to date and sent to press for rr- 1 prints. 

I 

4 

Fair maps corrected ; proofs passed, and press 
order given for 2nd edition. 

Proofs passed ; press order given. 

4 Cbrrected up to date and  sent to press for 
reprints ; in progress. 

g 

ditto. 

Fair sheets completed and sent to press fur re- 
production. 

Proofs passed ; press order given. 

4 Ditto 

1 3  

I)itto ditto. 

Examination with the 16-inch plans in progrcns. 

5 

Ditto 

L)ilto 

Prints touched up, corrected and sent lo prrls 
for reproduction. 

ditto. 

ditto. 

I Additions and corrections made to bou~~dar ies .  

4 Printed maps touched up, corrrcted and serlt lo 
press lor reproduction. 

I I  Fair maps touched up, corrected and rent 10 
preas for reproduction by photography. 

Proofs completed with borders and parsed ; 
press order given. 
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DRAWING OFFICE,  CALCUTTA.  

Slaternent of work-contd.  
- 

Number of I Sheets. I 
P A R G A N A  MAPS-contd. 

B E N G A L - c o d .  
Uisfrict 14-Purganas-contd. 

Dhee Panehanogram Govornment 
eatate in  I I  sheets. 

Grand division 5 . . . 
Sub-division J . . . . 
Grand division 6 . . . 
Sub-divisions, I. P. T., etc. . . . 

District 3alpaiguri. 

Forest Survey. 

alchand Malhati'), Dumchi 
algaon (Goshainhat and Sal- 

bari), Titi, Salkumar, Ichairanti, 
Lower Tondu, Upper Tondu, 
Dianah 'Maraghat, Rehti, Khair 
hari, North Borajhar, South 
Borajhar, Gabur Basra, Bhutri, 
Buxa Raydak, Dhumpara and 
Bhalka . . . . . 

District Pstna. 

Sheets Nos. I and j . . . 

Distt.ict Saran. 

Sheet No. 14 . . . . 

District Shahahad. I 
Sheets Nos. 2 and 7 . , . 

Ganges River Survey. I 
Main circuits Nos. I ,  2, 7 ,s  and I> 

District Faridpur. 

Sheds  Nos. 32, 33, 34 and 40 . 

D I S T R I C T  MAPS. I 
Punjnb. 

Peshawar . . . . . 
Gujranwala . . . . 

Nort l i -  Western Proai~rces and 
Oudh. 

Gorakhpur . . . . 
Mirzapur . , . . . 
Garhwal . . . . . 
Alrnnra . . . . 
Naini Tal . . . . 
Lalitpur . . . . 

. . . . ,  
Ballia . . . . , 
Cawn ore . . , . . 
~ o r a l a b n d  . . , , 
Hijnor . . . . 
Etah . . , . . 
Hamirpur . . . . . 

In. M. 

I 
r=gg ft. 

1=gg it. 

4 = 1  

I=[  

( = I  

1 = 1  

I = I  

4 = 1  

I  =4 
I=,? 

1 = 2  
I = >  
1=2 

I = ?  
1 =2 
1 = 2  
1  = 2  

1=2  
1=2 
1 = 2  
1 = a  
I = 2 
I =2 
1=a 

' I 

3 

Rinted maps touched up, corrected and rent to 
press for re reduction. 

Proofs passe l ;  press order given. 

33 Proofs joined into separate forest block.., c,,nl- 
pletec! and passed ; press order given. 

2 Additions and corrections made to boundar'es. 

I Printed map touched up, corrected and sent lor 
reproduction ; press order given. 

2 

ditto. 

ditto. 

Additions and corrections made to boonJaries. 

5 

4 

I 
a 

Proofs assed; press order given. 
I'rools geing examined and corrected. 
F?ir maps drawn and sent to press for publica- 

tlon ; proofs received and sent out to the l o c ~ l  
officials. 

Drawing completed. 
Drawing in progress. 
Additions and corrections made to boundaries. 

IJitto ditto. 
Ditto ditto. 
Ditto ditto. 
Ditto tlitlo. 
Ditto ditto. 
Ditto ditto. 
Dittb ditto. 
D i ~ t o  ditto. 

Ditto 

Ditto 

Ditto ditto. 
Publication deferred ending receipt of proofs 

from the local oRiciays. 
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D R A W I N G  O F F I C E ,  CALCUTTA. 

TITLE. 

D I S T R I C T  MAPS-contd. 

Bengal. 
Bhagalpur . . . . 
Champaran . . . . 
Shahabad . . . . . 

Assam. 
Darrang . . . . . 
Nowgong . . . . . 
Karnmp . . . . . 
Darrang . . . . 
Nowgong . . . . . 
S i b s a g a r .  . . . . 

Central Provinces. 
Nagpur . . . . . 
Seoni . . . . . 
Nagpur and W a r d a  . . . 

P L A N S  O F  C I T I E S  A N D  
C A N T O N  BIENTS. 

Kolhapur . . . . . 
Mooltan . . . . 

M I S C E L L A N E O U S  MAPS. 

Nepal boundary along S a r d a  
Rlver . . . . . 

Lansdowne Forest . . . 
Extension of Calcutta round 

Panchanogram . . . 
Mandalay including country 

within a radius of ten miles of 
city . . . . . 
District Kathn (Upper Burma). 

Gold mining grants . . . 
Do. Index . . . 

District Shwebo. 

Map of coal tract from Letkokbin 
to Ma16 . . . . 

Maneuvre map of Rawalpindi . 
Ditto Muttra . 
Dittn Lucknow . 

KillaKanika . . . . 

District Bassein (Lower Burma).  
Jagundain Kwin . . . 

I N D E X  MAPS. 

hansi showing Forest Reserves B or Administration Report . 
Do. do. . 

Tracings preparrd. 
Tracings of sheets . . 
Village plans . . . . 

Maps coloured. 
Maps on various scales . . 

Statement 

scale. 

In. M. 

1=1 
1=4 
1=4 

1=4 
1=4 
1=2 
1=2 
I=2 
1=2 

1=4 
1=4 
l=a 

6=1 

4=1 

Z=I 

4=1 

4 & 6=1 

I=I  

S=I 
I=I 

Z=I 
I = I  
I = I  
I = I  
I=) 

Z=I 

1=2+ 
Various 
Various 

. . . 
e m #  

... 

of 

Number of 
Sheets. 

I 
I 
I 

I 
I 

I ' 
3 2 

I 
I 
a 

r 
6 

3 
a 

80 

a 

... 

2 
a 
a 
4 
I 

I 

I 

4 
zo 

3 1 
59 

182 

work.-contd. 
. . 

REMARKS. 

. . 

Additions and corrections made to boundariel. 
Ditto ditto. 

. Ditto ditto. 

Ditto ditto. 
Ditto ditto. 

Expmined and proofs passed; press order 
glven. 

Additions and corrections made to boundarier. 
Ditto ditto. 
Uitto ditto. 

Proofs passed ; press order given. 
Compiled from the separate village plans ; 

drawing in progress. 

Corrections made to boundaries. 
Fair maps drawn and sent to press for publica- 

tion. Proufs passed ; press order given. 

Fair maps completed and sent to press for publi- 
cation. 

Proofs passed ; press order given. 

Fair maps corrected and sent to press. Proofs 
passed ; press order given. 

Ditto ditto. 
Proofs passed ; press ordcr given. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto dittn. 

Proofs passed ; press order givcn. 
Drawn and sent to precs. 
Corrected to 189.4 and  sent to press. 

For Surveyor-General's Office. 
.. . -  . -. . - -- - 
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DRAWING OFFICE, CALCUTTA. 

District Chanda, Seasons I 888-90. 
District 'rhongwa ,, ' 1886-90. 
l i a ~ n p u r  S ta te  , 1889-91. 

Statenrent of wort.-concld. 

Traverse data ,  elc.,  supplied. I 

- 
DESCRIPT~ON OF WORK. 

Computations examined. 

RIIMARKS. 

Miscellaneous. I 

District Thongwa along unsurveyed portion, 1 6  pages 
District Pegu along unsurveyed portion, 35 pages . 
District Kheri along Nepal . . 
Forest doundary of District Gonda , 
District Mymellsingh along Garo hi l ls  . . 
Faridpur Villages, 45 pages . 
D i s t r ~ c t  Saran, Season 1882-83 . . 
Village traverses, I 18 pages . . 
Offsets of District Gorakhpur along Saran, 1 5  pages . 
Field book of Dinapur Cantonments, 68 pages , 
Table of Co-ordinates of District Lalitpur, 41 pages 
Rectangular co-ordinates of pillars on the forest 

boundaries of Districts Baraich and Gonda from 
origin of survey . . . , 

Latitudes and longitudes of Hill Stations in Nagpur . 
Triangulation data  of Rawalpindi Cantonments . 
Values and description of level bench marks in 

Balasore . . 

Prepared one traverse circuit with interior sub-circuit 
linesenclosing country six miles around Mooltan City, 
and plotted the same on 4-inch scale for a congregatec 
village map in 6 sheets ; also prepared five traverse 
circuits with 4-inch plots for five groups of villages 
in Districts Rajshahi, Shahabad, Patna, Saran, and 
Faridpur for congregated village maps for district 
officers. Calculated the area of District Chanda se- 
parating mnlguaari, forest and aamindar i  portions, 
and rev~sed the area of District Shahpur according 
t o  tahsils.  Calculated the areas hy pargnnas  of 5 
rheets, Bengal; I I sherts,  North-Western Provinces; 
3 sheets, Punjab;  and 3 sheets, Bombay. Prepared 
a statement showing the areas of districts in Burma 
surveyed by Kevenue Survey;  also another state- 
ment showing thc North-Western Provinces districts 
in which the triple junctions of villages a re  boundary 
pillars. Examined by recalculation several local 
measure tables of Behar districts for reducing acres 
and decimals of an acre into bkhar, c?ttahs, and 
dhurs ,  and vice vcrsd. Prepared statements for 
annual report. Checked annual statements re- 
ceived from Executive Officers. 

For Deputy Commissioner. 
For Deputy Superintendent 01 

Survey. 
For Superintendent, Forest Sur- 

veys. 
Ditto ditto. 

For Deputy Commissioner, Gar0 
Hills. 

For Collector. 
For Deputy Superintendent of 

Survey. 
T o  public officers. 
For Deputy Superintendent of 

Survey. 
For Collector. 
For Garhwal Detachment. 

For Superintendent, Forest Sur- 
vey. 

Ditto ditto. 
For Superintendent of Survey. 

For Extra ~ s s i s t a n t  Superintend- 
e n t  of Survey. 
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DRAWING OFFICE, CALCUTTA. 
SECTION I 11.-CADASTRAL. 

Sta te  ofpuhlication of Cadastral Maps on the 30th September 1894. 

Abstract of work performed during 1893-94. 
-- - . . - - - - . - - - --- - 

1 NUMBER O F  SHEETS I 

REMARKS. 

, 

(a) Figurer of pre- 
vious return ha", 
been changed to 
agree with final 
results. 

(b) These figuru 
are l~able  to alter- 
ation until publi- 
cation has been 
completed. 

(c) Exclusive of 16  
sheets reprinted. 

(d Exclusive ol 2 
sheets roprintcd. 

D ~ s r n l c r s .  

Nmth- Western Prow- 
I#lCPS. 

Agra . 
Azamgarh . . .  
Ballia . . 
Banda . 
Uasti . . .  
Benares . . , 
Bijnor . 
Dehra Dun . . .  
F zabad . . .  
d a z i  ur . 
Gorak\pur . 
Ham~rpu r  . . . . 

un~aon (Bhabar) . 
Moradabad and Tarai . 
Ml~t t r a  . . .  
Mirzapur . . 
Rarnpur Staie . , 
T a r a ~  . 

. 
Burma. 

Akyab . 
Amherst . 
Bassein . 
~ i a n t h a w a d d ~  andpegu 
Henzada . . .  
Kysukse . 
Mandalay . 
Meiktila . . .  
Mergui . 
Prome . 
Sagaing . . .  
'favoy . 
Tharrawaddy . ' . 
Thongwa . 

TOTALS . 
Ben al. 

Patna and 6aya  . . 
Puri (Khurda Eshtc)  . 
Muzaffarpur . , 
Shahabad . 

TOTALS . 
Assam. 

Darrang . 
K a m r u ~  . 
Lakhimpur. . 
Nowgong . 
Sibsagar . . .  
Fylhet , . . 
Sylhet (Jaintia) 

TOTAU . 
Clntral Pvovinccs. 

... North-Western P r o v i n c ~  . 780 
Burma h m . .  . . . . .  . .( I 1.3 I 3,;;; I 3:;. $Sca1e16 inch~-1mi l e .  

P n o v ~ ~ c n s .  

Raipur . .  
TOTALS . 

GRAND TOTALS . 
* 

NUMBER OF SHEETS. 

43 43 43 ... 43 ... 
... 43 43 43 ... 

90,766 4,313 95,079 87.671 
( 

4,810 
- 

MAPS 

Up to 30th 
"ptember 

'893. 
-- 

2.942 
930 

1~60'  
3.317 
5,571 
2ro5J 

31 
701 

14 
4,021 
8.615 
2,926 
3,583 
1.661 

331 
4.023 
1,658 
3,794 
1,356 

862 

49p990 

2,785 
834(a) 

3,437 
4,601 
1,391 

801 
762(0) 

sg(a) 
847 

763 
1.363 
3,749 

21,392 

3,054 
4,j6.5 

I 

4,924 

12.544 - 
I ,OI  ~ ( a )  
a,171(a) 

148(a) 
1 ,~73(a)  
I,g8l(a) 

213 . . . . .  
6,797 

Eaarnined 
an11 rendered 
suitable for 
photo-zinccr 

graphy. 

... 

RECEIVED MAPS PUBLISHED 

Added Total up 
Up o 30th During to 

' 

during to 30th september past l 2  30th ~ e p -  
Remain- 

past 12 September tember ing to be 

Traced and 
examined for 
zincography. 

months. 

... ... ... ... ... ... ... ... ... ... ... ... 
..a ... ... ... ... 
.., ... ... 
... -- 
... 

1,216 ... ... ... ... 
9 

300 
895 ... 

1,403 ... ... ... --- 
3 ~ ~ ~ 3  

.., ... ... ... 

... -- 
63 
47 

4 
69 ... 

109 - 
490 

REMARK.% 
~~~~~o 
prMs order. 

Coloured and 
~ukmequently 

emmined. 

2,942 
930 

I ,601 
3,317 
5,571 
2,052 

31 
701 

14 
4,021 
8,615 
2,926 
33583 
1,661 

332 
4,023 
1,658 
3,794 
1,356 

862 

49,990 

2,785 
z,o~o(b) 
3,437 
4,601 
1,191 

801 
771(b) 
joo(b) 
954(b) 
84 7 

1,403(b) 
763 

1,363 
3,749 

25,115 ---------- 
3,054 
4,565 

I 

4,924 

12,544 

1,074lb) 
ar218(b) 

346(b) 
1,z77(b) 
2,050lb) 

213 
10g(b) 

7,287 

1893. 

2,942 
930 

1,601 
3~31; 
5,57 
2,052 

31 
701 

14 
4,Oz 1 
8,615 
2,926 
3,583 

879 
332 

4,023 
1,658 
3,794 
1,356 

862 -------- 
49,Z08 - 

2,785 
349 

3,437 
4,601 
1,391 

801 
172 ... 

a.u 

847 ... 
59 

1,363 
3,749 

19,554 

3,054 
4,565 

I 

4,924 -------- 
12,544 

855 
2,159 

34 
1.265 
1,903(c) 

106 ... 
6,322 

months. 
1894, published. 

... ... ... 

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

... ... ... ... 
777 ... ... ... ... 
... 
777 

... 
1,057 ... ... 

... ... 
599 
164 

21942 
93O 

r,601 
3J17 
5,571 
2,052 

31 
701 

14 
4,021 
8,615 
1,926 
3,583 
1,656 

332 
4,023 
1,658 
3,794 
1,356 

862 

49,995 

2.i85 
1,406 
3,437 
4,601 
1,391 

801 
77 1 
164 
698 

... 

... 

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

.a.  ... ... 
5 ... ... ... ... ... 

... 
5 

... 
644 ... ... ... 
... ... 
136 
256 ... 

1.375 

... 5 

... - 
2,416 

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

... 

14 
9 ... ... 
8 

45 
101 

... 
a8 

699 ... ... ------- 
31245 

... ... ... 

... ------ 
205 

70 
312(d) 

12 
139(c) 
42 

8 - 
788 

758 
1,363 
38749 

22,799 

3,054 
4,565 

I 
4,914 

12,544 

1,060 
2,209 

346 
1,277 
2,042 

168 
8 

7,110 
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Impressions taken . . . . . . . . . .  23,586 
Prools pulled . . . . . . . . . .  367 
Transfers pulled . . . . . . . . .  436 

ENGRAVING OFFICE, CALCUTTA. 

. . . . . . .  Doubleelephantpla~es,steel-laced 1 4 
Ditto, steel-removed . . . . . .  I I . . . . . . . .  Quarter-sheets, steelofaced 55 . . . . . . .  Ditto, steel-removed. a8 . . . . . . .  Miscellaneous plates, steel-faced Sq . . . . . . . .  Ditto, steel-removed 27 

Statement showing 
F - 

SPECIFICATION. 

E N ~ R A V I N G .  

Atlns of India. 

Scale I inch=.+ miles. 

Quarler-sheets (new) co~upleted . 
Ditto in progress . 

~ d i t i o n s  and corrections to pub- . . .  lished quar~er-sheets 

Additions and corrections to pub- . . .  lished lull sheets 

. . . .  General maps 

Provinci'11 Maps. 

On scale I inch=16 miles . . 
On various scales for Administra: . . . .  tion Reports 

District Mafs .  

O n  various scales for Administra- . . . .  tion Reports 

7 

Plans . . . . .  
Index maps . . . .  
Charls . . . . .  
Miscellaneous subjects . . 

TOTALS . 

performed 

Outline, 
square 
inches. 

88 

406 

83 

105 

477 

483 

24 

413 

2,035 

... 

... 
36 

-- 
4,150 

work 

Number 
of 

Plates. 

8 

40 

28 

9 

9 

13 

7 

73 

8 

3 

2 

36 

236 

year 1893-94, 
-- 

R E M A R K ~ .  

- - -- 

during the 

Number Hills, 
of letters square 

cut. inches. I-. 

10,ogl 

gg,508 

8,125 

30,543 

46,631 

31,945 

5,614 

20.798 

22.331 

4,550 

150 

22,766 

303,052 

82 

487 . 
61 

229 

... 

12 

22 

63 

205 

... 
5 

1,186 
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P H O T O G R A P H I C  AND LITHOGRAPHIC OFFICE, C A L C V  I T , l .  

E x t r a c t  from the  N a r r a t i v e  Report of COLONEL J. W A I E R ~ ~ O L I ~ E ,  5 ( ., A.r~r \:nt,t 
Surveyor-General,  Season I & Y ~ - 9 4 .  

O u ~ - r l ~ R ~ . - O w i n g  to a falling off in the demands on the office, the work in t l ~ ~  Plloto- 
graphic and Drawing Sections shews- a decrease from last year, although the out-turn of 
the  lithographic, zincographic and type printing presses and machines IS again cons,- 
derably,greater. An abstract of the work done is given in the stetements appended. 

O R I G I N A L  S U B J E C T S . - T ~ ~  number ot original subjects under reprdduction during 
t h e  "ear has been 6,862, or 1,503 less than last year. The decrease is principally in the 
cadastral sheets and extra-departmental work ; but this was to  have been expected, as  the 
rise last year in both these items was exceptional. Five hundred and thirty.eigIit subjects 
have been lithographed, 82 being departmental and 456 extra-departmental, against 589 
( 5 1  departmental and 538 extra-departmental) of last year. The  remaining 6,324 subjects 
were reproduced by various photographic processes or by zincography, and comprise 945 
departmental, 4,673 cadastral, and 706 extra-departmental subjects. Last year the numbers 
were 1,044 departmental, 5,597 cadastral, and 1,135 extra-departmental. 

The  actual number of maps received during the year was 7,076, of which 1,100 were 
departmental, 4,782 cadastral, and 1,194 extra-departmental, while the  number completed 
and despatched was 7,337, of which 1,192 were departmental, 4,825 cadastral and 1,3;.~ 
extra-departmental. 

LITHOGRAPHIC D R A W I N G  S ~ c T l o ~ . - T h e  total number of new drawings or additions, 
etc. made to maps on stone, taken up and completed during the year, was 566, of whicll 
67 were departmental and 499 extra-departmental. Last year 423 subjects were corn- 
pleted, of which 33 were departmental and 390 extra-departmental. l'he section has 
remained under the charge of Mr. H. L. Lepage throughout the year, and under his superin- 
tendence considerable progress has been made in training the younger draftsmen t o  
work on zinc a s  well a s  stone, so that drawings may be transferred to  one or the other as  
most convenient. 

LITHOGRAPHIC PRINTING SECTION.-AS explained in last year's report, it is still 
necessary to  make some distinction between zinc and stone pr~nt ing.  'l'he number of 
subjects ~ r i n t e d  fron] stone was 436, or less than last year ; of these 55 were depart- 
mental and 381 extra-departmental, against 33 departmental and 510 extra-depart1nental 
of last year, resl)ectively. T h e  number of pulls Iron1 stone was 6,03,504, showing a n  
increase of 4.8,132 over last year The  number of copies 1)rirlted was 5,b1,7s4, or 54,857 
more than last year ; of these 1,13,049 copies were coloured, or 46,273 less than last year. 

The  three machines have been working steadily and nlost of the printing work is 
turned out by them, the hand presses being largely employed in the Lithographic Printing 
Section for proving and getting ready stones or plates for  the ~nachines. 1t is satisfactory 
to  be able to report that a means has been found for  printing the sheets ol I-incll squares 
for the cadastral surveys on hand-made paper in the maclline. At tirst great  dificuity 
was found i n  using this paper, on account 01 its tendency to stretch unevenly ullder the 
action of the machine which destroyed the accuracy of the squares. bIachine made paper was 
found t o  be free from this delect, but trials.of it have shewn it to be unsuited lor thy 
rough treatment the sheets receive in the field. It has been found, however, that by 
allowing the sheets of  hand-made 1)al)er to remain in the open air fur some hours before 
use,. so as  to  equalise the tension all over the sheets, the tendency to stretch is rellloved 
and the squares can be printed accurately. This  arrangement efitscts a very considerable 
saving both in time and labour, because one machine call pr111t in a day as  nrany as could 
formerly be printed in a hand-press in a month. At least two hand presses 11ad to be 
constantly employed in printing thcse slleets, and, even with these, thel-c was great delay 
and diFficulty in meeting the demands. Allother improvement that.has bee11 eHrcled i l l  
this section is the printing of maps on calico in the machine without backing the cloth on 
paper as was fermerly done. I his will be a very great  advantage, shuulcl there be large 
and urgent demands lor malls on cloth ; but it is O[ course only applicable to miips in ollc 
colour. For colour printing, it \\.auld still be necessary to back the cloth, so  as  10 give it 
the necessary stiffness to permit ot t l ~ r  colours registering accurately, 

Mr. E. A. 1.eFranc was in charge of this section clurlng the year, and has made use of 
his kllowledge of zinc printing LO train some of the lithograpliic printers to this work, 
Many maps have been put on zinc instcat1 of  s t o ~ ~ e ,  when stones have not bken hvailahle 
or when the work was of a trifling cllaracter, and, as  in many cases, urgently required. 
During Mr. Dcas' atisence on furlough, Mr. Kavellscroit \\:as transferred to work olle oi 
the large rnacliines, and a native put to  work the small machine in his place. l'his arrange. 
ment has answered wcll ; the natlve minder has carricd througl~ the work rernarkal~ly well 
under tlie sul)erinten(lence of Sergeant Vandylie, who has had the general s u p e r i n t e l ~ d e n c ~  
of tlie machine printing and to whom the improvements in printing the cadastral I-inch 
squares and ma1,s on cloth in the macl~ines are  mainly due. 1 wo natlve pr i~~ters . l lave died 
during the ycar, one of whom was an exceptionally good hand, who was being trained f o r  
machine printing and promised well : he was a good colour printer both on stone and 
zinc and will be hard to replace. 

Z I X ( : . ~ ~ R I K  I INC. SECTIUN.-  The zinc-printing presses, normal and cadastral, have Leen 
untlcr tlie gvncrnl si1t)erinttndcnce of Rlr. B. Mackenzie tl~rougllout the y-ar. The  



number of zinc plates printed during the year  was 1,265, of which 730 were departmental 
and 535 extra-departmental.  'I'he number of 'pulls was 266,793 (127,695 departmental 
and 139,100 extra-departmental) and of complete copies 355,009 ( 1 3 9 ~ 9 3 ~  being depart- 
mental and 215,106 extra  departmental).  Last year  the  number of plates printed was 
1,214 (624 departme11Jal and 590 extra-departmental) pulls 309,287 ( 1 o 9 , ~ ~ ~  depart- 
mental and 2 0 0 ~ ~ 8 6  extra-departmental)  and copies 349,075 (107,190 departmental and 
241,885 extra-departmental).  It will be  seen from the  above tha t  the departmental work 
has incraasetl, and the ex t ra  departmental  fallen off, a s  was also the case last year. 

CADASTRAL Z I N C - P R I N T I N G  S ~ c ~ l o ~ . - F o u r  thousand seven hundred and sixteen 
plates of cadastral  maps of the  North-Western Provinces, Burma and  Assam were 
printed off, t h e  number 01 pulls being I 68,772 and of  copies I 59,142, as  against 5,442 
plates, 1ci2,023 pulls and 151,213 copies done last year, showing a decrease of 726 
and an increase of 6,749 pulls and 7,929 copies. T h e  decrease in the number o f  plates 
is due to a much larger  number of sheets  of Rurma baing printed off and comparatively 
few North-Western Provinces sheets,  the number of copies of the  former being Inore 
than double that  of the latter.  

During the  month qf Sep tember  trials were made of a new process of chemically 
cleaning and graining zinc plates in order  to  save the  time and labour of cleaning them by 
hand with snakestone and graining with sand, and it has since been used with success. 
T h e  process was  invented and patented by Mr. G .  H. Block and permission t o  use it 
havinz been acquired by the English Government, the details of it  were communicated to 
this Department  tllrough the India Office, and by the kindness of the authorities of the 
Ordnance Survey Office a t  Southampton, I was able to  see  it  in use there. T h e  details 
a r e  a s  follow :- 

T h e  plate on  which t h e  old work remains is immersed for  ten minutes in a bath of 
satljrated caustic potash, then well washed front and  back in water, af ter  which no trace 
of ink should remain on t h e  plate. (Since my return I have found it a n  advantage to 
wash off t h e  old work with turpentine before treating the plate with the potash solution, 
which is thus kep t  cleaner and lasts much longer).  Af te r  removal from the potash bath 
the surface of the  plate is rubbed with pumice stone, hut we have found that fine graining 
sand answers equally well. T h e  plate is next  immersed in a n  acid bath prepared as  
f0ll0\\-s ;- 

Dissolve 6 Tb of alum in 8 quarts o f  hot water. Then add nitric acid 2 quarts and 
cold water 12 quarts. This  forms a stock solution which is diluted for use with water in 
the proportion of 8 to I .  T h e  trough containing the solution is gently rocked and 
the  plate is sponged four o r  five times to  remove the  coating of oxide formed on the 
surface. It  is then allowed t o  remain in t h e  bath a few minutes longer, after which it is 
removed and  washed with clean water, and while still moist, sprinkled over with carbonate 
of magnesia, which is well rubbed into the plate. It is then again washed and dried 
quickly by pouring boiling water  over the back or placing it out in the sun. T h e  prepara- 
tion of an ordinary   late takes about  half an hour, and 30 plates can easily be grained by 
Ij men in a day, whereas it formerly required 20 men to grain or polish the salne number 
of plates in the same time. 

T h e  process has s o  far only been adopted in the Cadastral Zinc-Printing Section 
and has been of  special use there, because it gives a means of quickly producing a large 
number o f  grained plates and thus the  use of polished plates, which have I~i therto been 
employed in order to  save the labour of graining, but are  not so  satisfactory, can now be 
dispensed with. T h e  sectiou has been in charge of Mr. G. A. Lefranc who has given a 
good deal ot attention to the new method of graining. 

TYPE-PRINTING SECTION.-T~~ number of items set  up was 10,785, against 11 ,210  
of last year. T h e  number of pulls was I ,564,453 and copies 820,605, against 1,418,607 
and 693,668 of last year, which again shows an increase in pulls and copies, but a decrease 
in the number of items received. In order to  meet the increased demands and facilitate 
the work of this section generally, it was found necessary to  re-organise the establishment 
and take on some more hands in the composing room. One good tompositor,  an imp@ 
sitor, a roller moulder and a boy were taken on. This  increase has enabled all arrears to 
be cleared off and the  work to be  carried on without the constant strain it was formerly. 

NEGATIVE S E C T I O N . - T ~ ~  total number of negatives taken during the year was 
5,553, including 35 reversed negatives and  79 transparencies required for the heliogravure 
process. Of these 1,339 were of departmental  maps, etc., 3,418 cadastral and 796 extra- 
departmental.  Last year the numbers were 1,552 departmental, 4,203 cadastral and 
I , I ~ I  extra-departmental,  showing a decrease of 213 departmental, 785 cadastral and 
395 extra-departmental,  in all 1,3 3 negatives clue to  less work coming in generally. T l ~ c  
section was in charge of Mr. f? Haward till 24th February, when Mr. J. Harrold took 
charge an'd kept  it till the end of the year. There  have been no changes in the ~)rocesscs, 
bu t  Mr. Harrold has been able to make some changes in the direction of improved 
working and economy of chemicals. 

PHOTO-TRANSFER PRINTING SECTION.-T~~ number of ~hoto- t rans fe r  prints prepared 
was 5,835, of which 1,523 were departmental,  3,566 cadastral and 746 extra-departmental. 
Last year the numbers were 1,367 departmental,  3,983 cadastral and 928 cxtra-depart- 
mental, showing an increase of 156 departmental, a decrease of 417 cadastral and 182 
extra-departmental, o r  a total decrease of 443. There have been no changes in the 



processes. Mr. R. Ceorge was in charge during the time Mr. Harrold held charge r l  the 
Negative Section as  above. 

SILVER PRINTING S E C T I O N . - T ~ ~  number o f  silver prints made during the year was 
1,365, against 1,269 of last year, showing an increase of g o ;  but on the other hand the 
number of blue prints taken for proofs and other purposes shows a decrease of 244, the 
number printed being 2,648 against 2,892 of the year before. 

Some experiments were made with the object of finding a method of quickly and 
cheaply producing silver prints when required in large numbers. T h e  commercial 
gelatino-chloride and bromide papers now so  commonly employed would answer perfectly, 
but  they a re  comparatively expensive t o  purchase, do not keep well in this climate, and 
a r e  difficult to prepare without special appliances for coating the paper evenly with the 
sensitive emulsion. Trials were therefore made t o  prepare a gelatino-bromide paper for 
development printing, by first coating plain photographic paper with a mixture of gelatinc 
and bromide of potassium with a l ~ t t l e  chrome alum, then after drying, sensitising in the 
ordinary 60-grain nitrate of silver bath, and a f te r  sensitising, washing well with water, to  
remove all free nitrate of  silver, and  drying. After  exposure the prints were developed 
wit11 ferrous oxalate. In the first trials a little potassium iodide was added to the salting 
bath of gelatine, but this was found to fog the image. T h e  formula finally decided on was- 

Gelatine . . . . . . . . . . . .  10 grammes. .. . . . . . . . . . .  Potassium bromide 2 
Chromealum . . . . . . . .  I gramme. 
Water . . . . . . . . . .  I00 C. C. 

Some salt was added to the water used for washing the paper after sensitising. This 
procedure gave fairly good prints and with further practice and experience the procesr 
might be  found of use. The  great difficulty is to  secure an even coating of gelatine. 

T h e  only other itell] to be noted is that experience has amply proved the value of  
soaking albumenised prints in spirits of wine previous to toning a s  a preventative of blisters. 
T h e  work of the section has been carried on by Mr. C. J. Meade. 

H E L I O C R A V U R E  SECTION.-NO variation has been made in the methods of working 
the various processes, but by extended experience a greater certainty of obtaining the 
desired result has been attained. Eighty-six plates were prepared by the photo-etching 
process and 50,678 copies printed during the year, showing an increase of r in the number 
of plates and a decrease of 10,404 in the number of copies a s  compared with last year. 
T h i s  decrease is accounted for by the fact  that  last year over 20,000 copies were reprint- 
ed from the plates of the " Technical Art Series"  of previous years, the demand for these 
having increased. With this number deducted the printing of plates done during the  
year would show an increase of about IO,OOO. The  demands for photo-blocks have been 
very small on account of the difficulty of get t ing the blocks properly printed In this 
country and only four have been prepared during the year. In electrotyping, matrices 
and duplicates of engraved plates 18 were done against 19 in the previous year. 

Among the work done during the year were some plates of vertebral bones illustrat- 
ing a paper by Surgeon-Captain I<. H .  Charles, M.D. T h e  original negatives were s o  
very dense that many of the details were obscured and several of the plates were also on 
too small a scale. The density of the original negatives was therefore reduced with a 
weak solution of perchloride of iron followed by a fixing in ~ v e a k  hyposulphite of soda, 
which brought out all the details and enabled enlarged transparencies to  be taken in the 
camera, and from tliese the photo-etchings were made very successfully. 

EXPERIMENTAL A N D  PERSONAL w o R ~ . - F r o m  various reasons 1 have been able t o  
do very little experimental work during the year. In July I was obliged to go  to Europe 
on account of continued ill-health, and while away took the opportunity of visiting the 
Ordnance Survey Office, Southampton. Colonel Farquharson, C.B., R.E., the I>irector, 
and Colonel Johnston, R.E., the Executive Officer, kindly allowed me to see the operations 
and learn the details of the new direct helio-zinrogravure process and also of the zinc- 
graining process described above. T h e  helio-zincogravure process is l~kely to  be useful, 
and I am arranging for an early trial of it on some very fine work. 
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PHOTOGRAPHIC AND 

S l n i e n ~ e n l  of work d o n s f o r  0 t h ~  
- -- -- - - . -- - - 

--__I 

I I f 1  PHOTO-ZINCOCRAPHIC AND 

Government of India, Revenue 
ment . . . . . .  

Government of India, Foreign Department 
09  Home Department . . 

Marine Depar~ment  . . .  . . .  , Militar Department 
Public b o r k s  Department . 

Government of Bengal, Revenue and General Deoart-  
ment . . . . .  

Financial Department . . 
Judicial and Political Department 
Legislative Department . . 
Marine Department . . 
Public Works Department. Irri- 

gation . . - . . 
Government of Madras, Archaeological Department . 
Government of North.Western Provinces a ~ l d  Oudh,  

Public Works Department . . . . .  
Government of Punjab, Public Works Department . 

e Revenue Llepartment . . 
Government Epigraphist, Madras . . . .  . . . . . . . .  Indian Museum 
Inspector General of Artillery, India . . . .  

~9 Civil Veterinary Department . , . . . .  s Jails, Bengal 
I) O r d n a n c e ' .  . . . .  . . . .  S, Police, Bengal 

Manager, Eastern Bengal State Railway . . .  
Meteorological Reporter, lndia . . , . . . . . . .  P Bengal 
Officer Commandillg No. j Hazara Mountain Battery . 
Ph.>to raphic Society, India . . . . .  
Port ~ommissioners.  Calcutta . . . . .  
Port Officer and Registrar of Wrecks . . . .  
Post Master General. Lleneal . . . .  

. . . .  Punjab 
Principal, Civil Engineerin College, Sibpur . . 
Private Secretary to His k o n o u r  the Lieutenant 

nor, North-Western Provinces and Oudh . . . . . .  W uarter-Master General, lndia 
eporter on Economic Products, Government of India . 

Resident Engineer, Benares Sewerage and  Water  Works 
SanitaryCommissioner,Assarn . . . .  . . . . .  $ Bengal I . . .  t t  India 

H derabad Assigned ~ i s i r i c t s  1 
Secretary f:r Berar to the Jesident at  Hyderabad . . . . .  ,, Cart Competition Committee 

,, to His Higl~ness the Nizam's Government , .. I a d v  Dufferin's Fund . . . . .  
;, Royal Opium Commission . . .. Hemp Drugs Commission . . . .  

Settlement Officer, Kanika . . . . . .  
Superintendent, Government Press, North-Western Pro- 

vinces and Oudh . . . . . . .  
Superintendent, Government Printing, India . . .  .. of Emigration . . . . .  . . . . .  .. of S ta tbnery  
Traffic Superintendent, Eastern Bengal State Railway . 
Special work done for T r a d e  a n d  Private Individuals . 

LITHOGRAPHIC OFFICE. 

I Depavtments,  elc.  duvinx the  year  1893-94-contd, 
I 

Value. 
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MATHEMATICAL INSTRUMENT OFFICE. 

TABLE A. 

Detai ls  of Issues to and Rece ip ls from Provinces and Departments  duving 1/16 jfnan&l 
year 

P~ovlrcas  AND DEPARTMBNTS. 

Assam 
Bengal, Civil . 

,, (East) Military . . 
,1 w e s t )  ,, 

Berar . . 
Bombay, Civil ... 

Military . 
J J 

Burma . . 
Central India . . 
Central Provinces 
Forests . 
Geological Survey and Museums . 
Guaranteed Rys., East Indian Railway . 
Hyderabad, P. W. D. . 
Khorasan . 
Madras, Civil . . 

,, Military.  . 
Marine . 
Meteorological . . . 
Mint . . . . N.-W. Provinces and Oudh . 
P. W. D., N.-W. State Railway 

,, Military Works . . 
,, Baluchistan, Railway Branch . 

Political . . 
,, Special Afghan Boundary De- 

marcation 
Punjab . . . 
Rajpntana and Central India . . 
Survey Department, Field Parties . 

t~ I J Head-quarters Offices 
Telegraph . 

TOTALS 

NET DEBIT . 
CASH SALES • 

G R A N D  TOTAL . 
-. ... 

1893-94. 

Credits. 

a 
... 
... 
... ... ... 
... 823 

... 

... 

... ... ... 
43 ... 
32 

1,445 ... ... 
... 

895 
2,298 
a1408 ... ... ... 

... 

... 
260 
... 

1,383 ... 

91586 

... ... 

... 

Receipts. 
--- 

a 
2,829 

12,283 
940 

5 J O ~ O  
92 

3 ~ ~ 9 9  
'75 

6,821 ... 
48 ... ... 
42 ... 
32 

6,8 I o 
1,547 

184 
187 
895 

3,741 
2,885 
3,064 

I4 
448 

... 
7,523 

83 3 
13,736 
5,664 ... 

89,442 

... 
,.. 

... 
-. . 

VALUE 

Issues. 

R 

6,81 I 
27,799 

2,782 
8,494 

549 
2 ~ 3 7 ~  
3,725 

36,886 
356 

7,308 
1,338 

423 . . .  
8 I ... 

5,365 
2,753 
1,813 

907 
... 
1,443 

47 7 
4,072 
6,863 

596 

403 
22,111 

573 
68,733 

4,28 1 

132 

2,19,450 

... 
- a .  

... 

O F  

Debits. 

R 

31982 
15,516 

1,842 
3,444 

457 ,.. 
3955' 

3 0 , 0 6 5 .  
3 56 

7,260 
1,338 

423 ... 
8 I 

... ... 
206 

1 1 ~ ~ 9  
720 ... 

... ... 
, 1,008 

6,849 
148 

403 
141588 
... 

45,597 ... 
132 

1839,594 

1,3o,oo8 
38J037 

1~68,045 



MATHEMATICAL INSTRUMENT OFFICE, 

TABLE B. 

Ins i rumen6 ,  eft.. Purchased in  the LcaI murkel dnrrng , ~ p ~ - g ~ ,  
-. - - - - - -- - - -- - - --- - - -  - 

SPECIFICATION. 

Instruments.  

Anemometers, Robinson's . 
Barometer, aneroid, ordinary, &-inch . 
Chains, measuring, iron, 66 feet . . 
Chains of sorts and sizes . . 
Chronograpbs, watch pattern . 
Clinometers, survey pattern . • . 

1 9  Watkins'  pattern. 
Clocks 
Compass, bow, ink, electrum, single jointed . 

11 11 9 1  ,, double ,, 
, I  11 9 ,  ,, spring . 
I ,  ,, pencil brass, single jointed . 
91 1 8  ,, electrum, slngle jointed . 
t r I J  11 ,, double ,, 
PI ,, sets  spring , 
,, drawing, ordinary brass, 5-inch . . 

,, electrum, 6-inch . I I I J ,, hair electrum, 5.-inch . , 1) 

,, magnetic, rectangular, 2-inch and 2k-inch . 
I I  11 I )  5-inch . 

Number. 

5 
2 

500 
150 

'5  
2 4 

2 

3 
25 

I 

98 
2 

26 
I 

I 

418 
4 8 
a I 
18 

I73 

- - = =  

Value. 

R a. 

400 o 
160 o 

1,800 0 

375 0 
440 0 

348 0 

59 8 
45 0 

5 1  9 
6 o 

128 10  

o 8 

6 o 
50 7 

9 3 
454 6 

96 0 
46 12 

108 o 
z 107 11 
2,328 o 

22 15 
13 5 

840 o 
260 o 

18 1 1  

18 6 
73 8 

198 12 
270 o 
137 1 1  

46 0 
172 o 

73 0 
440 4 

2oa 14 
138 1 2  

24 0 

17a 8 
510 o 
8 1 2  

49 9 
4 0 

3 12 
250 o 
54 0 

2,488 8 
133 4 

I 8 
16a 8 

6 o 
230 10 

16 10 

I) 11 I I 6-inch . . 
#J Napier's . . 
,, pillar . 
,, prismatic, silver ring, +inch . 
1) 11 ,, ,, 44-inch . ,, proportional, brass, 9-inch . 
11 1 I electrum, 6-inch . 
11 t 9 ,, 9-inch and 12-inch . 

Covers for plane tables . 
Glasses, binocular, small.  
Instruments, drawing, mathematical, brass, 1st sort . 

, I  I I ,, ,, 2nd ,, 
)! 1) ,I 8, 3rd ,, 
) I  11 I I electrum, [s tsort ,  with needle 

point9 . 
t~ I, 11 I ,  2nd ,1 

1 9  I v VP Addiscombe and Royal En- 
gineer pattern . . 

Levels, reflecting, Abney's . 
,, spirit, in wooden case, 16-inch and others , 

Macllines, map printing, Gastrell's pattern . . 
19 ,, ,, Ordnance ,, . 

Opiesorneters , . . 
Pens, drawing, ivory handles . 

,, dotting . 
,, double or road . 

Pins for chains, ordinary . . . . 
,, ,, maps, brass . . 

Plane tables, deal, survey pattern . . . 
Planimeter, electrum . . 
Protractors, brass, semi-circular, plain . 
Pluviometer, Symon's, 5-inch . . . . . 
Rods, measuring . . . 

,, parallel, bar clectrum . . . 55 0 

) I  I ,  J, a 4 

- -- --- --- - 
1 H 

188 
2 
I 
8 
3 
I 

I 

3 
48 

6 
o 
I 

9 

I 
I I 

6 
5 

r a 
3 

I a 
I 

13 
I 

I 

4,000 
864 
355 

2 

3 
'7 

Rings, silver, for prismatic compass . 
Rules, folding ivory, 2-feet, 4-fold . 



MATHEMATICAL INSTRUMENT OFFICE. 

TABLE B. 

fnstruments, etc., purchased in the local market during 1893-94-contd. 
-. 

SPECIFICAT~ON. I l u r n b e T r  Value. 

Brought forward 
Rules, parallel, bar, wooden, 6-inch . 

I I ,, ,, ,, a feet to 3 feet . 
I 8 ,, on rollers, brass, 6-inch and 9-inch . ,; sight, wooden . 

Scales, diagonal, metal, a-inch to the mile . 
11 ,, wooden I 

,, offsets, single, ivory . . . 
,, plotting sets, wooden . . 
,, plotting, single, wooden . 

Sectors, ivory, 6-inch , 
,, wooden, 6-inch 

Set squares, single, ebonite . 
Sheets, celluloid . 
Squares, optical 
Stands for prismatic compasses . 

,, ,, plane tables, survey pattern . 
I )  19 11 military ,, 

Staves, levelling, Roorkee, single . 
Stencil plates, various . . 
'1 apes, steel, 50 feet . . 

19 ,, I o O , J  
Telescopes, spare, for range finder . 
l'hermometers, common, in tin cases . 

11 minimum, self-registering . 
1) solar radiation, black bulb, in air . 
I I terrestrial radiation . 

1'. squares, wooden . 
Umbrellas, surveying . 

Books. 

Mannal of Surveying . 
Nautical Almanac 
Practical Physics 
Tables, Log, Chamber's 

P I  ,, Shortredes, with sines, etc. . 
Regulations for use of Watkins' Artillery Telemeters 

Metrometers . 
Tables, Traverse, Gurdens . 
Bruhn's Manual of Logarithms . 
Indian Patentee's Guide 

Sundries. 

Brass plate screws for plane tables . 
Brushes, stencil . . 

9, ,, medium size 
Standard weights from -01 grain to 600 grains . 
Thermometer, oven . 
Rules, carpenters', with brass sliding scale . 
Scales, balance and weights . 
,, for weighing letters . 
11 ,, parcels . 

Carried forward 

. 

. 

. 

. . 

. 

and 

2 2  

3 
I 

I 

1 

2 
1 

-- -- 

I 4 3  

71 '36 
136 

3 
I 

577 
22 

744 
1,500 

a 
3 
I 

I 
2 

600 
887 

3 
747 

12 

15 
36 

6 
I 

6 
5 5 
1 0  
2 

2 

3 
7 '  I 

12,584 

5 
100 

I 

36 
12 

6 
8 

12 
I 

.- -. -- 

181 

I 0 0  

I t  



MATHEMATICAL INSTRUMENT OFF'ICE. 

/nslrumeals, e lc . ,purcA~sed in the local mnrkef during 1893-94-concld. 
- -. - 

SPECI~ICATION. 

Brought forward 
Frames and fittings for staves 
Hrass plates with screws for plane tables . 
No. 2 small Roman type, sets 
Stencil ink, red . 
Plumbago crucibles . 
Brass rod, #-inch and $-inch . 
Steel  wire . 
Zinc tickets . 
Numbers for chains . 
Handles, brass, fo r  chains . 
Rrass weights for parcels . 
Oouble pillar wrench, 12-inch and 1q-inch 
Stencil ink (red and black), tins . 
T a p e  for \Veldon's range finder . . -  . 
Stocks and dies, etc. , 

GRAN.p TOTAL I 136.51~1 35,067 1 



MATI3EMATICAL INSTRUMENT OFFICE. 

TABLE C. 

/ , ~ ~ t r u m e n t s ,  e lc . ,  manufactured in  the r2Jathematical Instrlcnlent Oflce during 1 8 ~ 3 - g 4 .  
- - 

SPRCIPICATION. 

Instruments .  

Bars, standard, steel . 
Boards, drawing, deal . 
Cases, leather and Morocco, spare . 
Celluloid, sheets . . . 
Chains, measuring, iron, 30 feet . 

11 I I 1, 33 1, 

1) 9 I 1, 66 ,, 
8 J I 1  ,, 100 I, 

9 J ,, steel . 
J J  ,, of sorts and sizes . 

Clinometers, survey pattern . 
Combs, acre, cardboard . . 
CompassesJ magnetic, rectangular, 5-inch , 

I J J J  11 6-inch . 
Covers for plane tables . . 
Glassts, copying or tracing . 
Heliotropes, 6-inch . . .  . 
Lamps, bull's-eye . 

,, referring . . 
L.evels, field service . . 
Machines, map printing, Ordnance pattern 
Pins for chains, ordinary . 
Plane tables, deal, survey . 

1, ,, ,, military . 
18 ,, teak and others . 

Plates, graticule . 
Protractors, cardboard, 9-inch and 12-inch 
Pluviometers, Symon's, 5-inch 
Rods, measuring . 
Rules, flat, wooden, plain, la-inch and 18-ioc 

,, sight, brass . • 

11 ,, wooden . 
Scales, diagonal, cardboard . . 

I# ,, metal, 2-inch to the mile 
11 horn 

offsets, single, ivory . 
I I 11 , wooden . 
,, horn sheets . 
,, plotting, single, metal 
,, offsets ,, cardboard , 

Squares, optical . 
Stamps for conventional signs. . 
Stands for clinometers . 

,, heliotropes . :: ,, plane tables, survey pattern . 
I, ,, 1 I military ,, 
,, ,, telescopes, metal . . 

Staves, cross or offsets . . . 
,, levelling, Gravatt's . 
11 I, Roorkee, double . 
1 9  11 ,, single . 
,I ,, Sopwith's telescopic . 

Stencil plates, various . 
'Ihermometers, chemical • 



MATHEMATICAL I N S T R U M E N T  OFFICE. 

instruments ,  etc., manufactured in the Mathematical fnstrument  Ofice d u r i n g  
1693-94-contd. 

SPECIFICATION. I Number. ( Value. 

Sundries. 

Boxes, tin . 
Horn centres 
Plummets, brass ; 
Screw, brass, for plane tables . 
Anthropological instruments, brass . 
Back boards for barometer . 
Box, wooden, for stocks and dies . 
Compass, sub-dividing . 
Conventional signs . 
Clamps for staves . 
Field-writing tables . 
Funnels for raingauges a 

Gauges, electrum, for pluviometer . 
Gauge, Massey's cloth . 
Nuts and screws for plane tables . 
Plane table, military pattern, with stand, 

etc. . 
Plates, brass, for plane tables . 
Scales, electrum, Vernier . 

,, metal, brass . 
Sight vanes for heliotropes . 
Tin  tubes . 
Trestles, for drawing board . 

compass and sight rule, 

GRAND T O T A L  
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MATHEMATICAL INSTRUMENT OFFICE. 

TABLE D. 

List of Principal /nstruments repaired in Workshop during the finartrid year 

Anemograph . 
Anemometers . . 
Arithmometer . 
Bar, lengthening . 
Barometers, of sor t s  
Boards, drawing . a 

,, sketching . • 

Camera . 
Chains, of sor ts  . 
Chronographs . 
Chronometer . 
Chrono-micrometer , 
Clinometers . 
Clocks . . 
Compass, Azimuth . 

,, beam, of sor ts  . 
,, bow dividers . 
, I  ,, pen, of sorts . . 
)I ,, pencil ,, . 
,, drawing, of sorts . ,, hair, of sor ts  . 
,, magnetic pocket . 
*I  ,, for theodolite . ,, miners , 
)I Napier's . , pilorus . 
,, prismatic, of sor ts  . 
,, proportional . 
,, rectangular, of sor ts  . 
,, surveying, of sorts . 
,, with moveable points . 

Field glass . 
Glasses, binccular, of sorts . 
Heliographs . . . 
Heliotropes . • 

Horizon, artificial , 
Horse testing machine . 
Hydrometers . 
Hygrometer , 
Instruments, drawing, mathematical, of sor ts  
Lamps, of sor ts  . 
Lens . # 

Levels, of sor ts  . 
,, reflecting, Abney's . . 
,, spirit . , 

Log, Massey's patent  . 
Magazine instrument box . 
Microscopes . 
Meters, current . 
Miner's dial . 
Pen, double, o r  road 
,, dotting, with wheels 
,, drawing, of sorts . 
,, leg, of sorts . 

Pencil leg . 
Pentagraphs . . 
Plane tables, of sorts . 
Planimeters, of sor ts  . 

Number. 

Carried forward . 



MATHEMATICAL INSTRUMENT OFFICE. 

TABLE D. 

List  of Pyincipal Instruntents repaired in  Workshop during thcjinancial 
year  1893-94-contd. 

-- 

Number. 

Pins for chains . 
11 1, mapS 

Pointers, station . 
Protractors, of sorts 
Pyrometers . 
Quintants, sounding . 
Range finders, of sorts , 
Rain gauges, of sorts , 

Rules, of sorts . 
,, sight, of sorts . 
,, straight edges, of sorts 

Scales, of sorts . 
Scott's sight, telescopic . 
Sextants, of sorts . 
Squares, optical . 
Stands for compasses, of sorts 

,, ,, heliographs . 
,, ,, heliotropes , 
,, ,, levels of sorts . 
,, ,, plane tables . 
,, ,, telescopes . 
,, ,, theodolites , 

Staves, levelling, of sorts 
Tapes, of sorts . 
Telemeters .* 
Telescopes, of sorts 
Theodolites, of sorts . 
Thermometers, of sorts . 
Type-holder . 
Type-writers, of sorts . 
Watches, of sorts , 

Brought forward 

. 

. 

TOTAL O F  P R I N C I P A L  INSTRUMENTS . 
1 1  ,, M I N O R  INSTRUMENTS UNSPECIFIED . 



MATHEMATICAL INSTRUMENT OFFICE. 
Profit and Loss Account of the Wovkshop for the  financial year 1893-94. 

DEBITS. 

To IYorkshop establishment 
(less proportion debitable 
to the Store Branch for 
cleaning and adjustment of 
serviceable instruments) . 

,, One-third of office estab- 
lishment . 

,, Pay of Material Store- 
keeper for the whole year. 

,, Workshop contingencies, 
as distinguished from mate- 
rials purchased . 

,, Value of materials :- 
For ordinary work . 

. 

,, general work- 
shop use . 

,, rnanl~facture of 
packing cases . 

,, Paid lor repairs . 
,, Wear and tear of plant . 
,, Half of rent at 8600 per 

mensem . 
,, Printing and stationery . 
,, Four per cent. on value of 

tools and plant amounting 
to RgS,511 . 

,, Half ol taxes, rates, etc. . 
,, Liability for pensions . 
,, Profit , 

TOTAL . 
- 

R a. 

36,400 15 

2,482 14 

780 o 

21477 8 

I 24,645 10 

48 8 
1,509 12 

3,600 o 
483 5 

3,940 7 
877 0 

3,948 o 
7 ~ 7 7 ~ 3  

88,966 2 

CREDITS. 

Ey Repairs for 
public officers 
on book debit 88,755 8 

,, Repairs for 
public officers 
on paymeut . 87,736 5 - 

,, repairs for stock . 
,, Manufactures for stock :- 

instruments . . 
packing cases . . 

,, manufacture of materials 

TOTAL . 

R a. 

16,491 ' 3  
311477 2 

361184 15 

1,728 8 

3,083 1 2  

-- - - 

88,966 a 



T R I G O N O M E T R I C A L  BRANCH OFFICE,  D E H R A  DUN. 

Extract from the Nayrnt ive Report  of M R  J. ECCLES, M.A., Deputy  Supe~intendemt,  
and 1: uade, i n  rhurge Computing P a r t y ,  Jeason 1893-94. 

During t h e  year the office entered on a new stage of i ts  existence. It was 
mentioned in the last report that  the Photo-zincographic Section was found totally unable 
to cope with the rapidly increasing amount of work which it  was called upon to undertake, 
and t h a t  the Government had been addressed with a view of largely increasing the 
eficiency of the section. While entirely agreeing a s  t o  the need of this increase the 
Government did not see their way t o  increasing the permanent g ran t  of the Trigonome- 
trical Branch Office, and it was therefore necessary t o  devise a scheme whereby the 
I'hoto-zincographic Section should be increased a t  the expense of the other  sections 1 he 
temporary grants  for extra  computers ceased with the beginning of the financial year, 
and the new scheme provides for an annual permanent expenditure of R51,558, and a 
temporary gran t  for  three years of 83,204 per annum, a s  it was found impossible t o  curtail 
the expenses within the amount of the permanent grant  all a t  once. 

T h e  amount of the permanent grant  is t o  be divided among the  sections as fol- 
lows :- 

P . . . . . . . . . .  (1)Computin Section . . . . . . . .  (2) Printing lect ion 
(3) Photo-zincographic Sertion . . . . . . . .  
(4CorrespondenceSection . . . . . .  5,232 . . . .  d Stores, Workshops and Observatories Section 
(6) Drawing Section . . . . . . . . . .  5,316 
(7) Solar Photographic Section . . .  2,106 

while the temporary gran t  a t  present includes the pay of a z i n c o g r a ~ h e r  on 8 2 5 0  per 
mellsem and a writer on R 17 per mensem, but l t  is Intended that, a t  the end of the three 
years, the zincographer's post shall be made permanent by the transfer of the same 
anlount of money from the Printing Section t o  the Photo zincographic Section on the 
retirement of the Head Printer. 

The Government further sanctioned the expenditure of 8 10,000 in altering the oflice 
buildings so a s  t o  meet future requirements, and the matter is a t  present in the hands 
of  the Public Works Department. 

The reduction in the strength of the other sections necessitated the retirement of  
Ilabu Kali Mohan tihose, whose loss will be greatly felt  in the office, and of Babu i:ali 
Kulnar Chatterjee from the Computing Section, and of Babus Nurbir Singh, Gopal Chunder 
Nath, Nabi Buksh, Sahib Singh, Mohamed Shafi and Daya Ram in the Print ing Section. 
[)uring the year, Rabu 'Tarapodo Mukarjee, computer, r e t ~ r e d  and Babu Har  Gopal, coin- 
puter, Nur Mohamed, Assistant Draftsman,  resigned. 

I t  also led t o  the following t ransfers  :- 
Babu Mizaji Lall from the Computing Section to the Photo-zinco Section. 
Babu Mohan Lall and Babu Protab Chand from t h e  Drawing Section to the Photo. 

zinco Section. 
T h e  cost of the Computing Section under i ts  various class heads and their per-  

centages, together with those of the preceding years, a re  given in the following s tate-  
lnent :- 
... -. .. - 

COsT RUPEES. IN I PERCENTAGE COST. 

CLASS. 

. . . . . . .  I .  Records, Librnr y . . .  2. Accounts. Returns, Correspondence. 
3. Supply of data, etc. . . .  19'47 
4. Computations . . . .  5,PreparationofPresscopy 
6. Examination of Press proofs 

74 . . . . .  
7. Ditto of charts . . . . .  I . . . . . .  8. Protection of stations 452 1'2 1 ' 2  I I 

4 

. . . . . . .  q.Miscellaneous 2,391 6.2 6.2 . . . . . .  10.  Meteorology. etc. grg 1.3 1.1  
9 
2 

I I .  Extra departmental work . . . . .  232 0.6 o I I 

-- .- ~PA---- -- 

From this it will be seen that the working power of this section has been distributeti 
i n  the same \tray as in prrceding years. Class 2 shows a slight increase on account 

of extra work in connection with the preparation of sprcial indents, establishment return., 
and pension rolls, consequent on the reorganization of the office : the cost of binding some 
of our publications is also included in this class. 



T h e  following is a n  account of the  work done under the  several classes shown in the 
foregoing table :- 

CLASS I.-RECORDS, LIBRARY, ETC.-S~V~II fresh instalments of fieldrecortls were 
received during the  year  ; these, together with t h e  grea t  mass already stored in the office, 
have received the usual care and  attention. 

T h e  three standard copies of the  library catalogue have been kept  up  t o  date. 
CLASS 2.-ACCOUNTS, RETURNS, A N D  CORRESPONDENCE.-This includes the prepar- 

ation of indents, estimates, monthly detailed and abstract progress reports, annual report, 
stock returns of office stores, and various other items. 

CLASS 3.-SUPPLY OF DATA.-The 'demand for this was heavier than usual, twenty- 
t w o  requisitions of various kinds have been m e t ;  the work connected with the  despatch of 
maps, charts, books, and forms is also included under this head, excepting for the period, 
loth July to  30th September, during which the  despatch of maps and charts was made by 
the  Photo-zinco section. 

CLASS ~ . - C O M P U T A T I O N S . - T ~ ~ ~ ~  will be  found detailed below ; they mostly appertain 
t o  the secoudary work of the  North-east Longitudinal Series. T h e  progress made is a s  
follows :- 

Of the  61 original angle books of the North-east Longitudinal Series, only 19 were found 
examined and completed by  the  field parties, the  examination of the field-books and the 
completion of the  abstracts of the remainder were taken up a t  intervals, a s  the  computers' 
services became available from other  urgent  work. About 20 angle books were disposed 
of, and  some progress has also been made in the  selecting of points and  transcribing their 
data  into the  triangle sheets.  

Revenue Survey  Le-~e ls  in Lower Burma.-The examination and reduction to the most 
recent determination of sea level has  been in hand, about one-third s tands reduced. 

Palzval Town a n d  Municipal i ty  Survey.-The examination of field-books and  the com- 
putation of the  following were completed :- 

4 main circuits. 
2 r sub-circuits. 
28 traverses. 
24 deductions of observed azimuths. 

T h e  rest of t h e  work of this class was of miscellaneous character. 
CLASS 5.- PREPARATION O F  PRESS COPY.-This entails abstracting and  compiling the 

final results of the various calculations in a suitable form for publication; all such compil- 
ations a r e  twice compared, once against the original field records and once against the 
final calculations, prior t o  being sen t  t o  the press. 

CLASS 6.-EXAMINATION OF PRESS PROOFS.-This requires the utmost care in com- 
parison and examination in the  several stages of first, second, and form proofs. Most of 
the matter printed is numerical, o r  depending on numerical d a t a ;  hence it  necessarily 
involves a strictly critical examination, which can only b e  given by men specialIy trained 
to this style of work. 

T h e  printing of t h e  following works has been completed during the year:- 
( I )  Synoptical Volume XXXIV. 
(2)  Spirit  levelled heights No. I Burma. 
(3) Imperial forest school calendar. 

No. ( I )  requires only the charts, af ter  which it will be  put in the hands of the binder, 
and No. (2) is practically ready for the  binder. 

During tlre year Professional Volume XV, Synoptical Volume XXXIII and  the cata- 
logue of stars for the epoch 1892 were issued t o  their several recipients in various parts o f  
the globe. 

T h e  details of the work done a r e  a s  follows :- 
(a) Southern  Trigon.-Some further progress has been made with t h e  preparation 

and final revision o f  the several tabular statements lor t h e  synoptical volume 
of  the Great  Arc Meridional Series, section 8' to  18'; i t  may be considered 
about two-thirds done. 

(6) Sonlh- West Quadrilateral.-The co-ordinate list of the Kathiawar Meridional 
Series was completed, finally revised and passed through the press. 

(c) The ~ a t t z p h l e t  of spirit-levelled herghts, No. I R u r m a ,  was examined, the 
appendix completed, and the whole passed through the press. 

(d) Tidd volume.-Very considrrable progress has been made, r 24 pages of  part 
I and ga pages of part 11 have been finally examined and passrd through t h r  
press. 

(e) N o r t h - E n ~ t  Quadrilateral.-Some progress has been made with the compila- 
tion of  description of secondary stations. 

CLASS 7.-EXAMINATION O F  C H A R T S . - T ~ ~  examination and comparison of two final 
charts for Synoptical Volume XXXlV (KAthiiwdr Meridional Series) is about half done. 
T h e  chart  fo r  the pamphlet of spirit.levellcd heights, No. I Burma, was exgmined and 
passed through the press. 

CLASS 8.-PROTECTION OF S T A T ~ O N S . - T ~ ~  usual work in connection 
with the protection of survey s t a t i o n  and certain of  the bench-marks in the North-western 
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Provisces was performed. During the year, 616 stations were repaired by the district 
officers at  a cost of 82,079-7-5. 'l'hirty districts out of 346, from which reports are due, 
failed to submit them. 

CLASS 9.--~ISCELLANEOUS.-In this is included various duties which cannot be fairly 
assigned to any of the other classes, such as the following :- 

The examination and despatch of printed papers to the Survey of India Office, 
Calcutta, for safe custody; the examination of all bound volumes and 
pamphlets prior to issue, and the preparation of the distribution lists, pre- 
sentation labels and receipts for the same and the despatch of the volumes to  
the several recipients ; the revision of old professional forms and preparation 
of new ones to meet the demands of field parties, etc., etc. 

CLASS 10.-METEOROLOGY AND GENERAL SCIENCE.-As hitherto a complete set of 
meteorological observations was taken daily throughout the year, and monthly and annual 
abstracts prepared. One officer of the Quarter Master General's Department was in- 
structed in the use of the instruments necessary for exploration work ; and the diaries of 
two  native explorers were translated and their observations for latitudes and heights 
reduced. The meteorological results are given in the following tabular statements :- 

Dppth in feet of 
thermometer 

bulbs below sur- 
lace of ground. 

{ 
11'8 . (  

6'4 ' ( 
3'a { 

. { 
Thermometer 

in shade. 1 

'wean velocity in mires of the Winds wlrich blew a t  Dehra Dun during the twelve months 
o f  1893-94 f o r  each h o u r  o f  bhe d a y .  

.- - - .  

C ~ V I L  Houas. B 
E 

; ; ; ; y . .  C - 

--- -- 
L i L U . n 

Year. S: E 

o t o  I . 
I ,, 2 . 
a , ,  3 . 
3 ,, 4 . 

,, 5 
, 6 , 
,, 7 . 

7 ,, 8 . 
a , ,  9 . 
g ,, 10 . 

10 , 11 , 
11 , 2 . 
1 , 13 . 
13 ,, 14 . 
14 ,, 15 , 
15 ,, 16 . 
16 ,, 17 . 
17 ,, 18 . 
18 ,, 19  . 
19 ,, 20 . 
10 ,, a1 . 
21 ,, 12 . 
2 , 2 . 
23 ,, 24 . 

Sums . 
Average , 

. 
8 1 -  . 
1893-94 . . . 
Mean 1881--93 . 

. . 
2&9t881-93 . 

. . 
$p."i9f88~-g3 . 
1893-94 . . 
Mean 1891-3 . 
1893.94 . . . 
Mean 1881-3 . 

1'48 
1.06 
0.74 
0'58 
0.35 
0.35 
0'35 
0'19 
0.10 
0.58 
0'81 
0.94 
1.16 
1.32 
1.19 
1.19 
0'90 
0'19 
0'58 
1.26 
I 
1'77 
1.94 
1'77 

76'48 
76'82 

79'19 
79'43 

79.17 
79.66 

77.29 
78.12 

75.16 
76'02 

78'33 
80.64 

0'80 
0'37 
0.20 
0'20 
0'03 
0.07 
0.10 

0.03 
0.00 

0.17 
0'40 
0.60 
0.87 
0'90 
0.80 
057  
0'07 
0'17 
0.43 
0.93 
1'07 
1'33 
1'23 
0.93 

76'41 
76'89 

78-06 
77'98 

75'25 
75.68 

70'17 
71'66 

65.31 
67'44 

70'49 
73'73 

11.54 

0'40 
0'23 
0'20 
0.13 
0'07 
0'10 

0'13 
0'03 
0 0 0  
0'17 
0'40 
0'50 
0.69 
0'63 
0 5 3  
0'33 
0'00 

0'03 
0.00 
0'10 

0'23 
0'27 
0'30 
0'37 

76'26 
76-69 

76'08 
75'64 

70'36 
71'07 

64'78 
65.60 

59'37 
60'20 

66'07 
6S.34 

12'27 

0'34 
0'59 
0.31 
0'17 
0.11 
0'14 
0.24 
0'45 
0.14 
0'17 
0'48 
0'72 
1.03 
1-53 
1.53 
1.00 
1.00 

0'41 
0.28 
0'17 
0'31 
0'28 
0'41 
0'45 

75'86 
76'02 

73'92 
73.02 

67'08 
67'22 

61'68 
61.91 

56'97 
57'28 

62'51 
64.23 

o.*( 0.9 

5.84 

1'00 
0.85 
0.89 
1'04 
1'00 
0'74 

00:;; 
0'33 
0.67 
1'00 

1'41 
1'50 
1'69 
1-92 
1'85 
1.19 
0'52 
0'22 
0'33 
0.19 
0'59 
0'89 
0.67 

0.24 0.52 

75'36 
75'47 

72'00 
71-36 

65'11 
65-48 

61'51 
61.19 

59'68 
58'27 

65'13 
66'83 

11'46 

- -  
0'77 
0'74 
1.00 

0'87 
0.61 
0 6 5  
0'52 
0 32 
0'45 
0'87 
1'13 
2'00 
1'52 
2'48 
2'45 
2'45 
2'45 
1.06 
0'42 
0'77 
1'10 

0'94 
0'94 
0'84 

0'88 

74'66 
74'89 

70'46 
70'66 

65-07 
67.11 

65'07 
6662 

64'83 
67'53 

75'89 
78'60 

21.08 

1'10 
0 8 3  
0'48 
0'41 
0'18 
0 6 9  
0'34 
0.41 
0.69 
1.24 
1'59 
2'28 
2'46 
1.82 
3'18 
2.86 
1'55 
1'03 
0'62 
1.10 

1'79 
1-38 
1'34 
1'10 

1.18 

------------ 
74-00 
74'35 

70'61 
71'33 

70'98 
71.53 

75'87 
75'35 

77'53 
78'85 

89'64 
90.06 

28'35 

1.13 
1.10 

0'57 
0.50 
0.37 
0.40 
0'40 
0.60 
0.60 
1'47 
3.00 
3'27 
3'30 
4.23 
4'73 
4'83 
4'47 
3 8 0  
2.20 
1-70 
2'40 
2.10 
1'83 
1.77 

------------- 
I . $ /  1.12 

73'59 
74'08 

72'67 
73'12 

71'38 
76.66 

83'72 
81.60 

86'93 
85'34 

97'19 
93.17 

32'57 

0.90 
0'69 
0'71 
0.57 
0 7 9  
0.75 
0.89 
1.21 
1'75 
2.18 
1'61 
2'39 
2.31 
3.03 
3'28 
2.69 
1.00 
1.72 
1.10 
0.52 
0'34 
0'34 
0.62 
0.76 

1.42 

73'52 
74'05 

75'15 
75'18 

81'50 
80'03 

85'76 
84'52 

87.14 
87'86 

87'20 
90.71 

50.77 

0.35 
0'39 
0.19 
0'35 
0'35 
0.55 
0'58 
0'74 
1'00 
0.87 
1'26 
1 2 3  
1.16 
1.58 
1.65 
1.65 
1.26 
0'94 
0.61 
0.39 
0'32 
0.32 
0'19 
0.13 

0'76 

74'25 
74'35 

77'93 
77'10 

81'91 
81.21 

83'00 
83'30 

83'07 
84'05 

80'20 
82.37 

34'16 

0'16 
0'23 
0.23 
0.17 
0.10 

0'07 
0'20 
0'23 
0.37 
0 6 3  
1'37 
1'43 
1'48 
1.45 
1.29 
1'13 
1'03 
0'66 
0.61 
0'23 
0 1 3  
0 1 9  
0'13 
0.26 

0.58 

77.02 
75'40 

79'83 
79.02 

80'67 
81.40 

80'49 
82.15 

80'71 
82'46 

7Saa3 
80'75 

18.22 

77'30 
76'46 

79'47 
29.65 

80'34 
81.11 

80'53 
81'59 

80'79 
81'55 

81'15 
82.36 

0'63 
0'57 
0.47 
0'40 
0.40 
031 
0.34 
0'14 
0.34 
0.76 
1'28 
1.17 
1.37 
1-50 
1.53 
1.17 
0'60 
0.20 
0.10 
0.20 
0'27 
0.33 
0'47 
097  

0.65 

0.76 
0.64 
0.51 
0.45 
0.38 
.v,, 
0.37 
0.38 
0.48 
0.82 
1.18 
1-50 
1.66 
1.94 
a o1 
1.81 
1.46 
0.90 
0.60 
0.64 
0 8 2  
082 
0.86 
0.84 

13.80 

.. 

1 5 . p  ... 
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CLASS 11.-EXTRA-DEPARTMENTAL W o ~ ~ . - T h i s  comprised the reduction of observa- 
tions taken in Persia by Lieutenant Stothard and by Lieutenant the Hon'ble H. Napier 
for time, azimuth, latitude and height; they were in the hands of a pair of computers for 
a little over a month. 

TYPE PRINTING  SECTION.-^^^^ the exception of 302 pages printed for other de- 
partments, the  working power of this section has been solely directed t o  the publication 
of  t h e  records of this branch of  the Survey of  India Department, and to the printing of 
most of the forms, professional and otherwise, for this office, for the tidal and levelling 
party and other  field parties. Hitherto about three-fourths of the forms were printed 
by the  Photo-zinco Section, but these have all been transferred to  this section. 

T h e  following statements give the out-turn of work, which bears a very satisfactory 
comparison with those for the preceding years :- 

Statement of work done during 1893-94. 

T h e  out-turn during the year is small, but this is entirely due to the reduction of 
establishment. 

SPLCIFICAT~ON OP PRINT. 

Professional Volumes . . . . . 

Synoptical Volumes . . . . . . 

Pamphlets of spirit.levelled heights . . 
Letter-press for charts, map headings, and foot-notes 

Forms . . . . . . . 
Extra-departmental work . . . 

An analysis of the  pages composed in 1893-94 is a s  follows :- 
Pages. 

- 

189~-QI. 

1.63~ 

- 
Pages composed . . . .  

Tidal Volume . 
Burma Coast Series -- 

Total . 423 -- 

Value. 

B 

5,525 

42.51 

1,353 

1,038 

5,912 

977 

No. of pages. 
- 

214 

184 

86 

I 74 

346 

302 

188~-ga. 

1.998 

KBthihwlr Meridional Series . . . 132 
SVVOPTICAL VOLUMES . { Great Arc Meridional Series . . .. 138 - 

Total . 270 

19,156 TOTAL .I ,,306* 

Spirit-levelled heights, NO. I Burma . . 68 
Letter-press tor charts, map-headings and 

MISC~LLANEOUS . . foot-notes . . . . . . 95 
Forms, orders, memoranda, etc. . . . 481 
Extra-departmental work . . . . 283 - 

Total . 945 - 

Equal to 1,638 pages of standard (foolscap) size. 

T h e  usual table showing the work annually performed by this section during the past 
five years is given below, the unit (a page of foolsca[~) being the same throughout :- 

187,670 

Total number 
of pulls. 

30,950 

19.470 

4,320 

3,300 

89,990 

39,640 

- -  

PHOTO-ZINCOGRAPHIC S ~ c t l ~ ~ . - T h i s  section has been partly employed in print- 
maps, charts, diagrams, etc., to  illustrate the professional and synoptical volumes and 

o t  '"f er  pamphlets by this branch, and in addition it has again executed a large 
amount of extra-departmental work, chiefly tor the Quarter Master General's and the 
Forest Departments. 

No. of copies 
of each page. 

510 

360 

310 

,I, 

... 

... 

189-91. 

P 

1Bg1.9r. I8gr.03. 

2.16s I 2.228 2,195 



About the beginning of the rains it was found that the method of intensifying the 
negatives by means of bichloride of mercury and hydrosulphuret of ammonia was not very 
satisfactory, and Major Gore determined to introduce the method of intensifying by bro- 
mide of copper as used in the Head Quarters Office in Calcutta. The change gave excel- 
lent work in all except one point. The negatives here must, as a general rule, be kept, 
and therefore require some stronger varnish than the gelatine one used in Calcutta. The 
varnish formerly used was a shellac spirit varnish which answered with the old way of 
intensifying; but when it was applied to the negatives intensified with copper, it tore the 
film and produced a mass of pin holes. T o  obviate this, gelatine in a thin solution was 
first applied and then the varnish. The film did not now suffer, but it was so brittle that 
the negative could not be cut a t  all. Several attempts were made to get over the diffi- 
culty, a;ld it was a t  last surmounted by the adoption of a crystal benzol varnish composed 
a s  follows :- 

Gum damar English, obtained from Messrs. Smith, . . .  ' f  Stanistreet & Co. . , . 
Benzol go0/, - . . Obtained from Messrs. Waldie & j oz. 
Gum copal . .  Obtained in Dehra . . . .  
Benzol go0/, . . . .  . 
Two parts of A mixed with one of B 

In making up this varnish it will be found that very little of the copal gum will 
dissolve in the benzol, but the amount is sufficient to allow the film to be cut without 
splitting as it appears to do when varnished with damar and benzol only. There is a very 
great difference in the gums obtained in different places under the same names, one so- 
called damar gum obtained in Dehra producing a very fine ground glass varnish. 

The following tables exhibit the value and out-turn of work done by this seciion:- 

Statement  shozaing the amount o f w o r k  d o n e f o r  other Departments, etc., during the year 
1893-94. 

- -. 
I 

Forest Department . . . . . .  1 22? 1 482 

Quarter Master General . . . . .  3 4 

Special work done for private individuals . . 

T O T A L ~  . . 
.- 

vi 
0 

9,888 

a12 

1,a40 

11,346 
-- 

"i 
a 

a U " i . 2  
0 2 2 -  m m Z S  

----- 

... 1,877 8,086 

12 . . . . . .  424 

Table showing the amount rralized f rom olhe? Departments, etc., by Book-debit and CU ~h 
sales durzng 1893-94. 

- - 

12 

-- 
235 

12 

216 

6 

492 

TOTAL. 

B a. 

981 4 

5,291 3 

1,115 I 

95 

319 4 

260 16 

8,062 7 
-- - - 

3 

loo 

By Cash sales. 

R a. 

152 13 

488 6 

148 13 

24 8 

319 4 

260 10 

1,394 6 

Departments, etc. By Book-debit. 

------ 
... 

- 

1P a. 

Forest Department . . . . . .  I 828 7 

. . . . . .  

1,877 

Iiorest Survey . , , . , . . 
Quarter hlaster General . . . . .  
hiilltar? Department . . . . .  
OtherDepartments. . . . . .  
Private individuals . . . . . .  

TOTALS . 
-- 

1,240 

9,750 

4,802 13 

966 4 

70 9 

...... 

...... 

6,668 I 





Statzrnent of Deparlntenlal work done during thr year 1893-94. 
-_ 

R s u ~ n ~ m .  

For Professional Volume (Tidal). 

For Professional Volume (Tidal). 

For Synoplical Volume No. XXXIIl. 

For Professional Volume (Tidal). 

 or Professional Volume (Tidal). 

For Professional Volume (Tidal). 

For Pamphlet ol Spirit-levelled heights. 

-. -- 

SPBCIIIC.\TION OF PLATE om PRINT. 

- -  -... -... . 

Aden, Tidal Diagram . . . .  . .  
and Cilgit, with surrounding cou~itry (corrected to 1883) . . Beypora, l idal Diagram . . . .  

S E '  N E .  
C c n t d  P r o v i n c ~  Survey, Sheet. Nm. 23 gin f; 24 <-- * 
NF, S.\V., S.E. N W .  ' E N.E 
, , , , 15 -,- ; Z C - ; - -  ; 34 ;,, and 50 1e 

N.W. S.W. . 
(in one) ; 34T and !!?!' (in one); - and -7 (,none) ; 
N.e .  S.E. ~5 G. &. E. s.%.. N.E. N.E. - - 

, #  , .  3 '  4 8  I '  3 ' 7  35 ,I- 5;~ 
N.W. N.W. N.W. N .W.  S .W.  a n d S z  . . - , , 3 - 4 '  1 3 

C h a d a  f enitqry, . . . . . . . .  

Progress 
made. 

14 6 
189 8 
43 10 
30 lo  
1012  

163 4 
315 o 
97 4 
2414 
Z I ~ Z  

2ga12 

:5 50 
84 o 

11412 

zog 6 
10 I Z  
83 12 
27 I 0  
60 8 

1,425 6 

198 14 
27 9 

15 8 

L I I r  73 l a  rz 

Value. 

... 
740 
30 
6 

50 
1,310 

600 
206 
S 

106 ... 
510 
510 

62 
30 

130 
50 
30 
4 

510 

1,172 

300 
16 

a7 

f.7W 310 

B a. 

41 4 
85 o 
41 4 

2,347 2 

134 2 

Copies. %ale 
ot map. 

---- 

510 
103 
510 

3,775 
410 

+a D. E. 
~ & + D . E .  

D. E. 
g o. E. 

D. E. 
... 

D. E. 
D E. 

4 D. E. 
D. E. 
U. E. 

g D. E. 
g D. E. 

D. E. 
i D. E. 

D. E. 
D. E. 
D. E. 
D. E. 

( D. E. 

D.E.. fd dr i D.E. 

i D. E. 
D. E. , D. E. , D. E. ..- 

"'8 

... ' 
4 ... 
4 

... 
i ... 

... 

... 
4 

24 

4 
b 
2 ... 

1 &i 

I 
16 

16 * ... 

Clinometer He~ght Indicator and contouring scale (Captain 
Wahabts) ' 1. . . . . . . . . . .  

Cutch C-t Series, Final Chart. Sheets Noa. I and a . . .  i F. 
Dshra Dun and SiwalikqSuwey, S h ~ e t  No. XXll ! F. 

Size of each 
sheet' 

_ I  
i 

F. ' F. 
F. 

F. 
I ' F. 

. . .  
Diagram of Tide-predict~n~ machine , 1 . . .  . 
Eutevn I'rans-llontier. Sheet No. 7 N.W. . . .  
Forms for deparhnental use (Miwellaneo~ls) . . . .  
Gujarat Survey. Sheets Nos. 9, 27. a8 and 55 . . . .  
Hazara Expedition, 1881,. sheets Nos. I and z . . . .  
Hosbangabad Survey, r l an~ la t ion  Chart . . . a  

Imrai Expedition, 1992, with outer border Ilns,  etc. . . .  
Kdlka Town Survey, Sheets Nos. I .  2, J. 4 and 5 . . .  
Karichi Tidal I)iagram . . . . . . . .  
KirwArTidalDiagram_ . . . . . . .  
klandalay Xleridional.zeri6, Preliminary Chart of Principal 'Triaa- 

gulati .n, Sheet No. 4, Season 1892-~3 . . . . .  
Map to illustlat.: trlbal settlement on the North-Western Frontier 
klongh-t Series, Preliminary Chart of Secondary Trianguktlon, 

Sheets Nos. I and 2, Season 1891-)?)3. . . .  
Mussooree and Landour, Guide Map . . .  
Mur~oorec and landour Survey, Sheet No. 16 (Shaded) . . 
North-Fastern Frontier, Sheets Nos. 5 and 6 . . 
Port Blair, Tidal Diaqram . . . . . . .  

S.E. N.P.. N.E. S.E. 
Punjab Survey. Slteets Nos. a64 - ; 26j T, 7, ; 

W. %!!! ' !  %'. 286 N.W'; 2go N.E., N W. 
I , J t 

S.E. S. W. 
S.E.; agl N.E.; jog -; 311 N.W.--; 312 N.W., 

3 & 4  
N W N.W.4 c. S W. S.W. 

S.W. ; 313 1, ,. , , , , S.E., 1, 7 
. . . . . . . .  Lw.; and 314N.E. 

S.E. 
h d a b  Survey. Plane Table, Nos. 312 si: (in two deeb ) .  7 

V E  . 
(in two sheets) ; 313 (I" twoshcets), and Ns (in two R. 
mheets) . . 

(aoetta ~ i i l  &tion iheet;. N:. I abd a iznd ~ditio;) . . 
dnikhat Cantonment . . . . . . .  

~pirit- l~el l i in~ Omrrtiolu, Na. 1 Burma 1-9 
~th. .  mrp. lor ofico ur. ~u.wyo.-~.n&.i's&co. at;. : 

( D. E. 
D. E. 

( D. E. 

! 
D. E. 

( D. E. 

I inch 

... 
4 

... 

t 
i 

F. 
F. 
F. * F. ' F. 
F. ' F. 
1. 

F. 
F. 

F. 1 
F. 

F. ' F. ' F. 
F. 
F. 

P. & I. 

F. 
P. 
F. 
F. 

F. B I. 

550 
30 . . . . . .  
50 

ggo 
600 
206 ... 
105 

255 
255 

62 
60 

130 
50 
30 

8 . .  . 
255 

1,124 

... 
300 

27 

155 53 

PHOTO-ZINCOGRAPHIC PRINTING. 

Sh::tn ' Nega- 

subjects.' prints. 
Pulls. 

I 
x 
I 
3 
I 

5 
4 
2 
I 
I 

S 
I 
I 

I 
I 

a 
I 
I 
2 
I 

17 

8 
a 
I 
I 

47 

~ 5 5  
103 
255 

3,750 
410 

z 
14 
a ... ... 
4 

3: ... ... 
24 
2 
2 

6 
9 

16 ... 
7 ... 
4 

89 

... 
12 
I 

17: 

I 

7 
2 
3 ... ... ... ... 
z ... 

24 ... 
I 

6 
9 

16 ... 
7 
4 
I 

101 

4 
12 

I 
f 

106 

I 

I 
I 
I 

25 
I 

----- 

z 
I I 
a 

139 
4 

I 
a 
I 

I l l  

4 

. . . . . . . . .  

. . . . . .  . . . . . .  
.. , . . . . . .  . . . . . .  

. . . . . .  
6 . . .  

. . . . . . . . .  . . . . . .  ,.. 

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

. . . . . .  

. . . . . .  
..a 

go 

8 . . . . . .  . . . . . .  . . . . . .  
40 

I 
3 
I ... . . . . . .  
I 
4 
2 
... 
5 
I 
I 

I 
I 

2 

I . . . . . .  

19 

. . . . . .  
3 
I 
I 

57 

6 

. . . . . . . . .  

... 

. . . . . . . . .  

... 

... 

.- 

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

140 
. . . . . .  

' I  

1 
I 
I 

as 
4 

... 



Copies of Maps of other Departments taken for Departmental use. 

Copies retained for office record of mapr, 
etc., requisitioned for by other depart- 
ments, the cost of press pulls and station- 
ery being all that is here charged to the 
Survey Department; the numbers ln 
columns 5 to  S t l~rrefore stand excluded 
from the totals. 

I 
I 

I 

I 
I 

6 

5 
I 
I 

I 

I 

I 

ag 
I 
I 

14 
I 
I 
I 

I 

.... c.,-.,, ,;'- ,-;.;.I 7.. . , i  R .;: . . . . . . . . .  
')u :, .! a - . . :,r - ,  c . . . . . . . . .  

t <8Y:t> .., , 1 ,  > , p u  L <, E,C :I.,<:,; - . . . . . . . . .  
bu ma ( o.ver,. .:t.:.x .u r:l= F o r e ~ t  Survey in the ienasserirn 

.. L I T  le, EL;- and :sr - < ~ l , ~ e - i a  . . . . . .  
Rlirma \L'pp-r), :noex to 8 hc borest S.lrrey. District Pyinmana . 
Centra~ Provinces, ; \hir~ Zarnindari Forest Survey, Sheets Nos. 

122 IV.\V. and S \ ' .in 5:s . N.W N . W .  S . W .  
4 1 3 & 4 7;~ ,T,l x a  

and '2. , % +  . . . . . . . . . . .  
Central Provincts, Bhandara Forest Survey, Sheets Nos. 93 N+, 

N A  N.W. z. and S L  . . . . . . . . .  3 ' - ' I 2 

Central Provinces, Bhiwkund Forest Reserve . . .  
Ditto, Dabdi Forest Reserve . . . . . . . .  
Ditto, Index to the Forest Survey in the Balaghat Di- 

v~slon . . . . . . . . . .  
Ditto, lndex to the Forest Survey in the Cbind~sara, 

Seoni. Nagpur and Wardha Llivisions 
Ditto, Index to  the Forest Survey in the Narsinghpur 

Division . . . . . . . . . .  

Ditto, Jubbul~ore  F o r a t  Survey, Sheets Nos. 85 
=%., 5, S?.; I o 5 N z ;  106N-, 

1 4 1  
N 2 .  N.W. S . E .  

I 4 

20 
15 
20 

10 
16 

90 

75 
15 
15 

15 

12 

7 o 
5 8 
4 4 

z 2 
I 14 

38 4 

2 1 8  
6 6 
6 6 

1 14 

2 2  

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

... 

t 
2 

16 

385 
20 
15 

155 
20 
'5 
a0 

I f ,  D. E. 
D. d. 

+ D. E. 

20 
1s 
zo 

5 
8 

90 

... ... ... 

... ... 

... 

... ... 

1 7 1  

146 14 

7 0 
7 5 

77 10 

7 0 

4 0 

5 la  

. . .  

Pinjab  F o r d  Survey. Bashahr State, Sheetcl Nos. 347 N., 
N.W. and IY.\V. 

4 - . . . . . . . .  I 

a, Other maps . . . . . . . . . .  
X 

75 
15 
15 

15 

3 

8 

385 
20 
15 

155 
20 
15 
20 

. . . . . . . . .  

. . . . . . . . .  

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

-- 

. . . . . . . . .  

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

. . . . . . . . .  

- 
represents double elephant; F. repraent r  finished; I. r eprsents  in presr. 

TOTALS . . I  ... - 
* Additional ~ r i n t s  of 

... 

... 

, , 7, '+, and 107 (in 

; 108 

S.W. S.W. 3 '  4 '  
- 

3 '  4 
, and lag % ;in one); 129 

N . W .  N . W . .  N.E. N.W. -- 
, ' , 1 3 0  -, - 

3 4 
and S.w. . ,,, 

. . . .  . . .  Ditto, Phiaki Forest Reserve .' 
Dltto, Pownar Forest Reserve . . . . . . . .  
Ditto, Raipur Forest Survey, S h e e h  Nos. 141 3. 

N.W 
and 164 T '  (in one);  141 s* and 

. . . .  
Ditto, Umbarde Forest Reserve 

Dehra DSn, Suswa Coppice Worklng Circle ... 

? 
4 
- 

. . . . . . . . .  

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

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

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

. . . . . . . . .  
. . . . . . . . a  . . . . . . . . .  . . . . . . . . .  

... 

... 

... 

... 

... ... 

... 

... 

... 

... 

... ... 

... 

... ... ... 

... 8 7  

1 2 0  

+ D. E. 

4 
1 + 

f 

I- 

I 

. . .  
North-Webtern Provinces and Oudh. Bhongaon Forest Reserve : 

Ditto ditto, Index to the Forest Survey of 
Districts Kheri and  Pilibhit 

& & * D .  E. 
D. E. 

8 1  16 

... 

... ... 

... 

... 
... 

... 

... ... 

... 

... ... ... 

? 
? 
? 
8 

16 

D . E . i . f , i & f  D . E .  

$D. E. 
D. E. 

D.E. &:D.E. 
? D. E. 

1:: 
... 

... 

45 

D . E . & $ D . E .  

j D . E . & + D . E .  
D. E. 
D. E. 

u. E. 
? D. E. 

... 

45 

I 
I 

previous p~~blications; D. E. 

j 
8 

4 D. E. 

t D. E. 



Nine hundred and fifty-five silver prints of the 8-inch pictures were prepared, and 
weekly despatches of both silver prints and negatives made as usual to tbe India Office. 

Table showinf the visibility of Sun a t  Dehrn  D u n  and Greenwich. 

Yarn. 

18&81@ . . . . 
1081-8a . . . . 
1882-83 . . . . 
1885.84 . . . . 
1181-85 . . . . 
1885-86 . . . . 

RBMARRI. 

From 1st October to joib 
September following. 

) Year ending 10th May 
1892, obtained from thm 
report to the Board 01 
visitors. 

98 61 

91 38 

16fB-89 . . . 71 50 

45 

1-1 . . 6a 

100 60 

too 73 

100 6 I 

- 

... 59 

.- - 

-- 
AT G ~ e a n w l c ~ .  AT DUHRA DUN. 

Year. 

Number of 
days on 

whlch neua- 

Number of 
days on 

which nega- 
tives were 

taken. 

Percentage Number 
of days on ( of rlavs 

which nega- , on which 
tivrs were t~ves showed sun was 

taken. features. invisible. 

I 

1880 

1881 

1882 

1883 

1884 

1885 

1886 

1aa7 

1887-88 

1888-89 

1889-90 

1890-91 

18919zt 

1892.93 

... 
-- 

307 

3 d  

318 

285 

284 

190 

156 

181 

22 I 

91.5 

154 

206 

1 99 

18s 

20.5 

182 

110 

2Zq 

119 

Not obtain- 
able. 

- 

197 

96 

100 

100 

100 

100 

100 

55 

37 

47 

78 

8 I 

75 



cxvii 

I)RAWINC SECTION.-T~~ d e t a i l s  of t h e  w o r k  d o n e  in t h i s  section a r e  given in the 
t a b l e s  w11ic11 follow :- 

S t o t e r n e n t  s h o w i n g  

TITLE OF MAP. 

Stand'rrd Maps.  

Hazara Lxpeditron, 1891.92, sheets NOS. 
I,  n and 3 . . . , .  

Mussoorie and Landour . . . 
Kunlaon and tiarhwal, sheets NOS. 19 and 

24 
central  ~rovinces  Survey sheets, NOS: 

34+ and -2'; S .W.  N.W. , 3 4 7 ;  3 4 7 ;  
E. " Mr. N.W. . 3Lx. 

34-; 35,; 35,. ",,,, 
26%; (Nimar) . 

8 

Punjab Survey, Sheets NO<. 290 N.E.; 290 
S.E.;  312N b.; 311 N.W.; 312 S.W. . 

lu. \V. .  N. W. . 
Sheets Nos. 306 7, 308 7, 264 

-. N.E. N R  
S.E. , 264 - 265 - . . . 

North-Eastern Trans-frontier sheet 
No.7  . . . . . . 

Gujarat Survey, sheet No. l o  . . 
Plans  of Citie.r and Cantonments,  etc. 

Dehra Municipality and Cantonment (2nd 
Edition) . . . . . . 

Index Maps .  

Trianqulation Chart of India . . . 
T o  illustrate progress of Nos, 14 and 18 

Parties . . . . . . 
Charls.  

Triangulation Chart, Kdthiiwdr Meridional 
and Coast Series . . . . 

Triangulation Chart Great Arc Series 
Section, 8'to 18' . . . . 

Miscellnneous. 

Tidal maps of Beypore, Aden and Port Blair 
'l'idal maps of Cochin and Pamban . . 
Tidal r a p s  of Port Albert Victor, 

Tuticorin, Point-de-Galle, Negapatam, 
hladras, False Point, Akyab, Amherst. 
hloulmein Trincomalli, Bhavnagar, 
hlinicoy, Bombay and Rangoon . . 

Map of Black Mountain and adjoining 
country . . . , . . 

Rough plots of ttvo explorers0 routes . 
General map to illuslrate the record of 

expedilions against the North-Western 
Frontier Tribes, 1884 . . . . 

Othcrmaps . , . . . . 
Maps colourrd . . . . . 

the ~ o r ~  

Number 
ol slieets. 

3 
I 

z 

9 

5 

5 

1 

4 

3 

I 

2 

2 

4 

3 
a 

14 

I 

2 

I 

34 

1345 

p e r j o r r n e d  

Scale. 

In. M. 

I = $  
I = I ~  

I = I  

1=4 

I=+ 

I=* I 
1=4 

I=I  

I = I Z  

1=96 

Various 

1=4 

I =4 

Various 
P O  

PI 

1=2 

1 = 16 

I =24 

Various 

I 

during 1893-94. 

REMARKS. 

Corrections in hand. 
Original corrected and final press 

order given. 
'I'ouchtd up for photography; 

final press order given. 

Touched up for photography ; 
final press order given. 

Touched up for photography; 
final press order given. 

Corrections completed. In hand. 

Corrections completed. Final press 
order given. 

In hand. 

Brought up to date for Annual 
Report. 

Ditto ditto. 

Corrected and completed for re- 
production to + scale. In hand. 

In progress. 

Final press order given. 
In press. 

In hand. 

In hand. 

Fair plots in hand. 

Prepared sheet with names for zinc- 
printing. Final press order given. 

Completed headings, foot-notes a n d  
relerences for press. ...,., 



Stntement showing the work performed during 1893-94-contd. 

No. of Sheets. . . . . . . . . . . . . .  Original Standard Maps 77 
Charts . . . . . . . . . . . . . . . 4  
MiscellaneollsMaps. . . . . . . . . .  40 . . . . . . .  Photographic proofs of Standard Sheets and other Maps 207 

N.B.-In addition to  the above, other miscellaneous duties have been performed, such as assisting in the Photograpl~ic 
Section; completing Central Prov~nces Survey and Punjab Survey original maps in respect to headings and foot-notes, etc., 
for press; supplying tracings ol margins of sheets to Simla Drawing 0 8 c e  and No. IS Party; examination and custody of 
ecords; adjusting various instruments for the Imperial Forest School; making all the despatches of maps, etc., etc. 

Statement of work done f o r  other Depnvtments during 1893-94, 

. . . . . . . . . . .  Forest Department . 132 o o 

Statement showing the value of work done f o r  other  Departments, etc., during 1893-94. 
-. .- - - - - -- - - -- 

* 

TITLE OF MAP. 

Standard Mnps. 

Forest Surveys . . . . .  
lndex Maps. 

Forest Surveys . . . . .  
Miscsllanrous. 

Porest Department . . . .  
Quarter Master General's Department . 

. . . .  Palwal Town Traverse 

Ditto ditto . . .  
Traverses plotted in K6thidwAr sheets Nos. 

27, 28,38 and 39. 

DEPARTMENTS, etc. 

- - 

Number 
of sheets. 

58 

6 

I I 

I 

8 

l a  

7 

Scale. 

In. M. 

I = 4 

Various 

,, 

I = 4 

1=5o ft. 

I = loo ft. 

I = 4 

Value. 

- - - -  

R a. p. 

. . . . . . . . . . .  Foreign Department (Secretary) 

Military Department ( .. ) . . . . . . . . . .  
. . . . . . . . . . . . .  Junagadh State 

TOTAL . 

REMARKS. 

Completed headings, foot-notes and 
references. Final press order 
given for Forest Department. 

Ditto ditto ditto. 

Ditto ditto ditto. 

Compiled and final press order 
given. 

I Plotted for the Deputy Cornmis- 
sioner, Gurgaon. 

For Junagadh State. 

53 11 0 

18 I o 

g O o O  

-- 

293 12 0 
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'3  No. -- 81-2 ' 
File No. 81. 

Extract from t l e  Proceedings of the Govern~nent of India in the Deparlment of 
Revenue and Agriculture (Land-Surveys), dated Sinzla, thc 7 t h  June 1895. SERIAL NO. 2. 

READ- 
* 

T h e  General Report  on the operations of the Survey of India Department during the 
year 1893-44. 

R E S O L U T I O N .  

Excluding the work of the Forest Survey Branch, which is noticed in 
paragraph 5 of this Resolution, the field operations during the year under review 
were carried on by twenty parties (of which two were double parties) and four small 
detachments. The  various classes of work on which they were engaged are shown 
below :- 

Class of work. Number of parties Number of detach- 
employed. ments employed. 

I. Trigonometrical ... ... I ... 
2. Topographical .. ... 3 a 

3. Forest (excluding the Imperial Forest Survey Branch) 4 ... 
4. Cadastral ... .,. ... 6 (two double) 2 

5. Traverse ... ... ... I ,.. 

6. Scientific ... ... a** 3 ... 
... 7. Geographical .,. ,.. 2 

- - - .  
Total ... 20 4 

Thus eleven parties and two detachments were engaged on remunerative 
operations connected with land or forest revenue, a s  compared with twelve parties 
and one detachment in 1892-93. 

2. The  aggregate area surveyed 011 all scales during the year under report 
was 127,477 square miles, against a total of Io4,71 I square miles in 1892-~3 .  
These figures do not include the traverse operations carried on in the Central 
Provinces as a basis for field surveys under the Settlement Department, or the 
skeleton survey of village boundaries in Bengal. These two operations covered 
a further total area of 3,572 square miles in 1893-1894, and of 3,563 square miles 
in the preceding year. 

3. The party which has been employed during the past three years on 
trigonometrical surveys extellded, during the year under report, the principal 
triangulation northwards in Upper Burma over a direct distance of go miles, besides 
carrying a secondary series of triangles over 70  miles along the coast south-east- 
wards from Karachi. 

As in the preceding year, three parties were employed on topographical 
survcys in the Bombay Presidency, in Baluchistan and in the Himalayas ; one 
detachment. continued the survey of the  river Indus in Sind ; while another was 



formed for the survey of the peninsula of Aden and of that portion of the 

Yafi'i country in Arabia which was left unfinished in the year I 891 -92. A total 
area of 16,072 square miles was topographically surveyed, a s  compared 
with ro,arg square miles in the previous year, in addition to  small areas 
surveyed by cadastral parties in the Shwebo and Amherst districts of Burma 
and by the Forest Survey Branch in the Bashahr State. T h e  two parties 
employed on geographical survey in Upper Burma having practically completed 
their preliminary operations, a detachment from one of these parties has begun 
the topographical survey of that province. 

4. T h e  total area of forest surveyed in the Central Provinces, Bombay,, 
kladras, and Lower Burma by the four parties of the Imperial Survey 
Department employed exclusively on that  work, and in the Himalayas by a 
topographical party, amounted to 2,522 square miles. 

5. T h e  report under review includes for the first time an  account of the opera- 
tions of the  Forest Survey Branch, which is under the administration of t h e  
Inspector General of Forests and  under the superintendence of a Deputy Superin- 
tendent of the Survey of India Department. T h e  officers of the Branch are now 
included in the cadre of that  Department. During the year the Branch surveyed 
1,433 square miles of forest proper, situated in the Punjab, the  Central Prov- 
inces, Oudh, and Burma, a s  well a s  of 287 square miles of non-forest land in 
Bashahr (Punjab), which was surveyed on the I-inch scale for incorporation with 
topographical surveys. 

I t  is understood from the Inspector General of Forests rhat these forest maps, 
although they result from surveys conducted by cheaper agency than the Sur- 
veyor General feels able to  rely upon, meet all forest requirements both in 
accuracy of detail and neatness of execution Under these circumstances the 
Governnlent of India do not consider it necessary to  provide f o r  more costly 
supervision. They  are glad t o  observe that  in other respects the system as  
carried out by the Superintendent, Mr. \V. H. Reynold?, is held by the Surveyor 
General to  be quite satisfactory. 

6. Cadastral surveys were carried on by two double parties and a detach- 
ment in Bengal, by three parties in Burma, by one in Assam, and by a detach- 
ment in the North-Western Provinces. T h e  total area completed during the year 
was 8,280 square miles, being an increase of 525 square miles a s  compared with 
1892-93. T h e  cost of the different operations of Traverse, Cadastral survey, 
and record-writing varies considerably from area to area. Explanations of 
excess cost are in most instances forthcoming; but there is nothing to show why 
record-writing should cost Rs .  74 per square mile in Palamau, Rs. 78 in 
Muzuffarpur, and Rs. 70 in Balasore, when it can be done for Rs. 50 in Sarun and 
for Rs .  54 in Champaran. Full explanation is alw2ys desirable in each case where 
t h e  cost of cadastral work in India exceeds Rs. 70 per square mile. It  is recogniz- 
ed that work cannot be carried out in Burma a t  anything approaching that rate as  
) et,  though it has been found possible to reduce the  cost in Magwe to Rs .  I I I .  

7. One party was again employed in traverse surveys in the Central Provinces. 
and the total area traversed amounted to 3,397 square miles, which compares 
favourably nith the outturn for last year. In Bengal the Traverse survey of 
village boundaries in the Gya and Shahabad districts was colnpleted over an 
area of 175 square miles. 

8. T h e  latitude observations of last year were continued by two astronomical 
parties; and the latitude and longitude observations are practically complete, 
and only await that connection with Greenwich which is now in progress. Tidal 



observations have been continued a t  I 3 stations, and predictions will now b- pub- 
lished for 35 tidai stations. In  connection with these operations, 370 miles of 
double levelling have been run ; and the results in both cases reached a very high 
standard of accuracy. 

T h e  two parties employed oil the geographical survey of Upper Burma 
covered an area of 14,790 square miles, thus bringing the task to completion. 
Reconnaissance surveys were made of over 84,000 square miles in Pcrsia and 
Arabia and on the north-western frontier, of which the greater portion had not 
been previously mapped. 

g. T h e  work done in the various Head-Quarters offices seems to have 
been satisfactory. The  value of the excra-departmental work done in the Photo. 
graphic and Lithographic offices decreased from Rs. 91, I 18 to Rs. 7 I ,141, owing 
to  a smaller demand. On the other hand, the value of original maps and draw- 
ings reproduced for the Department itself increased from Rs.  81, I 28 to Rs. 98,760. 
T h e  quality of the worlc executed under Colonel Waterhouse's supervision main- 
tained its high standard of excellence. The  two specimens of photo-etching 
bound up with the report are admirable specimens of what the department 
can do in the way of artistic finish : while the map work for accuracy and clear- 
ness leaves nothing to be desired. 

The  Drawing Office continued to be principally employed on mlps  of Bgrma. 
A Provincial Drawing Ofice for Bellgal was organised during the year for the 
preparation of topographical maps from the results of cadastral surveys, 
a s  th'e field parties in Bengal could not cope with the heavy mapping work 
T h e  demands on the Mathematical Instrument office for scientific instruments 
were considerably less than in 1891-92 and I 892-93 ; but there nfas a larger 
outturn of worlc in  the shape of repairs. 

' 

lo. Pages 16 and I 7 of the report contain a summary of the operations of 
the Department for the nine years during which it ha; been under the adminis- 
tration of Colonel Sir Henry Thuillier, R.E., who has recently retired from the 
office of Surveyor General of India. During that period the area covered by 
Cadastral, Forest, Topographical and Geographical surveys aggregated 844,2 1 8 
square miles. The  surveys of 17 cities and towns, including Calcutta, have 
also been mapped on various large scales ; while 93,694 square miles of Traverse 
surveys and 25,140 square miles of principal and secondary triangulation have 
been completed during the same period. Upper Rurma has been added to the 
Geographical map of India ; the latitude and longitude observations have been 
completed; the system of tidal observations and predictions has been largely 
extended ; and a double line of spirit levelling has been carried over a distance 
of more than ~ , o o o  miles. The Governor General in Council has already ta!ten 
occasion to express his sense of the value of Colonel Thuillier's services. 

O ~ ~ ~ ~ . - O r d e r e d  that thc above Resolution be forwarded to the Surveyor 

partments. 

General of India, the Inspector ~ e n e r a l '  of  
Mndras.  Punjab. 

Ordered also that the Resolution be published in the Supplement to the 
Gaaeffe 01 /91dia. 

(True Extract. 

Bombay. 
Dengal. 
~01th-Western Provinces 

DENZIL IBBETSON, 

~ r n t r a l  ~rovinccs .  Forests, Local Governments and Adminis- 
Burma. 
Assam. trations noted on the margin, and to the 

Off. Segr~ ia~y  to  the Government a/ I ~ ~ d i a .  

and Oudl~. Coorg. Foreign, Military and Public Works De- 
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