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GENERAL REPORT 

O N  T H E  

@perations of the aurbeg of Xnbia, 
DURING T H E  SURVEY YEAR 

1885-86. 

PART I. 
INTRODUCTORY. 

The  operations of the Survey parties, and the work in the several branches 
of the Head-quarter Offices of the Survey of India, which are now reported upon, 
are for the year ending 30th September 1886. 

2. The general direction of the Department and the superintendence of the 
Topographical Br?nch was carried on by Colonel G. C. DePrCe, Surveyor Gene- 
ral, up to the 23rd February 1886, when he was compelled by ill-health to 
proceed on furlough. From that date the duties have been performed by 
Lieutenant-Colonel 14. R. Thuillier, R.E., who was then appointed to officiate as  
Surveyor General. The immediate superintendence of the Revenue Branch 
was continued by Lieutenant-Colonel Thuillier, Deputy Surveyor General, up to 
I ~ t h  March 1886, when Colonel J .  Sconce, S.C., Deputy Surveyor General, the 
permanent incumbent of the post, returned from furlough and resumed charge. 
The direct charge of the Trigonometrical Branch has remained in the hands 
of Colonel C. T. Haig, R.E., Officiating Deputy Surveyor General, throughout 
the year. 

3. The  operations which have been carried out during the year under 
review are shown in the following tabular statement, and they are described in 
detail in Part I1 of this Report in the order in which they are given below :- 

Statement of Survey Operations and Field Parties. 

Name and locale of 
operations. 

T r i a n ~ u l a t i a .  

Coast (Madras) . . 

Topojiraphy. 

Andaman lolands . . 

Bduchistan . . 

Cutch . . . . 
Deccan , . . 

c 2 

'd 
2-2 

1 8  

IZ 

13 

16 

I7 

Executive Officers. 

Mr. E. C. Ryall . , . 

Major C.  Strahnn, R.E. . 
Captain J. R. Hobday, S.C. 
Mr. C. D. Cusson. 

Lieutenant-Colonel J.R. Wil-  
mer, S.C. 

ColonelA.Pullan,S.C. . 
Lieutenant-Colonel D. C. 

Andrew, S.C. 

Designation 
of 

Survey Party. 

Secondary Triangu- 
lation. 

Andaman Survey 
(No. 4 Topo. 
Branch). 

Baluchistan Survey 
(No. 3 Topo. 
Branch). 

Cutchsuwey. . 
No. r l  Rev. Branch 

Scale Survey' 

, . . 

4" and $'=I mile for 
reproduction. 

z" a n d v = r  milefor 
reproduction. 

z"=~mileforreduc- 
tion to hal l  scale. 

Z"=I mile forreduc- 
tion to half scale. 

Administrative 
Superintendent. 

D. S. G. Trig. 

Ditto Topo. 

Ditto ditto. 

Ditto ditto. 

Ditto Rev. 
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Statement o f  Survey Operations and Field Parties-continued, 

Name and locale of 
operations. 

Gujarit . . , 

Mirzapur . . 

Mysore. . ' . 
Rajpuhna . , 

South Maratha . . 

P m s t  Surveys. 

Burma . . . . 
Cadastral Suweysr 

Akyab . . . , 

Basti . . , 

Billspur , . , 
Gorakhpur . . , 
Klmnip . . . 
Mozufferpore . , 

Travnse S u w y s .  

Ajmem. . . . 
Jubbulpore and Damoh , 

Punjab . . . 

Raipur . . . . 
Sambalpur . . , 

Csog.aphica1 and Mis- 
cellaneous. 

Himalaya . . 

Designation 
Executive Officers. I Surve;fParty. 

Mr. W. H. Patterson . . Mirzapur Sumel 

$!,"~ch)? 

Major J. R. McCullagh, R.E. Mysore Survey (No. 
Lieutenant H. M. Jackson, 8 Topo. Branch). 

R.E. 

Lieut.-Colonel R. Beavan, Raj utana Survey 
S.C. (&. I Topo. 

Lieutenant W .  H. Pollen, Branch). 
R.E. 

Major J. Hill, R.E. . . No. l o  Rev. 
Lieutenant F. B. Longe, R.E. Branch. 

Mr. H. H6rst . . . Burma Survey (No. 
7 Topo. Branch). 

Lieutenant-Colonel H. S. No. 7 Rev. Branch. 
Hutchinson, S.C. 

Lieutenant-Colonel S. H. ' No 4 Ditto , 
Cowan, S.C. I '  

Lieutenant-Colonel E. H. No. 2 Ditto , 
Steel S.C. 

~ a j o r ' ~ .  E. Sandeman, S.C. No. 5 Ditto , 

Mr. E. C. Barrett . I No. 6 Ditto , 

Lieutenant-Colonel W. Bar- No. 8 Ditto . 
ron, S.C. 

Mr. A. J. Gibwn . . Ajmere Detachmenl 

Mr. G. H. Cooke . . No. 9 Rev. Branch , 

Lieutenant-Colonel F. Cod- No. I Ditto , 
dington, S.C. 

, Lieutenant-Colonel W .  H. No. 3 Ditto 
Wilkins, S.C. 

Mr. A. D'Souza . . Sambalpur Detach 
Mr. P. A. G. Cowley. 

. I ment. 

Colonel H. C. El. Tanner, Himalaya Survey 
S.C. 

Captain R. A. Wahab, R.E. 

Administrative of Survey' 
Superintendent, 

a"= I mile for reduc- D. S. G. ToPo. 
tion to half scale 
and zooft. = I inch 
(city) for reproduc- 
tion. 

2"= I mile for reduc- Ditto 
tion to half scale 
and 16"= I mile for 
reproduction. 

I"=I mile for re- Ditto 
production. 

I" and $"=I mile for Ditto 
reproduction. 

2"=1 mile lor reduc- Ditto 
tion to half scale 
and 8"=1 mile, 
Skeleton Forest 
Survey. 

4" and 2"=1 mile Ditto 
for reproduction. 

16"= I mile lor re- Ditto 
production. 

16"=1 mile for re- Ditto 
production. 

16"=1 mile for re- 
production. 

16"=1 mile for re- 
production. 

16"=1 mile for re- 
production. 

16"=1 mile for re- 
production. 

i Ditto 

Ditto 

Ditto 
I 

1 Ditto 

16"- I mile (skeleton Ditto 
plots). 

16"=1 mile (skeleton Ditto 
plots). 

2"=1 mile cornpila- Ditto 
tion for reduction 
to half scale. 

16"=1 mile(skeleton Ditto 
plots). 

qnand z u =  I mile for Ditto 
reduction to half 
scale. 

Trig. 

Topo. 

Trig. 

Rev. 

Topo. 

Rev. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

ditto. 

Trig. 

Upper Burma . . 
Nepd and Tibet . . 

Tidal and Levelling 
O p n a t i m .  

Tidal Operatiom . . 
Spirit-levelling . . 

Gsodulic. 

Latitude operations and 
E l e  c t r o-Telegra hic 
deQrminations of &n- 
gitudes. 

53 

54 

55 
57 

Captain J. R. Hobday, S.C. 

Explorers M. H. and R. N. . 

Major J. Hill R.E. . 
Major A. ~ . ' ~ a i r d ,  R:E. 

58 Major G. Strahan, R.E. . 
Major W. J. Heaviside, R.E. 
Lieutenant S. G. Burrud, / R.E. 

Upper Burma De- 
tachment. . . . . 

Tidal and Level- 
ling Party. 

Nos. I and2 Astro- . . . . 
nomica1 Part~ss.  I Ditto ditto. 

. . 

and V= I mile . 
. . . . 

. . . . 

Ditto Tope. 

Ditto Trig. 

Difto ditto. 



4. It  will be seen from the last statement that only one small party was 
employed in secondary triangulation. The operations of this party extended 
from Cocanada to Masulipatam on the East Coast, with the object of fixing the 
positions of beacons erected at suitable points, and of other permanent and 
conspicuous marks, natural or artificial, for the use of the Marine Survey 
~ e ~ A r t m e n t .  

5. The  annexation of Upper Burma will ere long lay the Government under 
the necessity of extending the principal triangulation over the newly acquired 
territory, but in the present state of the country it would be premature to  
formulate details for so extensive a project: it will suffice to say that for such 
a large area a very accurate trigonometrical basis will be required for the sub- 
sequent surveys, if they are to be undertaken on a scale a t  all in keeping with 
thdse in India Proper. 

6. The secondary series, in extension of the Eastern Frontier Series, through 
the Malayan peninsula down to Singapore, still remains to  be executed, and 
would have been commenced ere this had officers and funds been available for 
the purpose. 

SPECIAL OPERATIONS. 

7. The two transit instruments having been returned from England, where 
they had been sent for repairs, the Latitude operations were suspended, and the 
Electro-telegraphic observations for the determination of differential Longitudes 
were resumed by the Astronomical Parties. Nine arcs have been measured 
between stations of the Trigonometrical Survey. 

8. The Tidal observations have been duly continued in accordance with 
the original programme for obtaining a systematic record of the tidal phenomena 
on Indian coasts. Four new observatories have been established, viz., a t  BhPv- 
nagar, Cochin, Cocanada and Chittagong; and three have been closed, viz., 
a t  Diamond Harbour, Amherst and Moulmein, where the usual period of five 
years' registration had been completed ; Moulmein having been continued for a 
sixth year owing to certain peculiarities in the tides of that port. 

TOPOGRAPHY. 

g. During the preceding year, thirteen field parties had been employed on 
Topographical Surveys, exclusive of Forest Surveys : of these, two parties had 
completed the work assigned to them, viz., the Assam and North-East Frontier 
Party, and the Malwa Party. Under the orders of the Government the former 
of these parties was broken up and the latter was diverted to Revenue opera- 
tions ; a third party which had been employed temporarily during that year, on 
topographical operations in the Shwegyin District, Lower Burma, was also with- 
drawn for cadastral operations in the Central Provinces, so that during the year 
under review the topographical surveys were reduced to ten parties, of which 
the Himalaya Party has as yet yielded little but triangulation and the skeleton 
traversing to meet the requirements of the Settlement Department in connec- 
tion with the Pabwavi survey. The regular topographical operations were 
carried on by those parties in continuation of the work of the previous year, with 
the exception of the Iconkan Survey, which had been completed and the party 
transferred to the Southern MarPtha country. During the year the surveys 
of the Andnman Islands, of Cutch and of Mysore, have been completed. 

10. I t  had been intended to employ the party set free from the Andaman 
Survey in regular survey operations in the newly acquired province of Upper 
Burma during the current field season, but owing to the unsettled state of the 
country it has been decided to postpone the comlnencement of these operations 
until more favourable conditions exist, and the party will, in the meantime, be 
engaged in carrying out a topographical survey of the Nicobar Islands, which is 
much needed. 

The completion of the Mysore Survey has released a party to  undertake 
the topographical surveys in the Madras Presidency, which have been hitherto 
carried on by the Madras Survey Department under the Local Government, and 
the transfer of which to the Imperial Survey Department has been lately decidea 
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on. The  uncompleted portions of the following districts will therefore be sur- 
veyed by this Department on the standard scale of I inch= I mile, viz.-Ganjam, 
Vizagapatam, Tinnevelly, Madura, South Canara and Malabar, comprising an 
aggregate area of about I 2,400 square miles. 

The  party lately employed in Cutch, a s  well a s  that recently engaged in the 
South Deccan, was transferred a t  the close of the year under report to undertake 
Revenue Survey work in the Central Provinces, so that at the present time the 
number of parties employed on topographical surveys is reduced to eight, ex- 
cluding the Burma Party, the operations of which are confined to Forest Surveys. 

I I .  The general out-turn of topography executed during the year amounts 
to 1g,162 square miles, which is exclusive of Forest Surveys and of the standard 
mapping compiled by the Punjab Party from Patwari surveys :- 

5,518 square miles surveyed on the f-inch scale. 
2,826 I I 11 I , I  

1 0 1 7 ~ 4  I )  11 2 I ,  

28 11 I ]  4 , ,  
6 ,, of city survey ,, 26'4 ,, 

In connection with the Baluchistan Survey, reconnaissance surveys were also 
executed ori the inch and 5 inch scales, embracing an area of about 30,000 
square miles. 

RIVERAIN AND F O R E S T  SURVEYS. 

I 2. The  Riverain Survey, on the scale of 4 inches= I mile, along the Gogra 
River, carried on in District Fyzabad in connection with the cadastral survey 
of the Basti District, has been completed ; and a series of maps embracing the 
entire low-lying tracts on both sides of the river, with the details of the village 
boundaries, intended to facilitate the restoration of boundaries when changes 
occur in the course of the river, has been prepared. 

13. A forest survey on a new system has been begun in the Belgaum Dis- 
trict, but a s  the work was taken in hand late in the season, a small area only has 
been accomplished. The  maps of this survey are on the scale of 8 inches to a 
mile and are little more than skeleton maps, showing village and forest hound- 
aries, together with perennial streams and made roads ; they are inter.ded to be 
completed by the officers of the Forest Department to the extent that may be 
necessary to make them serve a s  working plans. These Belgaum forests lie 
within the area under topographical survey by the South Mardtha Party, so that 
their full topography is being surveyed simultaneously on the a-inch scale along 
with the partial details on the larger scale, a s  required by the Forest Department. 

14. The Burma Party has continued the survey of the forests in the Prome 
and Tharrawaddy Districts, where, in addition to the physical difficulties of the 
country which were met with as  usual, the outbreak of disturbances by dacoits 
materially influenced the progress of the operations and added greatly to the 
anxieties and responsibilities of the surveyors. The interruptions to the work 
and loss of time involved by the necessity for changing the programme during the 
season, and the subsequent withdrawal of the party from the field a month earlier 
than usual, have naturally caused a diminution in the out-turn of work compared 
with that of the previous year. 

The  areas of these operations are :- 
Square miles. 

Riverain . 36 
Forest , 330 

CADASTRAL SURVEYS. 

15. The operations of four Cadastral Parties have been continued in the 
same districts in which they had previously been employed ; these are, the two 
North-West Parties in Districts Gorakhpur and Basti ; the Assam Party, in the 
KAmrGp District ; and the Burma Party, in the Akyab District. Another old 
cadastral party has been transferred from the Henzada District of Burma to 
the Mozufferpore District of Bengal to initiate a cadastral survey there. A new 
cadastral party has been raised on the nucleus of the late Shwegyin Topogra- 
~ h i c a l  Party for the cadastral survey of District Bilispur in the Central Provinces. 
'Thus six cadastral parties have been working during the season. I n  the North- 
West Prcvinces, the two parties employed there have continued the preparation 
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of the same papers which constitute the Record of Rights and furnish the basis 
for a new Settlement, and, as  before, have also compiled the statistical state- 
ments of crops and classes of inhabitants. The Gorakhpur Party has a total 
cost rate, both for survey work proper and for all extraneous work done for the 
Settlement, of R17o-5 per square mile, which is practically the same as last  ear's 
rate, while the work done in the Survey office has actually been increased by the 
transfer of the preparation of the Urdu jarnabandis from the offices of the 
Deputy Collectors. The Basti rate is considerably less than that of last year, 
but is still higher than the Gorakhpur rate, being 8197-1-6  per square mile. 
The higher rate is fully accounted for by the small size of the fields, which gives 
a very much larger number per square mile to be surveyed and recorded. The  
Basti rate per field is considerably less than the Gorakhpur rate per field. T h e  
survey expenditure in both parties has been carefully watched, and it is still 
believed that any reduction in the cost of the joint operations of survey and 
settlement must come from the Settlement Department. The  fairing of records, 
which in one of the districts is said to cost more than the original preparation, 
is again brought to notice as  an item of settlement expenditure on which a con- 
siderable reduction might be effected. 

16. In the KAmr6p District of Assam, the cadastral survey has been car- 
ried on under the same system as in previous seasons, and the work includes the 
preparation of a klzasra (register) specially adapted for the razyatwari tenure 
obtaining in the province. The cost rate has been reduced from 8215-5  of the 
past season to 8196-3 of the present season. 

I 7. In the Akyab District of Burma, the operations consist of purely survey 
work, no register of any kind being prepared. The out-turn includes some 
narrow strips of country situated in different valleys, which has made the super- 
vision of the work a matter of considerable difficulty. T h e  rate has been reduc- 
ed from 8294-13 of the previous season to 8244-1 during the present 
season. 

18. In Bengal, the cadastral survey, with preparation of a record of rights, 
for Mozufferpore has been undertaken as  an experimental survey under the 
Bengal Tenancy Act, the experiment having been instituted for the purpose 
of testing the feelings of the people of Behar, with regard both to the mapping 
of the holdings and to the concurrent inquiries into occupancy rights, as well 
as  to ascertain the probable cost of such operations with the view to their being 
extended, if all matters should be found favourable, to other permanently settled 
districts of the province of Bengal. The result of the experiment as  concerns 
the temper of the people was in every way satisiactory. The  landlords offered 
no opposition, as had been feared they might have done through their regarding 
the formal recording of the rights of the tenants a s  a restriction of their pro- 
prietary rights. The tenants did not object to the measuring of their fields, 
which had been partly expected, through apprehension of an increase of rents, 
though it was also evident that they were still ignorant of the great advan- 
tages accruing to them from the accurate record which was being made of 
their holdings, and generally they were found to be passively indifferent to the 
operations which were being conducted. The cost of the survey has been 
a t  the total rate of 8269 per square mile (or about 6 annas g pies per acre), 
made up of a rate of 8 140 for the operations of survey proper, and of R I zg, 
the sum of the rates for writing and compiling the records. (See tabulated 
statement of rates a t  page 64). The  total rate is obtained after including 
with the expenditure several charges not likely to be repeated, and which have 
been incurred through the party having to be transported from a distant pro- 
vince and having to be equipped for new operations. The rate has also been 
obtained from an out-turn of 4 1 3  square miles, which is only about half of 
what a party might ordinarily be expected to accomplish in Behar after being 
specially organized and trained, but which could not be exceeded during the 
first season, when there had been no preparatory traversing, when many new 
men had to be taught surveying, and all had to be instructed in the particulars 
required to be recorded in the village papers. For next season, local establish- 
ments had been trained, and if the survey had been continued, it was confidently 
expected that an area of 800 square miles would have been accomplished, and 
that the entire operations of survey and preparation of the record of rights 
would have been effected for less than Rzoo per square mile, or below 5 annas 
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an acre. As regards the stoppage of the  survey, it is unnecessary to offer any 
remarks except to  express regret a t  the  abandonment of a work calculated to 
be of great benefit to the public interest, to the interest of landlords, and 
to the interest of tenants, and t o  place on record that the cause of the stop. 
page has been the failure of the Bengal Government to obtain sanction to the 
levying of cesses from landowners and tenants to cover half the cost of the 
operations which was part of the project when the experimental survey was 
undertaken. 

19. For the new cadastral party which has been employed in the Bilispur 
district, the old establishment of the Shwegyin Party provided only for the 
traversing part of the work, and the larger proportion of the party required for 
the field surveying and writing the village papers had to be engaged in the 
North-West Provinces, from among the large numbers of men who make sur. 
veying a profession in many of the districts there, and thence they were taken 
down to Bilispur, where local amins  were not available. The  system of pre- 
paring the village records required for a settlement concurrently with the survey, 
a s  is followed In the North-West Provinces, has been adopted for Bildspur. 
This system was new to most of the members of the party, and all had to  make 
strenuous exertions to learn, not only the system, but also to acquire a knowledge 
of  the nature of the land tenures in Bildspur. The  result of the season's opera- 
tions is highly creditable to  all concerned, a total area of 763 square miles having 
been cadastrally surveyed, out of which the records have been written in 606 
square miles. The  cost rate on the latter, or completed area, is R16g-I I ,  which, 
it is confidently expected will be reduced next season. 

The  areas surveyed cadastrally are :- 
Square miles. 

North-West Provinces . 1,603 
Assam . . 468 
Burma , . 661 
Bengal . 413 
Central Provinces , 763 

TRAVERSE SURVEYS. 

20. T h e  Punjab Party has continued the same operations as  last reported. 
Its main work is skeleton traversing to determine the co-ordinate distances of 
village tri-junctions for the construction of general maps on which the topogra- 
phical details are inserted by transfer from the Settlement Survey village maps. 
The  co-ordinate distances are also employed in districts coming under settle- 
ment survey, to test the accuracy of the frame-work for the village maps which 
is laid out bv the Settlement survevors on their own svstem. In several districts 
not yet surv/eyed for settlement p&poses, the traversihg might be utilized, with 
slight modifications in its design, a s  a basis for the construction of the village 
maps, but the Settlement authorities prefer to lay out a frame-work for them- 
selves. The  Survey party, besides compiling general maps from Settlement Sur- 
vey materials, also tests the topography after the maps have been compiled. 

2 I .  In the Central Provinces. the svstem which had been tried as an ex~e r i -  
ment for two seasons in Districts ~ a ( ~ u r  and Sambalpur, of surveying1 the 
boundaries of blocks of fields, within which the Patwaris were intended to insert 
the individual fields, has been abandoned, partly because of the difficulty which 
was experienced in recognizing the plotted boundaries on the ground, and partly 
because it was found that the Patwayis could survey equally well with the assistance 
of traverse points only. In place of the " field block " survey, a simple skeleton 
traverse survey has been substituted, which will furnish points in suitable positions 
on the boundaries of smqll villages, and, in large villages, additional points in 
the interior of the village lands, so a s  to form complete skeleton maps on which 
the Pntwaris will plot their measurements of the fields. The scheme involves 
the fixing of substantial mark-stones a t  all the traverse points. This system 
will be extended to 17 districts in the Central Provinces, and when fully deve- 
loped will employ an extreme number of five survey parties. During the past 
season, two full parties and one half party have been employed in Districts 



Raipur, Sambalpur, Jubbulpore, and Damoh, and a total area of 5,269 square 
miles has been surveyed. 

22.  A small detachment has been employed in District Ajmere, extending 
to the jagiy and to a few minor istimrar villages the same system of boundary 
traversing for the purposes of a settlement survey of the fields a s  had been 
carried on for the khalsa villages during two previous seasons. All the survey 
work of this nature required in Ajmere-Merwara has now been completed. 

The areas which have been traversed are - 
Square miles. 

Punjab . 31770 
Ajmere . 243 
Central Provinces . 5,269 - 

TOTAL . 9,282 
--- 

GEOGRAPHICAL RECONNAISSANCES AND EXPLORATIONS. 

2 3 .  The year under review has been a memorable one as  regards geographical 
surveys and reconnaissances. The  delay in the settlement of the Russo-Afghan 
Boundary was turned to profit by the Survey oficers attached to the British Corn- 
mission,viz., Major Holdich, Captains Gore and Talbot, all of the Royal Engineers. 
By making the most of every opportunity which presented itself, and being 
efficiently aided by their native staff, they have succeeded in making a recon- 
naissance survey of a very large portion of Afghanistan, amounting to an area of 
about ~20,000 square miles-a result which is believed to be unique in the annals 
of geographical surveying. The  whole of this work is based on a net-work of 
triangulation, mainly executed by Captain Talbot, R.E., extending from Mashhad 
on the west, to beyond Kabul on the east, and to Farah on the south, a fact which 
gives the work a value far beyond that generally appertaining to geographical 
surveys. 

The  longitudes of the triangulation depend on the value of the longitude of 
Mashhad telegraphically determined by Captain Gore, R.E., a s  described in the 
appendix to the Annual Report for 1884-85. 

24. In addition to the legitimate work of surveying and delimiting the actual 
Russo-Afghan Boundary, the whole of the Province of Herat, including the 
hitherto unknown and exceedingly interesting Taimani and Firozkuhi country, 
has been mapped ; almost the entire Province of Afghan-Turkistan has been 
surveyed or reconnoitred, including a large portion of the Hazara country lying 
in the neighbourhood of Bamian, while, during the return march of the Commis- 
sion, all the important passes of the Hindu Kush have been surveyed and 
reported on. 

25. In addition to this, the survey of a considerable portion of Eastern Khora- 
san has been executed, in continuation of which work, Captain Gore, returning to 
India through Persia, has surveyed the route from Herat vid Birjand through 
the Lut desert to Icirman and Bandar Abbas. 

26. The Survey Party were much indebted to Major Maitland and Captain 
Peacocke, R.E., of the Quartermaster General's Department, for several valuable 
reconnaissances. 

27.  The detailed report on the geographical results of the Afghan Boundary 
Commission will be drawn up by Major Holdich, R.E., and published a s  a 
separate volume by order of the Government. 

28. The  Government of India have been pleased to acknowledge the 
valuable services of the Survey officers attached to the Mission, and have ex- 
pressed their satisfaction with the results obtained. 

2 9 .  Colonel Woodthorpe, R.E., whose deputation to join the Gilgit Mission 
was mentioned in the last Annual Report, has thoroughly sustained his reputation 
as  a most able and intrepid explorer, and he has brought back a mass of valuable 
information and surveys of the very important and hitherto little known districts 
of Yasin, Chitral, Hunza and Wakhan; his surveys cover an area of some 
~ o , o o o  square miles, nearly all of which was hitherto only known to us by report 
or from the rough reconnaissances of native explorers. 

30. In Upper Burma, a small detachment under Captain Hobday has been 
engaged since April 1886 in adding to our scant knowledge ol the geography 
of that country as  far as  the movements of the troops allowed. 
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3 1 .  Our geographical knowledge of Nepal and Tibet has been extended by 
the route survey of Explorer M-H, who, having followed up the Dudhkosi River 
to its source, crossed the great Himalayan ridge a t  a pass about 24 miles west- 
north-west of Mount Everest and proceeded northwards to Dingri Maidan, 
Thence he proceeded westwards to  Jongkhajong (about 90  miles due north of 
Khatmandu) and returned to India vz'd Naiakot and the Naraini or Gunduk River. 

32. The  routes followed up by Explorer R-N have also opened up the 
general geography of Western and Eastern Bhutan, of which but little was known, 
and have furnished a good nucleus for the compilation of Sheet No. 7 of the 
North-East Trans-frontier Series of maps. Starting from Darjeeling, the explorer 
crossed the Sikkim frontier a t  the  Pingula Pass and proceeded a t  first eastwards 
and then southwards along the Wongchhu River to Baxa in the Jalpiiguri Dis- 
trict. He next started from Dewdngiri in Assam, and proceeding northward, 
crossed the Himalayan ridge in latitude 28" and longitude g l fO,  and thence 
found his way to Odilguri via Tawdng. Further information on the foregoing 
routes will be found in Part 11, but the detailed accounts and maps illustrative 
ol the same cannot be got ready in time for this Report. 

PUBLICATIONS. 

33. The  work in the various Cartographic Offices has been carried on 
with much activity, and a large amount of work has again been turned out. 
The total number of maps issued during the year amounted to 210,288 and 
their value to R I ,66,749. Considerable progress has been made in the Lithogra- 
phic Office with the publication of the series of maps illustrating the physical 
and material state of India, originally prepared for the Calcutta Exhibition of 
1883-84. The preliminary Canal Map of India, on the scale of I inch=32 
miles, was under preparation and ready for printing. The  Contour Map on the 
same scale, showing the mean elevation of the different parts of the country, 
has been published. On the smaller scale of r inch=8o miles, two maps which 
have been published are worthy of special notice, one illustrating the distribu- 
tion of the principal religions of India, which shows a t  a glance the habitat 
of the men professing the principal religions, and the other the density of po- 
pulation based on the census of 1881. These maps are excellent specimens of 
chromo-lithography, and will compare fairly well with similar work executed in 
other countries. 

T h e  Military and Railway Map of India, on the scale of I inch=32 miles, 
which was referred to  a t  page l o  of the last Annual Report, has made good 
progress, Four sheets have been drawn on stone for printing in four colours, 
and seven more sheets remain to be finished. The  map is being prepared for 
the Military authorities, and will be a s  complete in all military details a s  is 
compatible with the small scale. 

34. The  value of photo-zincography a s  a means of rapidly making the 
results of surveys available to the public, is shown by the fact that no less than 
370 sheets of standard maps of the Topographical and Revenue Surveys in 
the Andamans, Burma, Gujardt, Kithidwbr, Konkan, Mysore and the Pun- 
jab have been photo-zincographed and published during the year: some however 
are reprints. Among City and Cantonment Plans, the City of Mysore, on the 
scale of 12  inches= I mile, and that of Jeypore with Amer, 6 inches=~  mile, 
printed in two colours, may be mentioned. A large number of District Maps, 
on the scale of I inch=8 miles, intended for the illustration of Administration 
Reports, have been published and are available for District officers requiring them. 

The  work of reproducing the results of the cadastral surveys in the North- 
West Provinces, Burma, Assam and Bengal has steadily ~roceeded ,  and 
during the year 5,203 sheets have been published, partly by photo-zincography 
from the  original sheets, and partly by zincography from tracings made in 
lithographic ink. 

GENERAL REMARKS. 

35. T h e  large demands that have been made on the Survey Department 
for officers required to accompany political missions and militarr expeditions, and 
for other special work, combined with the circumstance of a arger percentage 
than usual being absent on medical leave, has rendered the efficient prosecution 
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of the regular work of the department peculiarly difficult. This has been the 
subject of  remark in the Annual Rtports for the past two years, and d u r i n ~  the 
year llnder reci-w, the paucity of officers has been still more seriously felt. There 
has been absolutely no reserve of trained officers, and the administration of the 
department has consequently been a task of considerable anxiety ; it is neces- 
sary to record that rhe working machinery of the department has been limited 
to a dangerous extent. 

76. During the year the Department has sustained the loss of the services 
of Likutenant-colonel J.  Herschel, R.E. ,  F.R.S., by his retirement on loth March 
1886, after a service of 26 years in the Survey Department, during which period 
he has aided largely in maintaining the scientific character of ~ t s  operations. 
For the first few years he was employed on the Princip;~l Triangulation, and 
took an importa11,t share in the measurement and reduction of the Base-lines 
at Bangalore and Cape Cornorin : he commenced the observations for Latitude 
with Strange's Zenith Sectors, and also initiated the electro-telegraphic obser- 
vations for Longitude in conjunction with Captain (now Major-General) W. M. 
Campbell, K . E  , and systenlatised the procedure for the reduction of both. He  
was entrusted by the Royal Society with the charge of the observations of the 
eclipse of the sun on the I Jth August 1868, which he sucessfully conducted, and 
obtained rrsults most valuable to science; he also tnolc part in the observations 
of the solar eclipse of I 2th December 187 I ,  conducted by Colonel Tennant, 
R E. L)uring his service in the Computing Office a t  Dehra his mathematical 
talent \>.as of great value : it was to his exertions there that the department 
owes the method of treating the computations of polygonal figures according 
to the principal of minimum squares, in place of the old method, by successive 
approximation. Colonel Hrrschel has also rendered valuable assistance in the 
investigations connected with the reduction of the Pendulum observations, and he 
contributed materially to Volume 1' of the Account of the Great Trigonnmetrical 
Survry, which is devoted to that subjecr. Since November 1879, Colonel Her- 
schel has becn eniployed on special duty in England, in collating the data  
obtained from Pendulum observations in other parts of the world, with a view 
to combining them with the results of the Indian observations-a work involving 
much patient research. 

37. A collrctic.n of specimens of every kind of may, and of the different 
processes employed in reprodurt i~n by the Survey Depar~ment ,  was sent to the 
Colonial and Indian Exhibition of 1886, as  \veil as  an elaborate model of India, 
based on the 32-mile map, made in plaster-of-paris by Major C. Strahan, R.E. 
It  was the Lirst attempt at anything of the kind. The vertical scale is 1 2  timrs 
the horizontal one, so that the mountains are well seen, the highest peak of the 
Himalayas being nearly 2 inches in height. 

38. 'l'he Gcogri~pliical Societv of Paris have awardtld a gold medal to  the 
Explorer A-K, I'undit Kishen S ; I I~ ,  in recognition of his valuable services i n  
connection with grograpliical explorations in 'Tibrt during the years I 879-82. 
M I I C ~  additional ltnocvledge of this country had been hoped for  from the Tibet 
Mission, to ~ ~ h i c h  Colonel 'I'anner had been attached as Survey Officer, but 
these expectatibns were unhappily not realized. 

* 





PART II. 

SUMMARY OF 'THE OPERATIONS OF  T H E  TRIGONOME'TRICAL, TOPOGRAPHI- 
CAL AND REVENUE SURVEY PARTIES. 

TRIANGULATION. 

COAST-GODAVARI AND ICISTNA DISTRICTS. 

39. On the transfer of Mr. D'Souza, the officer who during the two previous 
seasons had conducted these operations, 

Pcvsonnel. the charge of the party was entrusted to 
Mr. E. C. Ryall, Offic~at~ng Deputy Super~n- 

tendent, 4th grade. Mr. E. C Ryall, who was directed to con- 
Mr. R. W. Senlor, Ass~stant Surveyor, 2nd tinue the triangulation southwards from the 

grade. side, in the vic~nity of the Goddvari River, 
where it had terminated in May 188.5. 

40. The party left Calcutta on the 25th of October, but owing to the rough 
weather met with, they did not reach Cocanada till the 4th November. The  
country to the south having been reported to be under water, Mr. Ryall deter- 
mined to prospect the ground for himself before commencing operations. He  
met " with nothing but creeks and extensive s\llamps, divided here and there by 
long, narrow strips of palmyra and cocoanut." As tlie swamps were not of frcsh 
water, but due to the flood and spring tides, he saw that it \vould be useless to 
wait any longer, sn he hurried back to Cocanada to entertain boats and men and 
to lay in supplies. The approximate work (consisting of the selection of suitable 
stations, t he~ r  building, and the clearing of the rays between them), \\.as sufi- 
ciently advanced by the 3rd of December to allo\v the commencenlent of obscr- 
vationc. Alter a week's ~nstruction, Mr. Scnior nras detached to Masul~patam 
with orders to morlc nortli\irard, n,li~le Mr. Ryall purposed tri;ingulating south- 
wards t i l l  a junction \\.as effected. The old triangulation of the Mqdras Coast 
Series furnished hnses for emanation of the soutl~ern section, wl:ile the northern 
was in continuation of that of the previous season ; tlie object of the triangula- 
tion being, as stated in former reports, to construct be<icons for the benefit of 
the Marine Department, and to fix thrir positions as well as  the positions of 
other conspicuous objects and landmarlts. 

41 .  Owing to repeated attacks of ~nalarious fever, Mr. Ryall was unable to 
contr~bute as much worlc as  he had liopcd He nevertheless carried down the 
series for a distance of 65 ~niles, and, l i .~v~ng effected a junction wit11 Mr. Senior's 
work at tlie southern mouth of tlic GodAvari, proceeded to Masulipatam to 
continue the triangulation further south, wl~cn severe illness compelled l i~m to 
retire from the field. Mr. Srnior, however, carricd on tlie worlc of the party till 
the close of the season, bringing, up thc out-turn to I 45 miles (direct distance) of 
triangulation, by \vhich the posltlons of nine beacons and of seven other perma- 
nent and conspicuous objects were fixed. 

During the recess, the records of the previous season were re-examined 
and finally arranged, and the usual calculations and charts illustrative of the 
work now reported on were prepared. 

P, a 
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TOPOGRAPHY. 

ANDAMAN SURVEY. 

42. During the year under review, the survey of the Andaman Isli~nds, with 
the exception of a large part of Little Anda- 

Personnel. man, which was i~npracticable, has been 
Captain J.  R. Hobday, S.C.,Officiating Deputy 

Superintendent. 4th grade, in charge up to ~ u c c e s ~ f u l l ~  complt'ted. The  operations 
?01h March 1M6. consist of a general survey of the group of 

Major ti. Strahan. R.E., Deputy Superintendent, islandS on scale of inch = mile, 
1st grade, in charge during the recess >eaion. 

Mr. C;. D. Cusson, ~ s s i s t n n t  Surveyor, ict grade, with special portions round the Settlement 
incharge from 20th March to 17th M:)y 18+6. Port Blair on the 4-inch scale. ,. J .  l ieating. Aqsistnnt Surveyor, 2nd grade. 

,, D. Campbell A s h a n t  Surveyor, 2nd grade. T h e  party under Captain Hobday 
S u b - S U Y ~ I ~ ~ O ~ S .  left its recess quarters at hlussooree on 

Har Lal Singh, Faida Ali and Ali Nawaz Khan. 3 S t  October 885, and ~ ~ ~ ~ ' ~ ~ ~ ~ ~ g  to  
Calcutta, embarked there for P o ~ t  Blair, 

\vllich was reached on 24th November. The  field operations were concluded on 
~ 3 r d  April 1886. 

43. In March, the Military authorities made an urgent demand for Captain 
Hobday's services for survey operations in Upper Burma, and a s  the field work 
in the Andamans was then nearly finished, he was transferred, making over 
charge of the party to Mr. Cusson, the senior Surveyor, on 20th March. Before 
leaving, Captain Hobday drew up instructions for Mr. Cusson's guidance tor 
completion of the field o,~erations which were carried out in  an efficient manner. 

44. The  triangulation, which was executed by Captain Hobday, covers an 
area of  955 square miles and was extended over the whole of the North Andaman 
and the outlying islands, and as  friendly relations had been established with 
the inhabitants on the north coast of Little Andaman, this island also was con- 
nected in the following manner. The  ray between the stations on the West Sister 
and Passage Islands was uscad as  a base from which additional stations were 
thrown out on both the Brother Islands, and therefrom an intersected point 
was fixed on the north-west corner of the Little Andarnan. This point was used as  
an origin and 24 miles of coast line, and a few creeks were surveyed, embracing 
an area of  68 square miles. The island afforded no facilities for extending the 
triangulation further, a s  it is flat and covered with dense jungle, and Mr. Cusson 
reports that " a theodolite traverse could not be attempted without previously 
corning t o  a good understanding with the natives along the western and 
southern shores, a s  their disposition to strangers was known to be hostile, and 
that  even on the northern coast, chain measuremerrts could not be made owing to 
the excitable nature of the people and their eagerness to lay hands on all the 
iron they saw ~vith the party." 

4 j .  T h e  detail survey comprised an area of 28 square miles on the 4-inch 
scale and 1,464 square miles on the +-inch scale. The  nature of the country 
surveyed on the latter scale is thus described " numerous hilly islands, difficult 
oI approach, covered with dense forest and intersected by numberless creeks, with 
frequent and extensive mangrove swamps, ~ e o p l e d  by a few wandering savages 
and no supplies procurable." Much of  the topography, therefore, is liLtle more 
than reconnaijsance. 

46. The  difficulties and hardships attending the survey of these islands 
were mentioned at page 1 4  of the Gzneral Report for last year, and they 
were met with to an equal degree during the season under review. Much 
credit is due to Captain Hobd;lv and his ;~ssistants for the manner in which 
they have accomplishetl this arduous piece of work, and this has been heartily 
acknowledged by th- Superintendent of Port Blair and the Nicobars, who has 
already brought to the notice of the Government of India the excc:llrnt work 
done by the party. The  success of the operations was, however, l;~rgcl) due 
to the assistance so freely given to the Survey officers by thr local ;tuthorities. 
Owing to  the loss o! the steamer Reclairncv, which was \vrec-l<ed during the 
previous year, the Survey party was dependent on the local stc:amers, and during 
the greater part of the past season, the N~lrcnw~- i~ ,  rlncler the cornm;~nd of Mr. 
Holland, was placed at Captain Hobday's di.spbs;~l. Con\.ict I;\bour was also 
provided for clr:aring hill-tops and making paths where required through forests, 
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and the men worked excellently. Captain Hobday expresses his deep sense of 
ihe valuable help he has a t  all times received from Colonel Cadell, V.C., th r  
Superintendent, and from the Marine and Settlement Officers. 

47. The  only accident which happened during the season was the cap- 
sizing of a boat containing two constablt:s and six convicts in the surf off North 
Sentinel Island. It is reported by Colonel Cadell that " Mr. Holland and Cap- 
tain Hobday, on seeing the accident, at once put off in bonts from the Nan- 
co,~~vy, and a t  great personal risk saved all but one Sikh constable, who was 
drowned." 

48. During the recess season the fair maps of the following sheets have 
been drawn and submitted :- 

Sheets Kos. 6, 7 and 16 on the 4-inch scale, and Nos. I ,  3,  5 ,  6, 7, g, 10 

and r 1 on the +-inch scale. These complete the maps of the Survey. 
A chart of the triangulation in 2 sheets has also beep prepared. The  

General Report on the triangulation of the whole of the Islands has been 
drawn up, and all the records connected with the work of the Andaman Party 
have been completed and submitted to head-quarters. 

49. During the current season, this party will be employed in the survey of  
the Nicobar Islands. The  scales of survey will be the same as those employed 
on the Andamans. Owing to the distances between the main islands, and, with 
the exception of Great Nicobar, their small elevation, it is improbable that they 
c;ln be connected by triangulation ; independent surveys will, therefore, be neces- 
sary of Great Nicobar, of Car-Nicobar and of Camorta and its adjacent islands, in 
each of which group it will be necessary to observe for latitude and to measure 
a base-line and azimuth, and i f  time and opportunity permit, to determine the 
difference of longitude between one or more o f  them and Port Blair by chrono- 
meters. The area of the islands is comparatively small, not exceeding probably 
600 or 700 square miles, so that it is hoped that the work required may be ac- 
complished in one season.' 

BXLUCHISTAN SURVEY. 

50. The  operations of this party during the past season were almost entirely 
of a sprcial nature, to meet the require- 

Peusonnel. 
lnents of the Military Department, and 1,ieutenant-Colonel 1. R. Wilrncr, S.C. .  Offi- 

ciating Deputy S ~ ~ e r l n t e n d e n t ,  3rd grade. of :- 
Mr. M. J .  Ogle, Surveyor, 3rd grade. (i) A survey on the 2 inches = I mile 
., T. I:. M. Claudius. Sur\,eyor, 4th grade. 
,, F:. A .  Wainwright, Assistant Surveyor, scale of the I(h\vdja-Amrdn Moun- 

I st grade. tains, a range lying some 50 lniles 
Mr. W. C. G .  Barckley, Assistant Surveyor, 

1st grade. north-mest of Quetta, on the road 
Mr. A.  Kitchen, Assistant Surveyor, 1st to Kandahar. 

grade. (ii) A survey on the 2-inch scale of the 
Mr. E. Graham, Assistant Surveyor, 1st 

grade. country surrounding Quetta. 
sub-SIIYVP~OVS. (iii) An exploration of the routes be- 

Mr. P .  Rozario. from 1st March. Ahmad Ali, t w e ~ ~ \  Registnn and the Baluchis- 
Abdul Rasul, Hussain Uux, Sheikh Nohidin. tan frontier. 
Kadar Sharif, Abdul Itahman, and four soldier ,. The relnain;ng operations surveyors. 

a s~nall area of ~ o ~ o ~ r a p h i c a l  survry on tht. 
;-inch scale, to complete two sheets in which gaps had b,:.en unavoidably left ; 
and the extension of triangulation in advance Ior future det'lil operations on the 
regular sc;~l(:  of survey. 

52. On the 15th October a srnall detachment under Mr. Claudius left recess 
quarters for Quetta, to commence the preliminary \vork of t>ri;~ngulation for the 
Kh\v;ij;l-~rnrdn survey; operations were commenced on the 17th November, and 
Fy the 22nd December the triangularion was completed. The  intense cold and 
~nclrment weath(br which then set in, rentlrrrd fur:her out-door work impracti- 
c,.lblt., the range undt.r si~rvey having an avctrage heiqht at its summit of about 
S,:oo feet nbo\.c the sea. The detachment was thus driven into winter quarters, 

- - - - - . - - - - - - -- - - 
* (':ll]lain Iiobdny reports thal all t l i ~  n<si,~nnrq havr aflordrd him e ~ l ~ i r e  satisfaction; and Major 

S~r:lh:lrl :~clcl\ 111311, durinz thc rrrezs srason, hc 11;1rl reason to be satisfie11 with their diligence and acquire- 
~ n ~ . n t s ,  e.;pc~i;klly :n the case of Mr. i ie:~t ing,  \ \ I I ~  reidercd exccllen~ 3ervice. 
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which were iortunately available for their protection in the fort of Gulistan, 
and here the members were occupied in computing the results of their observa- 
tions until joined by the remainder of the party at the end of January. 

53. The n:ain body of the party arrived a t  Quetta on the 27th December, 
after a trying march through the Rolan Pass - the railway then not being open 
for regul;lr traffic - but owing to the secere weather, with constant snow-storms, 
it was rorced to remain there under canvas until ~ 2 n d  January, when a break 
in the weather occurred. It then joined the detachment a t  Gulistan. The  
weather, however, continued unfavourable until the middle of February, when some 
Sub-surveyors were sent out to survey the low-lying country a t  the foot of the 
Khwdja-AmrAn Hills. Very little survey work was accomplished, however, dur. 
ing February, and it may be said that the detail survey was not fairly begun 
until the 1st March. This survey, which included the determination of contours 
by the water-level along the sides of the hills a t  vertical intervals of 500 feet, 
was completed by the end of May. The portion of the range surveyed was from 
the GhwAja Pass on the south to the Bogra Pass on the north, including the 
posts of Kila Abdulla and Gulistan, in which the ground is described a s  very 
rocky, steep and intricate. 

54. On the completion of the Ichwhja-AmrSn survey the whole strength of 
the party was transferred to Quetta to take up the 2-inch survey required in that 
neighbourhood for \I hich the triangulation had meanwhile been done and corn- 
puted. Portions of  the very high hills, some of them rising to I 1,ooo feet above 
sea-level, not being required in such full detail were not re-surveyed, but have 
been inserted in the fair map by enlargement from previous surveys. 

5s. The country surveyed on the *-inch scale, included a portion of the 
Harnai Valley and the hilly and barren country south of i t ;  also a portion of 
flat open ground in I(achi to complete a gap in Sheet 2 2  q. The survey 
was executed by Mr. A. Kitchen in a very creditable manner. 

56. The  triang~ilntion in advance of the detail operations of the season was 
entrusted to Mr. Claudius, who carried the operations southwards from Gulistan 
generally along the meridian of t6", over the southern portion of Peshin, the 
whole of the fertile valley of Shorawak and the hilly tract of Shorarud. This 
piece of triangulation is the more valuable as  it has connected the Kandahar, 
Kalat and South-West Baluchistan Series, and furnishes good bases for further 
extension westwards. Mr. Claudius has written an interesting description of 
the country he traversed which will be printed separately. 

57. The out-turn of work during the season comprises the triangulation 
and topography of an area of 620 square miles on the 2-inch scale, the survey 
of which was close and searching, the average number of plane-table fixings being 
24 per square mile ; the topography of 5 14 square miles on the +-inch scale ; and 
4,350 square miles of triangulation in advance for future topographical work on 
the +-inch scale. These operations were not concluded till the end of June 
when the party returned to recess qu:irters, having had a long and trying field 
season in which extremes of both heat and cold were experienced. The  results 
of their labours are creditable to all concerned. ~ ~ 

58. The  four native soldiers, who had been attached to parties of the 
Survey Department in the previous year for instructirn in surveying, were 
;~llowed to remain arlother season for n further course: they have all been 
enlployed in the Baluchistan Party this year and rendered excellent service in 
it. They took a fair share in the field operations, each having surveyed inde- 
pendently on the 2-inch scale an area of from 40 to 50 square miles \vhich was 
well tested and found to be very satisfactory. Their work was ;I very useful 
addition to the out-turn of the party, and Colonel Wilmer reports that they have 
a11 proved themselves to be able and accurate plane-tablers. They are now 
thoroughly trained, and have been sent back to military duty and three other 
soldiers have replaced them for instruction. 

59. The  cost of these surveys is Baluchistan is high, but this is in ;I great 
measure accounted for by the exceptional expenditure that has to be incurred 
for protective escorts to the surveyors. Each det;~chrnent this year, \v l~( . t l~(~r  l~nder 
an European assistant or a Sub-surveyor, had to be protected I,y a t r i b~~ l  guard 
of  I I men, the monthly cost of each p a r d  amounting to R 2 I 7 ; this pro\lf,d 
a very heavy item in the cost. The  Agent to t l ~ e  Governor Gvneral at first 
suggested that the .party sllould be accompanied by troops from th;. g;lrri.;oll 
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at Quetta as well as  by tribal guards, but the Political Agent for Peshin con 
sidered that the presence of troops was unnecessary, which proved to be the 
case, as, with the exception of one or two petty annoyances, everything went well, 
and the party left the country without any co~nplaints having been m ~ d e  on either 
side. 

Go. In  addition to the regular operations of  the party, explorations were 
made, on tile requisition of  the Quartermaster General, of the routes leading 
from Registan to the Quetta and Baluchistan frontier. TIYO Sub-surveyors, 
~ h ~ ~ d  Ali and Sheikh Mohidin, were detailed for this duty ; they were each ac- 
companied by a soldier student under training, and were placed under tile orders o f  
the Agent to the Governor General for Baluchistan, by whom arrange~nents were 
made for their protection and safety. Alimad Ali, starting from Nusl~ki,  suc- 
ceeded i n  malting a reconnaissance survey with the plane-table of nearly 20,ooo 
square miles, three-fourths of which was on the $-inch scale and the remainder 
on the +-inch scale. His exploration extended up to the Persian frontier, ernbrac- 
ing  country to the north and south of the route followed by the Boundary 
Commission in 1884, including 360 miles of the course of the Helmund River with 
its numerous villages on both banlcs. He has submitted with his maps a very 
copious report of the piece of country surveyed, which, however, having been written 
in the Persian character, will take some time in being translated and reduced to 
suitable form. The  results of the expedition are in every way very creditable to 
Ahlnad Ali. The country explored by Sheilth Mohidin is that portion of Registan 
imlnediately l ~ e s t  of the Khwija Amrin range. His c lane-tabling covers an area 
of  about ro,ooo square miles, on +-inch scale, chiefly desert, through which all 
the important routes have been laid down. 

61. Owing to the field operations of the party having been prolonged to 
so late a date, the recess season was limited to a period of three months only ; it 
was impossible therefore in the time to complete all the fair maps of the ground 
that had been surveyed. They were taken up in the order of urgency, and the 
following have been completed and submitted for reproduction:-Sheets 2 2  E: and 
2 1  Sf of the general survey on the +-inch scale ; the sheets of the Quetta 2-inch 
survey, which have been designed in two large sections, not of the standard 
size or pattern, as  this arrangement would have involved a larger number of 
sheets, but well suited to exhib~t the country operated in, either in separate sec- 
tions or by joining them in one general map. The  drawing of the sheets of the 
Khwfijn Amrrin Survey was proceeded with as  far as  possible, and arrangements 
have been made to continue this work during the current field season without 
detriment to the progress of operations. Colonel Wilmer has also furnished 
tracings from the field sections of both these surveys for the use of Railway and 
Military Engineers to meet urgent requirements, and this has, to some extent, 
interfered with the drawing of the compiled fair maps. The  computations of the 
triangulation have been completed and progress made with the General Degree 
Reports. 

62. During the current field season it is intended to triangrllate the portions 
remaining in Sheets 2 2  qE and SF, the whole of 2 2  Sf, 23 :\ N3! and the portions 
of 23 N: and r" which fall in Baluchis~an. Detail survey on the ;-inch scale 
will be carried on in the southern half of Sheet 29 y, the wIlole of Sheet 30 
and the portions of sheets 30 y, NF and comprising Baluchistan territory. 

63. The recess office of the party was inspected on the ~ 3 r d  September a t  
Mussooree by the Deputy Surveyor General in charge of the Revenue Branch, 
who reports that the field sections are effective representations of a difficult 
country, and show the several surveys to have been executed with very great 
care. Colonel lVilmer had amply tested the accuracy of the work by numerous 
inspections during the proyess of the surveys. The fair maps were being drawn 
in the offic-e \\,it11 11iuch a r t ~ s ~ i c  skill.* 

* Colonel \Vilnler rcports a s  lollows :-" Mr. Ogle  worltcd atell t h ~ . o u ~ h o u t  ; Rlr. Claudilla i5 a most 
willing and ahlc assistant;  he rcncl~red v a l ~ ~ a h l e  aid in evcry \S8ay, ant1 hi, services a rc  brought t o  special 
nntiw. hlr. WainIvright is n p o i 1  planc-tnblcr and rlr;~ltsnlan, a n d  his \vork was executed neatly a n d  
correctly. Rlr. liar1 klcy is n l i a ~ . c l ~ ,  hard-\\.orking a.;sist:~nt, cnerqetic a n d  \$cry \\.illing, :llld turned out  a 
~ ( 1 0 d  nhlotlnt of nwrk. Mr. liitciicn is hard-\\forking, :llnays r I ~ e c ~ r u l  and  a n d  a ver!. good drafts- 
man ; hi.; name is ;llso brought lor\\,artl for fauonrablc notice: Mr .  <;ra\lanl is very energctic,hartl-\\,orking 
and  a g ~ n c l  plane-t;lhlcr. All rhr Sub-curveyol-s worlird \\ell and  stcadil\, thl-oughl,ut the se:lson, espe- 
cially Ahm:ltl i\li l ihan,  Ahtlul Rasul,  1Husmin HIIX a n d  Sheilth hlohidil;." Allmad ~ l i  ,(ha,, is parti- 
cularly mentioned [or his excellen1 oul-turn ol reconnaissance survey a n d  perseverance under dificulties. 
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CUTCH SURVEY. 

64. This party left recess quarters a t  Poona on the annd November 1885, 
Personnel.  t o  resume field work in Cutch. The  field 

I.ieoten:rnt-~o~onel A. Pullan, S.C., Deputy operations were continued till 3 1 s t  March 
su erintendent. 2nd grade, in charge. 1886, and they comprised the comple- 

Afr. !. Tapscll, Surveyor, 4th grade. 
., \\'. A .  Fieldi~,g .  A ~ s i s ~ a ~ i t  Surveyor, 1st tion o f  the topographic;~l survey of Cut& 

grade. retired on 1st April 1886. with its adjacent "Ran," and of the penin- 
,, G .  1'. Hall, Assistant Sur\,e).or. Ibt grade. sula of Nagar PArkar, as  well as of small  ., H. A.  Cliarrier, hssislallt Survejor, 3rd 

grade. portions of North Gujarit  falling within the 
sub-srtrveyors.  marginal sheets of the Cutch Survey. A 

N .  D .  Patwardhan, I G. R. Bhopatltar, ~ l n a l l  piece of minor triangulation was also 
and 9 others. executed, covering an area of about 250 

square miles, in order to  connect the triangulation of the season of 1883-84 
that of I 884-8 j. 

6j .  The  out-turn of area topographically surveyed is 3,805 square rniles, 
I ,500 of which is cultivable land, the remainder Ran and grass waste: it was a l l  
surveyed on tlie 2-inch scale for reduction to and publication on the l-inch scale : 
146 linear miles of traverses were run to demarcate taluka boundaries in North 
Guj~~rAt. The  accuracy of the detail survey was tested by 356 linear miles of 
traverses, and in some parts by in situ examinations and it was found to be 
good. 

66 Colonel Pullan reports that the country surveyed this season was 
generally bare, sterile and devoid of interest, both in Cutch and in the opposite 
mainland of GujarAt, between which stretches the Great Ran, white tvith salt i n -  
crustations. Here and there, however, well cultivated spots occur, notably the 
oasis of Antarnes, a rich and well-watered village in the middle of the Ran. 
l 'he  little peninsula of Nagar PArkar is, it is added, too stony to be productive. 

67. A general description of the country-the topographical survey of which 
has just been completed-would be superfluous here, as the Bombay Gazetteer 
lately published cont:~ins a full and well-written account of Cutch, and little 
that is nex- can now be s:lid of prosperous, peaceful " Sury;ishtra." A few 
notes, however, on the por~ion surveyed this year will be found in the appendix, 
page i. 

68. During the recess the fair drawing has been completed of sheets 52 
and 53 which were surveyed during season 1884-85, and of sheets 69, 70 ,  7 I ,  7 2 ,  
and 73 of this seasoi; '~ work ; the general reports on Degree Sheets I V ,  V, V1, 
V I I  ancl VIII 1i;lve been prepared and all records completed. Thus the survey 
of the Pro\;inct: of C11tc.h has been brought to a success~ul conclusion. 

6'-,. Colonel Pullnn acltnowledges the cordial co-ol)c.ration and assistance 
tte has receiveti in all matters connected with the survey, from Colonels Reeves, 
Goodf,:llow and Phillips, and Diwan Bahadur Manibai Jasbiti ; also from Duffadar 
Kali Khan of HIS Highness the Rao's Police, who accompanied him during 
the t~liole of the ~pe r~ r t i ons .  H e  also brings to  notice the va l~~able  help he 
receivrd during last season from Mr. Kesheb Lall Mozumdar, Thanadar of 
SAntalpur. 

70 .  This party has now been re-org~nized and transferred Lo the Revenue 
Branch for traverse operations in the Central Provinces, and during the field 
season of 1886-87 will be employed in the Districts of Saugor and Narsinghpur 
untler the superintendcnc e of Mr. E. J .  Jackson, Deputy Superintendent, 4th 
grade ' 

____. ___ _ - --- - - - - - - -  - - - -  

* Colonel pullan reports that Messrs. Tapsell, Fielding and I3all did A vcry sati\fnrt,1ry sra .on's work, 
a7d I - e  l,iahly cr , lnmei ld.  hlr.  Fie idinZ9s capacities; t l ,at  Mr Charri1.r exccutecl n ve y I reclilal~le out-turn. 
and ;llow- a ~ o n ~ i d ~ ~ ~ ' , ! e  a p t ~ t  ~ d e  fc,r hill sketching and drawing 'The Srlt]-..urv yor. :111 w1 r c I well. and 
,lie jo~lo,,.ing are spec a l l y  Inentioned :--G. R. Hhopatkar, I<eshu V.  I<olekar and Shiv Ram ICliandnji. 
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TOPOGRAPHY. 

DECCAN SURVEY. 

(No. I I PARTY, REVENUE BRANCH.) 

7 I .  This party left its recess quarters a t  Poona during the first week in 
Pevsonnel. 

November 1885, in two sections, the first or 

Lieutenant-Colonel D. C. Andrew, S .  C.,Deputy 
smaller section proceeding to undertake t h r  

Su erintendent, 2nd grade, in charge. topographical survey of Sheet 168, whil,h, 
Mr. .f 'r. U.  Coxen. Surveyor, 4th grade, UP to parts of the Koldba District 

31st October 1885. 
,, C. Tapsell, Officiating Surveyor, 4th grade, Janjira States, and was detached from t ht .  

up to 31st Ocrobcr 1885. rest of the work, while the main body pro- 
,, J. Hickie, Assis~ant Surve)~or, 1st grade. 
,, P. White, ditto do. ceeded to the Ratnagiri District for the 
,, C. George, ditto 2nd grade, topographical survey of Sheets I 72 ,  I 73, 

from 1st November 1885. 
,, A. George, Assistant Surveyor, 2nd grade. 

204 and 205. The  detachment in the K c ) -  
23 Sub-surveyor$ and others. IAba District joined the main body when the 

survev of Sheet 168 was completed; and the 
party remained in the field until 20th of ~a~ 1886. Sheets 1 ~ 2 , "  173 and 204 
have been finished, but three plane-table sections of Sheet 205 had to be left un- 
touched. The  separate areas of the several districts and States  which have 
been included in the topographical survey, which as  usual is on the 2-inch 
scale, are shown i t1  the following statement, which gives also the total are;), 
viz :- 

Square miles. 
Koldba District . . 278.82 
Habsan State (Koldba Agency) . . 215.61 
Ratnagiri District . . 1129'21 
Sdtdra District . . 2.j6 
Vishhilgad State (Kolhdpur and South Maritha Agency) . 49.47 . 

TOTAL I 675'67 

72.  Besides the topography, the traversing of Sheets 173, 205 and part of 
1 7 2  had to be done. Sheet 206 has been triangulated in advance ; but no further 
advance work was done on account of the intended withdrawal of the party for 
survey work elsewhere. 

73. The topographical survey has as  usual been as  carefully and minutely 
carried out as the scale would admit, and the different kinds of lands, that is, 
whether cultivated or grazing land, or larid covered with jungle, have been 
shown as far a s  has been practicable without impairing the clearness of the 
maps. The village boundaries have, as  usual, all been surveyed and afterwards 
compared with the Bombay Revenue Survey maps. -4s regards forest boundaries, 
those in Sheet 168 have been surveyed in accordance with maps furnished by 
the Forest Settlement Officer of the IColAba District ; but in Sheets 1 7 2 ,  173, 
204, the forests of the Ratnagiri District not having yet been finally settled or 
demarcated, their boundaries have been taken up only according to what could 
be learnt locally concerning the preliminary demarcation. The accuracy of the 
topography of the field sections has been tested by in situ examinations at 168 
stations, and by 14 linear miles of check surveys. 

74. The seclions on the 2-inch scale of Sheets 168, 172 ,  173 and 204 have 
been drawn and sent to  Calcutta to be reduced and published in standard sized 
sheets on the I-inch scale. They are also suitable for publication on the ori- 
ginal scale of survey i f  required. The a-inch sections of Sheet 20.; cannot be sent 
in as the survey is unfinished, but they will be completed next year alter tht. 
remaining port~ons have been surveyed, a s  is intended, by the South Marstha 
Party. The sheets of the large scale survey, 80 inches to a mile, of the 
town of Pandharpur have been completed and made over, at the request of the 
Municipal Commissioners of  the town, to the Bombay Government Photozinco- 
graphic Office a t  Poona. 

75. Under orders of the Government of India, conveyed in Revenue and 
Agricultural Department letter No. 28-25-1, dated I I th January I 886, this party 
has been withdrawn from the Bombay Presidency and transferred to the Central 
provinces to carry on a traverse survey there in aid of a settlement survey. I t  
has been employed in the Bombay Presidency since October 1872 and during the 
fourteen seasons of its employment there under several officers, has surveyed 
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topographically a total area of 24,867square miles. On its withdrawal now, it leaves 
undone (according to a revised programme sanctioned by the Government of India 
in Revenue and AgriculturalDepartment letter No. 5 B. S., dated 18th September 
1884, which assigned to it the part of the Bombay Presidency a s  far south as  the 
parallel of  16" N. Latitude), a remaining area of about I I ,953 square miles of which 
the survey has not as  yet been provided for by allotment to any other party. 

76. A few descriptive notes of the part of the Ratnagiri District, which has 
been surveyed, furnished by Colonel Andrew, are included in the appendix, 
page i." 

GUJARAT SURVEY. 
77. Colonel Badgley was in charge of this party a t  the commencement of 

the field season, but on the 2 1st February 
Personnel. 

Lieutenant-Colonel W. F .  Badgley, S.C., Deputy 
he was transferred to the charge of the 

Superintendent, 3rd grade, in charge, to ~ 1 s t  and Ofices a t  
February. Calcutta, in place of Colonel Waterhouse 

Mr. J .  Newland, Surveyor. 4th grade, in charge, who was proceeding on furlough Thd from zrst February. 
Mr. G .  A. Knight, Asst. Surveyor, 1st grade. charge of the Gujardt Party then devolved 
,. S .  F. Norman, ,, 
,, C Norman, ,, 

.* znd  on Mr. Newland, the senior Surveyor, owing 
,. 2nd ,, 

,, P. J .  Serrao, ,, ,, 3rd ,, to the paucity of officers in the Senior 
And 26 Sub-surveyors. Division, and it was found impossible to 
appoint another officer till the end of the recess season. Mr. Newland, however, 
carried on the work and completed the programme for the year in a very 
creditable manner. 

78. A small detachment left Poona on the 15th October to undertake the 
preliminary traverse work for the survey of the city of Baroda on the scale 
of zoo feet= I inch, which was commenced this season. The  bulk of the party 
left recess quarters for the field by the 15th November, proceeding to their 
respective ground of operations in Ncrthern GujarAt, in the Panch Mahals, and 
in Baroda. 

79. The original programme for the  field season did not include triangula- 
tion, a s  it was thought that the area which had accrued from previous years was 
sufficient; but owing to the rapidity with which the topographical work pro- 
gressed in the open plains of Northern Gujardt, it was found expedient to 
triangulate Sheets 87 and 188. Thus during the season an additional area of 749 
square miles was triangulated: also 422 linear miles were traversed with the 
theodolite, viz., 78 miles in Baroda city, I 18 miles to supplement triangulation, 
and 226 miles of the Baroda State boundary. 

80. In the Baroda city, 2 7  linear miles of spirit-levels were run, fixing 
6 3  bench-marks, and based on Great Trigonometrical Survey series of levels of 
former years. The  detail survey of the city, covering an area of 6$ square miles, 
was finished by the 3 I s t  March. A small party was detached in March to accom- 
pany a special Boundary Commission deputed to settle the boundary between the 
Gaekwar's territory and the Dangs States, as  well as  the boundaries of a few 
villages along the Baroda frontier, which had remained under dispute for many 
years. A small area of I 7 square miles and I I linear miles of boundaries were 
surveyed on the I-inch scale, which occupied the detachment about three months. 
Colonel Bullock, the Boundary Commissioner, in his NO. 138, dated 13th Septem- 
ber 1886, to the Bombay Government, speaks very highly of the assistance he 
received from Mr. G. A. Knight, Assistant Surveyor, who accompanied him. 

81. Notwithstanding the extra work as  detailed above, which was thrown on 
the party this year, the unusually large area of 2,524 square miles was topographi- 
cally surveyed on the a-inch scale for the standard sheets of Gujarst. This large 
out-turn is due in a great measure to the easy nature of  a large   or ti on of the 
country, Sheets 88, 8 ~ ,  103, and the greater part o f  Sheet I 19, consisting 
merely of  open plains with few topographical features. In Sheets 214, 215 and 
2 16, however, the country was more rugged and was also densely wooded, conse- 
quently the progress of the surveyors was there much slower, Again,in Sheet 187 
still greater hindrances were met with and a meagre out-turn obtained,owing to the 
difficult nature of the country, its extreme unhealthiness at all seasons of the year 
and to the dearth of water and inhabitants-three of  the worst enemies a 

* Colonel Andrew gives a very sati5factory report of thc good services of Mr. J .  Hickie and Mr. C .  
G e o r ~ e .  t l e  mention.; w~th  gre.11 rcgret the drath of Sub-surveyor llamji Lall, a very good traverse 
aurveyor and an exceptionally honesl, hard-wowing man. 
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surveyor can have to contend with. Sickness further retarded the progress of 
work in this sheet very considerably, and one of the Sub-surveyors succumbed to 
fever which he contracted while employed on it. Some notes by Mr. Newland 
on the country surveyed this year will be found in the appendix, page ii.  

82. A small drawing office was kept up in the field to work off some arrears 
of last ).ear's mapping which had accumulated owing to the short duration of the 
recess season. 

83. The party returned to  recess quarters a t  Poona between the 10th and 
20th May, and during the recess season the fair mapping has been completed of 
Sheets 214, 215, 216, 88, 89, and of the greater portions of Sheets 103 and I rg, 
on the a-inch scale for reduction to one-half. The  following sections have 
been prepared for reproduction to scale-the four complete sections of Sheets 
214 and 215 and the N. E. section of Sheet 216. In order to save the labour of 
extra drawing, the surveyors employed in the Baroda City survey were directed 
to use every precaution to draw their field sheets neatly and to keep them clean, so 
that the original sheets might be utilized for the purpose of reproduction. This was 
successfully carried out, and only one section out of the 16lcomprising the whole 
survey, had to be re-drawn. The  printing and finishing of these sections were also 
completed during the recess. Various maps were in addition prepared and sup- 
plied to Colonel Bullock, in connection with the settlement of the Gaekwar's 
boundary. The large amount of mapping that this party has turned out is very 
satisfactory, and reflects credit on the Assistants and Sub-surveyors entrusted 
with its execution. The computations connected with the triangulation and tra- 
versing of the year have all been completed and the general reports of Degree 
Sheets X and XI have been prepared, while some progress has been made with 
that of Degree Sheet I I. 

84. During the ensuing season the party will be divided into two sections of 
equal strength-one section will continue the topographical survey of Gujardt on 
the 2-inch scaleland will be employed in the following work :-Sheets 102, I 18 and 
188 will be triangulated ; Sheets 86 and 87, part of the Baroda territory in 188, 
and the unfinished portions of Sheets 190 and 187 will be topographically surveyed, 
while the boundaries in Sheets I 27, 1 29, 130, 152 and 153 will be traversed for 
the Baroda Government. The other section will commence the survey on the 8- 
inch scale of the forest reserves in the southern half of the Thina  Collectorate, 
commencing in the Karjat, Kalyan and SBlsette talukas." 

MIRZAPUR SURVEY. 

85. Lieutenant-Colonel Wilmer having been transferred on 1st October 1885 
Pwsonnel .  to the charge of the Baluchistan Party, the 

Mr. W. H. Patterson, Offg. Deputy Super- charge of the Mirzapur Party was tem- 
intendent, 4th grade,  in charge from 11th porarily left in the hands of the senior November 1845. 

Mr. L. J. P O C O C ~ ,  Surveyor, 3rd grade. Assistant, Mr. L. J. Pocock, pending the 
,, W. W .  McNair,  Surveyor, 3rd grade (1st arrival of Mr. Patterson, then in charge of 

J u l y  to 30th September 1886). ,, . li. blamer, Surveyor, 4th grade. the Malwa Survey. 
,, C .  D. Potter, do., do. 86, The operations of the season under 
,, H. T. Kitchen, Assistant Surveyor, 1st report may be summarized a s  follows :- grade. 
,, W .  H.  Lilley, Assistant-Surveyor, 1st ( a )  Detail survey on the scale of 2 

grade (transferred 1st M a y  1886, died inches= I mile, with the triangu- 
13th h4ay 1885). 

,, R. F Warwick, Assistant Surveyor, 2nd lation required for the same ; 
grade (transferred 1st November 1885). (b) Skeleton survey of the village 

s u b - S U Y V ~ Y O Y S .  boundaries (by running theodolite 
Azim Khan, 
Prem Raj. 
Barknt Ali, 
Gurdutt Singh, and 

ro others 

Kistodhan Chatter- 
jee, Writer,  and  6 

traverses) in the DGdhi Pargana, 
Computcrs and  for revenue purposes, on the 
Draftsmen. scale of 1 6  inches= I mile ; 

Two student soldiers-I.aI Sing, 19th Rengal ( c )  Theodolite traverses fixing village 
Cavalry, and  hoop Sing, 28th Punjab 1"- tri-junctions in the Bhadohi Par- 
fantry (translcrred 1st November 1885). gana, for utilizing the 16-inch 

p~ 

* Mr. Nc\\'land rcpofis: " I  am much obliged to all thc assistants of the partv for t h e ~ r  zealous a id  a n d  
hearty ro-oprrntion cllll-ing the timc I have bccn in charge;  the willing and c h r c r l ~ l  wav in which they have 
pcrformctl tllcir \.arioug tlulies is highly com~nendable. Mr. S. Norninn has d o ~ l c  most excellent service in 
the nrawing 0ffil.e. TI)  Mr. C. Norlnan !,am greatly i n d e b ~ e d  lor the copious noles furnished by Ilim. T h c  
SUD-surveyors have also worked very well. 

D Z 
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scale village plans of the settlement in the compilation of the set- 
tions of certain sheets which were not to  be surveyed in detail; 

(d) Bringing up of the records and General Reports of the Bhopal and 
Malwa, and of the Khindesh and Bombay Native States Surveys, 
which had been left incomplete (see paragraphs 8 9  and 95 of the 
Annual Report for 1884-85). 

87. Under head (a) ,  487 square miles of detail survey were executed, corn- 
pleting the north-east and south-east sections of Sheets 184 and 185 and the 
north-west and south-west sections of Sheet 200  ; and 194 square miles of triangu- 
lation in Sheets 184 and 199 was done. The  former was rigorously tested in the 
field, either by the executive officer or by one of his assistants, and in nearly 
every instance found to be correct. There are now about 250 square miles of 
p u n d  triangulated in advance of the detail survey in Sheets 199 and 212. 

88. The operations noticed under head (b) have now been completed. 
During the season under report, the theodolite was set up a t  180 stations, embrac- 
ing 38.6 linear miles of traverse. This work was begun in 1883 : it covers an area 
of 6+6.8 square miles, including 205 villages, the boundaries of which have been 
plotted on 721 sheets. The  records of these operations have been finally 
deposited in store a t  Dehra Dun. 

89. The entire cost of the Dlidhi Survey from first to last has been calcula- 
ted a t  R3glooo, giving the rate per square mile of 860 .5  and per village of 
a 190.5. 

go. Under class ( c ) ,  the work involved the setting up of the theodolite at 
6,419 stations, embracing I I 72.6 linear miles of traverse ; and an examination of 
the settlement village maps shows that, with the help of the traverses now run, 
they can be utilized for the compilation of the sections of sheets 168, 169, 181 
and 182. AS a check on the bearings of the traverse lines, astronomical 
azimuths were observed a t  l o  stations. 

91.  Owing to the large quantity of mapping that remained unfinished in 
1884-85, and which involved the re-examination of six sections of 2-inch scale 
survey drawn in that year, and the examination and finishing up of no less than 
532 of the 7 2 1  sheets of the Dlidhi Survey, the mapping of the field work now 
reported on unfortunately did not make as  much progress as  it otherwise would 
have done. Sections 184 S.E., 185 N.E. and S.E., and 200 S.W. have been 
partially drawn in outline, the object being to  show the hills on the final map in 
brown by double printing, as  has recently been done in the case of the large scale 
map of Jeypore. The  completion of these outline maps, a s  well as  the compi- 
lation of the sections of the four sheets named under class (c), will form part of 
the work to  be done in the coming field season. 

92. Under class (d) the following has been done :-(I) The General Report 
for Degree Sheet No. IX of the Bhopal and Malwa Survey has been co~npleted 
and bound, but a little work remains to be done to complete the duplicate copy 
of certain of the records appertaining thereto; (2) the General Report for 
D ~ g r e e  Sheets Kos. VIlI and IX of the KhAndesh and Bombay Native States 
Survey has also been completed, and considerable progress made with that of 
Degree Sheets Nos. I l l  and VI of the same survey ; and (3) the angle books of 
both the Bhopal and Malwa and of the Khdndesh and Bombay Native States 
Surveys have all been examined, completed and forwarded to Calcutta for final 
deposit. 

93. The  ground surveyed on the a-inch scale during the past season was, as  
usual, very intricate and covered with jungle, the only new feature being that 
more villages were met with this season along the banks of the Son river and 
the Rewah boundary. Ferries across the Son exist a t  Patera, Ghoria, Kotah 
and Silpi, and across the Rihand a t  Obre, where the main road crosses from 
Robertsg i n  j vitl Chopan to Khairwa. 

94. Owing to the frequent showers of rain which fell during the field sea- 
son, not only was the health of the party maintained, but the supply of water, 
which usuxlly runs short in March and April, was duly replenished. 

95. The  programme of field work for  the ensuing season i s , j r s t l y ,  to com- 
plete the triangulation required in sheets 197 and 198 (about 400 square miles), 
and detail survey on the a-inch scale in sheets 198, 199, and 2 I 2 (about 5?0 
square miles) ; secondly, to complete the boundary survey of l o  villages In 
Pargana Bijaigarh (left incomplete by the Revenue Survey Party under Colonel 
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Anderson) ; and thkrdly, to take up and finish the main and village circuit 
traverses in the Chaltia Estate (about 120 square miles) of the Maharaja of 
Benares, for the execution in 1887-88 of a cadastral survey o f  the tract, the 
cost of which the Maharaja has agreed to pay for a t  I3160 per squxre niilc, 
exclusive of the cost for the printing of the maps. 

96. It is expected that the field work of this party in the Mirzapur District 
will be completed in 1887-88.* 

MYSORE SURVEY., 

97. ~h~ field operations of this party were conducted by Major McCullagh, 
R.E., who remained in charge until agrd 

Personnel. March 1886, when he was compelled by i l l -  
hlajor J. R. ~ ~ c ~ ~ l a g h ,  R.E., Oficiating health to take leave to England. He was 

Deputy superintendent,3rdgrade, in charge, relieved bp Lieutenant H. M. Jackson, R.E., 
up to 23rd March 1886. 

Lieuten:,nt H, RI, Jaclison, R.E., Officiating who has held the executive charge from 
Deputy Superintendent, 4th grade, in charge* that date. 
from z 3rd 114arch 1886. 

hlr. A. J.  James, Sur\.eyor, 4th grade. 98. The portion of country that re- 
,, F. l<itchen, ditto, ditto. mained for survey had been previously 
,, H.  odd, d i~ to ,  ditto. 
,, J ,  A .  Barker, Asst. Surveyor, 1st grade. 

triangulated, so that the field operations 
,, 11. Todd, ditto dilto. during the season under report were con- 
,, J. M. Kennedy, dltto 2nd grade, fined to detail survey on the standard 

up to 14th June 1886. 
,, J ,  J ,  M,lls, ~ ~ ~ i ~ t ~ ~ t  s ~ ~ , ~ ~ ~ ~ ~ ,  gr,j 

scale of I inch = I mile. A small detach- 
grade. ment, consisting of one Surveyor and four 

s ~ b - s ~ ~ ~ c y o v s .  Sub-surveyors was kept in recess quarters 

Janki Dass. 
I Tiruienlia~sami m d  to bring up the Degree Reports, &c., while 

Raghavayengar. 7 others. the rest of the establishment proceeded to  
the field early in November 1885. The  

field work progressed steadily until the completion of the survey in the middle of 
April 1886. 

99. The area topographically surveyed amounts to 2,570 square miles on 
the scale of I inch = I mile, the greater portion of which lies in the Kolar 
District ; the remaining portion being on the south-east frontier of the province 
in Sheets 65 and 70. The nature of the country surveyed in Kolar is typical of 
the open and undulating parts of the province which have been described in 
Previous reports, and which present no great difficulties to the surveyor. The  
country in Sheets 65  and 70,  however, presented serious obstacles to rapid pro- 
gress. The portion of the Chamrajnagar and Yelandur frontiers is the most 
mountainous part of Southern Mysore, being in fact the lower steps of the Nilgiri 
Plateau. A great part is covered with dense jungle, and this, combined with 
the long grass which grows all over the hills, except on the higher peaks, renders 
even locomotion most difficult. A few notes on the country plane-tabled will be 
found in the appendix, page i i  b. 

100. The field plans of the detail survey were carefully tested almost 
entirely by Major M c C l ~ l l a ~ h ,  and their accuracy was fully established. One 
section in Sheet 70 was unavoidably not regularly examined owing to the distance 
that the examiner would have been obliged to travel. It  was surveyed, however, 
by an European assistant of long experience and tried ability, in whose integrity 
there is r\,ery confidence. A great portion of the ground was, however, subse- 
quently gone over with a trace of the sheet, by Lieutenant Jackson while on 
privilege leave, and the features were found to be well represented. 

lor.  During the recess season the fair maps of the area completed have been 
prepared in 9 standard-sized sheets; 6 Degree Charts of triangulation were 
revised, corrected and completed, and I 2 quarter sheet reductions to the scale 
of the Atlas of India were prepared. The General Reports of 7 Degree Sheets 
were completed and thus the whole of the records connected with the Mysore 
survey were brought to a satisiactory termination by the 1st October 1886. 

- .- 

* l l r .  Patlersoll reports fn\fourably oi all his zssistsnts, excepting two Sub-surveyors, whose services 
have been dispenser1 with. 
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102. The  area of the Mysore S ta te  proves to be 29,305 square miles, which 
is over 2,000 square miles in excess of the estimated area. In addition to this, 
a strip of the country has been surveyed outside and all round the State 
boundary, averaging about a mile in width. This aggregates I ,634 square miles, 
so that the total area which has been surveyed on the I inch = I mile scale 
amounts to 30,939 square miles. The mapping of the same is contained in 70 
standard sheets, 4 sheets of Reserved Forest Surveys and l g  sheets of Canton. 
ment and City Surveys. 

103. The survey was commenced in November 1875, and has thus taken 
eleven years to complete. The  original desire of the Local Administration was 
that the survey should be completed in five years, and with this object, two full 
topographical parties were organized and sent to Mysore. Unfortunately at the 
very outset of the operations, unexpected and serious difficulties were met with 
in consequence of the famine and drought which prevailed in Mysore, and nearly 
throughout the southern peninsula during 1876 and 1877. Owing to the dis- 
tressed state of the country it was found impossible to  utilize and keep the 
establishment in full employment on survey work. Measures were then adopted 
to place a t  the disposal of the Public Works Department for employment on relief 
works every assistant whose services could not be utilized on survey; and 
nine European Surveyors and several Sub-surveyors were thus transferred 
temporarily. On financial grounds it was also decided that only one party 
should be employed in future on the survey; so in November 1877, reductions 
were enforced, and the reduced parties were combined and formed into one 
party of ordinary strength with which the survey has been since accomplished. 
Thus for the first three years, during which the country laboured under famine 
difficulties, the progress of the general survey was unavoidably much retarded, 
the out-turn of topography during that period being only 4,701 square miles ; 
the completion therefore of the remaining large area of 26,238 square miles in 
eight years is highly satisfactory and creditable to all concerned in the survey, 
especially so when the very difficult nature of a considerable portion of the 
countrv 1s taken into consideration. 

14. The total cost of the survey amounts to Rg,o7,626, which gives an 
average mileage rate of Rzg-5-4 over the whole area of survey; but the cost 
includes surveys on the ,+-inch scale of 84 square miles of State forests, and on 
the 12-inch scale of 57 square miles comprising the city of Mysore and the 
cantonment and city of Bangalore. The  average mileage rate was of course 
considerably enhanced by the slow progress of the first three years of the 
survey for the reasons given above, which were totally beyond the powers of 
prevention of the Survey Department. 

105. The  entire cost of the Mysore Survey has been borne by the Mysore 
State. From 1st October 1886, however, the expenditure of the party has been 
included in the Imperial Estimates. 

106. The negotiations with the Madras Government for the transfer to the 
Survey of India Department of the topographical portion of the work of the 
Madras Survey Department having been successfully conc!uded, the Mysore 
Party has been transferred to the Madras Presidency to undertake this work. 
The  tracts of country that have been made over form portions of the following 
districts, viz. :-Ganjam, Vizagapatam, Tinnevelly, Madura, South Canara and 
Malabar and comprise an aggregate area of about I 2,400 square miles, which 
is to be surveyed on the scale of I inch = I mile. The  surveys of forests in 
the above districts, with the exception of those in Ganjam and Vizaga~atarn, will 
also be undertaken on the scale of 4 inches= I mile, and the cost thereof debited 
to the Provincial revenues in accordance with the rules prevailing in this 
department. 

107. The Districts of Tinnevelly and Madura have been selected for t h e  
operations to be commenced in, and the late Mysore Party, now designated the 
" Madras Party," has proceeded from Bangalore to Rladura and will be employed 
during the current field season in the topographical survey of the hill portions 
of those districts.* 

a The acsistants, both European and native, are very favourably reported on lor their application, 
industry and willingness. 
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RAJPUTANA SURVEY. 

108. The operations of the party during the year were a s  follows :- 
Personnel. (a) The ordinary detail survey on the 

~ieutenanl-colonel R. Beavan, S.C., Deputy +-inch scale of Sheets NOS. 38 to 
Superintendent, 4th grade, in charge till 1st 41, 53 to 5 5 ,  and g of 56 compris- 
April 1886. 

Lieutenant W. H.  Pollen, R.E., Officiating 
ing Degree Sheet VIII, embracing 

Deputy Superintendent, 4th grade, in charge portions of Jodhpore and the 
from 1st April. 

Mr. W. Todd, Surveyor, 2nd grade. 
Maldni District near BArmer and 

,, N. C. Gwynne, ditto 3rd do. the LGni River ; also on the I -inch 
,, G. P. Tate, Asst. Surveyor, 2nd do. scale of the south-west corner of 
,, M. Gastaud, ditto 2nd do. 
,, P. Beechey, ditto 2nd do. Standard Sheet No. 76, where the 
,, C. G. S .  wood, ditto 3rd do. boundaries of the Jodhpore, 

S U ~ - S U Y V ~ Y O V S .  Sirohi, and PAlanpur States join, 
Shah Nasiruddin, Abdul Gufiir, 
Sheikh Ornar, ! Golam Mahomed, 

and the eastern quarter of No. 56, 
F. Rosario, Abdul Aziz, and four SO as  to complete Degree Sheet 

others. VIII. 
(b) The triangulation in advance over Sheets Nos. 36, 37, 43, 58 and 46 

to 52. 
(G) The verifying and correcting of the large number of village boundary 

maps of the Ajrnere-Merwdra District, and the revision and bringing 
up to date of the I-inch map of the same district. 

log, The  field season lasted from 1st November 1885 to the loth May 1886. 
The out-turn of topography on the +-inch scale was 3,540 square miles, and on the 
I-inch scale 256 square miles. The triangulation in advance covered 5,850 
square miles, of which 4,810 square miles in Degree Sheets VI and VII were 
prepared for $-inch, and 1,040 square miles in sheets 43 and 58 for I-inch detail 
survey. The revision of the .4jmere-Menvbra village boundnry sheets and the 
completion of the I-inch maps of the district has been satisfactorily carried ou t ;  
and it is gratifying to find that, with one unimportant exception, the original 
survey was found to be very accurate and complete, so far as  the then existing 
details were concerned ; but of course additions had to be made showing the 
railway and new roads and tanks, &c., which have been constructed since. The  
out-turn of triangulation would have been considerably greater had not intima- 
tion been received that the party would be employed next season in Baluchistan ; 
it was therefore necessary to warn the two assistants engaged on triangulation 
to square off their work, and help in the execution and examination of the detail 
survey. 

I 10. The country surveyed is mostly open, but very sandy, with rocky hills 
to be met here and there, running up to 2,000 feet above sea level. There was 
generally a difficulty in obtaining drinking water. The River Llini runs through 
 he eastern portion of Degree Sheet VIII, and on each side of it is the nnyar 
land-a black alluvial soil brought down by the river, on which the inhabitants 
grow wheat : this land is as much as  14 miles in width near the Ran of Cutch. 
The important places met with were as  follows :-The towns of Bdrmer, the head 
quarters of the district ; MalAni, the residence of the chief of the district ; 
Guranagar on the LGni, the chief of which has a remarkably fine breed of horses ; 
Sindri on the Luni; and Pokaran, theresidence of the chief of the district, in the 
vicinity of which are some stone quarries. 

I I I .  The services of Lieutenant-Colonel Beavan having been required at 
Calcutta early in April, Lieutenant Pollen was transferred to the charge of the 
party on the 1st April. The latter officer has therefore conducted the recess 
duties which may be summarised as  follows:-The fair mapping of Sheet 
No. 76 on the I-inch, and of the northern and southern halves of Degree Sheet VIII 
on the a-inch sc;lle ; the fair drawing (for use of engravers) of Sheet No. 2 1  

N. E., quarter of the Indixn Atlas, has been well advanced : the chart of 
the Jeypore and Arner (Amber) triangulation has been completed, whiie those 
of Degree Sheets XIV and VIII (for general reports) have been partially 
done : the Gcneral Report of Degree Sheet XI I1 has been completed, and that of 
XIV is about three-quarters finished ; while the computations of VIII have been 
examined and set in order, so as  to readily furnish the numerical results required 
for the General Report. For the Ajmere-MerwAra revision, the corrections have 
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been plotted on some 330 16-inch village boundary maps ; and having further 
been reduced, have been transferred to the I-inch sheets of the district. 

I I 2. The  party being under orders for transfer to Baluchistan, it was an 
object to keep in view the more urgent work of bringing up the arrears and 
squaring off the work as  far a s  possible and the computations of the past field 
season could not be taken up. 

I 13. The  health of the party generally has been good ; but the native 
establishment employed near the Ran of Cutch suffered a good deal from 
fever. 

I 14. Captain R. A. Wahab, R.E., has now been transferred to  the charge 
of this party, which will be termed No. 16 (Baluchistan 11) Party, and Lieutenant 
Pollen to the South MarAtha Party in Bombay. 

I 15. T h e  programme for next field season was at first arranged as  follows :- 
The triangulation in Baluchistan of Sheets No. 22 N.W. and S.W., and the 
detail survey on the +-inch scale of portions of Sheets 2 2  N.E. and S.E. ; but 
in consequence of an urgent demand from the Military Department, the opera- 
tions will be confined chiefly to special large scale surveys in the neighbourhood 
of Peshin and Quetta. T h e  extension southwards of the 2-inch survey of the 
KhwAja Amran Range, so as  to include the Wach Darra pass, will also be 
undertaken. 

I 16. Extracts from Lieutenant Pollen's Narrative Report, as  well as  an 
account of the country triangulated by Mr. Ta te  are given on pages iii and iv 
of the appendix.* 

SOUTH MARATHA SURVEY. 

(No. 10 PARTY, REVENUE BRANCH.) 

I 17. This party, lately employed on the survey of the Th5na and Koldba 
Perso~rnel. Districts, changed its ground, a s  indicated 

Major J .  Hill, R.E. Deputy Superintendent, in paragraph 82 last Annual Report, to 
3rd grade, in charge from ~ 3 r d  October to the south of the parallel of 16" N. Latitude, 
28th December 1885. 

Lieutenant F. B. Longe, R.E.. Officiating De- to  ~nder take~par t ly ,  a general topographical 
puty Superintendent, 4th grade, in charge survey on the 2-inch scale, and, partly, a 
up to 22nd October 1885 and from 2gth skeleton traverse survey of the forests, December 1885. 

Mr. J .  Peyton, Surveyor, 1st grade, up to 30th designed to serve as  a basis for the con- 
June 1886. struction of working plans by ForestOfficers. 

,, A .  M. Lawson, Surveyor, 2nd grade. 
,. W. M. Kelly, Assistant Surveyor, 1st The field season commenced during the 

grade. last week in November 1885, and closed 
,, R.  H. Dickinson, Assistant Surveyor, 1st for the m a i n  body of the party on 25th grade, from 17th May 1886. 
,, 0. D .  Smart, Assistant Surveyor, 2nd May, though some detachments remained 

grade, from 14th (Jctober 1885. a t  work until 10th June. 
2~ Sub-surveyors, and others. 

I 18. The topographical were chiefly confined to the Belgaum Dis- 
trict, but parts of  Native States, namely, Karundvad KolhApur, Sdngli and SA- 
vantvadi, and of  the DhdrwAr District, were also surveyed. The  areas are shown 
in the following statement :- 

Square 
miles. 

B e l g a u m  Dis tr i c t  , . 1 2 0 9 ' 9  
Dharwdr  ,, . 7 6 . 2  
Karundvad  S t a t e  . . 1 1 3 . 3  
Kolhdpur  ,, 6.7 
SAngl i  11 . 1 1 1 . 0  
Sdvantvad i  ,, . 1 5 4 ' 9  - 

T o t a l  . 1 6 7 2 : o  - 
- .- -- - ~ 

* The Officer in charge reports well of all his assistants, mentioning Mr. G~vynnc in particular. 
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The areas triangulated and traversed are I ,2 ro and 2,3 16 square miles respect- 
ively, of which 850 and 600 square miles are in preparation for next season's 
topography. 

1 19. By the triangulation, 337 points have been fixed, of which the heights 
of 306 have been determined ; and there are 3,23 1 traverse stations. 583 of which 
have been fixed on village tri-junctions. The ground was surveyed as  closely a s  
possible, and the accuracy of the details was tested by I 24 linear miles of check 
surveys, as well as by " in situ " examinations by the executive officer and by 
two of his European assistants. 

1 2 0 .  The sheets topographically surveyed are Nos. 243,275 and 276, but of 
Sheet 243 a sfi'all area remains chiefly on the ghdts, from which the surveyors 
were driven away through the setting in of the rains. The  country surveyed is 
of a varied character. In the west, the ghdts with their scarps and deep ravines, 
the whole being covered with forest, rendered the work difficult and laborious, 
but with the exception of 8 plane-table sections in the ghdts the work was easy. 
In the west of Sheet 276 the country is covered with forest, and in 275 the hills 
are covered with thorn bushes which made chaining very troublesome. Belgaum 
with its cantonment and fort fell within the area surveyed, but there is no other 
place of ally great importance, though to the district generally a good deal of 
historical interest is attached. Some descriptive notes furnished by Lieutenant 
Longe are given in the appendix, page vi. 

1 a I .  ?'he forest surveys were exclusively carried on in the KhAnApur Taluka 
of the Belgaum District, and were found to constitute a work of considerable 
difficulty, as not only was the amount of traversing, required to enclose the forest 
blocks, very large on account of the boundaries being irregular, while patches of 
cultivated land which also had to be traversed were interspersed within the 
forests, but the true boundaries were imperfectly known to the village people, and 
consequently much delay occurred in searching through the records for informa- 
tion regarding them. The  detachment available to be sent into the forests this 
season was small, and the surveys could not be begun until February after the 
exact character of the work to be done had been ascertained from the Forest 
Department. Thus, through the difficulties and delay, the Forest maps of 
only six villages have been completed, but six more villages have been surveyed 
and are only awaiting the revision of one of the main traverses to be plotted. 
The ni;~ps are to show all made roads which run through the forests and all 
perennial streams, as  well as all permanent structures, such a s  temples or 
survey stations. 

1 2 2 .  Next season the forest survey section will be strengthened and made 
equal to the topographical survey section, and in the first instance the work will 
be undertaken within a triangle with Khinipur a s  its apex and the line between 
Londa railway station and Linganmat as  its base, which is the tract specified 
by the Forest Officers for their immediate requirements. The  tract has been 
triangulated in preparation for the forest traversing. 

I 23. The health uf the party was on the whole good, and there were only two 
serious cases of sickness. The squads working in the forests suffered most, and 
at one time there was an average of 75 per cent. sick in the KhAnApur forests, 
but this was late in the season after the rains had begun.* 

* Lieutenant I.onge mentions that Mr. J .  Peyton. Surveyor, 1st grade, suffered from fever Unring the 
field seaLon, which lor some time incapacitated him from work M r .  Peyton retired from the department 
on a supcr:lnn~~ltinn pcnzion on 1st July alter a service of 3,) ycars. H e  had acquired considerable profi- 
ciency s In .trtit~ic draftsman. 

L~eu~enant  Ll~nge also re orts :-Mr. A .  M. Lawsnn again maintained his high reputation, a 8 * Re is a man of the highest value n a party, setting every one in it an example 
01 hard, htmcst wc)rk, cheer~ully peraormrd." 

' Mr. ' .  1 e l  * both in 'he field and in office has worked very well." Mr. 
R .  R. Dicklnslm is a most carelul and trustworthy assistant. Mr. 0. D. Smart 
wns employe~l I7n  lie forest worli. H e  Ii;id many d~flicultles to contend with, hut by care and persever- 
ance he managed to overcome thrm * his n.ork is accuratr and very neatly done. 

Lieutenant I.onge reports th:~t Fydonlah Khan, Sub-wrveyor, h ; ~ s  done very good work and also men- 
tions favorably the t3.rmes of thc follo\v,ng other members of tlle n . ~ t i \ e  rstablishment. uis..  Damodar Gopal, 
Nursoo Limb:llll.v. I;ob~nd J;~nardhan, Inamulla Khan. Rarnrao Yadhao, Habaji Ramchandra, Muksudi 
Lall, Abdul tihnni I<han. 
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124. The party, of strength noted in the margin, left recess quarters at 

Personnel., 
Rangoon in two detachments ; the one 

H .  Hdrst, Deputy Supdt., 3rd grade. comprising the triangulation and traverse 
J .  H .  Wilson, ASH. Surveyor, 1st grade, camp on the 20th November, and the other 
C. P. Torrens ,, the detail survey camp, on the 28th Novem- 
W. H .  Penrose 
R.  A. Gibson ber 1885. The  former section was em- 
W. H. Ewing , md'krade, ployed in the Prome District and the latter 

(from 1st October 1885). section in the Tharrawaddv District, and 
sub-surveyors. the field operations were iontinued-until 

Ahmad Sayid, trans- 26th April, when they were obliged to be 
Venkat Swamy. 
Sher Shah. 
Doorgiah. 
Sumer Sing. 
Rahmat Ali. 

ferred to Mandalay, stopped abruptly, owing to the disturbed 
1st April 1886. 

Sharfuddin state of the country. 
Girdhari ~ ~ l , ~ ~ d  14 125. The  triangulation has been extend- 

others and2Appren-  ed over an area of 263 square miles, 
tices. embracing both reserved and unreserved 

forest tracts, and nearly the whole of this area has been covered by the 
traverse survey. 

I 26. The  traverse survey covered an area of 345 square miles. This, to- 
gether with 190 square miles remaining over from the previous season, gives 535 
square miles of advance work, of which 255 square miles will be required to  be 
surveyed on the scale of 4 inches = I mile, and 280 square miles on the scale of 
2 inches = I mile. 

I 27. The  area surveyed in detail extended over 330 square miles, exclusive of  
24 square miles of overlap. Of this out-turn, 199 square miles, consisting entirely 
of reserved forests, were done on the 4-inch scale, and 131 square miles compris- 
ing unreserved forest tracts on the 2-inch scale. The  operations extended over 
the greater portion of the tracts drained by the Taungnyo River in the Tharra- 
waddy District, and the Shwele River in the Prome District ; also over a portion 
of the Shwedaung hills, stretching due south of Prome. 

128. The  ground surveyed on the +inch scale was for the most part moun- 
tainous, very intricate, and covered with dense jungle ; that done on the 2-inch 
scale consisted of low intricate hills, cut up with innumerable water-courses and 
covered with heavy jungle. 

The  out-turn of work is considerably less than that of the previous season, 
and consequently the average mileage rate has been enhanced, but this is fully 
accounted tor- 

(i) by the duration of the field season being nearly a month shorter than 
usual owing to the disturbed state of the country which prevented 
the continuance of field work ; 

(ii) by changes of programme during the season due to the necessity of 
withdrawing the surveyors from the Yoma Forest, in which dacoits 
were committing depredations ; 

(iii) by interruptions caused on other occasions by dacoits which involved 
a considerable loss of work ; 

(iv) by the transfer of two Sub-surveyors for work in Upper Burma ; 
(v) by the unusual unhealthiness of the season. 

129. Up to date the total area which has been surveyed is 1,044 square miles, 
excluding re-survey and overlap, of which 8 1  7 square miles are on the +inch 
scale, and 2 2 7  square miles on the 2-inch scale. 

130. During the past season the Assistants and Sub-surveyors suffered 
more than usual from malarious fever, but the klassies kept their health very 
well. The  total number of days lost from sickness was 317, representing the loss 
of the services of more than two men per month, or in other words, of 40 square 
miles on the 4-inch scale. 
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131. Extracts from Mr. Horst's report, which will be f o u a  in the appendix, 
deal in detail with the delays and difficulties he met with, and under the excep- 
tional circumstances, the out-turn is as  much a s  could have been expected. 

132, There were five casualties among the menial establishment caused by 
dacoits, and one of the European assistants, Mr. Gibson, when returning to 
quarters, was attacked by a large band of dacoits at Peinzaik, who plundered his 
camp, and a considerable amount of both Government and private property was thus 
lost. Fortunately Mr. Gibson escaped unhurt, and as  he had taken the pre- 
caution to secure the safety of the field maps which had been executed by 
himself and the detachment dur~ng the season, the loss of these valuable 
records was averted by his forethought. 

133. Provision depbts were kept up a t  five places from 25 to 40 miles 
from the source of supply. NO food of any kind was procurable from the 
Karens, who, Mr. HGrst states, were plundered by dacoits of all they possessed 
as early as Jar,uary ; and the Burmans who inhabited a few villages along the 
Taungnyo and Shwele rivers, either could not, or would not sell any part of 
their stock of rice. 

134. Thirty-one linear miles of  check survey were run-not sufficient to test 
the accuracy of the work-but owing to the abrupt termination of the field season 
more could not be done. The  Assistants and-most of the Sub-surveyors were 
inspected by the officer in charge and the remaining Sub-surveyors by the 
Assistants in whose vicinity they were a t  work. 

135. During the recess seven complete standard sheets on the q-inch scale 
have been drawn, and two sheets as  far as  the ground has been surveyed ; also 
9 sheets on the 2-inch scale for reduction to one-half. A triangulation chart 
has also been drawn, but the printing of the names yet remains to be done. 
The usual computations, plotting and projection of field sections, &c., for the 
current season's detail survey have also been done. 

136. The programme of operations which was arranged for the current 
field season is as  follows :-The area, 205 square miles, already prepared for 
detail survey, south and east of  Prome, will be taken up first, while a triangu- 
lation party will be sent into the Zamayi Reserve in the Pegu Valley for 

operations. The triangulation and traverse survey in the Pegu 
District will be carried on simultaneously in the State Reserves of South 
Zamayi, Shaudon and Pyeng-ma, which border on the Pegu River and are 
situated about 40 miles north-west of Pegu. 

137. The detail survey operations will be commenced about the 1st 
1)ecember in the Prome District in the Shwedaung hill tract to the south of 
Prome. Of this, about 60 square miles will be surveyed on the 2-inch scale 
and 22 square miles, completing the Reserve named Inma Tayokmaw, on the 
4-inch scale. The detached Reserves of Daube, Nyaung-Bendet, Pauktan 
Sinmizwb and Htonyea, aggregating 46 square miles, will also be surveyed 
on the 4-inch scale, and some tracts which were left unsurveyed last season near 
Ngapaw in the Paungd6 township, aggregating I I square miles, will be com- 
pleted on the 2-inch scale. 

138. The above programme comprises 68 square miles on the 4-inch scale 
and 7 1  square miles on the 2-inch scale, but in addition, about 60  square miles 
o l  country contiguous to, and east of that already cadastrally surveyed wil l  be 
taken up on the 2-Inch scale. 

139. By the time the foregoing tracts are done, it is expected that suffi- 
cient ground will be triangulated and traversed in the State Reserves of South 
Zamayi, Shaudon and Pyeng-ma to admit of  the detail surveyors being moved 
down from Prorne to take up the topography of those reserves on the 4-inch 
scale. 

Smce this Report 7vas wrz'tten z't has been found vreccjsayy to modl;fy the  
ahovc prograjtlnlc ns yegal'ds the  7 ~ 0 l . k  r'n /3romc, owing to tize ti112idjty Of t he  
Sti h sltrveyors avd  klnssics, altd the imposs2hility of pyovidrlzg Police ,ouavds 
lily n f l  the scattered dctachnzents. On  takillg the fieM it was found tha t  in 
tonsrqlience o f  the prescnre of dacoz'ts i n  the  nezghhourhood o f  the  grollnd to be 
surveyed, that i t  wol/ld he Jlrt?lc to attempt to carry out the  detail sz'yvey of 
I I I P  f o~cs t s  in thnt Imct .  Will? the concuwenre of the  Chipf Commissioner, 
the  W O ~ R  l'n t l l ~  PI'OI~?C L ) ? s I I . I ' c ~  was t~zrrefare suspenried, all J t he  esta61ishntent 

E 2 
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has been drafted chiejr'y to Upper Burma, where their services can be Yery 
usefully employed. * 

CADASTRAL SURVEYS. 

AKYAB DISTRICT,  BURMA. 

(No.  7 PARTY, REVENUE BRANCH.)  

140. On the superarinuation of Mr. H. B. Talbot (on the 26th October 1885) 
Personnel. this party was placed under the charge 

Mr. H. B. Talbot, Officiating Deputy Superin- of Lieutenant-Colonel H .  S. Hutchinson. 
tendent, 3rd grade, in charge, to 2lst October The tra\rersing section of the party was 
1885,and superannuatedon 26th October 1885. 

~ i ~ ~ t e ~ ~ ~ t - C ~ I O ~ ~ I  H. S. Hut~hinqon, S. C., recalled from India somewhat earlier than 
O f f i c i a t ~ n ~  Deputy superintendent, 3rd usual, in order to  complete the preliminary 
grade, in charge, from 22nd October 1885. 

Mr. F. W. Kelly, Officiating Deputy Superinfen- boundary work before the arrival of the 
dent, 4th grade, from 15th October 1885. cadastral section, but little advantage was 

9, H. R. Littlewood, Surve~or ,  2nd grade derived from, this early recall, as  the 
,, G. W. Jarbo, Assistant Surveyor, 1st grade. 
,, J. H. scott, Assistant Surveyor, to aznd country to be operated in was found to be 

October 1885. 
S.  Swiney, Assistant Surveyor, 1st grade. 

flooded by reason of a late rainy season. 
:: h s. WiIIe,, Assistant Surveyor, y d g r a d e .  The traversing section resumed work on 

18 Sub-surveyors and others I 5th November, and the cadastral section 
Temporary Establishment. on 5th December. Field work was conti- 

97 Field surveyors and others. nued up to 3 I s t  May. 
141. T h e  main part of the cadastral work of the season lay in tracts border- 

ing the Kaladan and Padu Rivers, in the centre of the district, east and north- 
east of the town of Akyab, but several detached portions have also been survey- 
ed in two separate valleys in the north-west part of the district, which required 
the establishment to  be very much scattered a t  the beginning of the season. All 
the detached tracts of the district to be surveyed cadastrally have now been com- 
pleted, and the remaining tract for cadastral survey consists of a compact block 
bordering the Kaladan River. As is usual in Burma, a considerable extent of 
waste land has been found intermingled with the cultivation, amounting in this 
season to over 50 per cent. 01 the total area of 661'29 square miles included in 
the cadastral survey. The  separate areas are shown in the following state- 
ment :- 

Square 
miles. 

Cultivation . . 318.13 
Jungle and waste . . 308.46 
River areas , . 34'70 

The  cultivated area includes 6,94,056 fields, of the average size of 0.29 of 
an acre. 

142: Of boundary traverse survey, a total area of 794 square miles was 
accompl~shed, of which 469 square miles have been surveyed cadastrally and 
325 square miles remain as  preparatory work for next season. The chain 
traverses have been connected with four stations of the Great Trigonometri- 
cal Survey and with three other triangulation stations especially fixed for 
the purpose of additional verification of the chain measurements. Comparisons 

Mr. Hdrst reports of his assistants a s  follows :-Mr. Torrens had charge of the traverse camp and 
conducted his duties, which were of a harassing nature, in a satisfactor manner. Mr. Gibson, a s  usual, 
displayed much cnergy and devotion to his duties, and surveyed a difficut and dangerous tract. Mr. Ewing, 
who had no previous experience in triangulation, worked with energy, and was instrumental in having a 
large gang of dacoits dispersed by leading the Superintendent of Police, Prome District, right up to their 
encampment. Sub-%urveyors Venkat Swamy, Sher Shah, Sumer Singh, Ahmad Sayid, Sharfuddin, 
tiirdhari Lal, and Piari La1 worked very steadily under great difficulties. Sub-surveyor Nasiruddin stood 
firm and saved much property when a panic occurred among some Sub-surveyors, who forsook private as 
well a s  public property in their flight. 
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have thus been instituted with 2 0  triangulation distances which show the chaining 
to have an average error of 1.1 foot per linear mile. Observ:~tions for azirnuth 
were taken a t  forty-nine stations. 

143. The system of marking a certain number of the traverse stations with 
stone prisms (which have been adopted for the Akyab District in place of the 
cylinders of pottery used in other districts in Burma) has been continued ; and 
ordinarily these marks have been put down a t  all tri-junctions and a t  stations half 
a mile apart along the boundaries. As a precaution against the destruction or 
removal of these marks, notices in Burmese, signed by the Deputy Commissioner, 
showing the positions of the marks, have been handed to the headmen of vill,lges, 
holding them responsible for the preservation of the marks. 

144. The season,especi;~lly at its commencement, was an unusually unhralthv 
one. Only 12 deaths actually took place in the field, but 57 men of different 
classes were invalided to India, and the average of the sick who were absent from 
duty was 26 daily throughout the whole season. 

145. The number of the cadastral sheets of the season is 915 ,  which, a s  
usual, are being retained in the party office awaiting Settlement revision before 
being sent to Calcutta to be printed. The sheets of the previous season, 946 in 
number, were sent up to Calcutta as  they were got ready after revision and were 
all printed off by the end of November 1886. The general maps on the 2-inch 
scale will be drawn in the party office, and the traverse stations have been pro- 
jected on 28 of them. 

146. A short descriptive sketch of the features of part of the Akyab District 
and of one of the exciting amusements of the inhabitants, furnished partly by 
Colonel Hutchinson and partly by Mr. Jarbo, is given in the appendix, page x.* 

.BASTI DISTRICT, NORTH-WEST PROVINCES. 

(No. 4 PARTY, REVENUE BRANCH.) 

147. This party resumed operations in the Basti District in continuation of 
its work of last year. No changes were 

Personnel. made in the svstem of survey or in the 
~ieutenant-Colonel S. H. Co\van. S. C., Deputy preparation of' the settlement ;ecords and 

Superintendent, 4th grade in charge. 
H ,  M, Jackson, R. E,, statistics, with the exception that a slight 

Superintendent, lsl grade., transferred to modification of soil classification was in- 
Mysore on 7th March 1886. 

Mr. H .  T. Hanby, Survt-yor, 3rd grade. troduced by the Settlement Officer on the 
,, W. J .  O'Sullivan, Surveyor, 3rd grade. 4th January 1886. Field work was com- 
,, W .  C .  Price. do. do. 
,, L I;. Berkeley. Asst. Surveyor, 2nd grade. 

menced on the 20th October 1685, and 
,, R P .  Warwic.k, do. do. closed on 3rd May 1886, when the party 
,, W. E .  Johnson, do 3rd grade. returned to recess quarters at Naini Tal. 
19 Sub-sur\.eyors and others. 148. The catlastral survey and village 

Tcinpornry Establisl~nte~tt. papers of Tahsil Harraiya and part of 
34s Field surveyors and others. Tahsil Basti were completed last year; this 

year, the Basti Tahsil was finished, and 
the Khalilabad Tahsil so far advanced that only 4 Tappns of Pargana Maghar 
East, remain to be takrn up next season, A survey has also been made on the 
+inch scale of the river-side villages in District Fyzabad, lying along the right 
bank of the River Glingra (Gogra) opposite Parganas Mahuli West, and Mahuli 
East, of District Basti. The boundaries of these villages after survey were corn- 
pared with the boundaries of the Fyzabad District Survey of 1862, and all 
discrepancies were submitted to the Deputy Commissioner for orders. 

* Colonel Hutchinson wrltes ol the very valuable assistance and support he received from Mr. F. W. 
Kelly, Assi~tnnt Superintendent, who continued at work throughout the recess though much weakened by 
severe illncss. Mr. lielly has been obliged to take sick leave at the end of the recess and Colonel Hutchin- 
son much regrets his temporary absence. Mr. Littlewood is reported to have maintained his high reputa- 
tion of lormer season5 and to have managed the portion of the establishment placed under his charge most 
successfully. Mr. Jarbo's energy and diligence in the management of the traversing section is much 
praised ; and Mr. Swiney's services both in field and office are said to deserve high commendation. 
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149. The  following table shows the areas which have been surveyed cadas. 
trally and mauznwar :- 

District. I Pargana. Description and scale of Number of Area in  
survey. villages, square miles. I I 

Maghar West . 
Mahuli West . 
Mahuli East . 
Maghar East . 
Raslilpur . 
Bdnsi East . 

Cadastral, 16"= I 
mile 

Do. . 
Do. . 
Do. . 

{ 
Do. . 

32"= I mile . 
{ 

Do. . 
32"= I mile . 

Total of Cadastral 
Survey . 

Fyzabad . . . • . Mauzawar, 
mile . 

Total out-turn 1 21324 1 819.38 

In the cadastral area, I I ,26,230 fields have been surveyed, giving an average 
area for each field of  '445 acre. Traversing of village boundaries has been 
extended in advance over an area of 695 square miles, divided into I ,802 villages. 
Considerable delay was occasioned by the enormous number of boundary dis- 
putes, of which 625 remained unsettled on 1st March, and much anxiety was 
felt concerning the completion of the village papers ; but the boundaries were 
a t  last adjusted through the appointment of additional D c p t y  Collectors, and 
the papers of all the villages were finished by the end of the recess. 

150. The  field survey has been tested by 2,216 miles of check survey, of 
which 345 were measured and compared with the field surveyors' maps by 
European officers, and I ,87 I by native inspectors. To  confine the angular error 
of the traverses, azimuth observations were taken a t  28 stations, at an average 
distance apart of g j  miles on the main circuits. The traverses have been con- 
nected with four principal stations of the Great Trigonometrical Survey, and the 
average error of the Revenue Survey chaining is found to be - 3.1 5 feet per mile. 
The  names of proprietor and cultivator, details of irrigation, crops, soil, rent, &c., 
were tested in the khasra entries of 3,1o,g41 fields (27,607 by European officers 
and 2,83,334 by native inspectors). 

151. Theodolite stations to the number of 4,75 1 have been marked by stone 
prisms (2; feet long with 5-inch sides and I inch of the top dressed to a triangle 
having 4-inch sides) giving an average of 6.3 stones per square mile. The total 
cost has been 333,763, of which about R 1,ooo will be recovered from zamindars, 
leaving the remaining cost at the rate of R3-I  1-3 per square mile. 

152. The  area cadastrally surveyed has been mapped on 1,602 sheets, 
imperial size, suitable for reproduction by photo-zincography. The 4-inch work 
on the Fyzabad side of the Gogra, with a line of villages on the other bank 
entered by reduction from the cadastral 16-inch maps, has been mapped on ten 
sheets. The  compilation of the topographical maps of the Basti District, on 
the 2-inch scale, for reduction by photography and ~ublication on the I-inch 
scale, has been commenced, and 9 sections or quarter sheets have been partially 
drawn. The  I-inch map of the whole district will probably occupy 31 of these 
quarter sheets. 

153. The  rate per square mile for the complete work of survey proper is 
R I og- I 2- I ,  which includes- 

l2 a. p. 
For permanent marks . 3 1 1  3 
,, traversing 22 10 o 
,, detail survey . 83 6 lo 

The writing of the record of rights with Urdu khasrn complete with areas, &c. 
has cost 831 ,714  or 82-13-1  per 100 fields ; and the statistics have cost 
836,787 or 83-4-3 per roo fields; or calculating per square mile (which 
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however gives no fair idea of the cost of compilations which depends on the extent 
of the sub-division of properties), the rates are :- 

R. a. p. 
For record of rights . . 40 8 0  
" statistics . . . 4 6 1 5 8  

154. Three junior officers of the Civil Service, Mr. House, Mr. Bower, and 
Icoer Jwala Parshad, were attached to the party for two months under the orders 
of the Government, North-West Provinces, for instruction in surveying, and are 
reported to have attained a sufficient knowledge of the various processes. 

155. The area remaining for cadastral survey in District Basti is about I ,257 
square miles, of which about 732 square miles, containing an estimated number 
of I j lakhs of fields, are expected to be surveyed next field season. For traverse 
survey, the area remaining is only 558 miles ; this will be completed in the next 
season, and it will be necessary that another district should be assigned to this 
party before October 1887. 

156. Colonel Cowan reports that the Settlement Officer, Mr. Hooper, is most 
energetic in assisting the progress of the survey, and the Deputy Collectors under 
him and others of his establishment also further the work in every way they can. 

157. The maps and records of the Benares District are now fully completed 
and some final statistics relating to that district are given in the appendix, page 
xiii. 

158. The recess office of the party was inspected by the Deputy Surveyor 
General a t  Naini Tal during October, and was found to  retain its old reputation 
excellent organization. This party has to be kept a t  a greater strength than 
any other cadastral party onaccount of the very large number of fields to be 
surveyed in Basti ; and great credit is due to Colonel Cowan for the efficient 
manner in which the large establishment is supervised.* 

BILASPUR DISTRICT, CENTRAL PROVINCES. 

(No. 2 PARTY, REVENUE BRANCH.) 
159. This p,arty, which had for 

Personnel. 
Mr. E. J.  Jackson, Officiating Deputy Super- 

intendent, 4th grade, in charge up to 3rd 
November 1885. 

Lieutenant-Colonel E. H. Steel, S. C., Officiating 
Deputy Superintendent, grdgrade,  in charge 
from ath November 188s. 

.merly been employed on cadastral surveys in 
Burma, but latterly on a topographical 
survey in the Shtvegyin District of Burma, 
was transierred to the Central Provinces 
for the cadastral survey of the Bilispur 
District, in accordance with the orders 
of the Government of India conveved in 

Mr. u. 9. Scott, officiating Assistant Superin- 
tendent, 1st grade. 

Mr. F. Grant,  Surveyor, 1st grade. 
., H. Dowman, Surveyor, 3rd grade, up  to  

31st October 18Sj. 
,, A.' Chrislie, Surveyor, 3rd grade, from 1st 

November to 3 1  s t  December 1885. 
,, J. R. Scott, Assistant Surveyor, 1st grade, 

from 1st January 1886. 
,, J. McHatton, Ass15tant Surveyor,  stg grade. 
,, (3. E. Parker, Assis~ant  Surveyor, 2nd 

grade, up to 31st October 1885. 
,, P. A. Peters, Assistant Surveyor, 2nd grade, 

up to zgth October I 89s. 
,, P. C.  H. Smart ,  Assistant Surveyor, 2nd 

grade. 
,, F. W .  Moore, Assistant Surveyor, 3rd  

grade. 
25 Sub-surveyors and  others. 

Revenue and Agricultural ~ e ~ a i t r n e n t  
letter No. &S., dated loth February 1885, 
to the Chief Commissioner of the Central 
Provinces. The traversinp section of the 
party was first brought up corn Burma and 
sent on, slightly strengthened, to Bilfispur, 
where it commenced work on I qth October. 
The permanent members of thk party who 
were to be employed with the cadastral 
sections were brought up later, and they, 
also with some additions, reached Bil5spur 
on 20th November. The  temporary mem- 
bers of the cadastral sections, consisting of 
2 0  munsa~ims  and 200  antins, were enter- 

* Colonel Cownn highly co rnm~nds  the goodservices of Mesws. Hanby  and  Price. who had charge of the 
two cadastral camps, and of Mr. O'Sullivan, who remained d u r ~ n g  the recess a t  Fyzabad in charge of the 
Stntislics office. 

'The o ~ h c r  assictants a r e  reported on a s  follows :- "Mr .  Berkeley has  been in charge of the traverse 
camp since  he beginning of hlarch : hc is a very capable and  \\filling assi\tant. Mr. W;~rwick deserves greal 
commendation lor the rendincss with which he ha5 tnkcn to cadastral work: he has done uselul service both 
in field and recess." " Mr. W. E. Johnson now knows the office work of both travtrse a n d  cadastral 
camps very well, and he has worked d~ligcntly." 

'The lollowing members ol the pcrmnnent native cstnblishment nre said to have done excellent servlce. 
vie . ,  Engl~sh  writer Ibu Hosan, L)rnf~sman Mecr Asjad Ali, Compu~er s  I.nl Mohon Gnngop;ldhia. Sew 
Nnrain, and I<annya I-all, and the fc~llowinp a re  well reported on, win., Sub-surveyors Inayet-oolla, M u n l ~  
Manohar, Tola Ram, Bhawani Pershnd and  Piatandin and  C'ompr~ter Pooran. 

0 1  the temporary establishment, Mr. A .  I) .  1.antnster. Supervisor, is said to have rendered most valu- 
able service boll1 in field and office, and thc following Inspectors nrc said to have worked hard and  showed 
themselves able and trustworthy, vic .  :-Gur~ga Perst~ad, K a l ~ m  Rai, Uoldeo Sahai a n d  Madho Rarn. 



tained in the North-West Provinces, and were collected in the Bilispur ~ i ~ -  
trict on 5th December, by which date boundary plots had been got ready for 
them by the traversing section. The  party remained in the field until the end 
of April 1886, when the heat having become excessive, rendering further field 
operations impracticable, the field establishments were discharged and the 
office establishments were taken t o  Mussooree for recess. 

160. Besides the cadastral survey of the fields, the party was required, in 
accordance with the specification of the Chief Commissioner in letter No. I 

dated 13th January 1885, to Secretary to the Government of India, Revenue and 
Agricultural Department, to undertake the writing of the village papers in prepa- 
ration for a new settlement, on the system which had been adopted for the Basti 
and Gorakhpur Districts of the North-West Provinces. This part of the work, 
usually called " Khanapuri," was entirely new to all members of the party 
except to  Colonel Steel himself and to a few of the mulrsnrims who had been 
sent for a short time to the Gorakhpur Survey to acquire an insight into the pro- 
cedure. Colonel Steel had therefore to set to work to teach the khnnapuri to 
his European officers and to the field-surveying a m h s .  He found it advis- 
able to teach only a certain number of the amz'ns, a s  all were not acquainted with 
Hindi, in which character the village papers had to be written, besides, the num- 
ber of the pntwaris wa5 limited, one of whom had to  accompany the amins when 
the khnnap~lr i  was being taken. About two-thirds of the amilzs were therefore 
employed on field surveying, and one-third, taking up the completed field maps, 
were employed on khannpu7,i. 

161. On this part of the work, Colonel Steel reports thus :- 
" W i t h  regard to  the  detail  of hhnsra  writing, 1 have the  following remarks to  make:  

F i r s t ly ,  the only trustworthy documents which have been completed in the Billspur 
District by the  p a t w a r i s  during the past r 7 years a re  the jamn'bandis of 1868 and 1882-83. 
In the  1x68 jnnrtibnndl', t he  srr land was recorded with greater  truth and accuracy than 
in the  Rlrateoni of 1867, lvhere, from motives of self-interest, it was generally over- 
stated. In 1882-83 an inquiry was made into suits which was conducted under the super- 
vision of Mr. Purshotum Doss. T h e  inquiry, a s  far a s  the employment of such a staff of 
p a t w a r i s  would admit, was excellent. As  a rule, the rest of  the records a re  not worth the  
paper  on which they are  writ ten.  In any  village, 1 invariably enquired for the year in 
which the p a t w a r i  visited the place. Hr had probably been three  or four t i m ~ s  since last 
sett lement,  but on enquiry i f  he had ever been into the  fields, t he  ansnrer was  invariably ' No.' 
In  fact, he  wrote, i.e., copied out,  t he  old papers in the  village, with certain fancy addi- 
tions. In writ ing the khanapur i ,  thcrefore, a s  the  patwar!' papers were  of no value, some 
method had t o  be  devised of finding out the  tenures of new tenants  since the last settle- 
ment.  W h e n  the  first k h a n a p u r i  writing commenced, we tried to ascertain the tenures 
by enquiry in the  field from the  t enan t  and ma(czrzar: w e  were led to  believe from the  
perusal of the  little Raipur  book, that these guileless souls \vould a g r t e  in s ta t ing the 
truth. T h e  absolute opposite was the  fact. Where  the nznl.psav was present,  there  was 
a wrangle over every field ; where  he was  absent and a th ikzda r  present,  he might wrangle 
or  he might not : where  there was an agent ,  his mind, a s  far a s  tenure was  concerned, 
was generally a blank. After much thought and discussion with Mr. Purshotum Doss, I 
devised the  " F a r J  Takikat  " or  list of enquiries, indirect enquiries, into every man's 
tenure ; i ts  use is explained a t  length in the printed khas ra  procedure : suffice i t  t o  say 
here  all difficulties vanished ; the  naked truth,  regarding tenures and possession of sir, 
became apparent,  and the  work progressed. T h e  battle of khasvn writing in the  Central 
Provinces was won. T h e  atnin,  on cornin? into any  field, was able to say, 'whose  field is 
this, ' and  on referring to his list of enquiries ' could add ' you  have cultivated this field ten 
years,  this field before that  was s o  and so's fielrl, and you are  man2zili.' If it were s i r  land 
t o  the  ma lpuza r  or  t o  his agent  he  could say ,  'You  got  this from so and  so  eleven years 
ago,  a s  ye t  you a re  only Khndkasht. '  T ' l~e  soils gave much trouble, not so  much in 
distinguishing them a s  in classifying them, under the heads laid down. These are:- 

Kanhay-Black cotton soil. 
Dorsa-Mixed rice and cotton soil. 
Matasi-Rice soil. 
Kachhar-Sandy loam, on brink of rivers. 
Bhata-Red stony plain 

Now, locally there is a poor f i n h n r ,  callctl ' Glrrri , '  reddisli-orang?, and full of nodules of 
Kanhnr ;  also, a hard stony soil, on whic:h short, poor, thin grass grnws, \vhich is neither 
G u r r i ,  Dorsa ,  nor yct Bhntn.  These  wr rc  tlifitult to place. I n  \\riling t l ~ e  X.hanapurt, 
besides tenants cntlr;lvol~ring to ,yain riglrt of occup;~nc-y Lo whicl) they were not entitled, 
\\.r had to guard against false entries of soil, concealment o i  rents, and  the suppression 
of the fact of the exi5tenc.e of sub-tenants. Resides this, the nzalgrrzar constantly struggled 
to call all Khudkasht ,  S i r ."  
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The above extract shows the nature of the work that had to be done and 
the spirit in which it was undertaken. Colonel Steel found his European officers 
most ready learners of the khanapuri duties and most willing workers. In one 
of his progress reports he states that he and his officers " were in the villages 
during the whole month checking khnsra entries. Great attention was paid to 
this point. The check consists in visiting nearly every s ir  and klztidhasht field ; 
checking soils and crop entries on the spot ;  ascertaining if the status of the 
tenants has been properly recorded ; and lastly, ascertaining, as  far as  possible, 
that the rents paid by the tenants are rightly recorded." 

162. A small hand-book of " Instructions concerning the preparation of the 
"illage papers in connection with the Cadastral Survey of District BilAspur " 
has been drawn up by Colonel Steel, embodying the orders he issued to his estab- 
lishment from time to time during the season as  the work progressed. It  has 
been printed, and it is expected will enable the khanapuri to be continued during 
next season very methodically. 

163. Besides the check of the khanupuri entries, the check of the field map 
was carried out rigorously, the European officers having measured 397 linear 
miles of check survey and the munsarims I ,  I 27 miles. 

164. The area surveyed, lying entirely within the Mungeli Tahsil and included 
in 751 villages, amounts to 763.03 square miles of field survey, of which the 
kkanapuri has been finished of 649 villages in area amounting to 605.69 square 
miles. Of village boundary traverse survey, the whole area which has been 
done is 1,795 square miles, a provision of 1,032 square miles of advance traverse 
work having thus been made for next field season. The number of fields 
surveyed is 474,296, giving an average area per field of 1.03 acres. 

165. The total expenditure in field and office up to 30th September 1886, 
the end of the survey year, has been R1,34,940, from which the following cost 
rates per square mile are obtainable, after apportionment of the details of the 
expenditure to the several parts of the work, viz  :- 

R a. p. 
(I)  Traversing . . 16 2 3 

(Which includes the plotting of the skeleton traverse 
sheets.) 

(2) Marking Stations . 1 8 9  
(3) Detail survey . . . 7 0 2 3  

(Which includes the fair drawing of the original maps 
and copies, also calculation of areas of fields.) 

(4) Khanapuri . . 81 15 5 
(Which includes the completion of the original verna- 

cular records.) 

166. The above results have been obtained during the first season in a new 
district and in an entirely new province by an establishment which had to be 
largely renlodelled and to be instructed in a procedure with which they had 
hitherto been unacquainted, having also to learn the law of their new province and 
to some extent its language; and it is confidently expected that much lower 
rates will be exhibited as the result of next season's working. For the preserit 
season even more favorable rates than those quoted above might very reason- 
ably be claimed by the exclusion from the total expenditure of a certain share 
of 86,783, the cost of a new equipment of tents, also of parts of the expen- 
diture of 816,200 incurred in transporting the party to Bil4spur and in salaries 
during October and November, while only traverse work was being done;  
likewise of part of the expenditure of Rialgoo during December, when the 
cadastral survey was only tcn days in actual progress ; but the proper sums to 
be excluded are difficult of calculation, and, as expenditure of the nature 
referred to has generally to be incurred when a survey party is removed from a 
distant locality and at the same time renlodelled for new operations, no attempt 
has been made to arrive at estimated rates by an estimated reduction of the 
expenditure. 

167. Thc Administration of the Central Provinces have decided not to have 
the cadastral maps of BilAspur printed, as  two copies on tracing cloth will 

F 
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suffice for all requirements. These copies have been prepared and are ready 
to be sent to the Settlement Officer. Besides the original copies of the village 
papers, which consist of- 

Khasra I Milan Khasra 
Jamabandi J lnswara ' 

Jamabandi Abstract, 

the Administration require copies of these to be prepared, but the requisition 
was not received in time to admit of the papers of more than ,100 villages being 
copied during the recess. 

168. The  recess office of the party was inspected a t  Mussooree during 
September by the Deputy Surveyor-General in charge of the Revenue Branch, 
who expresses himself highly satisfied with the state of the records, and who 
desires to bring to notice the intelligent and energetic manner in which Colonel 
Steel has undertaken the introduction of the system of record-writing, combined 
with a cadastral survey, into the Central Provinces, and the high state of effici- 
ency to which he has brought the members of his establishment by his own 
personal exertions in training them.* 

- 

GORAKHPUR DISTRICT,  NORTH-WEST PROVINCES. 

(No. 5 PARTY, REVENUE BRANCH.) 
169. This party, which has continued throughout the year under the charge 

of Major J .  E. Sandeman, returned from 
recess quarters a t  Naini Tal to  resume 

Personnel. field operations in District Gorakhpr  on 
Major J. E. Sandeman,  S.C., Officiating Deputy 

Superintendent,  2nd grade,  in charge. 15th O c t o b ~ r  1885, and remained in the 
C a  k i n  R. A.  Wahab ,  R.E., Officiating Deputy field until 10th April 1886. Mr. E. Little, 

l u  erintendent. 4th grade, from 8th  Nov- Suweyor, was then left in an at em%er 188j  t o  loth April 1886. 
Mr.  E. G .  Little, Surveyor, 3rd grade. Gorakhpur with a suitable establishment 
,. T. F.  ree em an, Asst.  Surveyor, 1st grade. to prepare the statistical tables and Hindi 

Mr.  J. Murphy. d i t to  ditto. 
,, A. W. Smart,  d ~ t t o  ditto. records; and the rest of the party, with 
,, N. Bedford, ditto 3rc1 grade. establishrnent,proceeded to recess a t  Naini- 
,, W. V. Skilling, ditto 
17 Sub-surveyors a n d  others. 

ditto. Ta1 for the completion of the maps, the 
Tempovary Establishment. traverse ~ ~ m p u t a t i ~ n ~ ,  the area computa- 

540 Field surveyors a n d  others. tions and the Urdu khasras. 
170. With the exception of a strip of 

overlap topographical survey beyond the 
district boundary in the Sarun District of Bengal, the work has been a cadas- 
tral survey on the 16-inch scale, combined with the writing of the village papers, 
such a s  have been described in previous Reports. A few changes in procedure 
have however been introduced, of which the following are the most important :- 
Ist-Village boundaries have been surveyed along with the skeleton traverse 
instead of being left to  be surveyed separately for each village with the fields. 
This is believed to have had the effect of reducing the number of boundary 
disputes : there having been fewer disputes this year than during the previous 
year. 2nd-Thejamlibandi in Urdu is now prepared in the Survey office instead 
of in the offices of Deputy Collectors. This has not raised the survey rates, 
and is believed to have saved the expenditure of large sums in the Settlement 

3vd-Alluvial Mahrils are now demarcated a t  time of survey, which has 
-- 

* Colonel Steel, mentioning the names of Mr. G .  B. Scott, Messrs. 8. Grant ,  J. McHatton, J. R. 
Scott, P. C.  H .  Smart ,  a n d  F. W. Moore, writrs a s  follotvs :- 

I~ I have never been associated with a better set of officers, whether it be on account of their general 
knowledge, their work, or the willing s p i r t  in which they have always carried out my slightest suggestions. 
Their hearty agreement among themsel\:es, strong sense of mutual reliance a n d  devotion to their du ty  
during a peculiarly trying year has  wan my eiteem and  respect." 

T h e  name of Mr. G .  H. I<ineley, writer, a n d  the names of computers Reedoy Chunder Doss arid 
Makkan [.all Singh a re  also mentioned by Colonel Steel, on account of the excellent work they have done. 

Finally, Colonel Steel reports a s  follows :- 
( I  I cannot conclude this report without recording the services rendered by my friend a n d  Civil 

Assistant, Mr. Pursholum Doss, Assistant Settlement Officer. H e  had a most intimate kno\r,lcdge the 
people, their customs, and  everything connected with the district. H e  is a man of cxtended knot\zledge, 
excellent ability, a n d  untiring energ I can only say that he ider~tificd himself with our work a n d  placed 
his best servicss a t  my disposal. R a t  there was  no friction bet~veen the Survey a n d  the  country people. is 
mainly due to his excellent management,  a n d  I conclude by saying that my warmest thanks ace due to him 
fo r  his courtesy a n d  ever ready assistance. 
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enabled separate jarnabandis to  be prepared of the portions of villages which 
come under quinquennial settlement. 4th-The preparation of Hindi copies 
of the khasras a t  time of survey by the patwaris has been discontinued. 5th- 
T h e  classification of natural soils has been modified, the fields having been 
recorded under the three classes-of " table land," " slope," and " low land ;" 
instead of being distinguished as  formerly as-" clay!" " loam," or " sand." 
6th-The conventional soil zones of " home-lands," " middle " and " out-lying" 
tracts are no longer marked on the original survey maps. 7th-The typing 
of English names on the maps has been reduced and greater prominence has 
been given to the names in the vernacular. Under directions from the Board 
of Revenue the definition of a " field" has been altered in the Hand-Book of 
Instructions and now stands a s  follows :- 

" A  field is a parcel of land lying in one spot in the occupation of one 
cultivator, held under one title, and generally known by some name in the 
village." 

171.. Major Sandeman continues to advocate the transfer of the " fairing " 
of the village papers from the Settlement office to the Survey office, where he 
believes the work could be done very much more economically through the 
supervision of the European officers. He understands that this work a t  present 
costs 8 6 0  or a 7 0  per square mile, which, as  he points out, is more than the 
expenditure on the original papers. 

172. The areas of completed survey with records by tahsils are shown in the 
following statement :- 

District. Description Number of Area i n  square 1 T a h s i  s c a l e  :;Arve,,, 1 v a g e s .  1 m~les .  

Cadastral, 16- 275'3s 
Gorakhpur . 

Total Cadastral Survey . I ... 1 1,251 1 820.09 

In addition to the above, preliminary boundary traversing has been executed 
for 394 square miles of the Parauna Tahsil and for 346 square miles of the 
Gorakhpur Tahsil. The cadastral area includes 894,028 fields, of which the 
average size is -58 of an acre. 

173. All theodolite stations have been marked either with stones or burnt 
clay cylinders. Stones are used for all stations placed on the sites of village 
boundary marks and for stations a t  half-mile intervals along streams where the 
traverse stations are off the actual boundary. For other stations off the boun- 
dary and for stations in the interior of villages, cylinders are used. The  number 
of stations so marked are 7,756 with stones, and 2,856 xith cylinders, besides 
which, there are the village tri-junctions permanently marked by the Settlement 
authorities a t  the time of the village boundary demarcation. 

I 74. Observations for azimuth to check the angular work of the traverse 
survey have been taken a t  78 stations. The  traverses have been connected 
with 6 stations of the Great Trigonometrical Survey and the triangulation co- 
ordinates have been used for correcting the distances of the measured traverses. 
In two cases of conlparison with the triangulation, the error of the measured 
distances is plus, averaging .g feet per mile, and in eight cases the errors are 
mitzus, averaging 2-03 feet per mile. The surveys to check the cadastral plot. 
ting, executed partly by Assistant Surveyors and partly by native inspectors or .  
munsarims, amount to 1,712 linear miles, on comparison with which the work is 
said to have been found to be very good. The khal~npuri  was also subjected to 
the usual amount of check. The Assistant Surveyors and four head inspectors, 

F 2 
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in addition to the  inspectors over squads of amins, were constantly moving 
about, checking the work, and the returns show that 19,786 fields were tested 
by Assistant Surveyors and 133,) 76 by inspectors, or 1 7  per cent. of the whole. 

I 75. There are 15  unsettled disputes on the boundary of the Sarun District of 
Bengal common with the Parauna Tahsil, maps of which have been prepared 
showing the demarcated boundaries as  well a s  the boundary lines taken from the 
maps of 1837, and forwarded to the Settlement Officer. The  decisions in the 
cases of dispute on the same boundary common with the Deoria Tahsil have 
been appealed against by the Sarun sumindays. A new boundary has been 
demarcated between Districts Gorakhpur and Azamgarh where the Gogra River, 
owing to a change in its course, had ceased to be the boundary. 

I 76. The  cadastral area has been mapped on 1,447 sheets. These will 
be retained in the office of the party pending the Settlement attestation of the 
village records, on completion of which they will be sent down in batches to 
Calcutta to be printed. The  series of sheets on the 4-inch scale, numbering 
23, of the diwnra of the Gogra River, mentioned a t  paragraph 2 a 4  of last 
Report, has been completed. On these, the boundaries of all submerged 
villages, in which rights are a t  present dormant, have been traced from the maps 
of 1837, so that, if  the river again changes its course, and claims for the lands 
in question are made, the maps are ready for relaying the boundaries. The  
traverse projections of  the 2-inch maps of the Gorakhpur District are being 
done in the party office and the drawing of the topography by reduction from 
the 16-inch maps will be done in the Surveyor General's Office. 

I 77. Regarding the cost of the operations, Major Sandeman reports :- 
T h e  out-turn and rates compare well with those of the two former seasons, although 

there is only a slight fall on last year's rates. The old form appearing obsolete, I have 
filled up the one which was adopted for the half-yearly return. The cost of the 16-inch 
field survey has been separated from that for extraction of areas and finishing up of maps, 
and the cost of khnnapuri has been separattd from the cost of completion of the Urdu 
khasras. Thus, it can be seen in both cases how much the field work and how much the 
office work cost separately. 

The rates per square mile during the past three seasons are as follow :- 

1885-86. 1884-85. 1883-84. 
R a. @. R a. p .  P a. p. 

( I )  Stone embedding . . . . . . 10 4 5 
( z l ~ r a v e r s i n g  . . . . . . 20 7 1 1 )  l6 9 30 5 

30 12 4 

(3) 16.inch field survey . . . . . . 
(4) Khanapuri (record of rights) . . . . 
(5 )  Areas (extraction of) and completion of maps . 
(6) Completion of Urdu records . . . . 

1 0 1  1 g 

(7) Hindi records, statistics and roils . . . 38 7 1 1  43 13 10 36 13 5 - - 
170 5 8 171 2 o 177 13 3 - - - 

T h e  rates for the current season include the cost of the preparation of the jam&. 
bandis which were prepared by the Deputy Collectors formerly, so that the rates compare 
more favorably than would at  first appear. This has moreover saved a large expenditure 
in the Settlement office. 

178. Messrs. Winter, Cobb and Lovett, of the Civil Service, were attached 
to  the party during January and February 1886, and were instructed in several 
systems of surveying. 

;79. The Senior Member of the Board of Revenue, North-West Provinces, 
inspected the work in the field on the 95th and 26th January, and the Director 
of Agriculture likewise visited the party on 23rd and 24th March. 

180. Major Sandeman writes as  follows regarding the Civil Officers wi th  
whom"he has been associated :- 

"Again, I have to thank the Settlement Officer, Mr. J .  D. LaTouche, for all the aid he 
has given us ; also the Collector of the District, Mr. Mellor, and the Deputy Collectors of 
Settlement for their co-operation." 

181. The recess office of the party was inspected at Naini Tal during Octo- 
ber by the Deputy Surveyor General in charge of the Revenue Branch, who 
expresses himself highly satisfied with Major Sandeman's government of his 
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large establishments, the efficiency of which is amply testified by the character 
of the records and the regularity with which all the work is conducted. Major 
Sandeman continues his unceasing endeavours to adopt any changes in proce- 
dure which may seem likely to conduce to economical working and to more 
effective collaboration of the Settlement and Survey establishments.* 

KAMRUP AND DARRANG DISTRICTS,  ASSAM. 

(No.  6 PARTY, R E V E N U E  BRANCH.) 
,g2,  hi^ party under Mr. E. C. Barrett resumed cadastral operations in 

District Kimrlip on 10th November 1885; 
Personnel. and at the same time entered District 

Mr.  E. C. Barrett, Officiating Deputy Superin- 
tendent, 3rd glade, In charge. Darrang to undertake the preliminary 

@, J. H. O ' D O ~ ~ I ,  Surveyor, 4th grade, in traversing for a cadastral survey there. 
temporary charges from 5th July to 4th Field operations were brought to a close 
October 1886. 

Mr. D. A. King, Surveyor, 4th grade. on the loth May 1886, when the office 
,, J. connor, Surveyor, 4th grade. establishment returned to recess quar- 
,, J. C. Kelly, Assistant Surveyor, 2nd grade, 

up to 30th June 1886. ters a t  Shillong. The party continued 
,, J. Smith, Ass~stant  Surveyor, 3rd grade. under Mr. Barrett up to the 4th July ; 

24 Sub-surveyors and  others. when, on Mr. Barrettls proceeding on three 

Temporary Establishment. months' privilege leave, Mr. J. H. OIDonel, 

298 Field surveyors and others. the senior Surveyor, was placed in tem- 
porary charge. 

183. The nature of the cadastral operations has been the same as during 
the past two seasons, v z i . ,  a 16-inch field survey combined with the writing 
of a khasrc. These operations have been carried on in the Kimrlip District, 

in the Gauhiti Sub-Division to the south of the Brahmaputra, and 
partly in the Barpeti Sub-Division to the north of the river. The tracts 
surveyed in both sub-divisions, cover a total area of 468.18 square miles, which, 
as will be seen by a reference to paragraph 236 of last Report, is considerably 
in excess of the area expected to be surveyed under a reduced budget grant. 
The total number of fields in both tracts is 147,818 of an average size of 
2.03 acres. 

184. The cadastral survey now completed on the 16-inch scale in District 
KAmrlip is contained in four separate blocks of villages lying two to the north 
and two to the south of the Brahmaputra River, and covers a total area of 
I ,  I 74.39 square miles. The total number of fields surveyed and registered is 
583,426, and the average size of the field over all is 1.29 acres. All the large 
tracts of country under pernianent cultivation in District Kimrlip have been 
surveyed in these four blocks of villages, and it is not contemplated to extend 
the survey to jarigtgllnti mozrzahs, where the cultivation is chiefly fluctuating, 
and where the cost of keeping up the survey records would consequently be 
great. The cadastral survey has therefore been finished in Kimrlip, and next 
year it will be carried on in District Darrang. 

185. Preliminary traverse operations have been confined to the Mangaldai 
Sub-Division of District Darrang, where an area of 474.32 square miles has 
been surveyed in preparation for next year's cadastral survey. In Darrang, the 
unit known as the village did not exist prior to the commencement of these 
operations. The smallest of the main sub-divisions was the mouzah, and as  
mouzalzs cover areas varying from 5 to 30 square miles, it was found necessary 
to sub-divide them into village blocks of convenient size. The new villages 

Regarding the services of the officers serving under him, Major Sandeman writes in the following 
terms : - 

"Captain Wahab ,  R E.. while in charge of the traverse camp, gave me his cordial co-operation lor 
which I am much indebted to him. Messrs. Little a n d  Frcemnn, in charge of the detail camps, have once 
more given proof ol tlicir capacity to manage large survey camp4 successlully and  supervise the prepara- 
tion of the v~llage records as  utell a s  the survey. They, as well a s  their assistants, Messrs. hlurphy a n d  
Bedford, have worked lnost laboriously, and  i t  has  been with the utmost. satisfaction that I have seen the 
special alloa~ances which were recommended lor the.n sanctioned bv Her  hlajcsly's Secretary of Sta te .  
Mr. A. W. Smart surceedcd Captain Waliab, in charge or the trnverje camp, and  I have every reason to 
he s7tislied with the manncr in which lie has q ~ ~ p e r ~ n t e n d c d  the work. Alr. Sk i l l~ng  has done well and  is a 
promising as5istnnt. In the nativc crtnblishments, the fol lo \ r in~ are  deserving of special mention, w i n . .  
f'er,~ia~lei~f Ls/n~lisllmc~?t.-Puran Chand, Nidhn I.al, Joala Pershad, W;lr;s Ali, Cianga Pcrshad, Ghulam 
Gnus I<lian. Jairam Singh, Abdul Hadi,  Lalji hlul Tcm oror)! Esfahlishmcnt.-AbduI Hamid, Jai Narain, 
Hari Singh, Amanal Hosein. Bishambar Sahai, Majibulfa, Ramdatt," 



have been made a s  symmetrical a s  possible, and in area about 600 acres, which 
will admit of their being plotted on one imperial-sized sheet of paper a s  or&- 
narily used for cadastral maps. 

186. The  cadastral survey has been carefully checked by 1,058 linear miles 
of test surveys, of which 429 miles were run by European officers and 629 
miles by native inspectors. The  khasra entries of 14,395 fields have been 
checked by the European officers ; and this work has also been independently 
tested by munsarims and Sub-Deputy Collectors of the Settlement staff. 

187. Over three-fourths of the nmins were natives of the North-West 
Provinces, the remainder being chiefly Bengalis, and only two being natives 
of the Assam Valley. T h e  Hindustani amins as  usual did the largest amount 
of work, but the Bengalis pushed them very closely and their work was quite 
a s  good a s  that of the Hindustanis. One of the Assamese amins is said to be 
an excellent field surveyor. 

188. T h e  triple-junctions of all villages are marked by stone prisms, 3 feet 
long and with I foot sides, which have been adopted as  theodolite stations. 
The  positions of the theodolite stations intermediate between tri-junctions are 
indicated by semal tree branches planted 5 feet north of the station points. 

189. The  season's out-turn has been mapped on 653 sheets, tracings of 
which, with the village khasras, were all sent to the Settlement Officer before 
the end of the recess. 

[go. The  revision survey of the work of season 1864-85 was carried out 
by ten field parties, each consisting of a Settlement munsarim and a Survey 
amin, between 5th November 1885 and 24th February 1886. Out of 396 
villages which came under this revision survey, 136 villages were passed without 
the need of any change whatever. 

191. The  cost rate of the combined operations of settlement and survey 
for season 1884-85, which was stated in paragraph 235 of last Report to be 
8269-13-10 per square mile, a s  arrived a t  partly from an estimated rate for 
revision survey, requires a slight alteration in accordance with the actual revision 
survey rates, a s  now shown in the following statement :- 

Season 1884-85. 

In the following statement for the past season, the revision survey rates 
are approximate :- 

AREA. RATES. 

Per acre. 

JZ a.  p. it a.  p. 
Cadastral Survey, with khasras . 0 5 4  

Survey expenditure . . ... 0 0 1  

Survey (&ttlement expenditure . . ... 1 2 8 9  0 0 4  

Season 1885-86. 

Settlement . . 
Combined operations . 

... 

... 

Cadastral Survey, with Rhasras . . 
Survey expenditure (App.) . 

Survey {Settlement expenditure (App.) 
Settlement . . 

4 9 2 6  

279 15 4 

AREA. 

Square 
miles. 

468.18 
... ... 
... 

RATES. 

0 1 3  

0 7 0 

Combined operations . . IT 

Per square 
mile. 

R a. p. 
19915  6 

2 8 10 

1 2 8 9  
4 8 5 4  

~ 6 ~ 6 ~  

Per acre. 

R a .  p. 
o 4 1 1  
0 0 1  

0 0 4  
0 1 3  

0 6 )  
-. 
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192. The  Chief Commissioner of Assam, Mr. W. Ward, visited the Survey 
camp a t  Rangiya during February, when he was shown over the camp offices 
and the procedure adopted by the Survey was explained. 

193. Mr. Barrett makes particular mention of the great assistance rendered 
to  the party by the district officials of KAmrlip and Darrang, to whose excel- 
lent arrangements he ascribes the entire absence of all friction between the 
Survey establishments and the village people in either district.* 

MOZUFFERPORE DISTRICT, BENGAL. 

(No. 8 PARTY, REVENUE BRANCH.) 

194. This party was transferred from Burma to Bengal for the purpose of 
undertaking in the District of Mozuffer- 

Pevsonnel. pore, in Behar, under the Bengal Tenancy 
~ieutenant-Colonel W. Barron, S.C., Deputy 

Superintendent, 2nd g rade ,  in charge, from Act (''I1 of 1 ~ ~ 5 ) )  an cadas- 
16th November 1885. tral survey with the preparation of a record 

Mr. W. A. Wilson, Surveyor, ~ n d g r a d e ,  intern- of rights, which was sanctioned in letter 
porary charge, from 19th October to 15th 
November 1885. NO. 214-97-lS., dated 1st June 1885, 

,, R. B. Smart, Surveyor, 4thgrade1 intern- from Secretary to Government of India, 
porary charge, to 18th October. 

,, T. Shaw, Assistant Surveyor. 1st grade, Revenue and Agricultural DepartmentJ to 
from 18th January 1886. the Surveyor General of India. The  party 

I s  reached Mozufferpore on the 13th October 
,, B. R. Hughes, Asss t an t  Surveyor, 2nd 1885, under charge of Mr. R. B. Smart, 

grade. 
,, A. B. Smart, Assistant Surveyor, 3rd 

and after having been intermediately held 

grade. 
in charge by Mr. W. A. Wilson, the senior 

,, C. G. Lee, Arsistant Surveyor, 3rd grade, Surveyor, was finally made over to Lieute- 
from 1st March 1886. nant-colonel W. Barron on 16th November 

23 Sub-surveyors and  others. 1885. Several transfers of Sub-surveyors 
Tempo~ary Establishment. from other parties had to be made so as 

132 Field surveyors a n d  others. to bring the permanent establishment 11p 
to proper strength for the traverse work. The  temporary establishment brought 
from Burma formed merely a nucleus of the full strength required for the cadas- 
tral survey and had to be largely added to at Mozufferpore. The  traverse survey 
was begun on 16th October and was closed on 15th April. The  cadastral 
survey could not be taken in hand until the first week in December, and owing 
to this late date of beginning operations, the work had to be continued into the 
month of July. Fortunately the rains were late and the season was favourable 
for the men staying out, otherwise the field season could not have been so 
long protracted. The  party recessed a t  Mozufferpore. 

195. The cadastral survey was as usual done with reat minuteness, every 
feature being represented which could be shown on Hhe ordinary scale of 16 
inches to a mile, which scale had however to be increased for the sake of greater 
clearness in the case of a few villages near the station of Mozufferpore to that 
of 24 inches to the mile. The unit of separate measurement and separate area 
calculation was the " field," defined as, " being the plot separately assessed to 
rent under existing arrangements and in occupancy of the same ra+at." In tho 
village sites, the houses, which are generally scattered with small plots of Ian6 
attached, have each been treated as a separate " field." 

196. The chief papers which have been prepared for the record of rights are 
the khnsru or general village register of all the fields, and the khatian, or separate 
register of the fields of each tenant. In both of these the record for each field 

Rrgnrding the services of his establishment, Mr. Barrett reports a s  follo\rfs :- 
Mr. O1l>onel was in charge of a Cadastral Camp throughout the year, and in addition to  his own 

duties held temporar clial-ge of the party during the three months that Mr.  Barrett was on leave. I t  need 
only be said of hlr. 8 ' ~ ) o n e l  that  he has quite upheld his previous reputation in the department. Mr. 
King, who also snperviqed a cadastral camp, has  given entire saticfaction. Mr. Connor worked very hard 
throughout the ycnr, and  has  brought the compu~at ions  of the traverse work well up to date. Messrs. 
I(elly and Smith did excellent service during the field and  recess seasons. Mr. Kelly was transferredto the 
Forest Dcpartment on 1st July. 

The  followi~ig memhers ol the professional establishment are  deserving of mention for steady hard 
work :-Sub-.;urvcyors Mohan Sing, Tnjjuddin, Sakhawnt Hossein, and  I<hurshed Hossein. Computers 
Saroda Proshad Chuckerbulty, Ganga Ram, and Janardhan Rno, and  Golani Hyder  Khan, Draftsman. 
Bahu S i ~ a n a t h  Chuckerbutty, cadastral supervisor and  hcad writer, has worked throughout the year with 
zeal and stendincss ; his services are  again brought t o  f a v ~ r a b l e  notice. T h e  following cadastral hands 
have also done \\ell :-Jhunni Lall, Balbhadria, Haraknarain, and Kedarnath. 
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includes the names of four vazjats of adjoining fields, so a s  to describe the 
position of the field irrespective of the map. 

197. The  soil has been recorded under the headings of " Dhankatz" and 
" Bhit" with a distinction between first and second classes of each where such 
could be ascertained. The crops have been recorded under three harvests, viz., 
" Bhadoi," "Rabi" and " Aghani;" and where there were mixed crops, the 
proportions of the different cereals sown have been estimated. 

198. A system, unknown in cadastral surveys elsewhere, has been adopted 
of having the areas of the " fields" computed by the field surveyors   am in^) and 
communicated to the vn@ats on the spot. 

199. The  area in which the cadastral survey and record of rights have been 
completed is shown in the following statement :- 

Pargana. 

Bisdra 
... 

Tappa. No. of villages. 

Chakla Nai 
Bhatsala 

No. of fields. 

The above includes the whole of Tappa Chakla Nai, except 3 or 4 square 
miles within the Mozufferfiore Municipality. Of Tappa Bhatsala, about go square 
miles are left unsurveyed. The  boundary traverse survey, besides the area 
cadastrally surveyed, embraced the remaining part of Tappa Bhatsala, part of 
Tappa Chakla Garjaul of Pargana Bisbra, and Pargana Gadehsar. An area of 
389 square miles has thus been prepared for a continuance of the cadastral 
survey. 

200. The  survey was checked by 1,156 linear miles of test surveys, of which 
327 miles were run by the European assistants and head inspectors, and 
829 miles by the squad inspectors. The  entries in the khasvas were checked 
for I 78,784 fields, of which the assistants and head inspectors checked 
50,055 or 9 per cent. of all the fields, and the inspectors, 128,729 or 22  per cent. 
of all. For the traverse survey, observations for azimuth were taken at 75 stations 
and connections were made on five stations of the Great Trigonometrical Survey. 
By means of the latter seven comparisons were made between triangulation and 
traverse distances, showing that the chaining had an average error of 1.7 feet 
per mile. 

201. The  permanent demarcation of village boundaries has been done partly by 
the settlement establishment and partly by the surveyors. The former establish- 
ment began the work before the arrival of the Survey, and while carrying out the 
erection of temporary marks at all the bends of the boundaries, undertook to place 
stones a t  the tri-junctions. These stones were supplemented by the surveyors who 
first began by placing other stones of a smaller size at all the boundary theodolite 
stations ; but, afterwards, the plan of marking all the stations with stones was 
relinquished on account of the expense, and stones were placed only a t  a certain 
number of selected stations, inexpensive pottery cylinders being substituted for 
them a t  most of the stations. The  traverse surveyors overtook the settlement 
establishment engaged on the temporary demarcation and on fixing the tri-junction 
stones, and in Chakla Garjaul they surveyed the boundary traverses with the aid 
of the old Revenue Survey maps without previous demarcation, placing also the 
tri-junction stones. The  village boundaries were first surveyed as pointed 
out by the village authorities and afterwards compared with the maps of the 
old Revenue Survey in accordance with which the boundaries had to be mapped. 
The comparisons showed that, except where there had been river action, the 
old boundaries had been well preserved. 

202.  The total expenditure on the survey from the time the party was trans- 
ferred from Burma up to 30th September 1886, which is the conclusion of the 
suwey year, was 431~23,566-5-9. In this, Iiowever, as reported by Colonel 
Barren, are included several items of expenditure that occur on the moving of a 
survey, from one district to another, also a charge for a new equipment that does 
not occur every year, and the pay of men non-employed, which may be called 

AREA. 

I Acres. Square miles. 
R E M A R K S .  
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loss of strength, before the survey was fairly started. These items are tabulated 
by Colonel Barron a s  follows :- 

R 
Pay prior to  15th October . . 2,110 
Travelling allowances from Calcutta . . 1,488 
Carriage of equipment from Burma . . 1,308 
Cost and carriage of new tents . 5,633 
Loss of strength a t  beginning of field season . 2,990 
Cost of surplus mark-stones . . . 600 

Total . 14,129 
-- 

Deducting the above preliminary and extraordinary expenditure, the cost of the 
work be reduced to I2 1 ~ 0 9 , 4 3 7 - 5 - 9  and the following tables of cost rates 
o n  the completed area of 413 square miles-(I) without deducting the extraor- 
dinary expenditure, and (2.3 after deducting this expenditure, are arrived at : 

( I )  Without deductions- Per square mile. Per acre. Per field. 

R a. p. a. p. R a. j .  
Stone embedding . . 1 4 2 1 1  0 0 4  0 0 2  
Traversing . , 2 8 1 3 3  0 0 9  0 0 4  
Lletail Survey . , 9 7 1 1 1  0 2 5  0 1 1  -- 

Total for Survey . 140 2 I o 3 6 o I 7 

Records (Khanapuri) . . 5 9 8 1  0 1 6  0 0 8  
Completion of records and statistics, 

~n office . . 6 9 8 7  0 1 8  0 0 9  

Total for records . 129 o 8 o 3 2 o I 5 -- 
GRAND TOTAL . 269 2 g o 6 8 o 3 o 

-- 

(2) With deductions- 
Stone embedding . . 1 2 3 x 0  0 0 3  0 0 1  

Traversing . . 2 5 1 4 7  0 0 8  0 0 3  
Detail Survey . . 8 8 3 2  0 2 2  0 x 0  -- -- 

Total for Survey . 126 5 7 o 3 I o I 4 - 
Records (Khanapuri) . . 5 3 1 3 2  o I 4  0 0 7  
Completion of records and statistics, 

~n office . . 57 8 1 0  o I 5 0 0 8  -- 
Total for records . I 11 6 o o 2 g o I 3 -- -- 

G R A N D T O T A L  . 237 1 1  7 o 5 10 o 2 7 
- 

203. Colonel Barron further reports a s  follows :- 
"Several reasons have already been mentioned why the cost rates are high for this 

season, such as  the first season in a district, the necessity of training an establishment, the 
short out-turn which renders the cost of superintendence greater per square mile than 
when spread over a larger area, &c. Others may be noted, which would always have 
a tendency to make the work in Behar cost more than in the North-\Vest Provinces, viz., 
( I )  The village sites: tlie houses in Behar are not on one compact site, but are  
scattered about with cultivation between them ; hence instead of being able to  treat the 
village as one number, as is the case in the North-West Provinces, the houses and inter- 
mixed cultivation have to be treated as separate fields and cach to be recorded under its 
own numbrr and patli. (2) The records: thc Xphasrn and khai'ia)l forms are  more 
complicated than those in the North-West. The boundaries of the fields have to be 
recorded in both documents by giving the names of four raiynts on the four sides of the 
field, and the crops have to be tabulated and calcr~lated for three harvests instead of for 
two. The arnius have no palwaris to writc the khnsrns and khnlinns, and they have 
besidcs to takc out thc areas of the fields on the spot for the satisfaction of the ralyats." 

"With a \\.ell traincd establishment, the extra cost of these things would be reduced 
to a minimum, but there \vould still remain thc cxtra expenditure on labor which has all 
to be paid for. T l ~ e  omins Iiad to be provided with four chain-and-flag-men instead of 
one or two, because they could not dcmand labor from the villagers. During last season, 
while the cost of the nluins was Rrg,goo, and their nro/zarvirs 82,665, the cost of their 
chain-mrn was R 16,570." 

"During next field season, i f  work had continucd in District Mozufferpore, a consider- 
able reduction in tlie cost rate would have been cffectcd. A trained establisl1ment-would 
have started a t  the beginning of the field season, and a lull out-turn of 800 scluare miles 

C 
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or more bf interior survey would havc been accomplished, thus reducing, per square mile, 
the cost of European superintendence by nearly one half, and  lessening the scluare mileage 
rate under  this head by about R 15 to a20 ; also the charge for nzohnurirs would have ceased, 
and  an endeavour would have been made to obtain some assistance from the villagers, or 
by paying by the day to secure cheap labor when wanted. 'The stones for marking 
stat~ons would have been sparingly used and clay cylinders would have been substituted, 
thus reducing the cost of marking stations by about Rro. Altogether it was considered 
probable that the cost for next season would have been less than 5 annas an acre or below 
8 2 0 0  a square mile." 

204. There are 734 cadastral sheets comprising the season's out-turn, of 
which simple manuscript tracings have been supplied to  the Settlement Officer 
for immediate use, but the question of the printing of the sheets is un- 
decided. The  sheets have been prepared with titles and adjoining names in 
the  Devanagari character, the only English writing being the name of the 
village entered alongside of the Devanagari name in the t~ t l e .  General maps 
(on the 2-inch scale) of the area cadastrally surveyed have been projected, but 
the drawing still remains t.o be done. 

205. During the field season, Messrs. Walsh and Coxe of the Civil Service 
were attached to the party t o  be instructed i n s u r v e y i n g a n d i n i ~ r i t i n g u ~  therecords. 
They each surveyed one village and superintended the writing up of its records. 

206. On account of the different procedure in many matters connected with 
the preparation of the record of rights in Bengal from that in vogue in the 
North-West Provinces, the nature of thz tenures being also different, Colonel 
Barron found the Hand-Book of Instructions which he had drawn up for the use 
of cadastral survey parties in the North-West Provinces to  be unsuitable for 
Mozufferpore, and he has drawn up a new edition specially adapted for 
Mozufferpore, but believed to be suitable for Behar generally. The  edition 
has been prepared both in English and in the vernacular, the latter having been 
printed in the Persian character. 

207. Although it ivas known in October 1886 that  the survey of Mozufferpore 
would be stopped, yet it was not known whether the survey of an area of about 
95  square miles might not be required t o  complete Parganas Chakla Nai 
and Bhatsala, or n~hether the records of the part surveyed would be com- 
pleted before the party left Mozuffer~ore. The  office establish~nent therefore 
worked on during October. In the beginning of November the traversing 
section of the party mas sent to Czlcutta t o  begin the town survey there, but 
the section employed on the maps and in co~np i l~ng  the records were kept a t  
work a t  Mozuffer~ore till 20th November, when final orders were received to 
close the survey absolutely. Part of the establishment was then paid up and 
discharged, and the rest transferred to Calcutta and to Sunlterpore, a ward's 
estate in the Dinagepore District which was opportunely made over for survey. 

208. Before the survey was stopped, there had been sent to the Settlement 
Officer the records of 591 villages containing 474,047 fields with an area of 
204,293 acres or 319.21 square lniles. Of these, 235 villages have subsequently 
been published in the Gazette to  be settled under the Act. They contain 
139,929 fields with an a.rea of 58,967.86 acres, or 92.14 square miles; and to 
these alone urill the full benefits of the survey and settlement under the ~ e n ~ a l  
Tenancy Act apply. 

209. T h e  expenses incurred since 30th September 1886 have amounted to 
87,707-12-3 which amount added to the expenditure of B1,23,566-5-9 prior 
to  30th September, gives the total sum of R1,31,274-2-0 as the entire cost of 
the experimental survey. A great pitrt of this outlay has been incurred on 
account of m;lps and recortls that are now useless, though it  nay be hoped, 
on ly  temporarily so. These comprise the cadastral maps and the vernacular . . 
village records of the area (95  square miles included in 65 villages) relnalnlng 
to be given to the Settlement Officer, of which the field area calculations are 
nearly finished; and the  skeleton traverse   lots of about goo villages surveyed in 
advance for another s e a s ~ n ' s  cadastral survey. The  incorn~lete village records 
have been m;1de over in the state they ivere in when the work was stopped, 
to the Settlement Officer a t  Mozufferpore ; and all the original cadastral maps, 
along urith the skeleton preparatory traverse plots, will bc deposited in the 
Surveyor General's Ofice in Calcutta. 

210. The camp ofice of the party was inspected by the Deputy Surveyor 
General in charge of the Revenue Branch a t  Mozuffcrpore on 15th March 1886. 
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T h e  Deputy Surveyor General  considers tha t  very great  credit is d u e  to  Colonel 
Barren for the amount of work h e  accomplished with a new establishment 
and in face of considerable difficulties accompanying t h e  introduction of a 
cadastral survey with record of r ights into a permanently settled district in 
Bengal. Colonel Barron's good services mould, without doubt,  have been more 
conspicuous had h e  been allo\ved to carry out  the  arrangements he  had made 
for undertaking a very much larger a rea  during a second season. T h e  special 
Hand-Book he has  coinpiled for cadastral survey with ~ r e ~ a r a t i o n  of village 
papers in Behar will, it is believed, be of great  value in future cadastral  
survey operations in that  part of the  Bengal Province, a s  well a s  of much 
assistance in similar work in Lower Bengal." 

T R A V E R S E  SURVEYS.  

A J M E R E  D I S T R I C T ,  RAJPUTANA.  
(DETACHMENT NO. 3 PARTY, REVENUE BRANCH.) 

2 1 1. T h i s  detachment, a s  explained in ~ a r a g r a p h  158 of last  year's Annual 

Pevsonnel. Repor t ,  was left in District Ajmere, on the  
withdrawal of the  full party which had been 

Mr. A. J. Gibson, Surveyor, 2nd grade, in 
charge, from 1st November 1885. employed o n  the survey of t h e  k l ~ a l s a  villa- 

Mr. F. R. Powell, Assistant Surveyor, 3rd g e s  during the  previous season, for t h e  pur- 
grade, from ~ 3 r d  September 1886. pose of surveying the  boundaries of the  

10 Sub-surveyors a n d  others. j a g i r  villages mixed up  \vith the  khalsn 
villages but of which t h e  survey had not been sanctioned until receipt, during t h e  
recess season, of Government of India, Revenue and Agricultural Department,  let- 
ter No. 241s . )  dated I I th June 1885. Besides the jag i rv i l l ages ,  t h e  Government 
of India, Forrign Department, telegram No. 994-1.) dated 25th March 1886, 
sanctioned, on t h e  recommendation of the  Chief Commissioner of Ajmere- 
Merwara, t h e  survey of six minor z'sti7n~ar (permanently sett led) villages. 

212. T h e  dethchment was placed under the  charge  of Mr. A. J. Gibson, 
Surveyor, 2nd grade,  and it arrived in Ajmere from Mussooree (the recess quarters 
o f  the  party from which it was drawn) on 1st November 1885. Lieutenant- 
Colonel E.  H. Steel ,  Deputy Superintendent, who had charge  of the  Ajmere- 
Merwara survey during t h e  previous sea.son, though transferred to another pro\:- 
ince, was directed to exercise a general supervision over the detachment.  

213. T h e  work has  consisted, a s  hitherto, of the  construction of a \,illage 
traverse basis suitable for being used for a survey of t h e  fields by pntrunris, added 
to which there has also been a survey of the actual  boundaries of the  villages, a n d  
skeleton maps  showing both traverse stations and boundaries have been projected 
and  drawn. T w o  copies of each skeleton map  are prrpared ; one copy is for 
t h e  use of the  patwavz'workingunder the  Se t t l e~nen t  Officer, and the  second copy 
is  intended to  serve for a standard from which other copies may be taken either 
by photo-zincogr;lphy or otherwise whenever a revision of t h e  p a t a ~ ~ z r z " ~  first survey 
is required. Tlie skeleton m;lps, a s  first drawn, are ,  ho\vever, not  considered 
final, a s  it is found that  differences in the  boundaries a re  obtained during t h e  
more complete survey o f  fields by the  pnt~n7,i .r~ and  the  standard copies of t h e  
maps  are amended when necessary on receipt from the  Sett lement Officer of a 
corrected tracing o f  t h e  discrepant parts  of the  boundaries. Tlie final computa- 
tions o f  villnge areas must also be deferred until the  slietclies of the  discrepancies 
have Seen received. 

2 1 4 .  T h e  det;lchment has  surveyed, during t h e  past season, 51 jf,qb 
villages and 6 z'sflnt~-nv villages, comprising an  aggregate  area of 2 4 3  square m~les .  
T h e  oltl traverse stations of the  fil/nls(r vi1lagc.s have been a\:nil;lble for a large 
part  of the tr;\vt,rsing. Thcy  have bern supl>lcmcntetl bv 2 ,019  nc i stat ions 
~vliich a s  U S I I ; ~ ~  li;l\.e bccn ~ n a r k e d  ~ ~ i ~ l i  special stones,  1.6"~  6" x 4", ]laving a 
d i s t in~ t~ i sh ing  mark cut on them. T h e  bound;~ry  pill.-rs were usu;~lly sub- 
stantial slabs of stonc, ernbedded firmly in the ground, but o r c a s i o n ~ ~ l l ~  piles of 

~ . -  - - - - 

* Ccllonrl Rarron rcprlrls ih;\t the E u l - l ~ p e ~ n  st:ifr 01 [lie pnrty l i : ~ \ c  :111 wcrlicd well, mentioning the 
names oI the .cnil~rs. Rlc-srs \\:ilson. R. I { .  S11i:r~t 2nd Sli:~\v. : I I I ~  t1.c junior< hlcs-r- Ifughes. A .  B. 
Smart :In11 I.ec, in crlnncclion \\it11 ~ l i c  sllnl-cs they rccpccti, cly (11r11c in  he diilercnt opc r :~ t inn~ .  

I'n\ol~l-;lblc ml ntinn ic  ~ n n d c  of tlic f o l l ~ n i i n ~  nlcmlxrs vf thr: nnti\ .  c s t : ~ l ~ l i s h m ~ n t ~ ,  viE. ,  of the  
perm:lncnl csl:ll~lishmcnt. Sl~nilth Abdullnh. I 'y.~ri R ~ I I I ,  Rlnnolinr I,:III, C;ung:~ ; l i s l ~ ~ . n ,  Shnm~l l r l i n .  
S:ililc linnl, nncl ( ; ;~i .~r lhnr .  ()I thc trl1ipor:lry c.s~nl,lish~iicnt, 1sl1.1r C:ll:>nd:ir. J ;~nl<cc k 'n~.~hnd,  Amir 
Khan,  li;lnny I<nie. Jownl:l Parshad, Clictl.am, I<;lghubir Saran,  Abtlul R l . ~ j i ~ i ,  a n d  13llilihan I<llan. 
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loose stones had been erected instead, which gave much trouble owing to their 
having been frequently moved during the survey. Manv of the boundaries lay in 
very rugged country, where it was extremely difficult to  obtain good chain 
measurements. One forest reserve has been surveyed on the 4-inch scale a t  the 
request of the Forest Department, and the map of the same along with 20 other 
Forest maps surveyed during the previous season, have been sent to the local 
Forest Officer. The  57 villages comprising the season's out-turn have been 
mapped on 266 sheets, copies of which were duly furnished to  the Settlement 
Officer, but a s  yet the sketches of discrepancies of the boundaries due from that 
officer have only been received for two villages, so  most of the standard sheets 
are not finally disposed of and their areas are not computed. 

215. The  standard sheets o f  the khnlsa villages of Ajmere surveyed during 
the previous season have been amended according to the patwaris' surveys of 
the boundaries, and the final areas have been furnished to  the Settlement Officer. 

2 16. The amendment of the boundaries on the sheets of Merwara surveyed 
during the previous season, according to the corrected tracings sent by the 
Settlement Officer, has been carried out in the office of the Raiputana Party which 
was engaged on topographical work in that part of the Ajmere-Merwara District ; 
but the boundary amendrnents only have been done, and the final computations 
of area still remain. Since the breaking up of the Ajmere detachment, these 
computations have been carried on in the Surveyor General's Office by computers 
brought down from one of the field parties for the purpose. 

217.  A recommendation was made by the Chief Commissioner, Ajmere- 
Merwara, in letter No. 589-562-11, dated 5th June 1886, to the Secretary to the 
Government of India, Foreign Department, for the extension of the village 
boundary survey to the istimrar (permanently settled) villages in Parganas 
Bhinae, Masuda, Kekri, Khirwa and Pis3ngan of District Ajmere, which cover an 
area of about 1,240 square miles or more than half the district. T h e  Govern- 
ment of India were prepared to sanction this survey on the understanding that 
the cost would be defrayed by the /stimmrdars, (Government of India, Foreign 
Department, letter No. 3084-1, dated 30th August 1886) ; but on the /stz'mrardars 
declaring to the Chief Commissioner their inability to  meet the necessary ex- 
penses, the project was given up. 

2 I 8 .  The  recess office of the detachment was inspected a t  Mussooree during 
September 1886, by the Deputy Surveyor General in charge of the Revenue 
Branch, who was satisfied with the pains being taken by Mr. Gibson to ensure 
accuracy in the records.* 

JUBBULPORE AND DAM011 D I S T R I C T S ,  CENTRAL PROVINCES. 
(No .  g PARTY,  R E V E N U E  B R A N C H . )  

219. This party, which has been formed on the remnant of the Malwa 
Personnel. Topographical Party as  a nucleus, has 

Mr. W. H .  Pntler~on,  0 f f i c i a t : n ~  ~ e p u t y  been raised in accordance with the instruc- 
Suprrinten+nt, 4th grade, incharge. UP tions conveyed in letter NO. i,%S., dated 
to ztth October 188.5. 

,, G .  H .  Cooke, Olticiating Deputy S ~ ~ p e r i n -  and September 1885, from the Secretary to 
lende~lt,  3rd grade, in charge, from 27th the Government of India, Revenue and 
Oilober 188.5. 

,, J. A.  May, Sur~.eyor, 1st grade, up to jth Agricultural Department, to the 
November 1885. General of India, to carry out a village 

,, J .  Todd, Surve or, 2nd grade. 
,, Do,vman, L r v e y o r ,  3rd grade, boundary traverse survey in the districts of 

1st November 1S8j .  Jubbulpore and Damoh to constitute a basis 
,, J. T. U. Coxen, Surveyor, 4th grade, from for a Survey of the fields to be done by the 1st Novcmbrr 1835. 
,, R ,  H. ~ ~ , ~ k ~ ~ ~ ~ ~ ,  ,\ss.Ptant s ~ ~ , , ~ ~ ~ ~ ,  Ist patw~zris of the respective districts. The 

grade, up to 3cth April 1886. members of the party, many of whom were 
,, G .  Vanderbeck, A=sistant Surveyor, 1st 

gradr, up to 31't CIctoScr I S H ~ .  newly entertained, while some were trans- 
,, E. P. S. ~ 1 1 1 ,  Acsist;lnt Surveyor, rqt fers from other parties, began to assemble 

grade, from ?nth Apr:l 1SS6. 
,, C. George, Assistar.t Survcyor. and gradc, a t  Jubbulpore on 1st November 1885, and 

UP to 3 1 s '  Oc~obcr 198j .  were there distributed into two sections, 
,, J A. Higgs, r\sjictant Sur\eyor, 2nd both of which the two senior Sur- 

gr.ide. up to 3, th Jr~nc 1836. 
,, A, Ew ng, A s s ~ s ~ : , n t  znd gratle,  v~:yors comrn~nccd operations in the two 

from I S I  hovt.rrbcr I 385. districts simultaneously on 20th November. 
35 Sub-surveyors and others. Field worlc was continued until the end of 
- -- -- -. .- - -~ - 

Mr. Gibson reports most favourably on the services of Sub-surveyor Abdul I<arim. 
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May, when the office establishments of both sections proceeded to Mussooree 
for recess. 

220. The  requirements of the Chief Commissioner with regard to the tra- 
versing :Ire laid down in letter No. 226s.) dated 8th April, from the Officiating 
Junior Secretary, addressed to the Secretary, Government of India, Revenue 
and Agricultural Department, in which letter the Central Provinces experiment of a 
survey of blocks of fields is finally condemned, and two matters of essential 
importance to secure an accurate field survey by patwaris are mentioned, viz., 
( I )  The  traverse lines must follow village boundaries closely. (This was after- 
wards explained to mean that the lines should be suflcientl'y near the boundary 
marks to enable thepatwnris loplot them by ofsets without dzficulty). (2) The  
traverse stations must not be more than 30 chains apart. These two points 
have been strictly attended to, and while the specified distance of 30 chains 
has never been exceeded, the average length of the traverse lines is 15  chains. 
The  distance of 30 chains has also been adopted as  the interval a t  which the 
sub-traverse lines have been placed in large villages to  cut them up into polygons 
of suitable size to constitute a frame-work for the survey of the fields. Another 
stipulation made by the Administration of the Central Provinces was for all the 
traverse stations to be marked in a substantial manner. This has been attended 
to in the first place by adopting the existing masonry marks a t  village tri- 
junctions as  traverse stations, and, secondly, by placing a t  all other stations a 
roughly-cut stone prism, 2 feet long by 6 inches in thickness. Sometimes the 
bends of the village boundaries were found to be marked with slabs of stone, 
instead of with mounds of earth, and where these slabs existed, the use of the 
special stones was saved ; but boundary demarcation of this kind is not common 
either in the Jubbulpore or Damoh District, and stone marks had almost univer- 
sally to be adopted and put down by the surveyors. The  number of stones put 
down in both districts was 32,097 a t  a total cost of 85,571, the average number 
of stones to the square mile on the area surveyed being r4+ and the average 
cost Rz-8 per square mile. The  cost does not include any share of the pay 
of the men engaged on the survey who put down the marks a s  part of their 
survey duties. 

2 2  I .  The following statement shows the work which has been done in the 
two districts separately :- 

The total cost of the operations up to 30th September was 876,012 which 
gives a cost rate per square mile of 834-5-1. Excluding 8S157 I ,  the cost of 
the stone marks, and an unusually heavy expenditure-R2,564-for line-clearing 
due to the jungle-clad country, the rate per square lrlile is reduced to R3o-10-4. 

222. The  number of skeleton sheets on the 16-inch scale, on ~vhich the 
village traverses will be plotted for the pntwari survey, is estimated to be over 
4,000, but the plotting is somewhat delayed owing to the difficulties that have 
been met with in bringing up the computations of the very intricate traverses in 
the hilly and r~v iny  tracts. Copies of the traverse data of the villages and 
area statements of the village polygons are being prepared for record in the 
office of the Co~nmissioner ot Settlements and Agriculture. 

223. In the programme for traverse surveys in the Central Provinces, a s  de- 
tailed in letter No. 560S., dated loth August 188j, from the Officiating Junior 
Secretary to the Chief Comtnissioner, to the address of the Secretary to the 
Government of India, Revenue and Agricultural Drpartment, the areas for 
survey in Jubbulpore and Dan~oh are set down a t  3,550 and 1,938 square miles 
respectively. These areas are found to be exclusive of the areas of the forests 
which, it had been expected, need not have been calculated with the areas for 

% 

District. 

Jubbulpore . 
Damoh . 

TOTAL . 

- - 

No. of sub- 
[raverses. 

1,162 
653 

1 ,915  

No. of 
villages. 

864 
5'9 

1,383 

- --- 

Area. 
Square rn~les. 

965 
1,250 

2,215 

REMARKS. 
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survey, but the  forests are so much intermingled with the village lands that 
they have to be traversed in the same may a s  villages, except that they have not 
to be cut up by sub-traverses ; and thus adding the forest areas, the real areas 
for survey are :- Jubbulpore, 3,948 square miles ; Damoh, 2,831 square miles. 
Deducting what has been done, the areas remaining are :-Jubbulpore, 2,983 
square miles ; Damoh I ,581 square miles. 

224. T h e  office of the Jubbulpore section of the party was inspected by the 
Deputy Surveyor General in charge of the Revenue Branch in camp at Jubbul- 
pore during March ; and again, the recess office of the whole party was inspect- 
ed by the same officer a t  Mussooree during September. The  Deputy Surveyor 
General found that very great pains were being taken to ensure accuracy in 
all parts of the work, and he considers that the progress made towards the 
completion of the computations of the traverses of a difficult country with a 
new establishment was satisfactory." 

PUNJAB PROVINCE. 

(No. I PARTY, REVENUE BRANCH.) 
225.  This party, under Lieutenant-Colonel F. Coddington, having closed its 

recess office a t  Simla on 16th October 
Personnel. 1885 and collected its field establishments 

Lieutenant-Colonel F. Coddington,  S .C. ,  
D e  uty Superintendent,zndgrade,incharge. at  Ludhi6na 24th October) in 

Mr. h. E. .r. I<eelan, Surveyor, 1st grade, two sections into Districts Ludhifina and 
from 2znd October "'5 to  'qth *pri' lSs6. Urnballa for a continuance of the operations Mr. J. S. Pemberton, Surveyor, 2 n d  grade, 
f rom ~ 1 s t  October 1885. of the previous season. The  operations 

Mr. C. W. \Vil.;on, Asst. Surveyor, 1st grade, Were subsequently extended into Districts ,, G.  Campbell 1st ,, 
P. Barker 2nd ,, Jullundur, HoshiArpur, and Gurdispur and ,, & ,, . P. Walsh  3rd ,, into the Kapurthala State. Field opera- 

from 4th March 1886. 
30 Sub-surveyors, &c. tions \\,ere continued by one section up to 

10th Mav 1886, and bv the other until 18th 
May, when the establishments being a p i n  rediced, t h i  par;y returned to Simla. 

226. T h e  work on which the party is engaged, and which is fully described in 
paragraphs 239, 240, and 247 of the Report for 1884-85, may be briefly described 
under the  following heads, viz. :- 

( I )  The  skeleton traversing of villages for the purpose of determining the 
co-ordinate distances of tri-junction points ; and the projection 
of maps of the tri-junctions on the scale of 2 inches to the mile. 

(2) T h e  insertion of topographical details on these maps by reduction from 
the settlement survey village maps. 

(3) T h e  testing and correcting (when necessary) the reduced maps by exa- 
mination in the field. 

(4) T h e  drawi~lg of fair maps on the 2-inch scale. 
227.  T h e  areas accomplished under these separate heads in the several 

districts are a s  s h o ~ n  below :- 

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

~ - _ _ - - ~ . - J - .  - - - . . 1 

* hlr.  Coolte in his l lcporl rnrn'itmn.; rhc Ilatncs 01 :ill his Europc In .. . )? ,an . . ;  I n \ . r~~ t r ; rh l~ ,  giving 
particu\nrs of the <h:~re cach Ii:~d tnlivl~ in tl ' r  n I , I . I <  of ~ l l e  seayon. I l c  c~,rnrnl,ntl< 1 1  c inllo\vir,~ mc~nhers  

the native e<~alJ l ishment ,  wis. :-'l'.lr: prrsonnoo I<oy. I<nlly Proconnoo h'afi, I :1~111lr .1  S;IIII Rlukerji. 
Monnhar [)aii. Hani Aladho, lrfan Ali, hlahadco L h j ~ ,  Rlahniud Bux, I<ur bingh, (;1,11sl bcraranl, and 

-- . - -- -- .- - . . -- - 

( 1 )  (3) 

District. Area  traversed. ~~~~~~~~ 
_ - .  - I Square  miles. Squa re  rr~ilcs, 

G u r d r i s p u r  . 
H o s h i d r p u r  . 
J u l l u n d u r  
K a p u r l h a l a  (State) . . 
L u d h i b n a  
U r n b a l l a  

TOTAL . 
- 

- -- . -. -. 

(3) 

Area tested. 

- - - 

Square  mile.. 

.. - 

(4) 

Az;zi.'y 
-- 

Syl!;~lc milcs. 
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228. The operations under heads ( I ) ,  (2), and (3) have been completed in 
Districts Jullundur and LudhiPna and in the Kapurthala State ; and under head 
( 1 )  only in districts Hoshidrpur and Umballa. About two-thirds of the Gurdds- 
pur District has been completed a s  regards head ( I ) .  The  hilly portions of these 
districts have not been included in t h ~ s  survey. 

229. The  reductions from the settlement survey maps when tested were 
found to be very correct representations of the ordinary topographical features, 
and only a few omissions had to be supplied by new surveys. Usually these were 
bridges, temples and mile-stones ; and the limits of the village sites and the high 
banks of rivers had sometimes to be revised. 

230. Sheets 250 and 252 have been completely mapped and are ready for 
publication. At present the publication will be on the reduced scale of I inch to 
the mile, but the four 2-inch sections on which the original drawing has been done, 
are ~ui table for publication separately on the original scale i f  ever required. Sheet 
253 is drawn on the 2-inch scale a s  far as  it includes portions of revenue-paying 
districts. A separate drawing of the portion of this sheet, which includes parts of 
Sikh States, will be prepared on the I-inch scale, from the old surveys of 
these States, and the separate drawings having been combined, the entire sheet 
will be printed showing all the available topography. Sheet 268 is drawn, a s  
far a s  materials are available, from the settlement survey village maps, but the  
hill portion of the Hoshiarpur District falling within the sheet, remains for survey 
by the Himalaya Party. 

231. Mr. G. Campbell, Assistant Surveyor, was de uted between 19th 
November 1885 and 25th January 1886, to assist a civil o k cer in re-fixing old 
pillars on a disputed portion of boundary between the Sialkot District and 
Kashmir territory. 

232. The  recess office of the party mas inspected during September by the 
Officiating Surveyor General, who was entirely satisfied with Colonel Coddington's 
management of the party and with the systematic arrangements for carrying 
out the large amount of work that now devolves on his office, as, in addition to 
the ordinary work connected with the survey and with the fair mapping 
thereof, various records are prepared for the Settlement Department, wh~ch  has 
added considerably to the recess duties The records and maps mere found 
to have been well prepared, and the general efficiency of the party was well 
demonstrated.* 

RAlPUR DISTRICT,  CENTRAL PROVINCES. 

(No. 3 PARTY, REVENUE BRANCH.)  
233. This party, which had been employed during the previous season on a 

traverse and village boundary survey in 
Personnel. Districts Ajrnere and Merwara, was trans- 

Lieut.-Col. W. H .  Wilkins, S.C., Officiating ferred, under orders from the Government 
L)eputy Superintendent,  2nd grade,  from 4th 
N o v e ~ n l ~ e r  1 885. of India conveyed in Revenue and Agri- 

Major E. H .  Stecl, S.C., Officiating Deputy cultural Department letter No. syi , dated 
Superintendent, 3rd grade, up to 3rd Novern- 
ber 188;. 2nd September 1885, to the Central Provin- 

Mr.  A. D'Souza, Officiating Assistant Super- ces to carry on a slieleton traverse survey 
intendent, 1st grade,  up  10 gist 1886. in the ~~i~~~ ~ i ~ ~ ~ i ~ ~  in aid of a field sur- Mr. A. J .  Gibson, Surveyor, 2nd grade, up lo 

31st O c ~ o h e r  1895  vey, which would be executed by the district 
,, W. S .  Huttress, Surveyor, 2nd grade.  
,. A. Christie, Survcyor, 3rd grade, from 1st 

pat7unris. A small detachment of the 
J a n r ~ n ~  y 1886. party was left in Ajmere for the boundary 

,, J .  R. ~ c o t t ,  Assistant Surveyor, 1st gracle, survey of jnglly villages, as  referred to in 
from 1.t Novcmbcr ro gis t  Ilccember 18Sg 

,, C. W. P.  Se lc r s ,  Assi51nnt Survcyor, 1 3 t  paragraph 1.58 of last The party 
grade.  I I ~  to g I st October 1,985. on its removal to Raipur was placed under 

,. G .  Vandcl-llc~l;, Assiscant Survcyor, 1st cllarge of ~ i ~ ~ t ~ ~ ~ ~ t - ~ ~ l ~ ~ ~ l  W,  H. wil- graclc, Irom 1st Novcmhcr 1885. 
,, E. I?. Ijcrl<clr.y, ~ s q i s t a n t  Survcyor, 2nd Itins, Major (now Lieutenant-Colonel) E. H.  

grade, from I .t Novcml~cr 1~::5. Steel having been transferred to No. 2 
,. 'I. W. liaboliau, Junior, Assistant Su r -  

vcyor. 3rd gr:ule. Party for the cadastral survey of the UilAs- 
2 8  SUII-sur\,eyors ;~n t l  o~hc r s .  pur District. 

234. The field establishment assembled 
. . - . -- - -- - - - - 

Cull~nel C~~dd i~ i f i . l nn  rel)orts ~aliifnctorily o n  thc scrvicc.; of hlessrs. Iceelan, Pernberton, C,~mpbcl l ,  
Rarker, and  CV.ll-h ; and  nnlncs thc Iollowing mcmbcrs of the native establishment a s  the most worthy of 
rnention,<~ie.. )Ilalli BUY (IS[),  Eed Mahorned, Serajudin, Awaz Ali, Ramjas, Elahi Bux (2nd). Mada Eux, a n d  
1)aswandhi R .m.  
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at Raipur on 15th November, and field operations were cont~nued up to I 5th May, 
when the office establishment proceeded to Mussooree for recess w&k. Re- 
garding the retention of the party in the field during May, which was done 
under an endeavour to complete a proposed area, the Deputy Superintendent 
reports that very little work was done on account of the intense heat and the 
many cases of sicltness, and he considers there is no adequate return for the 
expense of keeping up field establishments for a day after 30th April at the latest. 

235. The  Central Provinces system of  " field bloclz" survey having been 
found unsatisfactory and finally abandoned, a s  mentioned in paragraph 263 
of last Report, the character of the work required of this party and of other 
traverse parties in the Central Provinces has been that of a simple skeleton 
traverse, not taking up village boundaries, similar to what is carried on in 
cadastral survey ~ a r t i e s  preparatory to the survey of the fields by professional 
amins, except that in the Central Provinces, the Chief Commissioner has stipu- 
lated on the following modifications of the ordinary slteletons, viz., that the 
traverse lines should follow the village boundaries somewhat more closely, and 
that the interior lines in large villages should be a t  slightly reduced intervals, so 
that the work may be rendered easier for the village patwaris, who will take the 
place of experienced amins. I t  has also been stipulated that every theodolite 
traverse station, whether on the boundary or in the interior of villages, should be 
permanently marlted with a substantial stone. 

236. The  traverse survey has been extended to the north-east, east, and 
south-east of the central part of the Raipur District, for which the " field block" 
survey had been completed, as  reported in paragraphs 142 to 154 of the Report 
for 1883-84, and has covered a total area of 2,169 square miles. The total area 
is comprised in 13 main circuits which were surveyed by the European officers. 
These officers also took observations a t  135 stations for azimuth ; and, when 
otherwise unemployed, they moved about among the villages examining the 
mark-stones put down by Sub-surveyors a t  theodolite stations and giving injunc- 
tions to the headmen of villages concerning the protection of these stones. 

257. During the field season, 317 skeleton plots on the 16-inch scale were 
supplied to the Settlement Officer for the field survey by patwaris, and 403 more 
were sent during the recess. The  remaining plots will be supplied during the next 
field season. Copies of the village traverse data are being prepared to be lodged 
in the office of the Settlement Commissioner to enable fresh plots to be issued 
from his office whenever new surveys are required. Statements of the areas 
of village traverse polygons are also being prepared for the Settlement Commis- 
sioner's office. 

238. The  recess office of the party was inspected a t  Mussooree during 
September by the Deputy Surveyor General in charge of the Revenue Branch, 
who reports most favorably of the state of the records and of the organization 
of the party as  brought about by Colonel Wilkins' able management.* 

SAMBALPUR DISTRICT,  CENTRAL PROVINCES. 
( D E T A C H M E N T  FROM NO. 3 PARTY, R E V E N U E  B R A N C H . )  

239. This detachment left its recess quarters at Nagpur undcr charge of 
Personnel.  Mr. P. A. G. Cowley, Surveyor, I st grade, 

Mr. A .  D'Souza, Officiating Deputy Superin- On 7th November 188.5, and arrived in the 
tendent,  4th grade,  in charg-,, from 1 1 t l 1  Sambalpur District t ~ !  resume operations 
April 1886. 

P. A .  C .  Cou-ley, Surveyor, 1st grade, in 
there on 22nd idem. Mr. Cowley remained 

charge, up t o  ~ 2 n d  i\.l;~rch 1846. in charge until 23rd March 1886, when, 
,, C. W .  F.  Seyers,  ..\s:lst.lnt Surveyor, 1st under urgent medical advice, h c  was obliged 

grade,  from 1st November rS85. 
,, C. S. Kraal,* A~~~~~~~~ surveyor, znd to leave the district on account of severe 

grade.  illness, making over charge temporarily to 
,, E. F. Berkeley. A ~ s i c t a n t  Surveyor, 2nd 

grade, u p  t o  31st October 1385. 
Mr. C. S. Kraal, Assistant Surveyor, 1st 

18 Sub-surveyors and othcrq. grade, who \VAS rclietrrd by Mr. A. 
Was i n  temporary =hargc from ~ 3 r d  >larcll to 10th D I S O u z a l  On 

April 1886. - - . -. . - loth April. -- - 

+ Colonel Wilkins,  mentioning the names of his senior assistnnts, hlrqsr;. 1311 t v q s  and Chrisric, 
states that they have glven him great  satisfaction ; and regarding the jun~orc,  hlessrs \.';~nrlcrheck, Berkeley 
and Habonau, that they t a ~ e  also w o r l i ~ d  iatislactorily. 

Of the native establishmen., Colorrcl \Vilkins menlions favorably thc nnmrs of English LVriter, 
Bhagobuttr Churn Chuckerbutty, t l c a d  Computer Kedar N n ~ h ,  Draftsman Surlral I<han. Sub-surveyors 
Mahorned Zakaria and Alladad Khan, and of Hospital Asjis:ant Golam klahomed Khan. 
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940. A very important change has been introduced in the work required of 
this party owing to the abandonment by the Central Provinces Administration of 
the experimental system of " field block " survey, as  reported in letter No. 226s.) 
dated 8th April 1885, from the Junior Secretary to the Chief Commissioner, to 
the Secretary to the Government of India, Revenue and Agricultural Department. 
In place of the " field block " survey a simple traverse survey has been substituted 
for the purpose of furnishing skeleton maps, on which the patwap-is will now plot 
all the necessary field measurements, instead of, a s  formerly, fitting their 
measurements of single fields within the field blocks. 

241. Under the new system, the theodolite stations corresponding with the 
points on the skeleton maps, are required to  be marked in a permanent manner, 
which has been accomplished most inexpensively by utilizing stones which had 
been laid down to  mark bends of the village boundaries, while special stones had 
only to be fixed a t  the sub-traverse stations in the interior of large villages. 
These survey stations were all counted and delivered to  the charge of the 
headmen of villages, from whom receipts were obtained, so a s  to fix the 
responsibility for the proper preservation of the marks. 

242. The  season's out-turn comprises 436 villages of Tahsils Bargarh and 
Sambalpur and covers an area of 885 square miles. Besides the village bound- 
ary traverses, there are, in all, 601 sub-traverses in large villages; and the 
number of skeleton sheets is 735. The  sheets of 124 villages, covering an area 
of  go square miles, were furnished to the Settlement Officer during the field 
season, and the remainder a t  the end of the recess. Observations for azimuth 
were taken a t  55 traverse stations. Connections were made on g G.T.S. stations, 
enabling 8 comparisons to be made between triangulation and traverse distances 
which show the latter to have an average error of 1.45 feet per mile. 

243. The  Assistant Superintendent now in charge of the detachment reports 
a s  follows on the unhealthiness of the district :- 

Although the precaution had been taken not to enter the district too early, owing t o  
the malarious character of the country, yet  the party suffered very much from sickness. 
Mr. Cowley was so prostrated by repeated attacks of fever and dysentery that he was 
obliged to apply for leave on medical certificate for 1 5  months, and he left the district in a 
very critical state. Both the European assistants suffered also very much. The average 
number of the sick among the native establishment throughout the field season was 30. 
With the exception of two men, the whole of the Sub-surveyors suffered more or less from 
fever, and out of the office hands only one man kept good health." 

244. The  total area traversed in the Sambalpur District during two seasons 
is 1,502 square miles, and about 937 square miles remain to complete what is 
required in the district. 

245. Mr. D'Souza has furnished a short descriptive account of the Samba]- 
pur District, which is printed in the appendix, page xviii. Regarding the country 
surveyed he writes as  follows :- 

"The  ground under survey during the year, with the exception of a portion of 
Bargarh and that in the vicinity of the town of Sambalpur and along the banks of the 
MahPnadi River, is by no means favorable for survey operations. It embraces the forest 
reserves and hilly tracts which are SO densely covered with forest and bamboos that it was 
with the greatest difficulty the surveyors cut their lines through them."* 

- --- 
Mr. D'Souza reports on the services of his assistants as follows :- 

I' Both Messrs. Seyers and Iiraal have worked well, and I have to make special mention of Mr. Kraal 
(selected for the temporar charge of the party on Mr. Co\vley's departure), who has fully borne out the 
excellent character given l i m  b my predecessor a s  an intelligent and hard-vorking assistant." 

The folloiving members or the  native establishment are named as  specially deserving of mention, .in., 
Boith Ram, Koylash Chandar, Habibulla, Changa I<han, Niladhur, Ram Dass, Ramcharan, ~ b d ~ l  
Khalik, Mahamed Hosein, Abdul Karim, Giyadin, Sadik Hosein, and Hospital Assistant Ram Sahai, who 
i s  said to have been most attentive to the sick. 
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HIMALAYA PARTY. 

246. As stated a t  Page 53 of the Annual Report for 1884-85, the locab of 
Personnel. the future operations of this party being 

Colonel H. C. B. Tanner, S.C., Deputy SU- no longer confined to the vicinity of Dar- 
perintendent, 2nd grade, in charge, except jeeling, its designation was altered to that 
b e ~ e e n  2Ist April and 19th August, while on above given. The  several works taken up duty with the Tibet Mission. 

Captain R. A. Wahab, R.E., Deputy Super- are a s  follows :- 
intendent, 4th grade, from 14th April 1886, 
and held charge in Colonel Tanner's ab- 

(1) The  demarcation of the Nepal- 
sence. Bengal boundary on the Mechi 

Lieutenant W. H .  Pollen, R.E., Deputy SU- River, and on the right bank of 
perintendent, 4th grade, up to 18th March 
1886. the BAgmati in the Mozuffer- 

Lieutenant J. M.  Fleming, S.C., Probationary pore District. 
Assistant Superintendent, and grade, from 
zrst September 1886. 

(2) The  bringing up of the arrears of 
Mr. H.  E. T. Keelan, Surveyor, 1st grade, mapping and computations con- 

from 1st April 1886. nected with the Nepal Boun- 
,, W .  Robert, Assistant Surveyor, 1st prade. 
,, E. P. S. Hill, Assistant Surveyor,  stg grade, dary Survey, the Sikhim trian- 

up to 12th April 1886. gulation and the Darjeeling 
,, F. E. Warde, Assistant Surveyor, 3rd grade, 

from 4th September 1886. 
Revisionary and Daling Lands 

,, G. H. Powell, Assistant Surveyor, 3rd Surveys. 
grade. (3) A topographical survey (scale de- 

s l ~ b - S U Y W ~ ~ O Y S .  pending on the character of 
Shaikh Omar, from 26th December 188;. the ground to be surveyed) of 
Atma Sing, on duty with Tibet Mission, from 

~ 1 s t  April to 19th A U ~ U S ~ .  
the Hill States  about Simla 

Ram Saran, Sahai Din, and five others. and of the KAngra District, and 
p a r i  passu" the accurate fixing 

of all tri-junction and tikka* boundary marks and other permanent 
points, such a s  wells, temples, &c., situated within them, to afford a 
basis for the construction of the Settlement maps of the district. 

(4) T h e  Geography of the Himalayas. 
247. Regarding the Nepal-Bengal boundary, definite orders were not re- 

ceived till late in December, when an Assistant was immediately detached for 
the purpose. Twenty-four miles of boundary along the Mechi River were exam- 
ined and demarcated by wooden posts erected a t  short intervals : of this distance, 
7 miles, involving 236 acres, are disputed. After the boundary has been finally de- 
mar~ated~permanent  pillars (similar to  those along other parts of the Nepal-Bengal 
boundary) will have to be erected a t  about one mile intervals and numbered from 
north to south in continuation of the Darjeeling District numbering. The  de- 
marcation near pillar No. 52 of the Mozufferpore District (left unfinished in 
1884-85, see para. 269 of the last Annual Report) was also completed, and further 
west, a small portion of the boundary, which had been obliterated by floods in 
the LA Bakia River, was relaid. 

248. Of the arrears of mapping, computations, &c.; some little progress has 
been made with the computations, but it was not found practicable to do much 
more than arrange the field records and have them bound and indexed. These 
records however will need a great deal of time and labour to harmonize-as they 
pertain to different times and to works having different immediate objects in 
view-and a s  the whole strength of the party is needed for field work, they have 
been taken over just as  they are by the Computing Section of the ~ r i ~ o n o m e t r i -  
cal Branch Office, where the results will be worked out in due course and pub- 
lished in the Synoptical Volumes of the North-East ~ o n ~ i t u d i n a l  and the Assam 
Series. The  whole of the sheets (NOS. 13 A to 45) of the Nepal Boundary 
Survey were finally examined, completed and made over for ~ublication ; the 
skeleton sheets of the Daling Lands Survey were also completed, but the cor- 
responding hill-shaded sheets have still to be drawn, as  have also those for the 
2nd edition ot the Darjeeling Revisionary Survey. 

- -- - -. - --- - 

A tikkn ir a sub-division of a mnusa, and a mausn includes an area within convenient and 
generally natural limits and all the habitations therein. A tikkr~ might ~ c r h a p s  be called a hamlet* but  
that would signily a small village subordinate to a larger one, whercas several t ikkas go to make a 

mau~a.  
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249. For the topographical work the party broke ground about the middle ol 
November 1885, in the Kingra District, in Sheet 265 (vide accompanying Index 
Map), and for the next three months was engaged in triangulating, traversing *and 
skeleton plane-tabling on the I 6-inch scale. Experience soon proved the necessity 
for achange in the modus o p e r a n d i ,  and instead of the 16-inch scale skeleton plane- 
tabling, a +inch survey in open style was introduced, suitable for a reduced 
n-inch map, together with the fixing of the tri-junctions of IikRas and other 
suitably marked points by traversing, so a s  to furnish a convenient circuit of 
observed points in each tikka. The  requisition for these changes is set forth in 
the note and letter following. 

Note dated 13th February 1886, by COLONEL E. G .  WACE, and Financial Commissioner, 
Punjab, on t i e  connection between the Survey of India and  the P a t w a r i  Survey in  
the Koingra Dis tr ic t .  
I have had an opportunity to-day of discussing with Colonel Tanner  the connection of 

his work in the KAngra District with the local patwari  survey, and I now record the sys- 
tem, which I am prepared to accept as meeting all local requirements-both revenue re- 
quirements and those of the general administration :- 

( I )  The observation of points, whether by traverse or otherwise, to be so made a s  to  
take up all known tri-junction pointsof hamlets (t ikkas),  and also to  furnish a convenient 
circuit of observed points in each tikka. The Deputy Commissioner will arrange for all 
tri-junction points to be shown to the surveyor by the patwari.  

(2) A plotted sheet showing the points so observed in each tikka to be made over to  
the Deputy Commissioner, a separate sheet for each tikka; the scale of this sheet to be 40 
(equals 27.547 inches to  the mile) local kadams (574 inches each) to the inch. 

(3) And also a table of co-ordinates of each tzkka. This table will, in addition to  the 
data, give a short description of each point. 

(4) All points thus observed, which are  not tri-junction pillars of pakka masonry, 1 ~ i I 1  
be adequately marked on the ground, and formally made over by the surveyor to  the 
lambarday and patwari,  with a list thereof. This list will contain a topographical descrip- 
tion of each point, corresponding with that provided above under head (3). 

(5) N o  linear, that is to say, continuous village boundaries will be recorded by the 
Survey of India. Tahsil boundaries will be shown, also boundaries which in the Deputy 
Commissioner's opinion have a political importance, such as  those of the jagirs of Siba, 
Goler, Lambagraon, Waigiri Rupur, &c., but in no case in minute detail. 

(6) In respect of topography what is wanted is, sheets drawn in a free, open style on a 
scale of 4 inches to  the mile, such as will be sufficient for the production of a 2-inch topo- 
graphical map. All fixed points will be shown. 

(7) The surveyor will show in his topographical sheets any forest boundary pillars of 
which a list is furnished to him. He will not be responsible for the linear boundary be- 
tween pillars. A plot and table of each forest so observed will be furnished t o  the Deputy 
Commissioner, as provided under heads (2) and (3) above. 

(8) The cost of the plotted sheets will be provided by the Deputy Commissioner under 
local arrangements, which that officer will settle in communication with the centrolling 
revenue authorities. 

(9) Copies of the 4-inch topographical sheets will be supplied to the Deputy Commis- 
sioner by the Survey of India, in the usual way. 

(lo) The survey will include the hill tract (Kolaba) of the Umballa District, and also 
the hill tract (Shahpur Kandi) of the GurdAspur District. 

( I  I )  Colonel Tanner is a t  present working in the low hills of the Kdngra District 
(Hamirpur and Dera), and will take up work in the higher mountains (Kullu Sub-division 
and similar tracts). This arrangement is well suited to  local revenue requirements. 

Lettev No. C.-9 of 9th Septembcv 1886, from CAPTAIN J. A. L. MONTGOMERY, Divecfov 
of Settlements and Revenue Records, Punjab, to Colonel H .  C. B. Tanner, DepntY 
Supevin tendent, Suvvcy of India, in cha rge Hintn/nya P a r t y .  
I am directed by the Financial Commissioner to address you in continuation of Finan- 

cial Commissioner's No. 1517, dated 8th March 1886, and to request you to adopt, in lieu 
of the plan laid down in head (2) of the instructions therewith forwarded, the following 
system for plotting the traversed points of your survey on sheets intended for use as 
patwavi field maps. 

2. (A) For each rnnura a plot of the traversed points is required on the scale of 80 
local kadnrns to the inch. 

* Owing to the difficulty in carrying on chain measurements or ordinary traversing over hilly a n d  
broken Colonel 'fanner has introduced a method of determining the distances b y  measuring 
the angle subtended b y  a 20-loot rod, with a small portable theodolite, the intervening distance between 
them being of course 20 feet multiplied b y  the cotangent or the subtcnded angle which he measures with 
very great accuracy b y  the repeating process such a s  would bc followed with the instrument known a s  a 

repeating circle." T h e  method h a s  bcen found t o  answer admirably, and has been largely adopted by 
Colonel Strahan, R.E., in the Nicobar Survey, with very satishctory results. 
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3. (B) For each t ikka included in a mauza a similar plot is required on the scale of 
40 local kadams t o  the inch. These large scale plots are  not required for mountain areas 
which contain no scattered cultivation. 

4. In case (A) the sheets should be  ruled into squares ; the side of the square measur- 
ing 15 chains. The  same sheets can be used for case (B), though in this case the side of 
the square will represent a distance of 74 chains only. 

5. You will observe that by adopting this plan, though the sheets will be projected 
(that is t o  say engraved in squares) with reference to  the local scale, the points will be plot- 
ted by the English scale. 

6. On 0n;sheet of every mauza (case A above), and on one sheet of every tikha 
(case B above), a printed diagram showing the correspondence between the ~ ~ ~ l i ~ h  
local measure should be  pasted. T h e  diagram should be biglot English and urdu,  and, so 
fa r  a s  convenient, should be placed on the sheet in each village which is numbered t c  

Diagrams for the (1) KAngra District and Shahpur Kandi. (2) Morni Ilaka of ~ i ~ t ~ i ~ ~  
Umballa are  appended. 

7. T h e  paper for the plotted sheets should be the same a s  is now in use by colonel 
Coddington for the Hissar Survey. T h e  size of the sheets used by him is x z2", and 
the quality is imperial hand-laid blue. A good margin is required t o  right and left of the 
sheets on which will be recorded the field numbers in the interior survey. 

8. Some other matters having been settled in joint discussion between the Financial 
Commissioner and yourself, a note thereof is added below. 

9. T h e  table of tikka co-ordinates should be in the same form as  is used by the Pun- 
jab Survey, and the entries should be arranged in the same manner. Columns for which 
data  are  not calculated in the Himalayan Survey will be left blank. 

10. Under the co-ordinates of each tikka's boundary (circuit) will be added those of 
any  " additional points" observed. 

I I .  I t  will be convenient if the work can be undertaken in the following order :- 

Hot weather work. 

I '  ] Sirnla District. 
2. Kot Khi i  

3. Kullu with Seoraj 
4. Pdlarnpur (part) 
5. KQngra (part) 

Cold weather work. 

I .  Morni, Urnballa District. 
2. Shahpur Kandi Gurdlspur District. 
3. Harnirpur 
4. Dera 

7. Nlirpur 
8. Hills of Hoshilrpur District. 

12.  T h e  establishment required for plotting the mauza and tikka sheets will be 
provided on receipt of an application from you. It  will be convenient if an application 
can be sen t  in September of each year, giving an estimate of the provision probably neces- 
sary during the next Financial year (commencing 1st April). The application should 
include the cost of the ruled sheets for plotting. 

250. About 300 square miles of country was thus partially * triangulated 
and traversed by the end of April when the party changed its ground in order to 
carry out the programme arranged for the hot weather months in the higher 
hills. In this part of the operations, triangulation was carried on in Sheets 310 
and 332, covering 308 square miles of country for detail surveying on the 2-inch 
scale in the Natlve States of Mandi, Suket, Kumhirsain, and Bashahr, and 
238 square miles for the 4-inch scale ; besides some minor triangulation and tra- 
versing required for fixing the positions of tri-junction pillars in Kullu and Kot- 
garh. This being the first season, no detail survey could be undertaken, as the 
ground had to be first laid out with trigonometrical points. 

251. The  demarcation marks in the tracts which came under survey were 
found to be in good state of repair, but the surveyors found great difficulty in 
ascertaining the names pertaining to the different tikka tri-junctions. This was 
partly due to  the absence of maps showing these boundaries, and partly to the 
tardiness of the village officials in attending on the surveyors. 

2 5 2  In accordance with arrangements proposed by Colonrl Wace, the 
party will operate in the following localities during the current field season :- 
Kotgarh and the Morni faluka, for 4-inch detail survey ; K O ~  Khhi, for triangu- 
lation and traverse preparatory to 4-inch detail survey ; Shahpur Kandi (in the 
Gurddspur District), for t r im ulation and traverse ; Native States adjoining KOt- i garh and Kot KhAi, for a-inc detail survey. 

253. As regards Himalayan geography, nothing special was undertaken 
the party during the year under review ; but while the Tibet Mission was awaiting 

Equal to  150 square miles of completed work. 
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orders a t  Darjeeling, the explorer R.-N. returned from BhutAn, and Colonel 
Tanner took advantage of the opportunity and leisure afforded him to examine 
the whole of the route he traversed which will make an important contribution 
to the basis on which to compile Sheet No. 7 of the North-East Trans-frontier 
Series. At the same time Colonel Tanner made arrangements for utilizing fur- 
ther information as  to the geography of Tibet brought in by Lama U. G .  and a 
Tibetan who accompanied the man that had been sent some years ago by the late 
Captain Harman to float timber down the Sanpo,* but of whom nothing had been 
heard since. 

254. Owing to the inexperience of the hands in the novel character of tile 
field-work, as  well a s  to  the changes in the modus operandi of the same, and 
to the other varied occupations of the party, no cost-rates can be deduced. 
The  total cost of the party for the year amounted to  R52,529.t 

UPPER BURMA PARTY. 

255. Early in the year 1886, after the military occupation of Upper Burma, 

Personnel. a survey party was asked for by the Military 
Department to undertake a reconnaissance 

Captain J .  R. Hobday, S .C . ,  Officiating Deputy 
Superintendent, 4th grade, in charge. survey of the country round Mandalay and 

Mr. T. M. Kennedy, Assistant Surveyor, 2nd to collect and compile the numerous recon- 
grade, from 1st July 1886. naissance sketches which had been execu- 

sub-surveyors. ted by officers attached to the army, of 
Mr. J .  F .  Mccollough, from 6th August 1886. the country traversed by the troops. 
Ahmad Sayad, from 16th April to 17th July 256. AS all the survey parties were a t  1886. 
Faida Ali, from 1st Ma 1886. that time engaged in their several field 
Gobardhun Dassand  ghiv Charan* frorn lith operations, the services of a topographical 

September. 
party could not be then given. The  Coast 

Triangulation Party, hourever, which was employed under Mr. E. C. Ryall, 
on the coast of Madras, was offered to commence the trigonometrical work in 
Upper Burma a t  once, and the Andaman Party was promised to follow in 
October when it was expected that the survey of those islands and all the 
mapping and records connected therewith would be completed. 

257. The Military authorities, however, considered that the triangulation 
party would be of little use this season and urged the immediate despatch of a 
competent officer with a small staff, who would suffice for the present reqnire- 
ments. This proposal was acceded to, and Captain Hobday, who was in charge 
of the Andaman Party, was by special request of the Military authorities selected 
for this duty. 

258. Captain Hobday left Port Blair on the 8th March with a small estab- 
lishment from the Andaman Party, which was subsequently increased by 
additions from the Burma Topographical Party, and arrived at Mandalay 
on 2nd April 1 8 8 6 .  During the month of April he completed the preliminary 
triangulation for the survey of the city of Mandalay, determined the latitude and 
longitude thereof astronomically, and ascertained the elevation barometrically 
by simultaneous observations a t  Mandalay and Rangoon. A preliminary map 
of the country round Mandalay on the scale of 2 miles=r inch was compiled 
from the reconnaissances done by ofFicers with the Burma Field Force and 
submitted to Calcutta for publication. 

259. In May, Captain Hobday and Sub-surveyor Ahmad Sayad accompanied 
the Military expedition to the Kachin Hills, south-east of Bhamo, and surveyed 
an area of about 150 square miles on the 4-inch scale. A much larger area 
would have resulted and a coveted view into Yunnan obtained had not the force 
been stopped after ascending the first spur of the hills. 

260. At the end of June Captain Hobday accompanied an expedition to 
the south-east of Mandalay, taking Ahmad Sayad with him. The triangulation 
was thus extended southward a s  far as  latitude 21O, when Captain Hobday 
returned and the Sub-surveyor was left to carry on the detail survey from the 

T o  ascertain its identity with the Brahrnaputra or Irrawaddy. 
f The  Officer in charge reports lavourably of all his assistants. 
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post of Kyouks6- On 17th July Ahmad Sayad, while a t  work, was attacked by 
Shan dacoits, some 8 miles east of Kyouks6, and being wounded by a bullet, was 
overtaken and killed ; the escort and menials managed to  effect their escape. 
The  loss of this promising Sub-surveyor is much regretted. 

261.  During the rains, the establishment was further strengthened by an 
Assistant Surveyor and 3 Sub-surveyors. The  opportunity of a telegraph party 
being sent to  lay out a line from Mandalay to Bhamo was availed of to attach an 
assistant, Mr. Kennedy, to extend the triangulation and topography northwards 
up the Irrawadd~.  From July to the end of September Captain Hobday was 
engaged in compiling a general map of the country on the &inch scale between 
the parallels of 19' and a6O N. latitude and the meridians of 940 and 98° E. 
longitude. This is comprised in 14 sheets and is based on the various maps, 
routes and sketches lately obtained from all sources and on local information 
supplied by the  natives of the country. These sheets were reproduced as  
soon a s  they were received in the head-quarter office, Calcutta, and a large 
number of copies have been supplied for the use of the troops now operating in 
Upper Burma. 

262. During this period, portions of the establishment were engaged, as  the 
weather ~e rmi t t ed ,  on the survey of the City of Mandalay, on the 6-inch scale 
and on the extension of the Mandalay triangulation southwards. 

263. The  city survey, which covers an area of about 50 square miles, has been 
completed. This work was much impeded by the inundation of the country 
caused by the bursting, on 16th August, of the embankment which surrounds the 
city. A sketch map of the new cantonment site a t  Bhamo on the scale of 
I 2 inches= I mile was also executed. The  total area triangulated during the 
period under review amounts t o  about 5,200 square miles. 

264. T h e  amount of work that has been effected by Captain Hobday and his 
small staff is highly creditable, and their services have been most favourably 
acknowledged by the Chief Commissioner of Burma, who has intimated that 
Captain HobdayJs work has been of the greatest value to the Military and Civil 
authorities, and that his industry has been remarkable. 

265. I t  had been arranged to commence a regular survey of the new province 
during the current season with two topographical parties, working up the 
Irrawaddy and Sittang Valleys, but a s  it was found that the country was in too 
disturbed a state for systematic survey operations to be carried on without risk, 
it was determined to defer this programme and to retain the services of Captain 
Hobday and his small staff for military reconnaissances. The party has now been 
strengthened up to the complement of an ordinary topographical party, so 
that the opportunities afforded by the movements of the troops, on which the 
survey depend almost entirely a t  present, may be utilized to the full 
to obtain as  much additional geographical information of the country a s  ~ossible ,  
and Captain Hobday1s object during the current season will be to attach survey 
officers to  the different expeditions. Another small party :under colonel 
\~oodthorpe ,  R.E., will operate with the column under General J. J. Gordon, C.B., 

into the Chindwin Valley from Manipur, and it is hoped that the 
triangulation executed by Captain Hobday, which is a t  present " L'air," may 
thus be connected with the main triangulation of India, and a more satisfactory 
knowledge of the geodesy of Upper Burnla arrived at-  

TRANS-HIMALAYAN EXPLORATIONS. 

266. The  explorer M-H, who had just returned to India when the last 
Report was sent in (see page 79 of Annual Report for 1884-85), has furnished 
information along the route from Dagmira Thana (in the BhAgalpur District) 
along the Dlidhkosi to Dingri in T ~ b e t  ; thence westwards nib the Pilguchho 
Lake to  Jongkhajong ; then southwards vid Kirong and the Tirsdli River 
to ArughPt on the Bliri Gunduk; and from the last-named place northwards to 
Nubri, and southwards down the Nariini to Tribeni. Thus he has furnished 400 
miles of entirely new traverse besides confirming the details of loo miles of 
ground previously travelled over. It  is a great pity that the explorer brought 
back no determinations of height which would have been most interesting, for 
he crossed the main ridge of the Himalayas by one of the highest passes (the 
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PBngula), 24 miles west-north-west of Mount Everest, his route actually ap- 
proaching that peak within 15 miles. 

267. Another explorer, R-N, was despatched, in October 1885, to start 
from Darjeeling across BhutAn and the mountains to the east, and to reach 
Gyala Sindong, the lowest point yet reached on the Sanpo ; and starting from 
the left bank of the river to find his way back to India by alzy practicable route 
without re-crossing the river. The  object of this was to  set at rest the vexata 
guastio as  to whether the Brahmaputra or the Irrawaddy was the recipient of 
the waters of the Sanpo. The  explorer met with bad luck at first from the fact 
of there being at the time a great dispute between Tibet and Bhutan, in conse- 
quence of which all the passes into Tibet were closed. He tllerefore had to 
find his way back to India down the Hachhu and Wongchhu rivers to Baxa, 
having been detained and kept under surveillance for ten days by the jongpon 
of  Chukhajong. His next attempt was made from Dewangiri, whence he pro- 
ceeded by a pretty direct route to the Monlakachung Pass and thence to 
Suphuk cave about 8 miles south-west of Seh, a very large monastery on the 
Lhobrak River, a value of the position of which had been previously obtained 
from the north by Lama U-GIs traverse referred to in the Annual Report for 
1883-84. Here, in consequence of the rumours regarding the advance of the 
Tibet mission from the south arid of a party of Russians froin the north, the 
officials absolutely stopped his further progress and kept him in custody for nine 
days and then conveyed his party under escort to Seh. From here he managed 
to escape during the night with his party and, keeping away from the routes 
usually followed, found his way to Menchuna (lat. 28' long. 92O), and thence 
vid Tawang to Odalguri (along the route formerly traversed by Pundit Nain 
Sing). The work, which furnishes about 280 miles of new route survey, is 
valuable so far as  it goes, inasmuch as  it opens up the general geography of 
Bhutan and forms a connection with the work of Pemberton, (1838) from the 
south, and of the Pundit and the Lama from the north. 

Neither the reports nor the maps are yet ready for publication. 

TIDAL AND LEVELLING OPERATIONS. 

268. The direction of these operations remained in the hands of Maior 

Personnel. Baird until the zdth 
Major A .  W. Raird, R.E., v.R.s., Deputy Superintendent, 3rd grade, in charge till 

January 1886,when, 
20th January 1886. having been ap- 

Major J. Hill, R.E., Officiating Deputy Superintendent, 2nd grade, in charge from pointed to officiate 
20th January 1886. 

Lieutenant F. B. Longe, R . E . ,  Officiating Deputy Superintendent, 4th grade, joined Master of [he 
the party on 23rd October 1865, transferred to South Maratha Survey on z l s t  De- Calcutta Mint. he 
cernber 188s. , - 

Mr. G .  Belcham, Surveyor, 3rd grade. was relieved by 
,, E. J . C o ~ i n o r ,  do. 4th do. 
,, H .  Corkery, D . A . ,  L.L.D., Assistant Surveyor, 1st grade. Major Hill,who had 
, P. F. Prunty, Assistant Surveyor, 1st grade, transferred, 1st September 1886. jo ined the party 

Sub-surveyor Narsing Das. 
,, Dhondu Vcnnyak ; I watch-maker, and 18 recorders and computers. 

with that object on 
the . 29th . of the pre- 
ceding month. 

TIDAL OPERATIONS. 

269. The  recording of the tidal curves by the self-registering tide-gauges, 
their reduction, and the publication of 'tables of predicted heights, have been 
continued during the year as usual. Of the 16 observatories, which were in 
operation a t  the end of the last year, 3 have been closed during the year 
under report, on completion of the usual period of registration, vi,o.:-Diamond 
Harbour, Amherst and Moulmein, the period having been extended indeed 
to  six years in the case of Moulmein, owing to certain peculiarities in the 
tides of that port. Four new observatories have been started during the year, 
viz.:-Cochin, Cocanada, Chittagong and BhAvnagar,-the instrumental equip- 
ment for the first three having been obtained from the observatories of Beypore, 
Vizagapatam and Moultnein respectively, and that for BhAvnagar having been 
provided, as  stated in last year's report, by the Durbar of that place. The 
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instruments set free by the closing of the Amherst Observatory are intended to 
be employed a t  Akyab so soon a s  the arrangements for establishing a tidal 
observatory there can be made. T h e  I 7 observatories, which are now in regular 
work, with the dates of commencement, are here given :- 

- 
Aden . 3rd March 1878 

"Kurrachee . 
Bhdvnagar , 

. 1 s t M a y  1881 . 1st January 1886 
Bombay . . 1st January 1878 
Mormuglo (Goa) . . 16th March 1884 
Cochin . 25th January 1886 
Colombo . . 1st February 1884 
Galle . . 1st April 1884 
Negapatam . . 6th December 1881 
Madras . 1st February 1880 
Cocanada . . 1st April 1866 
Dublat (Saugor Island) . . zznd April 1881 
Kidderpore . ~ 2 n d  March 1881 
Chittagong . . 6th June I 886 
Elephant Point (new site) . .  stJ January 1884 
Rangoon . . 1st March 1880 
Port Blair , . 19th April 1880 

270. In order to present the scheme of tidal operations in a connected 
form, it appears desirable to give below a list of the observatories which have 
been closed on the completion of their registration since they were systemati- 
cally established in 1877, ~ r i o r  to which year the only observations taken by the 
Survey Department were those in 1873-75 a t  OkhA, Hanstal and Nowanar 
(Navdnar) in the Gulf of Cutch :- 

Pdmban . closed 28th December 1882 
Karwar . do. 14th April 1883 
Beypore . . do. 14th March 1885 
Vizagapatam . . . do. 30th March 1885 
False Point . . destroyed by cyclone zznd September 1885 
Diamond Harbour . , closed 12th April 1886 
Moulmein . do. 24th April 1886 
Amherst , do. October 1886 

27 I .  The  stations a t  which the establishment of new tidal observatories is 
contemplated are Akyab, Diamond Island a t  the mouth of the Bassein river, and 
Tuticorin. I t  may be mentioned here that the ordinary period over which 
observations have to be taken, is five years, but in the case of permanent obser- 
vatories, such a s  Aden, Bombay, &c., this period may be extended indefinitely. 

272. All the observatories, with the exception of Cochin and Cocanada (only 
recently established) and of Kurrachee and Port Blair, have been inspected 
during the past year either by the officer in charge of the party, or by one of 
his assistants ; that a t  Aden having been inspected last August by Major Hill 
on his way to India when returning from leave. 

273. T h e  usual account of the working of each observatory will be found in 
the appendix. Owing to the causes mentioned in paragraph 282 of the last 
Annual Report, it was unfortunately found necessary to reject the registrations a t  
Negapatam for the period 6th December 1883 to 20th December 1885; a t  
Madras, owing to the bottom of the float-box giving way, no registrations were 
secured for a period of three weeks ; and a t  Rangoon, in consequence of the 
upsetting of the tide-gauge by the steamer Zephyr, there is a break in the 
diagrams from 24th June to 5th July ; otherwise the observatories have worked 
satisfactorily, excepting, of course, the usual trivial interruptions. An excep- 
tional and interesting tidal disturbance is reported from MormugAo. 

274. The  reductions of the observations have made very good progress 
during the year, considering the increased labor of computation consequent on 
breaks in the tidal registrations a s  above mentioned. The observations a t  13 

ports have been reduced, and the tabulated values of the tidal constants and 
the discussion of the results, will be found in detail in the appendix. 

275. The usual work in connection with the timely issue of the Tide Tables 
for 1887 has been satisfactorily got through. These tables will contain the 

* The tidal obser~t ions  prior to ,881 which have been used in combination with the above in calcu- 
hling the Tide Tables for this port were takcn by Messrs. Parkes and Price. 
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predictions of the heights and times of high and low water for 23 ports. For 
the first time, the heights in these tables have in the case of I I of the ports 
been referred to a scientific datum which has been adopted after discussion with 
Professor Darwin and Captain Wharton, R.N., Hydrographer to the Admiralty. 
This new datum is termed " The Indian spring low-water mark, " and it will be 
the j ina l  datum for all tidal observatories, except where special reasons or local 
considerations exist for retaining another datum ; the latter will, however, not be 
materially different from the former, and will always be capable of reference 
thereto, as the difference of height will in each case be carefully ascertained. 

276. The  predictions for 1885 may be summarised as  follows :- 

Percentage of  predictions within 15 rnlitutes of  a c t u a l ~  
High water. 
Per cent. 

I.ow watpr. 
Per cent. 

Open coast stations . 70 67 
Riverain , , . 61 53 

Per.cenf,~ge of predictions within 8 inches z'n Izei~ht  of  actuals. 
High water. 

Per cent. 
Low water. 

Per cent. 

Open coast stations . 93 g2 
Riverain I ,  . 60 54 

277. These percentages are all lower than those for 1884 ; but an examina- 
tion of the detailed lists of comparisons given in the appendix will show that 
the comparative differences would be reduced by more than 4 per cei~t.  if the 
results at Negapatam and Elephant Point mere not included therein. 

LEVELLING OPERATIONS.  

278. During the year under report, another very satisfactory out-turn of 
spirit-levelling has been obtained, amounting to 526 miles of doul~le levelling, in 
the course of which the heights of 394 permanent bench-marks and of 24 Tri- 
gonometrical Survey stations have been determined. It consists of main lines 
as follows : - ( I )  along the railway line from Madras tidal station vl$ Tanjore 
to the tidal station of Negapatam ; (2) from Tanjore vid Ramnad to the tidal 
station of PBmban ; (3) from Ramnad to Tuticorin tidal station ; with the 
usual branch lines for connecting with stations of the Trigonometrical Survey, 
&c. Assuming the heights of the mean sea-level to be identical at the 
tidal stations above named, the generated errors of levelling in the three sections 
are .0021 feet, .oorg feet, and .0013 feet per mile ; or if thp error be calculated 
between the extremities of the line, it is represented by only -0004 feet per 
mile. Pairs of test bench-marks, for detection of secular change of relative 
level between the land and the sea by periodic determinations thereof, have 
been embedded on suitable sites in the vicinity of Negapatam, Pimban, and 
Tuticorin tidal observatories, and connected therewith. 

279. Confidence being wanting in the heights of the South Konkan Series, 
determined over 40 years ago, without precautions having been taken for over- 
coming the uncertainties of terrestrial refraction, especially necessary in this case, 
where one flank of the series rests on the elevated ghats and the other skirts the 
sea coast, a revision was considered a deside~atum before their incorporation in the 
Professional Volumes. These heights have all been revised by trigonometrical 
levelling ; and on account of the uncertain refraction on rays between the top of 
the ghats and the sea coast, sznzuftnneoz~s reciprocal observations were taken on 
such rays in order to reduce error from refraction to a minimurn ; the resulting 
heights may therefore be accepted as exceptionally accurate and probably true to 
within 2 or 3 feet. A co~nparison between the new heights and the old exhibits 
discrepancies with a range of 43 feet. The revision may thercfore be considered 
to be fully justified by the result. As one of the southernmost stations of this 
series is in the immediate vicinity of MormugAo tidal station, a short line of spirit- 
levels will be run to it in the coming season, and a comparison with the value as  
brought down by the trigonometrical levelling will furnish the means for dispersing 
. ~ n y  small residual error that there may be in the latter. Opportunity was taken 
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to protect all the principal stations observed at, and to hand them over for safe 
custody to local native officials. 

a8o. T h e  extracts from Major Hill's narrative report will be found at 
page xix of the appendix.* 

GEODETIC. 

LATITUDE OPERATIONS. 

28 I .  These operations were suspended during the year under review, as there 
are only two Astronomical Parties,and these were both engaged,on the Telegraphic 
Longitude operations, but as  explained in paragraph 295, page 59, of last year's 
Report, no comment could be made on the results of the Latitude operations 
durir.g 1884-85, conducted by Major Heaviside, R.E.  These results are now 
given in tabular form and will be found, together with extracts from that officer's 
report, a t  p. lviii of the appendix. 

282. There being only one officer, Lieutenant S. G. Burrard, R.E., available 
for astronomical work during the current field season, the Longitude operations 
have been suspended and the Latitude observations have been resumed, and are 
being continued on meridian 80" southwards from Sarandi Pat Station, Latitude 
228'. Major Heaviside closed work in 1885 a t  Potenda Station, having worked 
on practically the same meridian from north to south over about 4" of latitude. 
c)n the arc of I+" between Potenda and Sarandi Pht, there are already two 
stations a t  which Latitude observations were taken some years previously. The 
present intention is to have a series of Latitude stations on or near meridian 80" 
from the Hinlalayas to Madras, embracing nearly 1 5 g  of latitude. 

ELECTRO-TELEGRAPHIC LONGITUDE OPERATIONS. 

(ASTRONOMICAL, PARTIES NOS. I & 2.) 

283. These operations were continued during the past season, nine arcs 
having been measured - the largest number yet completed in one season-and, 
besides these, observations were taken on an experimental arc at Dehra Dun, 
the necessity for which, and the results obtained will be detailed below. The 
two Astronomical Parties were engaged in these operations. 

284. As explained in paragraph 247, page 55  of the General Report for 1883- 
PERSONNEL. 

84, the two transit instruments were sent to 
England a t  the close of the field season of 

No. r Astronomical Party. 
Major W .  J .  Heaviside, R.E., Deputy Super- 

that year, to be examined by the makers 
intendent. 2nd grade, in charge up to January and to  have certain defects, if  possible, 
24th. 1886. remedied. Major G. Strahan, who was on 

1.ieutennnt S .  G .  Burrard, R.E., A~sistant  
Superintendent, 1st grade, from January 24th. fur lough~ was invited to the  in -  
1 886. s t r ~ ~ m e n t s  when the makers should report 

Mr. W. W. MacNair, Surveyor, 3rd grade, their work Major Strahan was 
Sub-surveyor, Dhondu, Bulwant, Jhosh~. detained in Eneland for six months on - '2 

NO. 2 Adronomiral party. duty, in extension of his furlough, for this 
Major G. Strahan, R.E., Deputy Super- work, which he carried out in the en- 

intendent, 1 s t  grade, in charge. closure of the Observatory a t  Greenwich. 
Babu Harsahai. Here, through the kiddness of the As- 
tronomer Royal, a site was placed a t  his disposal and shelter afforded for 
the telescopes and chronogrnph, as  well as  an electric communication with 
the standard sidereal clock, and assistance of all kinds was received from Mr. 
Christie and his co-adjutors, which Major Strahan gratefully acknowledges. H e  
completed his task in time to  admit of the instruments being sent out to India 
for the resumption of operations a t  the commencement of the field season 

M a j o r  Hill reports very Iavourably of Mescrs. Belcham, Connor, Corkery, and Prunty, and also of 
his native assistants, making spcci:ll mention of Ganesh Sadasheo, a most promising Sub-surveyor, who, 
alter eight years' good service, died during the past season lrorn an illness brought on by exposure. 
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ullder revie\v.* Colonel Haig, the Oficiati~lg Deputy Surveyor General, in charge 
T r iSono~~~e~r i ca l  Branch, reported however, to the Surveyor General that while 
having all confidence in the completeness and excellency of the makers' work, 
and in the ability of Major Strahan to satisfy himself of the same, nevertheless he 
was not enabled by Major Strahan's careful and elaborate report to pronounce 
decidedly as to the fact of the defects having been remedied. On this account 
Colonel Haig, with the Surveyor General's concurrence, went to Agra, where the 
operations were to commence, and there, after consultation with Major Heaviside, 
decided on having the series of experimental observations taken, which were men- 
tioned in paragraph 295, page 59 of last Annual Report. These observations 
afforded the strongest reasons for considering the instrumental defects to have 
been completely removed, and the regular operations were at once resumed. 
The behaviour of the instruments throughout the season was such as  to give 
every confidence in their perfection ; yet, strange to say, when the results came 
to be reduced and compared in the recess season, it was found that there was 
still a mysterious source of very appreciable error ; and, in spite of all the thought 
and care bestowed on the subject by the executive officers and the Superinten- 
dent of the Trigonometrical Branch, it remains undiscovered. 

285. Out of five verificatory circuits,+ three exhibit large errors between a 
quarter and a third of a second of time. If the theoretical probable error of each 
arc were determined separately from the small discrepancies between the many 
measures obtained for the arc by the system of simultaneous observations a t  
each end on several nights to  between 20 and 30 stars, it would, in any case, not 
exceed one hundredth of a second of time; so that we have to deal with the 
phenomenon of errors as large a s  o"33 appearing in the combination of three arcs, 
the theoretical probable errors of which, i f  added together, would not exceed 
o3.03; and we have also the experimental arc a t  Dehra Dun (the two ends o fwhich 
were only a few yards apart, and one due north of the other), proving that there 
may be an error of @.18 in a single arc, the accordant measures of which would 
give a theoretical probable error of ~ " O I .  Large circuit errors have occurred 
before, and have occasioned the re-measurement of three arcs, the theoretical 
errors of which were also very small, but then it was thought that the cause lay 
in an instability in the relations between the visual and rotatory axes of the tele- 
scopes, due to a weakness in the joints between the three parts, which was 
thought to have been detected ; but in the present instance, all the experiments 
that have been made specially for the purpose, have failed to show up any such 
instabilitv. This mvsterious source of error tends to throw sus~icion on the 
accuraciof all the sics hitherto measured, because that accuracy i; assumed on 
the evidence of the small probable error of each arc and the small circuit errors ; 
but it has now been demonstrated that there may be in a single arc an error, out 
of all proportion with the probable error and larger than most of the accepted 
errors of circuits of three arcs combined, and therefore that a circuit which 
apparently closes well, i.e., with a small circuit error, may have in each of its 
component arcs an error possibly in excess of the circuit error which may be 
fortuitously s~nall owing to the arc errors not having the same sign. Hence it 
is considered imperat~vely necessary to make, on the Delira Dun experimental 
arc, a further and exhaustive series of experilnents, in the course of which there 

* T h e  \\,OF~< of the maker\ consiited in the conitruction of ncw bearing.; or Ys of a different kind from 
tlie original; tlrc co~nplcte ove1.1i:tuling of nll tlie parts of the telescope9 leading to tlie  emo oval of the 
rnicromctcr scl-cwi, which wcrc tho~lglit  to be f ;~ul ty;  the intt.oduction ol new one,, and the providing of a 
new Bolincnbergcr eye-piccc to one of tlre telescopes in place ol one of lo\\.er power, in order that tlie optical 
powers of bcltli in,trr~mentc shotrld bc .imilnr, which heforc w.l\ not tlie case : bexides other minor altera- 
tions. l'he origin.11 benringi wcrc of a novel pattern and \elf-:tdjuqting,, each ac~o~nrnodnt iny it,.elf to it.; 
pivot. and  therelorc to tlic common nsis of I-ot:~tion I J ~  1nc:ins of n un~versal joint, ;idvnnt.rge of which 
was t;\lcen to give tlie bc;lring curf:rces a hollow <ylindrical form so a s  to lit tlie pivots and  receive 
the weight of tlic telcwope di.t~ibutcd ovcr foul. \url.lces (two to each heal-ing), allout I-:  square inche. 
each:  in thc o~.tlin;rry Y p:rttcrn tlic surfaces are  sliglltly con\.es, and  so ~requirc no very exact ;rdj:~,trnent 
to the axis or rot:~tion, I ~ u t  the wcight ol tlie tele,copc is re,eivcd on four poi11ts (two to each Y J ,  w:iich of 
course, get  w o ~  n Lly worli. Thc  o1igin:rl bearings were very bca~~t i ful ly  m:~de, but as it was su,pected tliat 
they might ;rllord slicltcr to n liitlrlcn s0urL.e of crror, addition:~l new Ys  of the ordinary pattern were 
supplicd :rnd wcle uqccl t l r r~~ugl i  tlte paqt sc;lson and in :III tlie esperiniental obcervations. 

t Any ilirce arcs forming n triangle oRers a verifcatory circuit:  thus, the rum of the arcs A B and  B C 
is equal to the arc  A C : therecore, if the sum of the nieaslrved 

arcs A B a n d  B C differs from thc mcnsrrred arc  A C the 
d~fference is due to error ol rneasurelncnt in one, two, or all three 

C arcs. 



shall be every possible interchange of observers, telescopes, electrical apparatus, 
clocks and stations. A programme for these experiments has been arranged 
by Colonel Haig, and i t  is intended to carry them out during the current field 
season by slightly curtailing the Latitude operations and bringing the Astronomi- 
cal Parties to Dehra Dun in March, in order that a recess season may intervene 
between the observations, and the subsequent resumption of the regular Longi- 
tude operations. In this way time mill be afforded for a patient investigation of all 
the results of the experiments, and the chance of the mysterious source of error 
rscaping detection will be reduced t o  a minimum. It  may be regretted that the 
observations on the experimental arc were not extended last season according to 
the present project, but the existence of such error as  has now been shown up was 
never suspected or thought ~ossible ,  and the arc was measured for the purpose 
of establishing the extreme accuracy with which the operations might be cre- 
dited. It is hoped that the cause of error will be discovered, and that all the 
steps taken in the discovery, including the experimental observations at 
Greenwich and Agra, will afford an interesting chapter for the next Annual 
Report. 

286. The nine 
arcs measured 
during the past 
season are shown 
in the accom- 
panying diagram, 
combined w i t h 
t h e  t w o  a r c s  
Agra-Deesa and 
Deesa- K u r r a- 
c h e e  previously 
m e a s u r e d ,  but 
here included to 
present the cir- 
cuit errors, which 
are printed with- 
in each triangle 
or circuit. 
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TABULAR STATEMENTS. 6~ 

Payties of the Survey of I ~ d i a  Dejartnze~zt during the year 1885-86. 
- - - -. . - - - - -- -- -- 

RBMARM. 

- - . . -. - - - . . - -- - 

--- -- - 
I-=-- 

COST.RATES. 

-- 

I overlap in District Sarun on 2" scale. 
10 '2 ... 1 , 7 8 , 8 9 0  (0 Includes Rz.650 expended on work done elsewhere. ... 

o 6 1 ,63 ,723(m;  (p )  Includes Rt ,zzo expended on Revision Survey a n d  i( t . i48 
on z" mapping. 

1'5 8 2 . 0  2 2 . . .  ' r 3 4 n 9 4 0 ( ~ )  
(r) Includes R4,906 expended on salaries and  travellinS 

allonrancvs prior to  commencement of operations a t  11571986 
M o ~ u ~ r p o r e  and  Rj.633 rust of tent equipment-Rate. 

... ol lirst season in a ncw d ~ s ~ r i c t .  

... 

I 
1 I (I) Nat deducible. 

I I 

I 
... ... 

"' .i . . i 5 2 , 6 2 0  
. . .  

... ... ... ... 3 0 , 2 6 4  

. . .  ... ... ... 5 2 , 5 2 9  

... ... ... 6 0 , 4 6 4  

----_ - - ~ ------:A . . . - -  

a.  f. , 

... 

... 
. . .  

... 

... 

... 

... 

... 

... 

... 

,.. 

... 

... 

... 

... 

R 

... 

. . 

... 

... 

... 

... 

... 

... 

... 

... 

... 
2 '5  

... 

... 

... 

zi.540 

1 ~ ~ 3 3 6 3 3 ( d )  

5 3 , 7 5 3  

5 0 , 9 2 4  

5 8 , 0 7 8  (e) 

5 , i1213Cf)  

5 7 ~ 0 0 5  

1 5 , E 7 5 ( g )  

Total of 
Party. 

....... - 

i- Stone COLIPI.ETION OF NAGRI '  

(4 Per linear mile. 

(b)  Traversing limited to firing village trijunction boundary 
marks. 

(c) Topography not surveyed, but  obtained by reduction Irom 
Set t le~nent  Survey Maps : the reduced maps a re  tested. 

(d) Includes P(z.333 for Nushki Explorations. 

(e) , 812,112 for Baroda City Survey a n d  83 ,191  lor 
Daroda State  Boundary Survcys. 

( f )  Includes R7.685 expended on Dudhi  survey. 

, R t 1 , o w  expended on Ajrnere-Merwara Revision 

embed- 
ding. 

# n .  p.  I R 

I ! 

I 
... I ... ... 

1 ... I ... ... 
... 1 .. j .., 

Records (Khanapuri.)l Cc., R ~ c o ~ o s .  ASSESS- 
M E A T .  STATISTICS, &c. 

54 .817  (h) ,  Survey. 

1 ( h )  In-ludec R 1 , 6 ~ 5  cxpended on mapping of 4* sheets of 

... 

... 

... 

... 

... 

... 

... 

I 
... I ... 

... I ... 
I 

I ... 

I , I s , I ~ ~ ( z ' )  

1 1 , 2 4 7  

7 6 , 0 1 2  

641530 1') 

70 548 

3 ' J93  

per field. 

... 

... 

... 
Diztr ic~ Thana  a n d  85,361 expended on Forest Survey 
on 3" scale. 

( i )  Includes 83,300 lor purchase ol elephants and  Rgo de- 
marcation expenses. 

(k) Includes R1.394 ex ended on Kashmir a n d  Siallcot Ruun- 
dary Survey a n 1  R370 on plotting traverse s h e e ~ s  lor 
Hissar Settlement Survey. 

( I )  Includes R1,35o expended on Revision Work .  

83,505 expended on the completion of Renares 
("I r z o r d s  a n d  Xl ,gr*  on I" a n d  $ mapping. 

( n )  Includes cost of t ramport ing the party to  Bilaspur ( abou t  
R5,soo) and 86,763, cost of tent equipment-Rates of  
first season in a new district. 

( 0 )  Includes 8524 expended on completion of Diwara sheets 
on 4" scale. 

... 

... 
,.. 

Includes 81,387 expended on survey and mappin: of a n  

... ... 

... ... 

,.. ... ... 
' I  

Per Square 
rn~le. 

-- - 

... ... 
i 
I 

... I . . .  

i ... 
I 

per  field, 
-- 

... 

... 

1 
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Abstract of Area and Cost of the Revenhe Branch Parties according to 3urisdictions. 
.. . ... ~ - -  - .- . - 

P a o v ~ ~ c e s .  I Scale of Survey , 1 Cost I RIIMA~IKS. 
I 

16 inchen= I mile 
North-West Provinces 

4 do. = I do. 

Bengal . . . . 1 16 do. = I  do. 

Puojab . . . 

' I 1 do. = I do. 

ism . . . 1 16 do. =I do. 

Lower Burma . . . 1 16 do. = I  do. 

Bombay . . . .I 2 do. = I  do. 

( 16 do. =I do. 
Central Provimes . . < 

1 . .  . . .  

Haipntana . . . . Ditto 

(a) Topognph tested only on 
maps compiled)fram the Settle- 
ment Survey M a p .  

(b )  Traverse Skeleton Soncy. 
M a  s are plotted on #&inch 
sap,. 

(c) Traverse Skeleton Survey 
with village boundaries. 

. - - .- - - 
NOTE.-The a r e a  of preparatory boundary tmversing e~ccuted by a d a s t n l  mwey  parties hsve m t  been included 

i m  tbb ststement. 





PART Ill. 
T H E  OPERATIONS AT T H E  SEVERAL HEAD-QUARTERS 

OFFICES. 
I .  These offices comprise- 

( I )  The Survey of India Offices at  the Presidency. 
(2) The Trigonometrical Branch Offices at Dehra Dun. 

There has been little or no change in the general arrangement of these 
offices during the year under report, except that on the transfer of Lieutenant- 
Colonel W. H. Wilkins, S.C., the permanent charge of the Map Record and 
Issue Office was assigned to ace of the Assistant Surveyors General. The  work 
in all the offices has con~inued to increase. 

Perso~rnel. 

Lieutenant-Colonel H.  R. Thuillier, R .E  , Deputy 
Sur\,eyor-General, in charge Hevenue Surveys, UP 
to 11 th hlarch 1886. 

Colonel J .  Sconce, S.C., Deputy Surveyor-General, 
in charge Revenue Sur\eys,  from 11th March 
1886. 

Colonel D.  Macdonald, S.C., Officiating Deputy 
Superintendent, 1st grade,  on duty l r o m ~ t h  March 
1886, and ORiciating Assistant Surveyor-General, 
from ~ 1 s t  March 1866. 

hlbjur C. Strahan,  I<.E., Deputy Superintendent. 
2nd grade, Assistant Surveyor beneral, up to 16th 
April 18P6. 

Lieutenant-Colonel W. H .  \Vilkins, S.C., Officiating 
Deputy Superintendent, 2nd grade,  up to 2nd 
November 188 j. 

Major M .  W. dogers ,  R.E., Depoly Superintend- 
ent, 3rd grade, Assistant Surveyor General, up to 
20th hlarch 1886. 

Lieutenant-Colonel R. Beavan, S.C., Officiating De- 
puty Superintendcnt, 3rd grade,  on duty from ~ ~ t h  
April 1886, and  Otliciatlng Assistant Surveyor 
General from ~ ; t h  April rW6. 

1.ieutenant G. 13. Iiodgson, S.C., Officiating Deputy 
Superintendent, 4th grade. 

S U R V E Y  OP INDIA OFFICES. 
hlr. T. W. Babonau, Registrar. 

S U R V E Y O R  GENERAL'S OPPICE.  
hlr .  M.  Francis, Head Clerk. 
Habu R:lnee hladhuli Ranerjee. 

,, Chuhi Lall Dey, and one other. 

Accou~rts Sectio~r. 
Mr. E. D. Algar, Head Accountant, up  to 16th July 

18b6. 
Habu Bama Churn Cliuckerbutty, Officiating Head  

Accountant. from 17th July 11186. .. Icaj I<ri-hna h l o o L ~ ~ j e e .  
,, Oldloy ('oomar Dott, (died 29th September 

18:6) and  six others. 

C ~ n c v n l  Srctio~r. 
Mr. J .  A. Vallis, Esaminer, up to 16th July 19S6. 
., r. E.  Ware,  ditto, Irom 17th July 1886, on 
furlough. 

I3nbu Ijoorga Narain Chose, Officiating Examiner, 
from 17th July 1836. 

M r  H .  R. D'Xlello. 
Habu rjheecum Singh. 

,, Gopal Chunder Doss, and eight others. 

R E V F . N U ~  S U R V E Y  BRANCI( OFYICE. 
Mr. A .  C. Cllnningllam, Head Clerk, retired 17th 

Juiy 18S6. 
,. E. D. Algar. ditto. from 17th 
July 18S6. 

Rabu I<alipodo Uanerjee. 
., R a ~ n  ICrislo Cliunder. 
, R a j  Coomar Dutt. 

' ~ O P O ~ R A P I I I C A L  S U R V E Y  B R A N C H  OITICE. 
Mr. T. E. Ware ,  Head Clerk, up  to 16th July 1886, 

furlough fro111 1st April 1886. .. 1. A. V;~llis, I-lead Clerk, lrom 17th July 1086, 
Ilabu Doorga Narain Cihose, up to 10th July 1886. 

MAP R E C O R D  A N D  ISSUE OPPICE.  

M ~ .  A .  E.  Byrn, Head  Assistant. 
,, H. R. Vallis. Map  Curator, and  thirteen others. 

DRAWING OPPICE.  
Mr G A .  McGill. Chief Draltsman. 
,, 'S. 'M. smylie, ~~~d ditto, up to 26th juna 

,3y6, 
,, p, J ,  LV, D ~ ~ ~ ~ ,  D ~ ~ [ ~ ~ ~ ~ ~ ,  from Ist A ~ ~ ~ , ~  

1836. 
,, 1". c reen ,  ~ ~ ~ l ~ ~ ~ ~ ~ ,  
,, J, R ,  ~ d ~ l ~ ,  ditto. 

:: ~ i ~ l ~ : ~ r O ' ' e ' ~ ~ ~ ~ ~  
,, A S, rjateman, ditto, 
,, ti. Lill, ditto, and  two others. 

rVntiv: Draftsmen. 

Nabi Sonaullah'  tlu!(sh. 
Ba{u ~ ~ ~ i h ~ ~  sen, 

,, hlohesh Chunder Shaw. 
Munshi hluttiullnh. 
Babu Puma ( I ,under  sen, 
,, t i o p ~ l  Chunder Roy, and  36 others. 

Sitvveyors arld Asn' t ta~i t  Srrrveyurs on duty.  
Mr. S. M. Smylie, Surveyor, 1st grade,  from 27th 

June 1:iYO. .. F. A d m n ~ ,  Surveyor, 2nd grade.  
,. A. C;. \\'yrtt, do  . ,?rd d o  
,, S .  0. hladras, Assistant Surveyor, 1st grade.  
,, E. J. hl:~rtin, ditto, do. 
,, I3 hl. Wilson, ditto, 2nd grade. 
9 ,  J A. H i ~ g s v  ditto, do. 

f ru~n  1st Ju.y 1886. 

Sub-sur vi:ror.s o n  duty. 
Babu hlodhu Sudun Dutt, and  one other. 

Ad$itio,rnl Es tnb l i sh*~~e~r t .  
Mr. \V. Stotesbury, Dra'tslnan. 
,. P. J .  \V. llo~.:in, ditto, up to 31st  July 1966. 

and seven others. 

E~cr;vlrrc OPTICE.  
Mr. C. \I/. Coard, Superintendent. 
., W .  Donaldson, on lurlougli, from 6th June 

1SS6. 
,, C;. G.  Palmer. 
,, I > .  I.. hlitcliell. 
,, 1 .  Fullord. 
,, T. U.  Rodger. 
,, A. G. Palmer. 
,, S .  hl. Coard. 
,. A. W. N J;~nics. 
,, A. I<. Coard. 
,, A. U. hl. Chamarett, or) leave, from Sth M:ly 

1886 
,, B. C. Olle~lbach, on leave, from 19th July 1RS6. 
4 Apprentices . ~ n d  2 j  Native Engravers, and I 
Storekeeper. 

Cupper-plltte P r i r ~ t i ~ r g  Section. 
hlr. W .  1'. Collins. Copper-plate Printer, and  I j  
Xative Printers, and  Pressmen 
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2. The  duties of the Surveyor-General's and the Topographical Branch 
Offices were carried on by Major M. W. Rogers, R.E., up to the 20th March 
1886, and thereafter by Colonel D. Macdonald, S.C. 

3. The  Revenue Survey Branch Ofice was supervised by Lieutenant- 
Colonel H. R.  Thuillier, R E., up to the 10th March 1886, and subsequently 
by Colonel J. Sconce, S C., on his return from furlough, who carried on the 
duties connected with the accounts a s  well a s  the correspondence of this 
Branch. 

T h e  Drawing, Engraving and Map Record and Issue Offices were super- 
vised by Major C. Strahan, R.E., up to the 16th April 1886, and thereafter by 
Lieutenant-Colonel R. Reavan, S.C. 

Lieutenant G. B. Hodgson, S.C., has continued t 3  hold the post of Personal 
Assistant to the Surveyor-General.* 

MAP R E C O R D  AND ISSUE OFFICE. 

4. From the  1st October 1885 up to the 15th April 1886, Major C. Strahan, 
K.E., Deputy Superintendent, 2nd grade, and Assistant Surveyor General, held 
charge of the Map Record and Issue Office. He was relieved by Lieutenant- 
Colonel R. Beavan, B.S.C., Deputy Superintendent, officiating 3rd grade. who 
has since superintertded it. 

5. T h e  number o f  maps issued during the year under review is shown in 
the  following statement :- 

Maps issued. I Number. I Value. 

Coloncl Mncdonald reports as lollows :- 
The Re~ic l rar  of the Survey of India Officc, Mr. Rabonau, has, as usual, performed his duties in 

(;eneral maps to Government officials , . . . 
Ditto to India Office, London . . . . 
Ditto to Agents . . . . . . .  

Total . 
Cadastral maps to Government officials . . . . 

Grand Total . 
. - .  .- - - - . 

- 
e very salisf;~ctory manner. 

hlr. Francis. I-lead Clerk, Surveyor-General's Offire. Mr .  E. D. A l ~ a r .  Head Accounlant, and 
Mr. J. A. Valli,, Head Clerk. l.opograph~cal Branch, have all worlc~d hard and stcad~ly. 

Habus Uanee hladhub I3anerjcc, !>,,org;i N a r ~ i n  Ghose. Rnmachurn ('huckerhutty. I3heecum 
Singh. Chuni Lall 0ey, R.tjkri.hn, Alookerjee, and the remaining clcrkr have been regular in 
the~r attendance, and att:nt,vc to thcir du~ies. 

I n  the Revenue Branch Office, t h e  Deputy Surveyor General reports most favo~lrably of Mr. 
E. I). Algar and Ballu I<ali Pndo Ijanerjee, and names Babus Ram liribto Chunder and Raj 
Coumar I)utt as de*ervi~tg of mentinn. 

Mr .  A. C. Cunningham, late He.ld Clerk of thc Iqevcnue Branch Office, retired nn a pension on 
17th July 1886, alter a total service o l  over 30 years, but he lived to enjoy his pension for only 
three months. 

6.  As compared with the previous year, there is a decrease in the number 
of maps issued to Government officials, both general maps and cadastral, but 
owing to the increased number of maps sent to England and to agents for sale, 
the total number of general maps issued is somewhat larger than was issued 
in 1884-85. Since April, a new system has been introduced of debiting other 
departments with the value of all maps issued on public service. This may be 
expected to  have the effect of reducing for a time the numbers of maps indented 
for by officials, but a t  the same time it increases materially the clerical work of 
this office. 

7. T h e  number of applications for copies of maps is almost the same a s  
during the previous twelve months. In the Revenue section of this office, 617 
applications were received for extracts from the original records of the Revenue 
surveys, and 2,638 copies of village plans were supplied a t  a cost of 85,494,  
which was recovered from the applicants. 

. -. ~ 

pp 

64,028 
4.084 
2,748 

70,860 
1~39,428 

2,10,288 

51,410 
6,026 
4,740 

62, r 78 
1,04,57 1 

1,66,749 



tf* 
m h b d  umh t h  &10f&lo,, af Lieub. Oolansl EL It. Thuglier, R. &., Ofl6Wt)g duwoyor Osnot-sl qf Indio, 

ffwwy of Indb  OQlcuo, Uabwftii,- J ~ R w #  M87. 



SURVEY OF I N D I A  OFFICES. CALCUTTA. 7 ' 
8. T h e  following statement gives the  income !-om map s.lles :- 

R a .  p .  
Realised from map sales and paid into th: Governr.\ent 

Treasury . . . .  7,741 0 0 
Realised from map agents 991 14 0 

Total . 8,732 14 o 

9. T h e  following figures show briefly the  details of work :- 
Applications received for maps by letters, indents and telegrams 
Letters ~ssued in reply . 
Invoines and receipts issued for published maps . 

L'itto ditto for cadastral do. 
Ditto ditto for extracts from original records 

Pacltets, parcels and town despatches . 
Packages despatched by rail and steamer . 
Published maps, coloured for sale and issue . 

Ditto ditto for other departments . 
to. T h e  publication of t h e  new Catalogue of M a p s  published by the  Depart-  

ment is being proceeded with. Two parts, those of the  Atlas of India and 
the  Punjab,  have already been issued, and those  of t h e  remaining Provinces 
are  in various stages of progress. Mr.  J. .P. Doran has  been employed chiefly 
on this work, b e s ~ d e s  a t t e n d ~ n g  to the  arrangement and  sorting of the  maps  and 
the  completion of the  racks. T h e  latter, a s  reported las t  year, a re  practically 
complete, that  is, in their present state,  they a re  sufficient for all probable 
requirements for some time to  come, but still there a r e  some minor additions 
which will have to be carried on by degrees a s  money is available from timt: t o  
time : a considerable amount of work has been done in this direction during t h e  
past year." 

LIRAWING O F F I C E .  

1 1 .  Up to  the  15th April 1886, the  duties connected with the  Drawing 
Office were supervised by Major C. St rahan,  R.E. Since that  da te  they have 
been under the  superintendence of Lieutenant-Colonel R .  Beavan, B.S.C. 

12. This  office is divided into three Sections-Section I dealing with new 
compilations and all maps  connected with t h e  Topographical Surveys;  Sec-  
tion I1 with the maps connected with Revenue Surveys, other than Cadastral ; 
and  Section I l l ,  which de l l s  with Cadastral maps oniy. A statement in detail 
is given in the  appendix, of the amount of work turned out in the  various 
sections. 

SECTION I.-GEOGRAPHICAL D R A W I N G  A N D  COMPILATION. 
13, Section I has  been kept fully occupied during the  past  year. A great  

deal of work has  been done for the  Indi:3n and Colonial Exhibition in London. 
A map of the world on hlercator's projection was prepared,  showing the  import 
and export t rade  of India with other c o ~ ~ n t r i e s  during 1884-85. A series of 
maps  was also pr t 'p ;ud wit11 a vicw to sho~ving a t  a g lance  the  percentage 
of various crops gl-on-n in  different districts of In.lin. These  were coloured 
by hand on thc  64-~n i l e  outline Inap of Intlin. T h e  maps to il!ustrate t h e  
Density of Popr~lntion, Emigration, Extcrnnl trade, Land settlement and  
revenue, Grolosy,  k c . ,  of Intlia have becn co~nple ted ,  a s  well a s  the  Religion 
'map which was dcscribcd in last year's rcport. 

14. l ' h r  n10dc.1 of Indin in relivf, which was alluded to  in last year's report 
a s  being 111t.n u~it lcr  prelxlratinn by Rli~jor C. St rahan,  was completed and  
sent to the Lontlon Exhibition ; it was prepared in plaster-of-paris and  coloured 
by hnntl. Al~olh:r cas t  has been lalten, and this will be completed for Hi s  
Exceller~cy the  Viceroy, by special request. 

* C~)lonel I3cnvan rcp,,rts that Mr. A. E. Byrn has wnrl<ed hard, and that MPSI~S. H. R. Vallis and 
B. M. Wi!'on Iia\ c dl c '  . ~ rgcd  t'lc r rl~ttici rnokt elli -ie ~tly. Mr.  Dc.ran has trorked well and stradily ; Sub- 
surveyors M dliu u ~ l u  1 I)lltt. Habu A ~ l l ~ ~ t o s I i  l iar .  M r .  5. Hazrah and the other clerks employed in the 
uRice have all \\orked Lard and rendered goud service. 
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1 5 .  Three small skeleton maps have been drawn, showing ( a )  the Burma 
and Assam Frgntier, ( b )  the Punjab and Afghanistan Frontier, (c) the Sind and 
Baluchistarl Frontier. These maps are intended for attachment to official 
reports, for the illustration of political ¶uestions dealing with large areas of 
country, on which any routes for transfrontier railways or expeditions can 
be readily sketched in bv hand. 

16. Several large maps of lndia on the 11-mile scale have been prepared 
for general use, similar to the well-known " Raih.ay map ";  one showing Canals, 
another Feeders to  Railways, Roads, &c., and a skeleton map for lecture rooms 
and schools. T h e  last has also been published on a smaller scale. 

17. The  sml~l l  District maps for Administration Reports have all been 
completed, excepting those ot two districts in Assam and two in the Central 
Provinces. These maps have entailed a great deal of work in the Drawing 
Office, and it is to be hoped that they will be appreciated by the District 
officials for whose use thev have been preparetl. 

18. Several quarter-sheets of the Indian Atlas have been speci:\lly prepared 
by hand for the purpose of experimenting in different methods .of reprodtiction, 
one having been drawn for reproduction by photo-zincography and others in 
different styles for heliogravure, with a view to ascertain which is tile best 
method. 

19. The  regular work of the section has progressed well; 25 Atlas 
Sheets are in hand, in different stages of progress, under preparation for the 
Engraving Office. Szveral odd jobs have also been done for Government and 
various officials. 

20. Twzlve District maps on the $-inch scale have been prepared from 
Atlas Sheets or corrected to date, and the Provincial maps on the 16-mile scale 
have been proceeded with. Additions have been made t o  the new 32-mile 
map of lndia which is being engraved. It  is intended to have this map 
transferred to stone, and the small   or ti on that still remains unengraved, will be 
drawn on the stone by hand, so that a preliminary edition of this beautiful map 
will be available for issue to the public in a few months. 

21. As usual, the fair standard sheets received from field parties have been 
examined, and passed on to the Photographic Office for reproduction. A great 
deal of work had to be done on these sheets in many cases before they could be 
published, but steps h;~ve been taken to have them prepared in the field party 
ofices in a strictly unifor~n manner, so that in future the amount of this kind of 
work will be very grearly reduced. 

2 2 ,  The  prep;iration of the Index maps for the Annual Report has been 
comparatively simple this year, as  in most cases those used for last year's 
Report have sufficed, with the necessary additions, to bring thtm UP to date. 

23. In this sec~ion much work has been done for various Government OR- 
cials in preparing copies of Revenue records as  shown in the appendix. A 
considerable number of maps have also been coloured. All the fair maps sent 
in by the field parties have been examined, and the headings, foot-notes, &c. 
have been rectified and made complete for photo-zincogrc~p.hy. Part of the 
special work performed during the year by this section IS the preparation 
of the maps of Districts Prome, Thnrawaddy and Henrada on the 2-inch scale 
for reduction to I-inch, as  well as  those of Districts Goralchpur and Mirzapur. 
A new map of the c ~ t y  and cantonment of Benares has bee11 taken in 
hand. It is to be dra\tn on the scale of 8 inches to the mile by reduction from 
the cadastral sheets. 

24. The  work in this section has proceeded steadily. The number of sheets 
sent to press is somewhat less than during the previous year, but this is entirely 
due to the fact that the supply from field parties was smaller ; on the other hand. 
a large number of volumes (46). containing original survey sheets, have been 
arranged and bound up for record, and 150 volumes containing sets of printed 
sheets have been prepared for the Governnlent of Burma. 
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2 5 .  The publication of the cadastral maps of Districts Benares and Ballia 
was completed during the year;  also of the districts of Prome, Bassein and Hen- 
zada in Lower Burma, and of Pooree District (Ichorda Estate) in Bengal: of 
Dehra Dun, a few sheets only remain unpublished. 

26. The  map of the city of Benares on the 32-inch scale occupies 5 sheets. 
The mohulln names were given on separate sheets with a view to their being 
printed in red, but this was found impracticable, as the blocks of buildings had 
been shaded with fine lines, and the names could not be printed clearly on the 
face of the map. The only alternative was to give the names in a separate 
reduced index map on the margin of each sheet. 

27. The large scale plans of the towns of Akyab, Prome, and Henzada, 
(scale 64 inches = I mile) have also passed through this office. In addition to 
the number of copies of cadastral maps that are usually ordered, a few extra 
copies of these city plans have been printed for stock, as they will probably be 
wanted by the local officials, or private individuals, in the future.* 

T H E  ENGRAVING OFFICE.  

28. During the year, three of the European engravers have bee11 on long 
leave-two lettei engravers and one hill etcher: the native hill etcher, who was 
taken by Colonel Waterhouse last year for heliogravure work, has been employed 
by him'during the whole of this. The amount of outlining and lettering is slightly 
below last year's out-turn, consequent upon the absence of the engravers on 
leave. The  hill etching is above last year's out-turn, while the engraving of 
other details is below i t ;  still the aggregate work in this branch is slightly above 
last year's amount. 

29. The out-turn of work of the Printing Section is much above that shown 
in last year's report, and is the largest ever accomplished by this branch ; it con- 
tinues to increase very rapidly and great want of space is felt as  the work grows. 

30. The new map of India in six sheets, on the scale of I inch = 32 miles is 
well advanced ; the hill work in sheet 3 is being completed from recent surveys, 
and railways, &c., to date are being engraved in sheets 4, 5 and 6. Duplicate 
plates of sheets I and 2 have been prepared by the electrotype process, and the 
remaining sheets will be treated in the same manner in order that one set of 
p!ates may contain only material derived from actual survey, while the other set 
will be completed from any geographical information that may be available, 
such as route surveys and reconnaissances and will be kept up to date and cor- 
rected year by year. The two [naps of India on the scale of I inch = 64 miles 
(with and without hills) have been brought up to date. 

31. The  provincial map of Bengal in two sheets on the scale of I inch= 16 
miles is making good progress. Sheet I is nearly completed, but the hill etch- 
ing of sheet 2 remains to be done. Rajputana, on the 16-mile scale, is com- 
plete so far as surveys have yet extended, but a small portion of country is still 
unsurveyed. Meanwhile, the map will be printed from stone in the Lithographic 
Office. A map of the Punjab on the same scalo is being engraved, and one of 
the North-West Provinces and Oudh has been commenced. Additions have been 
made to the maps of  Ass:tm, the Central Provinces, the Central India Agency, 
and the Patna Division, and several miscellaneous plates have been conlpleted, 
among which are a map of Berar, a form of Commission for Native Officers, 
the Vircroy's Arms, six plates ruled for Tints, and numerous Scales of different 
kinds. 

32. Of the sheets of the Atlas of India, which are engraved on a uniform 
scale of $ inch = I mile, sixteen new quarter-sheets have been projected during 

~ ~ . . - . ..-- -- - - 

* Section 1 has been under the immediate charge of Mr. G. A .  McGill, Chief Draftqman, who h a s  
condtlcted thc duties ol hi5 post in a mo5t efficient manncr ; the Revenue S e c ~ i o n  lias been in charge of 
Mr. S .  M. S m y l ~ e ,  Head 1)raitsnian Hoth of tliece officers are old and \\,ell-tricd surve ors and have, 
during tlle pa5t ycar, fully kcpl up their previous reputation. Mr. Stotesbury is alqo a reliaIle.and hard- 
working survcyor \\rho ha.; had charge of the cada~tral  section. Rlr. F.  A d a ~ n s  liaq had charge of the 
Examining Branch (i f  Section 1, \vhlcIi is  located in a separatc room. and alniozt forms a separate section. 
Here every topographical, generril, or cngraved map lias to undergo a strict scrutiny before it is publi,hed, 
and the press of work i.; ucunlly very hea\y .  

T h e  Iollii\\~i~ig Surveyors and Awictant Snrvryors have also been ernplo ed  in the Drawing Office, 
vis.:-hlr.  A .  G. Wyntt, Mr. S .  0. Madrx\, h lr .  E. 1.  Martin, and Mr. J. A .  d g g s .  They have all worked 
steadily and well. 'I he  European and native draltskcn have done good work. 

L 
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SILVER P R I N T I N G  S E C T I O ~ .  
Norinnl Estoblishmeni.  

Mr.  G .  G .  Dempster,Photographer,  
working in the Negative Section 
(Normal  Establishment). 

I Assistant Photographer a n d  1 
labourer. 

HELIOGRAVURE SECTION. 
Norntul Establislrme~zt. 

Mr. A. W .  Turner,  Photo-Engra- 
ver. 

Babu Joy Kristo Shaw,  Kngraver,  
drswinq his pay from the Engrav- 
ing office. 

r Assistant Phutogrnpher, r copper- 
plate printer, a n d  4 p r e s m e n .  

the  year, thirty-eight have been repaired and added to, and nine have been 
completed and published. At present there are sixty-one plates in hand in 
various stages of progress. During the past twelve months 253 plates have 
been worked upon in this office. T h e  hill etching done covered 1,552 Square 
inches of copper plate, 324,589 letters were cut and 2 , 7 2 7  square inches of 
topographical detail. In the Printing room 19,305 impressions were pulled. The 
detailed statement of work done during the year will be found a t  page lxxix of 
the appendix.* 

T H E  PHOTOGRAPHIC OFFICE. 
33. Lieutenant-Colonel J. Waterhouse remained in charge of the ofice 

APPRENTICES.  annexed abstract, has 

Persoiznel. 

Lieutenant-Colonel J. Waterhouse, 
B.S.C., Assistant Surveyor 
General in charge, on furlough 
lroln the  z r s t  March 1886. 

Lieutenant-Colonel ,,,,. F. Badgley, 
B.s.c., Officiating Assistant Sur- 
veyor General,  in charge, from 
~ 1 s t  March to  30th September  
1836. 

Lieutenant J. M.  Fleming, Assist- 
a n t  Superintendent,  from Iqt 
October I S S ~  t o  9th Augu5t 
1886; transferred to  the Balu- 
chistan Topoqrapt!ical Party. 

NEGATIVE SECTION. 
N o r m a l  E ~ t ~ b l i s h r n ~ n t .  

Mr.2: Mackenzie. 
11 DeCruzej *Ssistant 

lsmail Khan,  ,, ditto. 
z Negative retouchers. 2 glass- 

cleaners, a n d  I bhistie, 
Cadostral E ~ t a b l i s h ~ e n t .  

M r .  C .  Marshall, Photographer.  
,, L. Lagnier,  ditto. 
,, T. Lloyd, Assistant ditto. 

3 Assjstant Photographers, 3 Ne-  
gatlve retouchers, 5 glass.  
&leaners, a n d  I bhistie. 

pHOTOGRAI ,HIC T~~~~~~~ 
PRINTIYG SFCTION. 

Normal  Establislrment.  
Mr.  J. Harrold, Photographer. 

Habibul Hossain, Asst: ditto. 
a labourers. 

Cadnstral Eslablislrrnent. 

Mr. R. George, Photographer,  in 
charge Silver Printing Section, 
from 1st October to 15th De- 
cember  1E8j. in addition.' 

2 Assistant Ph0togra~ber .q  a o d  ? 
labourers.  

again been very large, 
N o v n ~ a l  Esfoblisbrirrirt. and in the Zinc Printing 

Mr.  C .  Meade,  working i n  the 
Silver Printing Section. Section shows a consi- 

,, 1. T. Rleadc, workinz in the  derable incredse. In the 

until the 21st March, 

COLLOTYPE SECTION. 
when he was obliged from 
ill-health to take short 

Normal  Establishment. furlough to Europe, and 
I Printer,  I glass-cleaner, a n d  2 Lieutenant-Col~nel W. 

pressmen. F. Badgley officiated for 
ZINC PRINTING SECTION. him until the close ' of 

the year. Lieutenant J.  
Estabrishment' M. Fleming remained 

Mr. B: Mackenzie, Zincngraphe~.  
I Wri ter ,  4 zinc-correctors, 5 zinc- attached as  Assistant 

printers, 4 spongemen, 3 zinc- Superintendent until 9th 
graipers,  a n d  17 pressmen, August, wben he was 

C a d : ~ s t r o l  Establishnzent. transferred to  the Balu- 
Mr. J. Watson,  Z incograph~r .  
,, E.  A. 1-eFranc, ditlo. Party. AS it was eorl- 
,, J .  B. ~ a c k e n z i e ,  Assistant Sidered desirable to have 
Zincographer.  
zinc-correc~ors, 1 ,vriter, 9 zinc a second officer in train- 
printers. ing in the Photographic 

6 spongemen, 11 zinc-grainers,and 
3' pressmen. and Lithographic Offices, 

Mr. T. A. Pope of the 
GENVAAL O ~ P I C E  E s ~ n s k l s ~ -  Madras Revenue Survey, 

M E N T .  who had been very fa- 
lyormal Establishmenb. vourably reported on as  

Mr. W. Moore, Store-keeper. likely to  prove well quali- 
Bqbu Kanny  Lall Sen,  Clerk a n d  fied for the post, was 

Accountant. 
Babu t iopsl  C h u n d e ~  Mookerji, transferred from the 

c le rk .  
c lerk .  

Madras Survey, and ap- 
pqinted t o  the Survey of 

Cqdastvnl Esfablishntent.  India as Assistant Su- 
Mr. H .  H a u a r d .  t i e a d  Assistant, perintendent. He joined 

in charge Collotype Section a n d  the office on 14th &to- 
a lco , in  charge Silver Priptinq 
Sec t~on ,  from 16th December ber 1886. 
1885 to  30th September 1886. 34. The out-turn of the 

I Clerk a n d  I e r ~ r j  Clerk. office. a s  shown in the 

Collotype 4ectlon. Normal Sections, en- 
,, U. s. Raven\croft, working in 

the Z ~ n c  P r ~ n t ~ n g  S e ~ t l o n  gaged in the ordinary 
(Cadactral), from 1.t October departmental and exlra- 
lSHj to 31st Augu5t 18Yh. 
Tramferred to the I.ithogra- t he  
phlc Office. 1st Seplember number of subjects re- 
1886 

P. C. Michael, working in the produced showsa falling 
Negaiive Section. off, though still much 

above the average, being 
-. . - - -. - - - 

Mr.  C W. Coard, Superintendent,  has  cnnductctl the duties of ~ h i \  oficc in 3 very  ati is factory lnanner. 
His tenure of the appointment has been furtlier extended lor anuther twelve monbh.. [luring Mr. C o a r d ' ~  
absence on privilege leave hl r .  G .  G Palmcr officiated for l111n T h e  work lurned out this office is or 

the  u=ual high quality. a n d   he amount done proves that ~ l i c  engravers and  printers have worked well and 
steadily. T h e  Europeans and?  with few exceptions, thc natives have done very well. 



1 , s  18 (892 departmental and 626 extra-departmental), while last year it tvas t,Yoa 
(853 departmental and 849 extra-departmental). The numbet of negatives 
taken has risen, from 2,573 to 2,671, including 70  reversed negatives and trans- 
patencies. The number of zinc-plates printed is less by 103 than it was last 
year, but the nutnber of press pulls, which is the real criterion of the work done, 
exceeded that of last year by 29,892, while the number of complete copies was 
larger by 108,619; this is due to the comparatively large amount of small sub- 
jects, several going on one plate. 

35. The amount of silver printing is again comparatively large and shows 
an increase of I ,493 over last year, due to a large order for copies of the sketches 
done by Major E. L. Durand, attached to tlie Afghan Boundary Commission, a s  
well as for photographs taken in connection with the Indo-Colonial Exhibition. 
The  out-turn of the heliogravure and collotype prints has not been quite so large 
as  last year, but the processes are progressing satisfactorily. A very large 
increase of electrotyping work has been done during the year in duplicating the 
engraved copper-plates of the Atlas of India and Standard Maps. 

36. In the Cadastral Sections the out-turn has been well up to the average, 
the number of sheets printed off being 122  more than last year, though the 
number of pulls is 16,008 less, owing to srnallek numbers being printed. 

Geneva1 Abstvact of Out-tuvn and Value of work done between 1st Octobev 1885 and 3otlt Sejternbev 1866. 
- 

37. The total cost of the ofice amounted to 81,66,122-9-9, as  far a s  
can be estimated, while the value of worlc done and other credits amounted to 
R I ,58,14g-14-6, thus showing a balance against the Department of a7,972-11-3. 
This, however, is explained by the fact that owing to supplies of paper 
for 1885-86, arriving later than usual, their cost, amounting to 840,531-13-0, 
is included in this year's accounts instead of last  eat's, unduly increasing the 
balance in favour of the office last year and against it this year. 

38. Under the orders of Government a strict system of book-debit for work 
done for other departments was introduced from the 1st April. A system of 
noting the value of all work done for other departments had already been in 
existence for some time past and tixed rates had been established for all classes of 
the work ordinarily done in the office. The  rates were carefully revised and the 
charges for zinc and litho. printing modified, so as  to enable one set of rates 
to be used by the Photographic and Lithographic Offices here and by the 
Photo-zincographic Office a t  Dehra Dun. The new system entailed a good deal 
more work, and the appointment of an additional clerk was sanctioned for this 
purpose. As far as  can be judged a t  present, after a few months' experience, 
the new system has w6rked well and the rates seem to be about correct, but they 
will be revised, if necessary, before the commencement of the new financial 
year. 

39. There is nothing specially worthy of note in connection with the 
ordinary work of the office during the year. The departmental publications 
have been larger than usual and include, among the General maps, a Map of India 
showing Feeders to Railways, on the scale of I inch = 32 mjles, and a reprint 
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of the Railway Map on the same scale. Among the Provincial maps, a M~~ 
of the Central Provinces on the scale of I i nch= j l  miles. A very large 
of the District maps on the scale of I inch=8 mileswap printed off. ~h~~~ maps 
have been specially prepared for the illustration of Administration R ~ ~ ~ ~ ~ ~ ,  
and should be very useful for that purpose. The  detailed list of the districts 
published \ \ r i l l  be found in the appendix. 

4 0  Three hundred and fifty-nine sheets of standard nlaps have been printed, 
including 6 sheets of the Andaman Survey ; 38 sheets of the Burma Survey in 
Districts Pegu and Hanthaivaddv, Tharrawaddy and Bassein; 40 sheets of the 
GujarPt Survey ; 23 of  District Hissar ; 5 2  sheets of the Hooghly River Survey ; 
2 I of the Kathiawar Survey : 42 of the Konkan Sur\rey ; 16 of District Mont- 
gomery and 1 4  of the Mysore Survey. Among City and Cantonment may be mentioned-the City of  Mysore on the scale of 12 inches = J mile, Ajmere 
City and Environs ; City and Cantonment of Bhuj. Of the extra-departmental 
work may be noted maps of Burma and regions adjacent for the Quartermaster 
General's Department and maps, for the Camp of Exercise, of the country 
between Umballa and Delhi. Several military maps of country l o  miles round 
various cantonments, have been reproduced in this ofice, as as in the 
Lithographic Office, under the direction of the Intelligence Branch of the Quarter- 
master General's Department. These maps are from special surveys made by 
officers of the garrisons, and in many cases are f i t  for reproduction by photo-zin. 
cography ; in other cases they are lithographed. Three river charts have been 
reproduced for the Port OfFicer. The  campaign in Burma has not given so lnuch 
work as  might have been expected, but a good deal has been done in the way of 
reproducing sketches and maps for the use of the force. For the Meteorological 
Department a series of Wind Charts of the Bay of Bengal were reproduced. 
For the Telegraph Department an extensive series of diagrams of telegraph 
stores was reproduced, besides a Telegraph Etap of India. 

41 .  The  Photo-collotype process has been making good progress during 
the year and his been utilised in various ways for extra-departmental work. 
Some plates of very small coins have been reproduced for the Asiatic Society, 
also some plates of microscopic sections of tree f u ~ ~ g i ,  from the original negatives 
by Dr. A. Barclay. Prints were also made of some enlargements of maps of the 
Ordnance Survey for the use of draughtsmen and engravers. Experiments 
have been made with fair ~ r o m i s e  of success in transfer from photo-collotype 
plates to stone. 

42. The  heliogravure processes have also made fair progress, though the 
out-turn has not been so large a s  last year. Some very successful transfers to 
stone were made from specially   re pared photo-electrotype plates, and though 
more expensive and slower, this method appears likely to offer the most 
satisfactory solution of the problem how to break up the delicate photographic 
image sufficiently to print clearly from stone or zinc ritllout destroying fine 
details. 

43. The  elec:trotyping arrangements have been greatly extended during the 
year with the 0bjec.t oi  duplicating i n c o ~ n ~ l e t e  Atlas sheets and standard maps, 
so that they may be temporarily completed for issue  ending the engraving of 
the final resuits. This is a very valuable addition to the capabilities of the 
office and will prove of great utility, especially as no difficulty has been found in 
duplicating sheets up to the size of double-elephant. 

44. During the early part of the year under review the final plans and 
estimates for the new Photographic and Lithographic offices mere completed 
by the Government Architect, and af ter  approval by the Surveyor General were 
returned to  the Public Works Department, Government of Bengal. Urgent 
representations \\.ere again made to the Govrrnmen~ of lndia regardills the 
early provision of suitable accommodation for these offices in one block of build- 
ings-a question which h ; ~ s  now been under consideration for the last l6  Yra r sn  
The  Honlble Sir S. C .  Bayley, K C.S.I., visited the Offices in January 1886~ 
see the state of things. O\~ling, however, to financial dificulties it was lound 
impossible to make any provision for this purpose in the Budget for t h e  current 
year and nothing has since been done. 

45. Lieutenant-CoIonel Waterhouse has forcibly represented the ev i l s  and 
inconvenience of the present arrangements in a memo. prepared lor Sir S. 
Bayley (printed in the appendix, p. Ixxxv). 
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46. T h e y  may be sulnmarised a s  follows :- 
I.-The loss of money in house rent :  t h e  total amount paid yearly in 

rent for the  three  houses-No. I ,  Camac Street  (lower floor), 
occupied by the, Lithographic Office, and Nos. r and 2 Wood  
Stree t ,  occupied by the  Photographic Office, is R 10,980, besides 
taxes, amounting to 8 9 4 3 ,  or  in all a sum of Rr 1,923. Taking 
the  cost  of t h e  new offices, a s  estimated, a t  about 82 ,16 ,ooo ,  
the  interest on this sum a t  4 per cent., would amount to 88,640. 
I t  is clear, therefore, that  t he  erection of the  new building would 
effect a large saving in rent alone, while further savings would 
also accrue by the  greater economy with which the  offices could 
be worked when concentrated together, besides the  increased 
efficiency, . . convenience, . . and other advantages in working tha t  
n.ould be gamed. 

11.-The division of the Lithographic and Photographic Offices into 
three separate houses, the  former a t  some distance from t h e  
latter, necessitates references and visits t o  and fro, and renders 
efficient supervision difficult. T h e  zincographic and lithogra- 
phic presses, all doing similar work, a re  d~st r ibuted between the  
three houses and scattered in small rooms. Were  they brought 
together in one large room, a s  proposed in the  new buildings, 
there would be less loss of power, and better work could be 
dcne by the use of stone or zinc, a s  might be best  suif-ed to t h e  
particular class of work. T h e  printing staff, being concentrated, 
could work together with greater advantage  and economy, and 
the  whole could be more effectively and e ~ s i l y  superintended. 

111 -The present accommodation in private houses is quite unsuitable for 
technical offices-requiring special arrangements for water-sup- 
ply, for washing negative plates and prints, and heating apparatus 
for drying sens~t ised  papers and plates, also for working heavy 
presses and machinery. T h e  want of proper permanent arrange- 
ments lowers efficiency. 

1V.- T h e  Photographic glass-house, originally built in 1869, in a light 
way, quite a s  a temporary measure, is very dilapidated and other- 
wise unsuitable for the  work with large plates a s  17ow carried on. 
T h e  touching up and finishing of negatives has to be done in an  
oDen tiled shed,  e x ~ o s e d  to all weathers. There  is no DroDer , , I L 

place for storing negatives that  are required for further use. 
V.-The accomlnodation of the  Silver-printing Section in an old cook- 

house, very damp and close to a drain is quite unsuitable for 
such work. 

V1.-For want of proper store rooms the photographic chemicals, appar- 
atus,  and stores a re  scattered between Nos. I and 2 Wood 
Street ,  causing great  inconvenience and making it exceedingly 
difficult t o  keep things in order and guard against  loss and  
waste by spoiling. 

VI1.-In the Lithographic Office, besides the  inconveniences of separa- 
tion from the  Photographic Office already noticed, t h e  arrange- 
ments for the  type printing are very cramped and  unsuitable : 
there a re  no proper rooms for keeping stores or the  fast-accu- 
mulating records and file proofs, and the  printing machines can- 
not be worked by steam power. 

47. The fact tha t  the  provision of new buildings for these offices has  been 
under consideration for so  many years with the constant  prospect of something 
being done a t  an  early date, has, in many ways, prevented better working arrange- 
ments being made, a s  it has always seemed undesirable to incur expendi t~l re  for 
temporary buildings or fixtures in these hired liouses. Work has been regularly 
carried on and has largely increased in both o f f i c~s  in the face of many grave  
disadvantages and inconveniences, but the  need for some better arrangements is 
none the less urgenl, and it is to be hoped that  the  settlement of this  important 
question may not be any lcnger delayed. 

Further details of the working of the  office and the  different processes 
employed are  given in the  appendix. 



$3. PART 111. 

48. While on furlough Lieutenant-Colonel Waterhouse visited, with the 
sanction of the  Secretary of State, various establishments in England and on 
t h e  Continent, with the object of acquiring information on tfle latest improve- 
ments. His report, which was mbmitted to the Secretary of State, has not yet 
been received.* 

T H E  LITHOGRA.PHIC OFFICE. 
49. This office was in charge of Lieutenant-Colonel J. Waterhouse till the 

Personnel. 20th March, when he proceeded on fur-  
Lieutenant-Colonel J. Waterhouse, s.c., As- laugh, making over charge to Lieutenant- 

sistant Surreyor General, in charge, from 1st Colonel W.  F. Badglep, who held it for the 
October 188j  to 20th March 1886. 

Lieutenant-Colonel W. F. Badgley, S.C., Offi- remainder of the survey year. 
ciating Assistant Surveyor General, in charge, 90. The out-turn of lithographic work 
from 2lst March to 30th September 1986. performed during the year, a s  shown in the 

Lieutenant J. Fleming, S.C., Assistant Super- 
intendent,from 1st October 1885 to 9th August annexed was again very large. 
1886. The number of subjects printed 

Mr. H. L. Lepage, Head Assistant. 
Babu Ambica Churn Mookerji, Examiner. amounted to 677, of which 190 (including 
Muhshi Sobhan Buksh, and 24 I 75 forms) were departmental and 487 extra- 

others. 
Mr. D. Deas, Head Lithogra hic Printer. 

departmental. Reckoned by the total 
,, B. Wilson, Assistant ~ i t f o ~ r a ~ h i c  Printer, number of pulls, 424,8721 the number of 

and 74 others. impressions printed off was 92,654 more 
9 1  D e P y v a h ~  Head Type and '5 than last year, though the number of corn- 

others. 
6 clerks and I 2 others. plete copies, 356,877, was 1 1 ,099 less than 
Mr. G. A. Lefranc, Apprentices. 
,, E. Do\\,ling, 

last year. This large increase is due to 
the larger number of departmental forms 

~ r i n t e d .    he type work has again increased, the number of items set up being 
5,5.66, and the number of copies printed off being 485,796, a s  against 5,687 
items and 464,976 copies last year. 

denera!  Abstract of Out- turn and  Value of work done between 1 s t  3cto6er 1885 
a?zd 30th September 1886. 

~ B ~ C R I P T I O N  OF W O R K  

btpmrhnm~al IYmP. 

G e n c r d m a p s  . . . .  
Provincial maps  . . .  
d i s t r i c t m a p s  . , . . 
Plans of Canlonments and  Citics 

. . .  MlPs shecU . 
. Sisndard  she- . . 

lndex maps  . . . .  
h t i s d l a n e o n s  . 
Dqmrtmental fbrmn . . .  

TOTAL . 
Work done lor other departments 

Total of draw in^ and Printing 
In L l l h o p a p h ! ~  ORice, Survey 
of India Department . 

wet, done rype ~ e ~ t i ~ . '  

T O ~ A L  RUPEES 

-- --- 

51. The Military and Railway map of India, on the scale of 32 miles=] 
inch, in four colours, of which the commencement was noticed in ldst year's Report, 
has made good progress during the year. Four sheets have been completed and 
proofs forwarded for approval ; 4 other sheets are in progress, and the whole 

probably take about eighteen months more to complete. It will be a 

good specimen of chromo-lithography. -- 

* ~ i ~ ~ t ~ ~ ~ ~ t . ~ ~ l ~ ~ ~ l  Waterhouse continues to report very favournbly of his E a r b ~ e a n  ar;sistanfs' 
Messrs. H. ~ ~ ~ ~ ~ d ,  A. W. Turner, J .  Mackenrie. R .  hlackenzie, J .  Watson, H. Harrold. C. 
R. George, 1,. b g n i e r ,  E. A. Lefranc, G .  G .  Dempster, T. LlOyd~ and Moore, as as the  Head 

ckrk, &,bu K~~~~ Sen, who have all performed their dutles very satijfactoril~; also the hative 

clerks, draughtsmen and photographic assistants. 
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52. A great deal of work was done in the ~ r e ~ a r a t i o n  and printing of a 
=cries of maps for the Statistical Atlas of India, prepared by Sir E. C. Buck for 
the Colonial and Indian Exhibition in London. Further progress was also made 
with the series of chromo-lithographed maps illustrating the material and 
physical state of India. A map showing the Density of Population, on the scale 
of 80 miles to the inch, was prepared but not printed. Also an External Trade 
Route Map, on the same scale, was prepared and printed. The Contour Map, on 
the 32-mile scale, and Religion Map, on the 80-mile scale, were printed off, and 
a Canal Map was prepared on the 32-mile scale. 

53. Of the regular departmental work, the map of the Nizam's Dominions, in 
two sheets, on the scale of I inch= 16 miles, of whlch the completion was noticed 
in last year's Report, has been printed off, Three of the new standard sheets 
of Oudh, on the scale of I inch= I mile, have been drawn and 6 printed : 2 sheets 
of District Mymensingh were drawn, but none printed. 

54. With the exceptions noted above, the extra-departmental work has been 
of the usual varied character, but shows a slight falling off in quantity, the out- 
turn for the year being 158,369 pulls, or 154,965 complete copies of 487 sub- 
jects, as against I 7 1 ,696 pulls or 201,770 complete copies of 522 subjects last 
year. The value of the work done has, however, increased, being R27,226-7-5, 
a s  against 824,266-12-0 of the previous year. 

55. The expenditure of the office for the year was 865,824-6-2, including 
cost of all materials and plant supplied, and the value of the work performed 
863,236-7-2, showing a balance against the Department of Rz,gX7-15. This 
is partly due to increase in the cost of superintendence, as  one-third of Lieutenant 
Fleming's pay has been debited against this office. 

56. Under the orders of Government a strict system of book-debit 
accourit of work done for other departments was introduced from the 1st of 
April last, and the rates of cost of drawing and printing were carefully revised 
in order to simplify the system of accounts by assimilating the rates of the three 
printing offices in Calcutta and Dehra Dun. As the old rates were in force from 
October to March, and the new ones for the rest of the year, the above figures 
can only be considered approximate as  regards the results for the year. No 
difficulty has been found in working the system and it will no doubt tend to 
economy. The experience gained in the working of the new rates has shown 
that a few l~odifications are desirable and revised rates will be prepared before 
the commencement of the next financial year. 

57. The tabular statements and report sho\ving the details and cost of the 
work done will be found at page cvii of the appendix.' 

MATHEMATICAL INSTRUMENT OFFICE. 
58. During the financial year 1885-86, the usual activity has prevailed in 

Perso,tncl. all branches of this office. The work has 
Major M. W. Rogers, R.E.,  A s ~ i s t a n t  Sur-  been incessant and shoLirs a tendency to veyor General in charge. to 20th March 1886. 
Colonel D. Macdonald, B.s.c., Officiating AS- increase year by year. This IS evidenced 

sistant S u r v e ~ o r  (;enera1 in charge, fromzoth by the figures, which show an increase 
to 31" March 1886. 

I l ' o ~ k s l ~ o p  Rrnrrrh. 
over the past year under the heads " Re- 

M r . T .  Rolton, M:~thcmntical Inqtrument-maker. ceipts," " Issues " and " Repairs." 
,, F. Marshall, i\rsistnnt do. do. 59. The total increase to the service- 

64 Al-tifi~ers 011 pcrmnncnt establi.;Iiment. 
125 Artificers 01; a n  average on t1.e temporary 5 2 ~ 1 2 8  instruments 

c5tabli~hmcnt.  of  SOrlS, valued at a 1,70,17g, the principal 
3 Eurasian Apprentices. details of which are as follow :- 

Stove Br,nnrh. 
Mr. C. 0 .  Gray, Instrument Store-keeper. 9,038 instruments, valued a t  833,615, were 
Babu b ' o o ~ n e ~ h  Chunder Chowdry, Rlaterial received on indent from England ; 16,151 

Storc-liccpcr. instruments, valued a t  8 13,467, were pur- 
I Packing Sircar. 
2 Packer.,. chased in the local market ; 13,453 instru- 

Office Estnhlishm~,rt .  ments were manufactured in the work- 
Mr. 14. O'Rricn, Head Clerk. shop a t  a cost of A z r , 4 5 4 ;  949 instru- .. W. (;ampagnar, 2nd clcrk, and 6 other ments were returned to  store in a ser-  

pcrmanc.nt clerks. 
- -- - 

viceable condition by various dvpartrnents, 
-- 

* Colonel Waterliousc reports that Messrs. 1,cpnge and Dcas habc perfornled ~ h e i r  duties very satis- 
Inctorily. Mr. DcP)vah has worked very well ant1 the apprcnticcs have nl;~dc good progress. ,I he native 
assist:lnt~ and clerks have all wol-Iced well. Hahu Anlbica Churn Rloolicrji. hlunsllis Abdul Hamid, 
Ahdul Mujid. ;\.lahomed Yasin. Draf ts~nrn.  ant1 Uabus Russiclc I,al Shaw,  I<edar Nath Ghose. Rajani Kanto 
Chattcrjcc, ~lcrlcs,  deserve special mention. 
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value R17,492 ; 9,197 instruments were received from various manufacturing 
offices for stock, value 85,867 ; 3,103 instruments were received from the re- 
pairable stock, after having been repaired at a cost of 821,378 and brought on the 
books at a valuation of 876,039 ; finally, 237 instruments, valued at 82,246,  were 
received from other sources. 

60. The  total issues from serviceable stock amounted during the year 
to 41,643 instruments, costing 8 1 ~ 7 7 , 8 6 4 .  

61. The  repairable stock received an addition of 6,320 instruments, valued 
a t  R69,860 ; 3,103 instruments, valued at a 5 ~ , 6 6 0 ,  were repaired in the works- 
hop and transferred to  the serviceable stock. The  total issues from repairable 
stock amounted to 3,745 instruments, costing 861,328. 'The value of repair- 
able stock in hand therefore has been increased by 8 8  532. 

62. Table A at page cxii of the appendix shows the values of the issues to, 
and receipts frorn, the various departments of the State  during the year under 
review. The receipts show an increase over the previous year of 845,967 and 
the issues an increase of 86,978,  representing a corresponding increase of work 
in the Store branch. 

63. The  value of  instruments purchased in the local market amounts to 
R13,467 as  against 88 ,695  in the previous year. The  details will be found in 
Table B, page cxiii of the appendix. 

64. Tables C bnd D a t  pages cxv and cvii of the appendix give details of 
the principal instruments manufactured and repaired in the Worlishop, and the 
Profit and Loss Account of the Workshop will be found at page cviii. The 
profit amounts to  83,887.  

65. The  value of repairs under all heads shows a nett increase of 
82,600 over last year, but the value of manufactures has diminished by 83,500. 
T h e  total value of work turned out has diminished by about 8 I , I O O ,  as com- 
pared with the previous season's out-turn. 

66. I t  is to be noted that last year a reduction was made in the value of 
repairable stock by nearly 8 2 0 , 0 0 0 .  This year, however, the reverse is the 
case : the value of repairable stock in hand has been increased by 88,531. 
This is accounted for by the immense increase in the value of repairable 
instruments returned to store. The  figures for the year under review are 
869 ,650  against R2g15og in 1884-85, being an excess of over 840,000. 

67. The  building occupied by the Mathematical Instrument Office is old 
and dilapidated and in a very shaky condition, and the accommodation is altoge- 
ther inadequate to the growing wants of the office. It is to be hoped that the 
Government will not defer any longer the commencement of the new buil&ng 
which is so urgently required for this office.* 

T H E  TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN.  

68. The  sections under which the work ol this office will be reported on are 
a s  follows :- 

( I )  Superintendence, Correspondence, Accounts, Stores, &c. 
(2) Computing. 
(3) Type-printing. 
(4) Drawing and Compiling. 
(5) Photo-zincography. 
(6)  Solar-photography. 
(7 )  Miscellal~eous, Meteorology, &c. 

* Major Rogtrs reports very favourably of the skill, industry, and general good man;lgement of Mr.  
T. Bolton. Mathrrni~tiral Instrument maker, and of his Assistant, Mr. P. Marrhall. Mr. Gr;ly. the instru- 
ment Store-kreprr, is reported to be very painrtakillg and efficient The clerical establishment generally 
are favourably commented on. 
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* Tllc rhnrncteristic fr:itrlrr of ~ h i s  p:i111 rn i5 ~ h a t  :hr  t r l ~ ~ ~ ~ n r , r .  ~ r lk~c .~ , l  or I ~ r ; n g  straight from ohject 
glass to eye-piece, has a diagonal reflector in the centre (11 the hr,rizon~;ll :axis, tlcflrc~ing the rays to the 
eye-piccc, which is fixed in one of hie ~livots, t h ~ ,  ndvnntngc I l ~ i n g  t h ; ~ ~   he e\v is always placed at  the same 
point irrerpcclive ol [lie altitude of thr stars. 'I'hr ordinary eye-cncl 111 the telescope is accordingly replaced 
by a counterpoise to balance thc objccl-end. and this arranRcment atlrnils OI  very low and therefore stable 
plcr!, lor the bearings. There are, however, disndvantnges which need not here be enumerated. 

69. ( I )  SUPERINTENDENCE,CORRESPONDENCE, ACC )UNTS, STORESI&C*- 
T h e  principal work of 

Personnel. this office is the final re- 
Colonel C. T. Haig, R.E., Offg. Deputy Surveyor ~ e n e r a l ,  in charge of 

( I ) ,  (4). (s), (6) and partly of (7). 
duction and  publication 

Mr. W. H. Cole, M.A., Deputy Superintendent, 3rd grade, in charge o f  the  triangulation in 
of (2) (3) and partly of (7) .  

Mr. J .  Eccles, M.A., Offg. Assistant Superintendent, 1st grade. 
all parts  of India, in- 

( 1 )  Corvespondence, Accounts, 
Stores, WC. 

Mr. J. Bond, Surveyor, 4th grade 
(1st October 188j to 31st July 
18Y6). 

,, F. A. DJRozario, Head Clerk. 
Bdbu Mirzaji Lal. 
And 4 other n:ltive writers. 

(2) Cotnputing Section. 

Mr. C. Wood, Surveyor, 1st 
grade. 

,, H. W. Pcychers, Surveyor, 
3rd grade. 

Babu Gunga Pershad, Computer. 
,, [<ally Mohun Gho~e ,  ,, 
,, Kally I<umar Chatterji, ,, 

And 14 other Computers. 

(3j Type-pvinting Section. 

Mr. B. V. Hughes, Printer. 
12 Compositors and apprentices. 

( 4 )  Drawing rind Compiling 
Section. 

Mr. A. J. Wilson, Surveyor, 1st 
grade (posted to this Section, 
1s' October 1885). 

,, G. W. k. ~ ~ k i ~ ~ ~ ~ ,  surveyor, 
1st grade. 

higher class) and stores 

cluding the principal 
Drawin< a d  ConlPilinf Section - and sf condary opera- 

continued. tions of the  Great  
Mr. J. A. May, Surveyor, 1st 

grade (posted to thls Section, Trigonometrical 
1st November 1885; died Most o f  the  publica- 
26:h June 1886). 

,, C. H,  M ~ A ' P ~ ~ ,  surveyor, ti'n' being necessarily 
3rd grade. of a technical nature 

,. W. J. Cornelius. Assistant and the being 
Surveyor, I st grade. 

,, F. E. Warde, Assistant located a t  a consider- 
Surveyor, jrd grade (1st able distance from Gal- 
October 1 8 8 ~  to 31St Au-  
gust 1886). cutta,  it has been found 

,. H. Sindon, and 7 other D r a f ~ s -  a great  advantage tha t  
men,2z Assistant Draftsmen, it S m a l l  print- 
Apprentice Draftsmen and 
Colorists. ing, drawing and photo- 

( 5 )  Photo-ein,.oRrnplry Sectiu,t. zincographic establish- 
Rlr. C.  G. Ollenbach, Zincogra- ments, without which 

pher. t he  accuracy of the  ,, C. F. Guthrie. Photographer. 
2 Assistant Photographers, 2 Na- technical details 

tive Draltsmen, I Assktant not have been well 
Draftsman and I Map-keeper. while in- 

(6) Solor-p/rotogroplry Section. accuracy would have 
Mr. L. H. Clarke, Surve\.or, 2nd rendered t h e .  pub]ica- 

grade, and  Solar Photogra- 
pher. to 1st January ; (rctired tions worse than use- 
30th June 1886). less. T h e  o f i ce  has 

Sergeant B. Rowland, R.E., Solar 
Photographer (transferred to also a depat instru- 
this Section,~st January 1886). m e n t ~  (chiefly of the  

attached to it, appertaining to  the Great  l'rigonometrical 
Survey, o f  which it was the  head-quarters. Among the  instruments are, besidts 
several large theodolites, the Colby compensation bars and microscopes for t h e  
measurement of base-lines. 

7 0 .  Owing to the  completion of the  principal triangulation, there was t h e  
danger ot these beautiful instruments and apparatus deteriorating from disuse, 
and  of the \yay to use them being forgotten ; steps therefore have been taken to  
avert this double danger. One  of the  rooms in the  smaller photo-heliographic 
observatory, though originally built for a transit room, had never been used a s  
such, but only a s  a store-room for the  printed Professional and Synoptical 
volumes in stock. This  was equipped with instruments mounted on  isolated 
pillars, built a t  a small cost, viz.- 

A 3-foot meridian circle, for which the  double vertical circle of one  o f  the  
two astronomical alt-azimuths ( N o .  2)  was mounted between two 
masonry piers, t o  which 8 micrometers, 4 to each face, were firmly 
attached,  besides another for an  index. One of the  two Russian 
pattern* transit instruments : two collimators, one north and one 
sou th ;  and an  astronon~ical  clock by Frodshnm, with mercury com- 
pensation per~dulum. 

7 1 .  A meridian mark, consisting of a masonry structure, presenting an  isos- 
celesface, 1 0  feet  high and 8 feet broad'at  base, was ; ~ l s o  erected or1 Vincent's H ~ l l  
a t  Mussoorie for the setting of these instruments to  [ h e  meridian. A little to 
the east  o f  the l:lrger pho~o-heliographic observatory ;I new shed observatory, 
w l l t h  corrugated iron roof, capable of being opened up in parts a s  required, was 



erected a t  small cost accommodating six large instruments, five collimators and 
a C ~ O C ~ C ,  all on isolated pillars, viz.- 

A Broulning's reflecting telescope, with 9-incll reflector, 
A telegrdphlc-longitude transit instrument, with its two collimating tele- 

scopes-north and south. 
A (Strange's) zenith sector, with its collimating telescope. 
A 3-foot theodolite. 
A 2-foot do. 
A 3-foot astronolnical At-azimuth (No. I )  with two collimators-north 

and south-the former beins Everest's " phantom " (vide p. lI of that 
officer's Account of  the Merid~onal Arc of India), and the latter being an 
old 24-inch transit iilstrument by Dollond. 

The  clock is  an old one by Jones, with a gridiron compensation pendulum, 
and formed part of the equipment of one of the astronomical alt-azimuths. 

72. A meridian mark similar to that built a t  Mussoorie on the meridian of 
the transit room was built on another part of the same hill on the meridian of 
the longitude transit instrument. The meridional positions of both these 
meridian marks were determined by careful series of observations of the Pole 
Star  ; one by Major G. Strdhan, with a longitude transit instrument, and the other 
by Colonel Haig, with the Russian pattern transit. The method of determina- 
tion is described in detail by Major Strahan and will be found in the extract from 
his narrative report on the Longitude operations in the appendix. In the transit 
room the instruments (excepting of course the clock) are all on the same meri- 
dian. The  transit circle can be readily lifted by a system of pulleys (wi~h wire 
rope), slings, and guides devi5ed for the purpose. It is necessary to raise i t  
about a foot when the mutual collimator readings are taken, and then lower 
it into its Ys a s  before, bct in order to change pivots east for west, it has to 
be raised nearly 3 feet, swung round and lowered. The  Russian pattern transit 
horizontal axis is pierced will1 a. circular opening on either side to admit of mutual 
visibi1it.y between the coilimators, but the reflector inside the axis intercepts 
so much of the aperture that it affords more comfort i l l  the mutual reading of the 
collimators to  lift the transit out of its bearings and place it for the while in its 
box. 

73. A working catalogue of 678 stars, derived from the Greenwich 9-year 
Catalogue, was prepared for Dehra Dhn, giving each star's magnitude, right 
ascension, and setting reading of the circle to the next lower 5-minute division, 
both for altitude and zenith distance. The catalogue covers a complete b:lt 
of the heavens from the equator to north declination 60°, so that no star has a 
greater zenith distance (north or south) than 30°, and the average interval in 
time between two successive stars   as sing is about 2 minutes. 

74. A series of observations to determine the latitude of Dehra was 
taken by Messrs. Wood and McA'Fee to I I pairs of stars during the months of 
March and .4pril. T h e  observations indeed included more than that number, 
but cloudy wc~ather prevented the observations in part or whole to the second 
stars of ~evera l  pairs, to the first stars of which c o ~ n ~ l e t e  observations had been 
taken. 

The  resulting latitude was :- 

By Nor th  Stars . 30" 18' 54'I.s 
By South Stars . 30 18 54  . 3  

. , 1.3 j 4  .4 with a tllc.oretical 

probable cr,i.ai- of + oU.z9 

75.  The latitude determined by the trianSul:llion in  colljun(:tion with the 
astronomical latitude of ](ali6npur is 30' 19' 29"' 1 ,  the excess [=34'''7) 
geodetic over astronomical bring due  to local 0 'r'.iro other surveyors 
observed I q  pairs  of stars for latitude with the samr instrllrn~lit. but t h t  observ;'- 
tions were not reduced. 'TIle aslronomicaI cIoc:l< in  the tr;lllsit room is now 
constituted ( I l e  stanrlard rimr-l<eeper of the ofice, :lnd is r~ltcd b )  astrOnon'ica'  

etiery d;ly or :IS often a s  the weathl:r pctrnlits. 
7/;. ~h~ new shrcl otscrvil+ory has \\-in(lo~vs on thr nortl; sidl, ;~.clmitting of 

tile observafioll of three princip;il stations, B ,~nng H. S.9 Slrl<:lnd" H. '' and 
M~~~~~~~~ Ollscrvatory, by the t1r.o large theodolites, So to familiarize 
of the department with the use of this class of instruments. All the large 'lass 
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of theodolites in the Dehra store (altogether four), besides the two astronomiid: 
alt-azimuths and a Repsold 14-inch alt-azimuth, have been thoroughly cleaned 
and put into working order. 

77. In order to preserve the knowledge of measuring base-lines in the 
department, a short base-line (23 I yards) was measured in the Survey oll~ce estate 
with the Colby apparatus. The  direction of the measurement was entrusted 
to  Mr. Cole, and the details are given in his report, at  page cxxi of the appendix, 
from which it will be seen how various are the labours required in this delicate 
operation, and how necessary it was (in view of the prospect of having to mea- 
sure probably a base-line in Burma and in the Malay Peninsula), that it should 
be undertaken. A staff quite sufficient to undertake the measurement of an 
actual base-line have now been familiarized with the various duties involved. 

78. T h e  correspondence and accounts of the Trigonometrical Branch call 
for no special mention, beyond stating that the work in connection with the 
protection of the stations has continued to be carried on as  before. During the 
year under report 975 stations have been repaired by district officers a t  a cost 
of 83,912.  Of the 328 districts from which reports are due, those for 34  were 
not received; but reminders were sent out, and the reports for 5 districts have 
since come to hand. 

79. (2) C O A ~ P U T I N G  S~cT10~ . -Dur ing  the past year the final reduction 
and publication of the various operations of the Great Trigonometrical Survey 
have steadily proceeded under the superintendence of Mr. Cole who has been 
ably assisted by Mr. Eccles. Among the items specially worthy of note may be 
mentioned the South-West Quadrilateral, of which the simultaneous reduction 
of the circuit triangles has been finished. Not much remains to complete the 
final reduction of the principal triangles of this Quadrilateral, and with it that 
of the whole of India west of meridian 92". The  final reduction of the Latitude 
observations from Colonel Lambton's time up to season 1884-85 is now complete ; 
the preparation of the results for the press is well advanced, and the printing of 
them has been commenced for publication in one of the series of Professional 
volumes, which will now progress steadily towards completion. A very con- 
siderable portion of the seronda~y triangulation of the Southern Trigon, also 
embracing much of Colonel Lambton's triangulation in Southern India, has been 
reduced to final terms, but a large amount still remains for treatment. Good 
progress has been made with the preparation of the new edition of the Auxiliary 
Tables for facilitating the calculations of the Department. The book, which 
will be published during the next few months, will be a much larger work than 
the old edition: those tables of which latitude is the avgume~tt have been 
extended for application from the equator to 40°, and many new tables and 
improvements have been introduced, which will largely extend the scope of its 
usefulness and render it a great boon to the Department and probably a valuable 
work of reference to  others. Considerable assistance has been rendered to the 
two Astronomical Parties in bringing up their last season's work ; and toivards 
bringing up the arrears of the Ichrindesh Survey. Large help was given 
over a period of seven months to an officer, who had been exploring in foreign 
parts, in the reduction of his astrononlical and meteorological observations. T h e  
remaining work of the computing section is of a miscellaneous character a s  will 
be seen on reference to the appendix. 

80. (3) TYPE-PRINTING S ~ ~ ~ 1 0 ~ . - P r o f e s s i o n a 1  Volume IVA., containing 
the reductions and details of the Jodhpore and Eastern Sind Meridional Series 
of the North-West Quadrilateral, has been completed and issued ; so that the 
whole of the details of the prz'~zcipal triangulation of the North-West Quadri- 
lateral have now been published. The  Synoptical Volume of the Jodhpore and 
Eastern Sind Meridional Series is also in the press, but very little progress has 
been made owing to other work of a more pressing character. This is tlie last 
o f  the series of Synoptical Volumes of the North-West Quadrilateral. The  
Synoptical Volume XIIIA., containing the reductions and details of the South 
PdrasnAth and the South Mallincha Meridional Series appertaining to the South- 
East Quadrilateral, was issued, which completes the publication of the whole of 
the ~rincipal  and secondary triangulation of this Quadrilateral. The  printing of 
the details of the principal triangulation included in the Southern Trigon is in 
hand, but has not been pushed on rapidly owing to the necessity for giving pre- 
cedence to the Electro-longitude operations, the new addition of the Auxiliary 
Tables, and the Spirit-levelled Heights in the Bombay and Madras Presidencies ; 

M 2 



a$ PART 111. 

ot thcse, the first includes the work of seasons 1881-84, and is about two-thirds 
~ r i n t e d  ; it will probably form the next issyed volume of the Professional series ; 
the other two will be brought out within the next few months. 

81. (4) DRAWING SECTION.-A detailed statement of  the work done in 
this section is given in tabular form on page cxxx of the appendix. 

82 .  A complete set of plotting scales (4, 8, 16 and 32 miles) for parallels o0 
to 40° have been drawn and published on a card about 20 inches square: this, it 
is believed, will be found very useful in the projection of graticules. 

83. ( 5 )  P H ~ T O - Z ~ N C O G R A P H Y . - T ~ ~  details of the work performed by 
this section during the year will be found in tabular form a t  page cxxxiv of the 
appendix, but some remarks appear necessary in explanation of the money value 
(816,661-8)  of the outturn for this year, a s  compared with that for 1884-85 
(826,672- 13); the expenditure for I 885-86 being 8 I 7,g22-10, a s  against 
816,845-1 for the previous year. T o  make the value 816,661-8 of 1885-86 
strictly comparable with the figures for the year previous, the following should 
be added to the former :- 

a 
( a )  For superintendence (not now included in value) . . 2,400 
(b )  For lower rates ordered to be charged from 1st April 1886 1,700 
( c )  For professional and office forms, the bulk of which are 

now done at Calcutta, and which were previously printed 
in this office at intervals when the rnap-pinting work 
was slack . . 2,400 - 

TOTAL . 6,500 - 
But for the  deficiencies noted a s  (a), (b) ,  ( c ) ,  the money value of maps, kc., 

turned out would have been 823,161 -8, against an expenditure of R I 7,922-I0. 
Endeavours will be made to find suitable work for the presses during spare inter- 
vals in place of the forms, so that next year, even with the reduced rates charged 
for our maps, &c., it is expected there will be a much more favourable compari- 
son between expenditure and outturn. 

84. Among the maps published by this section the following may be spe- 
cially mentioned :-The final prints of 18  of the Nepal-Bengal Boundary Survey 
Sheets, a s  well a s  4 sheets of the Mechi River Survey and 7 skeleton sheets 
of the Daling Lands Survey ; Map of Jeypore and Environs in 8 sheets, printed 
in two colours: and the map of the country between Umballa and Delhi, of 
which no less than 2,250 copies were required by the Quartermaster General's 
Department within a limited time, for the Camp of Exercise. 

85. T h e  amount realized during the year and paid into the Treasury on 
account of maps sold is 8663-7 : and the value of the work done by this sec- 
tion for other departments is 85,583-7, as shown a t  page cxxxiii of the appendix. 

86. (6) S O L A R - P H ~ T ~ G R A P H Y . - P ~ O ~ O ~ ~ ~ ~ ~ S  of the sun for the Solar 
Physics Committee, South Kensington, have been continued daily throughout 
the  year, except on 75 days when the sun was invisible. With the large photo- 
heliograph 115 pictures (12-inch) of the sun have been taken duri1lg the year, 
and with the smaller instrument 525 pictures (8-inch) have been taken. As 
stated in the Report for 1884-85, these latter are used for the measurement of 
the areas of spots and facul;e, while the former are specially suited for the 
study of the mottling or granular appearance of the normal photosphere and 
structure of the penumbra of the spots. From the Greenwich observations for 
1884 just to  hand it is gratifying to find that ~ h o t o ~ r a p h s  of the sun taken in 
India on no fewer than 161 days were employed to supplement those taken a t  
Greenwich, thus bringing up the available total for that year to 315 days. 

87. T h e  usual tables of working facts, percentages of daily visibility of the 
sun, and statements of cost will be found a t  page cxxxvi of the appendix. The 
cost of this section for the year under report was R9,820-13. 

88. (7) M ~ ~ ~ o ~ o ~ o ~ ~ . - B e s i d e s  the usual tabulated results of the me- 
teorological observations usually given, there will be found in the appendix a 
table giving the average rainfall to date in inches from 1st June to 30th Septem- 
ber, deduced from 2 I   ears' observations, 1866-86. 

Erp/oyationr.-The account of the Trans-Himalayan explorations that have 
been made "rider the superintendence of the Deputy surveyor-~eneral ,  Trigono- 
metrical Branch, is given in Part 11 of this Report. 

Colonel Haig a n d  Mr. Cole make special mention of the services rendered by Me55rs 
Atkinson, Peychers, and McA'Fee, and by Babus Gunga Pershad, Shiv Narh 

and Shoshee 'hushan 

Shome;  and report favourably on all the other assistants attached to the 'rrigonomelrical Branch Office. 



APPENDIX. 

EXTRACTS 

PROW 

THE NARRATIVE REPORTS OF THE EXECUTIVE OFFICERS 

S U R V E Y  PARTIES AND OPERATIONS. 

Extract from the Narrative Report o f  COLONEL A. PULLAN, S.C., Deputy .Tuperr'ntend- 
ent ,  in  charge Cutch Survey,--Jeasort 1885-86. 

The country surveyed this season is generally sterile, mingled " Ran  " and grass land, 
but here and there well cultivated spots occur, notably the oasis of Antarnes, a rich and 
well-watered village in the middle of the  Ran. T h e  little peninsula of Nagar  Pdrkar is too 
stony and sandy to  be productive. 

The  p inc ipa l  towns which fall in the  season's work are  :- 
NAGAR, the principal town of P i rka r ,  situated a t  the  foot of a group of granite hills 

rising abruptly to a height of 1 ,100 feet above sea  level. A M~rRhtya'v is resident here, 
and the place contains a hospital, post of ice  and police barracks. Population 1,822. 

SANTALPUR,  the principal town of Chorar, situated on the edge of the Ran. T h e  
Thanndar of the district resides here. Population by last census 1,664. 

ADI<S/R, the principal town of the small porkion of Cukch proper, which is included 
in this season's work, lus a population of 3 , 1 3 3  T l ~ c  Thakur is the most important of the 
Cutch Llhnynds. 

VARAHT,  the  hcad-quarters of the  LVnlziwntdnr of the  sub-taluka, is about I miles 
north of one of the mouths of the Bands River. I t  has a post office and jail and a 
population ol 3,233. 

S/IVGAA/, with a population of 2,765, is a principal station of the salt preventive line, 
and has a Salt  Inspector's bungalow, police b;irrackr and post ofice. 

'I'he granite range of lialinjar is the princip.~l lealure in the  peninsula of Nagar  
Pdrltar, rising to a general height of 1,100 feet, and  in abruptness of outline and 
rich warmth of colour affords a striking contrast to the t r ap  and basalt of Cutch and  
Kcltl~idw;ir. 

'I'lle few small hills in the othcr r c m a i n i n ~  sheets are  of t r ap  formation, but a r e  
insignilicant and call for no special notice. 



E x t r a c t  f r o m  the Nar ra t ive  Report of LIEUTENANT-COLONE~ D, C. 
S.C, 

Del)ut~ Superintendent, in  charge Deccan StrrveyI-Season ,885- 86. 
DESCRIPTION OF THE COUNTRY. 

Towns*-The principal towns met with are Ratnagiri, Sangameshvar and ~ ~ ~ ~ ~ k h .  
Ratnagiri is the chief town of the district with a population of about I people ; as tile head-quarters of the Sub-division, it has buildings for all the various the different oficials, a nice Club, and a large Lunatic Asylum lately built, which it is proposed 
t o  make the principal one in the Presidency. This town has also been by the 
Imperial Government as  the abode of Thebaw, the ex-king of Burma, who lives there with 
llis two queens. T o  the north-west on a point jutting out into the sea is a large fortress, 
the origin of which is doubtful : in fact very lrttle is known about Ratnagiri for certain, 
prior to its being taken over by the British in 1818. Sangamesllvar can only be called a 
small village on the Shdstri River, which of late years has considerably declined owing to 
the Kumbhdrli Ghdt road having turned the Deccan traffic to Bombay vi2 Chiplhn from it ; 
again upon the destruction of the Mdmlatdar's Court it was rebuilt a t  Devrukh, thus 
reducing its importance still more. Devrukhat present is a small village, consisting chiefly 
o f  Brahmins; it is healthily situated on a high plateau and shows signs of daily increasing 
importance. This is due to the new road that has been made connecting the Amba and 
I<umbhbrli Ghdt roads. A small bazar has also sprung up owing to all the traffic from the 
k'oondee Ghdt passing through this village to  Sangameshvar. Also, houses for the 
llead-¶uarters of the Sub-divisional, Revenue and Police Officers, Subordinate Judge and 
Executive Engineer have been built. 

Rivers.-The Savitri and VAshishti are the two largest rivers, on which small tugs ply 
in connection with Messrs. Shepherd and Company's coasting steamers, one running daily 
from Bdnkot to Mdhad and from Ddbhol to Chiplrin on the latter, the journey being of a most 
uninteresting nature, the scenery consisting of bare hills and low shelving muddy banks 
covered with mangrove or weeds; the appearance of these rivers varies considerably, in 
some places being nothing more than large ponds, whilst in others, the current is very strong, 
their coursps also being most circuitous : this can be accounted for as they are formed from 
thousands of water-courses or hill torrents flowing down from the Sahyadri Range arid 
falling into these large rivers which flow through this narrow strip of country until they 
empty themselves into the Arabian Sea. The  waters of all the rivers are brackish, being 
affected by the tide for several miles inland. Besides the rivers above-mentioned, there are 
the Shdstri Bhatya and Muchkundi, but these are not nearly so deep as the two before- 
mentioned, although a very large traffic in country boats of small draught is carried on 
between Sangameshvar and Jaygad on the Shdstri-more so than on any of the others. 

Brief Description of Features.-The country is about 40 miles in width, lying 
between the Sahyddri Range and Arabian Sea and consists of innumerable flat-topped 
hills varying in height from zoo to 800 feet, which have a monotonous appearance, as they 
are  either bare or coveled with rank grass that soon dries up after the r a ~ n s  ; the hills are 
intersected by small valleys, dotted over with little hamlets and temples under clumps of 
large mango, jack and tamarind trees. and this is the only relief to the eye of the official 
\vho has to work in a tract destilute of all sltiknr or anything likely to lessen the dreari- 
ness of his leisure hours. The  coast all along the sea has a steep, rocky aPPrarance 
with several small bays, a t  the head of which, as a rule, villages are found Peopled by 
fishermen, who earn their livelihood by bartering dry fish for grain ; this they carry in their 
boats f o  the large towns on market days. At the mouths of the rivers or large creeks are 
bays large to make harbours for small vessels! but ~lnfortunate'y most of 
are  dangerws  of navigation excepting in fair weather. The country is a very difficult O n e  

for survey operations o ~ i n g  to the leatures being so very irregular and intricate, consisting 
of innumerab,le steps and precipices, necessitating great Care and accuracy 
correctly on paper. 

populnt;on.-,rhe population chiefly consists of Marithas and Brahmins, the la t t e r  
being to a great extent well-to-do, wliilst from the former, a large p o r t i o n  the  
army is recruited, the best soldiers coming from this district. The ineligible, or unders ized  

finding it impossible to support their families out of the prodrlce of th i s  
country, have to gain a livelihood as labnurers by going to Bombay, where 
yearly. It  is from this district that the labour supply of Bornbay  comes^ i t  
estimated that over Ioo,ooo men, \\omen and children proceed there an nu all^ d u r i n g  the 
busy export season. 

~ l i , ~ ~ ~ ~ . - T h ~  climate, although healthy, is moist and relaxing and  very t rying to 
those whose constitution requires a dry heat, particularly during mor'tl 's hlarrh' 

~ ~ ~ i l  and M ~ ~ ,  the excessive heat makes surrey work ,very llarassirlg tempcn- 

ture i n  the shade sometimes exceeds 108' a t  midday, and this is i r l t c n s i f i e d  
the heat 

f r o m  rocks, of \Vhich tllc country c~hiefly consists, and the glare lroln th' The 

ra in fa l l  is plcnti[ul, Varying irojll lc,o t o  I l o  inches along the coast, and increasing as you 
ge t  nearer the Sahyidri Range. 



Ext rac t  from Narrat ive Report of MR. J. NEWLAND, Surveyov in  charge Gujardf 
Survey, Season, 1885-86. 

The survey comprised Sheets 72, 73, 75, 4, parts ?f 47, 52, 53, and 54. Sheets 72 and 

73 parts of Baroda, Rddhanpur and KQnkrej States, and also a few petty States 
under the Pdlanpur Agency. Rddhanpur State has an area of about 833 square miles, a 
population of 91,579 SOUIS,  or an average of rog'g to the square mile. Its south-western 
extremity abuts on the Rann of Cutch, from which a considerable  ort ti on of the soil is said 
to  have been reclaimed. Sandy and black soil are also met with which yield good crops of 
wheat, cotton and rape seed. The trade in these has been greatly stimulated by the 
opening of the Rajputana Railway. The crops are almost entirely dependent on the 
monsoon, irrigation being confined to the vicinity of streams, which are few. 

Kdllltrej State stretches for about 35 miles along both banks of the Banas River; it has 
an area of about 507 square miles, a population of 37,771 souls, or on an average of 74'5 
to  the square mile. The Bands runs through the district, and though during the hot 
weather its bed is usually dry, water is plentiful in most places from 30 to 40 feet below 
the surface. The soil, sandy in some places and black in others, ~ i e l d s  the usual rain 
and irrigated cold-weather crops. 

The general aspect of the country in Sheets 72 and 73 is that of a flat, open 
plain, whose blankness is only relieved by the few trees which shelter the villages. Owing 
to the scarcity of water in the country the necessity of excavating large tanks for storing the 
rainfall has been forced upon the people, so that one or more tanks are  to be found in 
almost every village. Many have been dug a t  the cost of private individuals. These 
tanks invest the country with a charm for the European visitor, whose eye rests with 
pleasure on their cool depths in the midst of a thirsty land. A great number and variety of 
ducks and water-fowl are usually found on them. Two rivers, namely, the Bands and the 
Sarasvati, flow through these sheets in a south-westerly direction and lose themselves in 
the Rann. The breadth of the Bangs varies from 800 yards to a mile and-a-half and is 
split up into numerous narrow channels which interlace in the sand, forming miniature 
islands, the latter producing rich crops of wheat, vegetables and melons. Close to the 
Bands the land is liable to be flooded, %ut the floods d o  not a t  furthest pass more than a 
mile from either bank. The principal towns a re  Radhanpur, with a population of 14,722, 
Sami, with 5,306 inhabitants and Thara with 2,r 14. 

The  town of RBdhanpur stands in a wide open plain, mostly under water during 
the rains. It is surrounded by a part-stone, part-brick loopholed wall, 15 feet high, 
8 feet broad, and about two and-a-half miles round, with corner towers, eight bastioned 
gateways, outworks and a ditch now filled up. Against modern arms the wall gives 
little shelter, and it could easily be taken by escalade or battery; there is also, surrounded 
by a wall an inner fort or castle, called Rajghadi, where the Nawab lives. Except a wide 
and clean main street, the town mads, little better than lanes, are narrow and rather 
dirty. The water-supply, taken from tanks and wells becomes a little brackish in the hot 
weather. Though subject to very great extremes of heat and cold, the climate of Rsdhanpur 
is, except in September and October, healthy. The town of Sami stands in a low plain 
under water during the rains. It is surrounded by a brick wall, about one and-a-half mile 
in circumference, 24 feet high and rz wide, now partly in ruins. T o  the east is 
a strong stone and brick court, and on the west a building of Nuransha Pir, with a lake 
called the Pir Talao. Besides these, there is a mosque and the tombs of some of the 
Nawab's families. There are no other buildings of brick and cement. The houses are 
irregularly built and the streets narrow and dirty; There is no river in its vicinity, th r  
supply of water being obtained from tanks and wells. 

Sheet 75 comprises portions of Baroda and Pdlanpur States. Pdlanpur State has a 
total estimated art-a of about 8,000 square miles, a population of about 500,ooo souls or 
62.5 to the square mile. The general aspect of this sheet differs little from that described 
above towards the south, but in the northern half it is more sandy and undulating. South 
of the River Bands, which flows through the sheet from north-east to south-west, the soil is 
a clayey  loan^, varying in color from whitish-yellow to pale-red, resting on a sub-soil con- 
taining a considerable quantity of carbonate of lime, nodules of which are to be picked up 
in quantitit-s along the banks of the river. In the neiglibourl~ood of old Deesa the ground 
rises from the rivcr in terrace-like fashion wllich seems to mark the periodic recessions 
of the water from their ancient bounds. Most of the villages have a patch of grazing 
land varying ill extent from a few acres to two or three square miles according to their 
requirements. This land is in most cases overgro\vn with a dense jungle of stunted 
trees of sorts, \vhich, besides fuel to the villagers, lurnish food for the camel and goat, both 
of ~vhic-h aninlals ahound. The inhabitants are mostly Koli Thakoras, of mixed Rajpoot 
and IZoli origin who were the original proprietors of the soil and are still exempt fronl 
land-tax. Rabaris (sllepherds) are also numerous and o\\.n great flocks and herds of 
sheell, goats, cattle and camels. The  principal to\\,ns are Pdlanpur, with a population of 
17,547, old Dcesa with a population of 3,828, and Knnodar tvith 3,426. The  town of Pdlan- 
pur is surrounded by a brick and mortar \vall from 17 to 20 feet high, 6 feet thick and  
about three nliles round, with seven bastioned gateways, and a t  the corners, round towers, 
armed with guns. Though in fair repair, the delences are useless against the attack of a 
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T h e  houses a re  irregular and closely packed, a d ,  nrith few emeptions, the 
streets and lanes are  narrow and dirty. It is the head-quarters of the p&lanpur political 
Superintendency and the seat of the Chief or Diwan of the Pdlanpur ~~~~l~~~ of the Jhalor family. The  railway statioll of Pdlanpur is the nearest one to the 
cantonment of  beesa,  which is eighteen miles distant in a westerly direction. 

Shee t  4 comprises portions of Baroda, ldar and Pdlanpur States, and also parts of a 
petty States under the W H I I c A N T H A  Agency. With the exception of a small  port;on 

i n  the north-east corner of the sheet, which is hllly and covered with scrrlb jungle, a l l  the 
sheet is flat or slightly undulating, and tolerably well covered wit11 frui t  trees, ~h~ soil 
is for the most part sandy, with patches of rich black soil which al low of three crops 
being,  produced during year. Grains of various sorts are produced, including a very 
superlor description of rice. Large quantities of wheat and rape-seed are yearly taken 
away by the Rajputana Railway for exportation to England. The  principal r i v e r  i n  the 
sheet is the SAbarmati, which takes its rise in the Meywar hills and runs through the 
sheet in a southerly direction towards the Gulf of Cambay. A smaller river, called the 
~ m e r d e s h i ,  crosses the north-west corner of the sheet on its way to the Kanu. This river gets  quite dry during the summer months although water is always obtainable a few feet 
below the surface of the ground. The  chief towns are Vadnagar, with a population 
of 15,424; Kherdlu, with a population of 11,030 ; Umtu, population 5,805, and Sipor, 
with 5,643 inhabitants. Vadnagar is a very old town, said to have been founded i n  
A.D. 141. The  town, says Burgess, has produced many of the men who have played a 
~ r o m i n e n t  part in Gujardt. It is encompassed by a strong masonry wall, and, being 
on a rising ground, has a rather picturesque appearance ; to the north-east is the large 
Sarmishta tank, of a circular shape with an island in the middle of it. The water is 
flanked with stone walls and s teps ;  trees fringe i t ;  and here and there a small temple has 
been erected;  the houses of the town are often perched above the walls, and s teep 
stone stairs, one numbering 360 steps, lead to  the water. In the neighbourhood are  
the remains of Badshahi Bagh which commemorates the Musulman rule. Tot\,ards the 
north-east part of the sheet are  situated the celebrated Jain temples of Shri Ajitnathji 
and Shambhavnathji-the resort of numerous pilgrims from all parts of India. The  
temples are  on a hill which bears the name of Taringa, probably from a shrine that has 
long been there dedicated to a local deity Taran Mata. The  temples are of no very 
great  size, the enclosures measuring 250 Feet round, and the temples 125 feet high. The  
main temple was built by Kumar Pal of Anhiloada about I 143-1 I 74. The  special times 
of pilgrimage are  during the full moon in the months of November and April. 

E x f r a c t  from N a r r a t i v e  Report of LIEUTENANT H .  M .  JACKSON, R.E., Oficiafing Deputy 
Superin/endenf ,  in  charge Mysore Suvvey,-Season 1885-86. 

T h e  portion of the Kolar District plane-tabled this field season is all that to the 
east of meridian 78'. It is generally undulating, ~ a r t l y  covered with cultivation, partly 
with scrub jungle, in many places with nothing but stones. The valleys, of which the streams 
are  mostly dammed so as to  form lines of large tanks, hold rich fields, where rice and 
vegetables are  largely grown. Almost everywhere, but chiefly on the bare ridges, are 
strewn masses of boulders of every shape, and around these generally a skirt of srnaller 
rocks and stones. Here and there bare rocky hills rise, some suddenly from the   la in, 
others with skirts of gravel and detritus rain-cut into numerous water-courses. Along the 
western edge of this tract runs a much broken line of hills, entering the district north 
of Gumnayakanpalya and trending nearly south, where it appears only at  intervals in the 
peaks of Murugamale, Ambajidurga and Rahmandurga, thence again south near ~ o l a r  town, 
finally merging in the Tyaltal hills and the gha"ts. From the northern end of this range, 
flowing to  the north-east rises the Vandaman River ;  and from near Ambajidurga, flolvin 
south and west, the Paler supporting in its much-interrupted course a very flourishing c u t  
tivation. The Papaghini rising from under the skirts of Nundydroog, flows about north 
and west into the large tank of Vyasa Samudra and out through it to tile north. There are 
also two smaller streams, affluents of the Pinakini to the south, which rise from e i ther  side 
of the southern portion of this ran e and flow out of the district, the one nearly due  
the other south-east, and then soutf ; their names are doubtful. 

A l i n e  low hills rises near Shrinivaspur, and running fairly parallel with the first 
described asses t o  the east of Kolar and southwards to  the gha'fs. Still more to the east 

are  severs f' groups of hills, irregular in formation, sub-buttresses of the plateaut in  

some instances enclosing elevated valleys. The  central and eastern parts of the 

i n  question, val leys  the Palar and Papaghini, are  undulating and well The 
northern, western and southern portions are mole broken up by the  h i l l s  just and 

less fertile, The  third range of low hills mentioned above consists 'late wi th  
veins of  quartz ,  in  which is found the gold worked to a considerable extent  i n  'Iden times. 
and again recently the object of much busy enterprise. 

In tile south-east corner o f  the Betmangala taluk is a patch of 'ma'! tree jun 
clumps of acac ias  are common ; but, generally, where the land has remained uncuf''a''i 
if there is any vegetation a t  all, it is merely bush. 

=he revenue of the I<olar District generally has been increasing The latest 

f t  ;Mysore Administration Report  " shows it to  be about Rl0~S5,955' 



T h e  means  of communication may be  said t o  b e  generally good. T h e  following roads  
cross this pa r t  of t he  country :- 

. . .  Dadahalli, Yelandur 
Chamrajnagar, Hasnur . . .  
Bagenhalli, Chelur . . . .  . . .  Hookote, Madancpalli 
Bagenhalli, Chintamani . . .  
Sidlagatta via' Shrinivaspur to Mul- 

bagal . . . . . .  
Bowrlngpet vid Kolar and Shrinivaspur 

No. of sheet. 

to 'I'aGol . . . .  
Jangamkote vid Kolar and Betmangala 

. . .  to Venkatgiri Kote 
Hoskote via' Kolar and Mulbagal to 

Name of mad. 

. . . . .  Chittur . . . .  Mular,Narsapur 

. . . . .  Malur. Kolar 

I m i  1 District. / REMARK.. 

... 
Imperial. 

... 

... ... 

... 

... 

... 
Imperial. ... ... 

~ o t r l r i h ~ ~ e t  v i i  Betmangala to Mul- 
bngal . . . . . .  

Malurflarki . . . . .  
. . .  Botvringpet, Budikote 

Ditto vidCold Mines to Kansandra 

District. 

Do. . 
D 0. 

Do. 

Do. 

Do. 

Do. 

Do. . 
Do. 

,.. 
... 
... ... 

66 
65 

Do. I 
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Kansandra to Fuel Forest . . . . .  Kankanhalli to Kodihalli . / ::: 1 

Under construction. 

Ditto. 

Fairs a r e  held a t  t he  towns detailed in t he  following list a r ranged in order  of import-  
ance,  viz. :- 

Kolar, Bowringpet,  Mulbagal, Chintamani,  Shrinivaspur,  Kyasamballi ,  Kamsandra,  
Budikote, Masti, Narsdpur,  Vemgal,  Vakkaleri ,  Sugatur ,  Somayajalpalli, Nelavanki,  
Yallur, Ryalpdd, Adgal,  Betmangala,  Tailur,  Utnur ,  Bairkur,  Malinaikanhalli, Bilur, 
Pichpalli, Uriga, Forlakki, Tddigol, Yerki lve ,  Bhairganpalli, Nangali, Pulagal,  Kor -  
laparti, Pdlyakeri, Batlahalli, Tambihalli and  Mittur.  

The re  a r e  no remarkable hill forts in this part  of t he  district, except  tha t  of Ambaji-  
durga,  built by  TippuSul tan .  In some of the  old Palagar  j ag i r s ,  however, t o  t h e  north and  
eas t  there a r e  still t o  be seen a few remains of the i r  robber strongholds.  

T h e  country comprised in Shee t  70, consists mostly of t h e  Yelandur Jagir, held now 
by Krishna Murti, the grandson of the  Minister Purnaiya ,  t o  whom the  g r a n t  was  origi- 
nally made. T h e  low lands of t he  jagiv ,  watered  by the  Suramavat i  and H o n n u  Hole and 
t h e  tanks  tha t  these s t reams feed, a r e  among  the  most fertile rice-lands in Mysore. One -  
third of their  a rea  is held by Brahmans.  Besides rice, much sugar-cane  is also grown. 

T h e  temple of Billigiriranganbetta, about 4 miles from the  town of Yelandur,  a t t rac ts  
numerous worshippers T h e  temple itself is in a poor style, but it is  imposingly si tuated 
on the  edge  of a precipice crowning a hill tha t  rises about  2,000 feet from the  plain. T h e  
approach is  by  rough stone steps,  s o  disposed a s  t o  render  t he  a scen t  more d~fficult  than it 
would be  without them.  Near  t he  temple is a plantation kept  u p  by t h e  ja 'q i rdar ,  in 
which coffee cultivation has been a t tempted with but poor success and is now giving place 
t o  cinchona and t e a :  most excellent fruit  is grown here .  

In these hills a r e  several  se t t lements  of the  Sholegars.  T h e y  a r e  of apparent ly  " Non- 
Aryan " race, live invariably in the  jungles in lean-to's o r  in bamboo huts,  in t he  middle of 
little temporary clearings, in which they grow thei r  scanty  supply  of ragt; t o  be  supple- 
mented in t he  dry  season by roots, and a t  all times by t h e  wild honey which they a r e  very 
clever in finding. By this indeed, and  by finding different gums and lacs o f  certain market  
value they manage to  clothe themselves, unless they ea rn  pay for odd jobs tru~rl forest  
officer o r  planter.  But they a re  a n  independent  race, preferring t o  d o  things in their  own 
time and way, and they a re  too  conservative in disposition t o  accept  t he  benefits of t h e  
civilization around them T h e y  a r e  skilful trackers,  but  a r e  b y  no  means courageous,  
a n d  towards t he  elephant a n d  t iger  t hey  evince  the  profoundest  respect.  

- -. 

Do. . 
Do. . 
Do. . 

Ewt rac t  from the  N a r v a t i v e  Repor t  of LIEUTENANT W. H. POLLEN, R.E., Oj5ciating 
Depu ty  Super in tendent ,  i n  charge  R a j p u t a n a  Survey,-Season 1885-86. 

This road is in use, but 
is not quite constructed. 

Under construction. 
Ditto. 

W i t h  regard t o  t he  nature of the  country  tr iangulated in Degree  Shee t  VII, t he  ground 
in the  south-east  is level, with sand-hills. Towards  the  wes t  there  a r e  rocks a n d  rocky 
I~il ls ,  some running u p  t o  1,200 feet  above the  sea .  In the  north-east is a plateau some 
600 or 700 f ee t  above the  s e a  and l o o  f ee t  above t h e  general  surrounding l eve l :  t h e  
surface of this plateau is pebbly and covered with k a r i l  ( ca j f a r i s  aphyl la)  jungle ; in it is 
a large depression, about 6 miles long and I wide, t he  surface of which is encrus ted  with 



salt. In the south-east the water was not good and had to be taken from the pukka 
cisterns (tanbe) near the villages. 

T h e  northern part of Degree Sheet  VI is sandy with high sand-hills (dhure), and the 
water is generally bad. In this portion, too, there are hardly any villages, but numerous 
collections of :huts (dlrani), which are  used by the cultivators in the rainy season and are 
deserted a t  other times. At  Ramdera, about 6 miles north of Pokaran, there is a large 
annual fair. Some two years ago there was great mortality from cholera there, and the 
ground is strewn with human skeletons. In the south the ground is hard and rocky. At Loharki there are  some stone quarries, and a t  Bhadra in the south-west a small fair is 
annually held. 

As regards the country surveyed in detail, the River Lirni runs through the east portion 
of Degree Sheet  VIII. In the north-east the ground is level, with sand hills ; and i n  the 
north-west there a re  rocky hills running up to over 2,000 feet above the sea. There is a 
curious out-crop of rock running up from Kalinjar in Cutch, to the north of Jeysulmere; it 
appears in the west portion of the sheet .  On each side of the L6ni is the nnyar land, an 
alluvial soil brought down by the river. This land is 14 miles in width near the Ran of 
Cutch. 

T h e  sand hills rise to  about IOO feet  above the surrounding country. The water in 
the western portion is generally good in the wells, but towards the east, among the d/lure, 
the water is mostly brackish even in the wells. The  country is covered with dhuni, every 
house has perhaps 2 or 3 tanke, circular cisterns 8 t o  l o  feet  in diameter and 10 to 1 2  feet 
deep,  lined with cku~znrn, for storing rain-water. The  water is good when boiled, but the 
inhabitants do not like parting with it. 

There are  no forts in the country surveyed, though it has been the scene of much 
lawlessness in earlier years. 

T h e  chief towns are  :- 
Balmer or Bdrmer-the head-quarters of the district;  Malini-where a /lakim 

resides, built on the slope of a hill ; Guranagar on the L6ni-the chief of this 
place has a remarkably fine breed of horses-and Sindri on the Llini. 

There are  some clusters of hills near Birmer of igneous rock. The largest hills are 
those of Jesai and Taratra, of both of which the slopes are very steep. There is an easy 
pass in the hills between Geu and Drura villages, the road is hard and good, and there 
is only an ascent of some 50 feet. The chief roads are  from Bdrmer north to Jeysulmere, 
via' Jalipa, Kapuri and Bharko. Also from Bdrmer south to Sachor, crossing the L6ni 
a t  Chitalwina. The only river worth notice is the Llini, in the bed of which ~ o o l s  of 
brackish water are frequently met with during the cold weather; by digging a few feet 
down in the bed, however, good fresh water is obtained, but during the rains the river 
water is undrinkable. T h e  inhabitants are chiefly Rajputs : there are no Bhils, but there 
is a proportion of J a t  cultivators. They have tine herds of cattle, sheep, kc. ,  and good 
camels. There is a sprinkling of hlahomedans, some Sindis and some Baluchis, locally 
known as  " Sarhai." The land produces 6ajra  in all parts, and wheat in the naynr land on 
the L6ni. There are  solne villages occupied by the M a l i  caste, who cultivate vege- 
tables, such as  radishes, onions, pepper, &c., and tobacco. 

Fuller's-earth is found in parts. 
The soil generally is sandy, with the exception of the naynr land, which is black and 

fertile. 

Report  by M R .  G. P. TATE, Assistant Surveyor, Rajputana Survey. 

T h e  country triangulated during the past season comprises Sheets 43 and 58 of Cen- 
tral India and Rajputana, and consists of a part of the Sdchor Pargana of Marwar or the 
Jodhpore State ,  and the northern portions of the territories of petty chiefs of Thardd and 
Vdv, both of which are  under the orders of the Political Agent of Pdlanpur, and lie on the 
northern boundary of GujarAt. The chief of Thardd, and the RSjput lantlholders are a 
remnant of the 13hagela dynasty which succeeded, in I 193, the Chaluk or Solanki clan in 
Anhilwdra Patan. 

T h e  chief of Vdv is descended from the Nadol branch of the Chauhdn clan, which, In 
ancient times, had extended its several branches from Delhi and Mnridna in the north to 
Golconda (in the Nizim's dominions) in the south ; and from Chotan in the Bdrmer desert 
in the west to  the plateau of Meywar in the east. Sdchor, according to the traditions of 
the local bards, was the of the I<rilam, or Khlma Rajputs. This tradition is 

verified by the t ranslatbn of a part of an old record of the early Icings of Chitor, contained 
in the " Annals of Rajputana," by Colonel Todtl : in which the " Kdlam from Sachor " is 
mentioned as  one of the allies of the King of Chitor, who had summoned his adherents to 
resist an invasion of the hlahomedans from Khorasan. The date of the above-mentioned 
record lies between 824 and 836 A.D. The date oI the acquisition of Sdchor by thc Chau- 
h i n s  could not be ohtained even approximately; but the exploit of the Chauhdn chicfs, Apa 
and Vikran, who introduced their retainers in disguise into the stronghold of tllc Kalam 
chief on the occasion of a marriage festival, affords a theme for the bards, who wandcr from 
village t o  "illage, and gain a livelihood by recounting the achievements of hctoes of ancient 



days. These bards are the possessors of all the genealogies and traditions of the country, 
oral as  well as recorded. Sachor was acquired by the Rdhtor Princes of Jodhpore over 
I O O  years ago, since when it has been one of the parfanas of that State. The Rdo of 
Chitalwdna, who has a jagiv (free-hold grant) on the banks of the LGni, about 15 or 20 

miles north and north-west of Sdchor, is a descendant of the last of the Chauhdn Rdos of 
that place. Sichor is a well built village of considerable size, and possesses a post office 
and dispensary. The mails are sent from the Cantonment of Deesa about 60 miles to the 
south-east. 

Dhdrnidar, about 20 miles south by west of Sichor, is a large village of the Viv Par- 
gana, and contains a shrine, which is visited by Hindu pilgrims. A battle was fought near 
this village between the forces of the Jodhpore Rdja Bhim Singh and those of the Amir 
of Hyderabad, in which the latter were defeated. 

At Batki, about 20 miles west of Sichor and near the Ran of Cutch, is a station of the 
Northern India Salt Revenue Department, two officers of which and a subordinate esta- 
blishment are stationed there. 

The surface of the country triangulated consists of gentle undulations, and as it is 
nearly all under cultivation, and has numerous villages, each surrounded by large trees, a 
reconnaissance had to be effected before the observations could be commenced. 

The soil is sandy;  but water is not a t  a great depth from the surface, and is generally 
good. The crops are entirely dependent on the rainfall, and nothing which requires irri- 
gation is cultivated. An area of about 180 square miles of the Ran of Cutch was included 
in the triangulation. 

The word "Ran" is a modification of a Sanskrit word and means a swamp or depressed 
plain : it is frequently met with in Western Rajputana, where any depressed plain is called 
a Ran which during the rains is flooded, and where, after the accumulated waters have 
evaporated, there is an efflorescence of saline matter. One of these Rans occurs about 30 
miles north-west of Brirmer, and it is said that Pokaran, a large and important town of 
Jodhpore on the borders of Jeysulmere, takes its name from five such depressions \vhich 
unite a t  or near the site of the town. The LJni River flows through a strip of alluvial 
soil which is sometimes under a mile in width and a t  others as  much a s  ro or rz, and falls 
into the Ran of Cutch about 2 or 3 miles south of the Trigonometrical Survey station of 
Akoria, of the Kardchi Longitudinal Series. The L6ni bifurcates a t  about 30 miles from 
the Ran, the main branch flowing about I O O  yards to the west of Akoria station. 

During the cold weather the surface of the Ran is a glittering expanse of white salt, 
forming a crust about 3 inches in thickness, under which lies the briny ooze of the swamp. 
At this time of the year it is capable of affording a passage to  foot passengers, and there is 
one well-known foot-path wliich crosses diagonally from the village of Kandalia on the 
eastern shore to that of Churia at  the foot of the Vorawa hill on tlie west. Near the 
shore the salt crust can support a man easily, and horses and even camels in some places. 
During the rains, when the Ran is flooded, it is impassable. The  course of the waters of 
the Llini can be traced for some distance by the deposit of mud, which being mixed with 
the salt, is ol a dark-grey color. It is said that the annual deposit of mud is encroaching 
on the salt. Just south of the spot where the main branch of the LGni falls into the Ran,  
there are small islands of saline earth, distant from the northern shore about 3 to 6 
miles. On one of these islands, about 6 miles south of Alroria, a station was selected, and 
reciprocal vertical angles were observed for determining its height. The platform is flush 
with tlie level of the island. 

The islands near the shore are covered with tamarisk and the Salsola plant. The 
latter resembles the Portulacca in appearance and is very plentiful along the margin of 
the Ran. It is known locally as the " S n j i "  plant. The color of the salsola is a dark 
brown. 

The salt is not fit for use immediately it is taken out of the Ran. It consists of about 
96 per cent. of pure salt, about ; per cent. of chloride of magnesia, and the balance of 
other foreign matter. Looking across the salt deposit beyond a distance of z or 3 miles, 
the ~11i te  salt seems to be lost in what appears to tlie eye to be an expanse of blue wate r ;  
and to make the illufiion complete, the rocky hills towards tlie \vest and the higher sand 
hills on the western shore appear as islands in a vast sheet of water. This is also notice- 
able in tlie broad grassy plains to the north of the Ran. Small bushes are magnified to the 
size of trees and appear as wooded islets, and as  trees fringing large sheets of Ivater. 

The margin of the Ran, where the sand hills do not come do~vn to it, is covered with 
a grass, locally known as " Maflrn," wliich resembles that well-itnonrn variety " Dubu  i n  
the way it grows. The root is a small bulb, about ,$tli or aCth of an inch in diameter, a11d 
is eaten hy the poorer classes. 

At the commencement of the summer \rlien evaporation increases, the fish inhabit- 
ing tlie large pools of water which remain in the bed of the LGni, die and float to the 
in Inrgc numbers ; lor the pools then beco~ne merely large salt pans. Fresh water can be 
obtained along the edges of the Ran by digging holes a lelv feet deep. 

C)n the north-\ltcst of the Ran the s a n d  hills come right dolvn to the shore, and are 
fairly well covered with Zfirrztn jungle. The f f im tn  is a thorny trec \\.ith \vhite bark, and 
gro\tvs to a height of 20 to 25 feet.  This part of the country has a very desolate appear- 
ance. There i s  fairly gootl sllooting about the Ran, and to the east O F  it are to  be found 
floriken, 1)ustard (great and lesserj, sand-grouse, partridge, hare, ch2'nkara, or ravine deer 
and black buck. 



E x t r a c t  f r o *  the N a r r a t i v e  Report of LIEUTENANT F. B. LONCE, R.E., O I ~ ~ ~ ~ ~ ~ ~  Dc- 
futy Superintendent, in chavge Soutjt Marritha Suruey,-Senson 1885-86. 

The was of a most varied description. There a re  the forest-cla~ 
dlrdrs On the \Vest and the densely-wooded country south of KhAn&pur, then the 
plateau the north of the Belgaum Valley, thickly covered with thorny bushes, and at 

again flat hills of conglomerate overlying quartzite beds, and covered i n  parts 
with cactus bushes, as  well as  large Open tracts of grass land and country for dry crops. T h e  geology of the district, as  well as all other information, is most f u l l y  given in 
the  Belgaurn Gazetteer. 

In  the hilly west1 the rugged hills, the ravines and the abundance of trees and brush- 
wood render the country interesting and beautiful. The  upper slopes and scarps, 
are  of trap, resemble those of the Bor and Tal passes in Thsna, and the scarps are so high 
and continuous that the country presents great difficulties to the surveyor, who often has 
to  go  miles to  reach a spot not more than a few hundred yards from him in a direct line. 
Each village in the ghdts has a little watered rice land, on which two crops of red rice are 
grown yearly. In the hot weather, there is not much water except low down i n  the valleys, 
and in one or  two of the bigger streams, in which the water is banked up a t  intervals 
the intermediate space is sown with rice. In February, the trees are almost bare 
the grass is bleached or burnt-a few rdis or sacred groves, as  for instance that of Parli 
in Sheet  243, alone relieve the general barren appearance. These r&iX are evergreen and 
in many cases are almost impenetrable. In May, after a few showers, the country begins 
t o  freshen UP wonderfully, the grass soon appears, and everything seems to take a 
fresh lease of life. Eastwards, towards Belgaum, the valleys become flatter, broader 
and more suited for tillage, while near Belgaum itself are  large tracts of undulating grass 
land on which flocks of goats and sheep are  reared. 

T h e  Belgaum District may be said to  be divided into three belts,-by the Malprabha 
River in the south, the Ghatprabha in the centre, and the Krishna in the north. The latter 
area does not concern us, as it lies far  north of the scene of operations this year, and only 
a portion of the middle belt falls within the area allotted for survey to this party. 

T h e  hills north and east of Belgaum form the water-shed of the Ghatprabha and Mal- 
prabha Valleys, those to  the north from Kakti towards NCsargi, are scarped and covered 
with thorny bushes; further east they are  replaced by comparatively low sandstone ranges, 
while a t  Murgod in the extreme east of the country topographically surveyed this year, 
the  hills rise again abruptly to  the height of some 250 to 320 feet above the surrounding 
country, and are  chiefly composed of conglomerates, with sandstone overlying a bed of 
quartzite, forming a largish plateau, greatly broken by weathering and covered in places 
with cactus bushes, in which partridges, q.uail and hares abound. There is also a tank 
in the hills near Murgod, to which grouse In very large numbers betake themselves every 
morning t o  drink. The  rest of the country south of this is open grass or cultivated land, 
(the product being chiefly cotton) more or less undulating, while in Sheet 276, the country 
is much more broken and is fairly covered with forest. T h e  hills near Khindpur are 
rugged, high and of striking outline, and the forests thence southwards and to the west are 
admirably placed for supplying fuel to  the Southern Maritha Railway which runs through 
this portion of the district. 

T h e  chief towns and places of interest falling within the area surveyed this season 
are :- 

Belpun~.-The head-quarters of a brigade,-consisting of 3 regiments of infantry, 
I battery of artillery-and also of the district, is a pretty station well-wooded and 
situated at  an altitude of from 2,100 to 2,260 feet above, and 50 miles from, the sea, with a 
population of about 25,000 souls. T h e  town stands on one of the laterite hills which form 
the eastern slope of the MArkAndeya River which flows south-west to north-east, about 
3 miles, and of its feeder, the Belari, which is about 2 miles south of Belgaum. The city 
i s  situated between the British infantry and artillery lines, and the fort, while to the 
south-west, are the Native infantry lines. About half a mile to the south is the town of 
Shdlldpur belonging t o  the Sdngli State. Water  is obtained entirely from wells, which 
afford a plentiful supply throughout the year, but in Shdhdpur the water is brackish and 
unpalatable. T h e  roads are numerous and good. 

The fort of Belgaum, which is about 16 miles in circumference, is surrounded 
a wall  about 35 feet high, pierced by two gateways, one protected by a large 
Round the wall is a deep ditch, about 70 feet wide, which, except during the 
is generally full of water. T h e  fort is kept in a fair state of repair and an 

arsenal depbt, a church, some barracks, and a number of private houses by 
gardens : it is well-wooded and has an ample water-supply from wells. 

Belgaum i s  a r  old town, and is called Venugram, or the Bamboo Village, i n  
of the twelfth and thirteenth centuries. The fort is said to have heen built a Ja in  

and  both it and the town appear to have often changed hands. In 1472 the  fort 

was af ter  a vigorous defence by one Mujahid Shah Bahmani  About 

it was by the Governor o f  the Konkan Bahddur Gildni. In 1498 i t  was assigned 
to ~ i , d ~ ~ ~ ,  and  i n  March 1510 the Hindus rose and driving out the garrison resumed 
their former al l rgiance to  the Vijaynagar kings. In 151 1 it Was granted a 

named Kharu r u r k  a s  a reward for saving the young king Ismail Shah from 

the treachery of his guardian, and lie reigned under the title of Asod Khan 



during which he was the mainstay of the Bijdpur power. His is the greatest name i n  
Belgaum history, and he is looked upon as a saint whose power keeps cholera from the 
place. 'I'here were many attempts to wrest his power from him but he frustrated them all 
and eventually died at  Manoli, 3 miles south-wrest of Belgaum in 1549, and was succeeded 
by his son. In 1593 Ismail, brother of the Bijapur king, possessed himself of the fort ; but 
though he withstood a siege, he was eventually induced to march on Bijapur and was cap- 
tured and shortly afterwards put to death. In 1673 Shivaji, on his way to Hubli plundered 
Belgaum. In the third Mardtha war in 1818 ,  Munro attacked Belgaum on 22nd ivlarch 
having arrived on the rqth, and on the I rth April a practicable breach having been made, 
the garrison surrendered and were allowed to march out with their arms and private 

f(lzci,zcipur.-Situated on the Malprabha River at  the point of crossing of the Southern 
Marstha Railway, is the head-quarters of the taluka of that name. It has revenue, police, 
and p o d  offices, a rest-house, &c. It has a small trade in rice and ~ l a n t a i n s .  It  was 
formerly, in about 1720, a large entrepSt for Goa merchants who exchanged drlrgs, China 
goods, metals and spices for cotton and saltpetre with the Hubli, Nargund and Navalgund 
~nerchants : this trade was afterwards removed. 

Nandfad.-A village ; miles south-east of Khdndpur, with a population of some 9,000 
or ro,ooo souls, a post office, weekly market and three schools. 

Bidi.-Formerly the head-quarters of a sub-division, afterwards transferred to 
Khdndpur. 

Murpd.-About 15 miles north-west of Saundatti has a fair trade in cotton and grains. 
There are revenue, police and post offices and a Canarese school. It has a yearly fair 
lasting six days, in November-December; the village is partly enclosed by a wall and 
ditch, now ruined, and in rear by hills. There is a ravine about half a mile from the 
village, frequented by panther, and I had a shot a t  one within 50 yards of the village in 
the dusk of the evening last February. 

NPsacqi.-On the Belgaum-KalLdgi road, about 7 miles north of Sampgaon, has a 
dbk bungalow. It has a weeltly market on Monday, and weaving and bangle-making 
industries. 

Sampgaon.-The head-quarters of a taluka, has the usual offices, a post office and two 
schools. There is a weekly market on Sundays, where cattle, grain, cotton and cloth are 
sold. The first mention of Sampgaon is in 1683 when Aurangzeb's son, Mahomed Muazzam, 
is mentioned as besieging and capturing the fort after a gallant attack. It  lapsed to 
Government after the Kittlir outbreak in 1824. 

Halshi.-An old town about 10 milessouth-east of Khindpur, the chief capital of the 
early Kadambas (A.D. 500) ; it has no trade or manufactures. It has three large temples, 
two of which are in the town,-one to Vardhvarsinh and the other to Suvarneslvar. 

Mugalkltcin Hubli.-Is a large village on the DhArwdr road, 18 miles south-east of 
Belgaum ; it has a travellers' bungalow. I t  is so called after a Bijdpur officer, named Mugat 
Khdn whose tomb is in the village. 

1filtlir.-On the Belgaum-Dhdrwdr road, is a large village with a ruined fort and 
citadel. An inscription of about the close of the twelfth century is the earliest known men- 
tion of Kittrir. In 1785 Tipu seized Kittlir and placed a strong Mysore detachment there, 
which held out against Holkar with a large force for more than a month, when the siege 
was raised. Tipu in 1787 handed the place over to  the Mardthas. Under the treaty of 
Seringapatam, Kittlir became again a part of the Mardtha country. 

The Duke of Wellington (then General Wellesley) in his pursuit of Dhundia Vdgh in 
1800, reached Kittlir on 5th August and wasdelayed for six days, making boats tocross the 
Malprabha. Subsequently Mr. Mackray, the Collector a t  Dlidrwdr, sent by Government in 
1824, to take charge of the Kittlir Estate, was murdered, and his two assistants were 
imprisoned. The place was invested in November and the prisoners released, the garrison 
surrendering a t  discretion. The State thus lapsed to Government. 

In 1828 Kittlir fort is described as being a heap of ruins but still worth seeing, as  the 
ruins showed it to  have been a place of great strength. 

The chief hill forts and hills of special mark in the area surveyed during the season 
under review are :- 

Yellurjiad.-A ruined fort a t  the west end of a high trap ridge, about 7 miles south- 
east of Belgilum. It is 3,288 feet above sea-level. This hill and fort are  the most conspic- 
uous objects in the neighbourhood of Belgaum. 

Shamshergad.-Once a fine old fort, is situated near the apex and on the highest part 
of a sort of V shaped ridge ; its altitude is 3,001 feet above sea-level and about 700 feet 
above the plain. It was built of stone and earth, but now is quite ruined. The spurs spring- 
ing from it run north-east and east for about 34 to 3 miles, and a t  their feet are the town of 
Nandgad and the village of Bijgarni. There is a well and a good mango grove in the fort. 
The ascent is easy from the east. 

Mdcltkad.-A small fort above the village of Bijgarni. 
Kaldnidhigad and Gandharvagad, both hill forts, fell within the area surveyed this 

year, but as the sheet is not complete, they will be described in next year's Report. 
Tlre Mnlprabha River-rises in the eastern spurs of the Sahyddri range, about 8 miles 

west of Jdmboti in Khdnipur. Of the ori in of the river the following story is told :- P In Kanku~nbi, on the eastern slope o the SahyAdris, lived a man, with a beautiful and 
virtuous wife. In spite of her goodness, he was jealous, and gave her neither rest nor 
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peace. At length driven to despair, she sacrificed to the gods, and offering a prayer to 
Basava, the patron of the Lingayats, threw herself into a mountain tarn. The pool on 
receiving this sacrifice overflowed its banks and formed a river \vhicll n a s  called Ma\pra- 
bha or  Maldpahari " the  cleanser from sin." 

From its source it runs east for some 1 3  miles, when it turns ~ o u t h - ~ ~ ~ t  for 8 miles 
and then t o  the north-east past Khdndpur and Lokodi. Though shallow, its flow is con- 
tinuous throughout the year. The chief ferries in the portion of its course under review 
are  a t  Khinapur, Mugatkhln Hubli-Turmuri-Sangoli and Virapur. 

T h e  M a l ~ r a b h a ,  entering Sheet  276 a t  the village of Mansipur, is joined at  Lakhibail 
by the Chor Nala, an inconsiderable stream ; close by a t  Kodchivad it receives the 
of the Khumbar Nala, which drains a largish area rising as it does i n  the hills near 
Kdnvikarvinkop in Sheet  275 S .  W., and further on it is joined from the north by a 
large nala rising in the hills near Siddanbhavi and Basdpur in Sheet 275, and from the 
south by the  Satti  Nala, also a biggish stream which has a large drainage area ris ing as it 
does in the hills near Nandgad, of which Shamshergad is the highest, flowing south-west 
past Halshi near which it bends north-east to Bidi, and, continuing in this course, flows 
past Kasmalgi and Chikangroli to the  Malprabha. 

A fairly large nnla flows into the  Malprabha at  Hira Mulkur, and the next important 
one is the Dod Nala which rises near Shigihalli and flows past Belvadi and Lingadhalli 
and joins the Malprabha a t  Budihal. From the north the Kiadgi joins it a t  Vakund rising 
near Hongal. 

In Sheet  275 the Hira Nala rises in the hills near Sutgatti, and flows north-east past 
Nesargi and Chik Badnur, and so out of the season's work. 

T h e  Bdndan, which rises in this sheet near Harngop, flows through Markumbi, where 
it is joined by the Bagndth Nala, and eventually meets the Childr Nala at  Chikkop and the 
three combined flow into the Malprabha River a t  Ingalgi. 

T h e  Mdrkdndeya River which rises in the hills near Bailur in Sheet 243 and enters 
Sheet  275 a t  the village of Ambevddi is a biggish stream and flows north-west past the 
villages of Alitgi and Honga, where it enters the hills and continues its course east by 
north through the hills, widening as  it goes past Kenchanhatti, and so out of the work ; it 
eventually flows into the Ghatprabha a t  Gokdk. 

T h e  Mogitar Nala and one which joins the M a l ~ r a b h a  at  Khdndpur are the only other 
streams of importance in the country under report. 

The  Hari Nala rises in the hills south of Belgaurn, of which Yellurgad is the highest 
point-flows in an easterly direction past Marikatti, Tigdi and Sampgaon, whence turning 
in a south-easterly direction it flows past Naginhdl and so on to the Malprabha. At 
Naginhdl it is joined by a biggish nala from the north. 

Shee t  243 not having been completely surveyed, is not reporled on, as no maps are 
submitted this season. 

T h e  Belgaum District is well known to be particularly well supplied in the way of 
roads. 

From Belgaum as a centre, made roads run to Poona on the north; eastwards via' 
Aukalgi t o  GokAk and through NCsargi to  Kalddgi; south-east, through ~ d g c v d d i  to 
D h d r ~ f d r  and a branch from Bigevddi to  Murgod, and so on to the Kalddgi road; south- 
wards to  Khdndpur and thence to Canara and south-west to Jdmboti, leaving the Khandpur 
road near Yallir, and westwards to  Chandgad, Amboli, and so on to Sdvantvadi. 

The  Southern Marstha Railway from Poonaruns through the work, entering Sheet275 
a t  the v i l l a g e  of Budihal, it runs to Belgaum with a station at I<ang;lon and from Belgaum 
through Yallir to  Khdndpur, and thence on to Londa, where it joins the Dhdrwbr-Goa 
branch. 

There a re  numerous cart-roads throughout the district. 

Extrac t  f r o m  the Narva t i ve  Report of  MR. H. HORST, Deputy  Supevl'tztenttrn!, in chavgc 
Burnza bores t  Suvuey,-Season 1885-%V6. 

In order to  show why the out-turn was so small in comparison with the previous 
season's, it will be as well to remark that, the held season closed 25 days ealier than usual, 
and that the work met with several serious interruptions. On the 24Lh January, owing to 
the disturbed state of the country, particularly that of the reserved forest tracts in whicll 
two large bands ol dacoits had been plundering the Karen villages, the detail surveyors 
had to be withdrawn from the Yoma, and fresh work allotted to them on the 2-inch scale. 
More than a week was thus lost in plotting fresh boards, in marching to new ground, and 
making fresh arrangements. During February the work was intcrruptecl on two occasions 
by dacoits, and the aggregate number of days lost was 126. Duri~lg March thc Tharra- 
waddy and Prome Districts were more or less disturbed, and it was considered unsafe 
to  allow small parties to  work on the higher hills. Of the t ~ o ,  thc 'l'liarra\vaddy 
District was most disturbed, and troops were   laced at  most of thc stations on the 
lrrawaddy line of railway. In April matters came to n crisis : both districts were infested 
with dacoits, and it was positively dangerous to move about beyond a strip of country 5 
miles wide on either side of the railway. Thc  Local Government was the11 urgently solicited 
by telegram to the recall of the party from the field ; but the noct ion did not reach 



till four days  after.  Meanwhile a large g a n g  of dacoits, estimated a t  from 300 to  400 
strong, was driven by the  troops from Zigon into the ground which was under survey. 
T h e  result was that three Sub-surveyors, with 40 klassies, narrowly escaped being massacred 
a t  Nyoung-le-bin, and Mr. Gibson's camp was attacked a t  Peinzaik on the 26th ~ p r i l .  Four 
men fell into the hands of the dacoits who tortured them to death  in tile 1110-t l~arharous  
manner,  a fifth man was never heard of again and it is believed he too was killcd. 'l'he 
loss of both Government and private property was consideriible ; Mr. Gibson and a Sub-  
surveyor escaped only with the clothes they more, through their knowledge of the ground 
which was intricate and covered with jungle, and tlie work was abruptly brought to a close 
and several  g aps  were  therefore unfortunately left. The  Traverse and ' I r i a ~ ~ ~ u l a t i o n  
Sections were  similarly retarded a l t l~ough n o  casualties occurred, but Mr. Wilso11 had a 
very narrow escape and so  had Mr. Ewing. T h e  work was further retarded by the 
transfer of two good Sub-surveyors to  Mandalay early in and by an  unl .~sr la l l~  
unhealthy season, during which Rlr. Wilson and several Sub-surveyors (one ol  whom 
was sen t  away to  India on departmental  leave early in March) suffered I ~ ~ C I I  from 
malarious fever. 

T h e  following forests are  comprised in tlie a rea  traversed and triangulated :-Soutl~ 
Naweng, Middle Naweng, G ~ v a i c l ~ o ,  Quaimeedo, Nabai-byo, Chaung-zouk, P\\.aygin, 
and Shwelaung. T h e  South N a ~ v e n g  is drained by  the Taung-Na \ reng  Chaung. At 
the south-east portion of this forest is a large Karen area containing two ires or Il.~mlets, 
Nashi-te a t  the north on the Litwa Chaung and Nga-to-te, about the middle of the area,  on 
the  Taung-Naweng Chaung. Through this tract  a fair road runs from Prome to 'Toul~goo, vid 
Paukkaung and Taungle. From the latter village it goes to  Sntbyu village, then along the  
Kyoukgyi Chaung and u p  the Litwa Chaung to Nashi-te, Llience across the  Yoma to  Shwe-  
ye-te in the Toungoo District. In the hliddle Naweng Forest, which is drained by the Alay 
Naweng Chaung, there a re  no Karen areas,  nor are  there any  passes into Toungoo. T h e r e  
is a difhcult path passing from Nashi-te to Dabi-te in North Naweng. T h e  other forests 
contain no Karen areas, nor are thrre  any paths passing through, save one from Paukkaung 
via" Kadin-gna-sin and Bamb\ve T a u n g  to Kangyin tlzn7zn. T h e  isolated forests of  Nyoung- 
Ben-det and  Htonyea were also traversed. T h e  former lies about ro  miles south of Pauk- 
kaung and the latter about 8 miles north of Prome. T h e  Fuel Reserves of SinmizwC 
and Pauktaw close by the  railway line were also traversed. 

T h e  country surveyed on the ,+-inch scale had the Pegu Yoma range running through 
it, but the backbone of the range from ~ r h i c h  tlie drainage flows east  and west is r o t  
a very marked feature. There  a re  other parallel ridges and spurs of considerably 
greater  elevation than the main ridge or  watershed, which a re  very striking a t  first. T h e  
features are  generally small and the labor of surveying them very  great in consequence of 
the  heavy jungle. With the exception of a few Karen Tes, which were burnt down by 
dacoits, the country is totally uninhabited, which is probably the reason why the  detail 
surveyors were  not more frequently molested by dacoits. T h e  country surveyed on the  2- 
inch scale consisted of low intricate hills covered with dense jungle which retarded the 
progress of the plane-tablers quite a s  much as that in the reserved forests. 

T h e  principal streams met with were the  Taungnyo, with the  Thayet ,  Panyo-gyi, 
Mwe-gyi, Kyauk-Myaung, Sinzwt., a s  tr ibutaries;  and the ShwelC with the Le-zC and 
Peinzailc a s  its tributaries. 

T h e  following forest  reserves were taken up :-Taungnyo, Bwet,  Slia-baung, Kadin- 
zauk, Padin-ben, Tapun,  Pazingye, I<anni, Nyanle, Sh\vele, Kyauk-kyi-Taung, Padi t  
Myaung, Kyibyu, Inma-Tayokma\v, a s  well a s  5 interlying or adjacent Karen areas. 

Routes.-From PaungdC in the Prome District vt'l 'Tantabin, Nyounghla and  Nyoung- 
le-bin to Ngapan- te  in the Toungoo District, 6 marches. First march to  Tantabin,  where 
there are  5 pukka wells, rg miles, a good cart  track ; second march to  Nyounghla, 8 miles, 
cart  track traversing low hills and  along the  Taungnyo Chaung for 1 4  miles near  
Nyounghla;  third march to Nyoung-le-bin, ro  miles, village of 'rhumba-di half way, road 
crosses Taungnyo Chaung, a fair car t  road in dry  weather. From Nyoung-le-bin there  
is only a f o o t ~ a t l ~  practicable for elephants lightly laden. For  about half a mile the  
path runs along the  bed of the  'Taungnyo Chaung, skirts the Maung-de Chaung for 
1 4  miles, crosses a low hill and again follows course of Maung-de Chaung ascending af ter -  
wards Sobyu Taung ridge 880 feet. From this point a succession of ridges and  s t reams 
have to be  crossed till the Yoma is reached near the  hill, called Makupya. T h e  descent 
on the e;islern face of the Yoma is gradual, and the path, after keeping along the  Yoma 
ridge for a sliort distance, runs along a stream till Nga-pan-te is reached ; distance about 
24 miles, 3 marches, with water a t  the halting places;  n o  supplies procurable anywhere.  

From ParlligdC (Prome) to  Aunghla-te (Toungoo),  four marches. 
First s tage  Ngapaw, a thana and large village ; by a good cart  track 16 miles; second 

marc11 to  Peinzaik, 11 miles;  a small village with little water ;  fair car t  track. From 
Peinzaik for  the third march of 10 miles, there is only a footpath which follows the 
Peinzaik Chaung for  4 miles, then crosses water-shed to  source of the Le-ze Chaung along 
which it runs to the junction of the Tha ing  Myaung, where there is a perennial spring 
and a suitable halting place T h e  fourth march of r o  miles commences with the  ascent 
up  the Pandaung range which is crossed a t  the hill, called Thitpok 'Taung; ascent 500 
f e e t ;  hence the  path goes along a gradual slope t o  l<athit Myaung, along which it 
runs as far a s  I<ywe-de-te, leaving which the  Yoma ridge is crossed near a point called 
Thon-mye-zaing, and thence Aunghla-te is reached without much trouble. 

0 



PaungdC t o  Aunghla-te viii Yoksaing, four marches. First march as  above. Second 
march Ngapnv  to Yoksaing ; fair cart track ; distarce 14 miles. Shwele stream frequently 
crossed. From Yoksaing, which is a small Burman village, there is a good caitle track for 
the third march practicable for elephants lightly laden. It  first skirts the Shwele Chaung 
to Bam-bwe-gante, 4 miles, whence the path runs along a low ridge for 2 miles up to 
Wun-din-byit Chausg, and along this stream for 3 miles to  where the Yem-hen Chaung 
joins it. At  this halting place there is a good perennial spring. Starting from this point 
the Pandaung range is crossed on the fourth march, ascent 750 feet, then the Thon-mye- 
zaing ridge, after which Kywe-de-te is reached. From here the Yoma is crossed to reach 
.4unghla-te ; distance 10 or 12 miles. This path is better than the one viii Peinzaik 
above described. 

With two exceptions, the quality of work executed during the past field season is 
equal to  the previous season's, and the drawing is superior. Owing to the abrupt term 
mination of the field season a t  the end of April, several gaps have been left in the work, 
and the portion surveyed has only been partially checked. Unfortunately during the 
coming field season, it will not be possible to fill up more than two of these gaps as 
the others lie on the Yoma, which will not be accessible for a season or two, or until the 
country is quieter. Had it not been for the frequent interruptions already described, 
there would have been a most satisfactory out-turn, as the party was properly organized, 
the equipment was sufficient in every respect, and every ordinary contingency had been 
carefully considered. 

Much credit is due to  the Assistants and to several of the Sub-surveyors for standing 
firm a t  their work in spite of the dangers they were exposed to from dacoits, by whom 
)hey were constantly threatened. 

E x t r a c t  from the N a r r a t i v e  Report of LIEUTENANT-COLONEL H. S .  H U T C H I N S ~ N ,  S. C., 
Deputy Superintendent, in  charge, Akyab Cadastral  Survey,-Season 1885-86. 

T h e  country known as  the Arakan Coast in which Akyab is situated, i n  many ways 
closely resembles that of the " Konkan " of Western India. Both lie a t  an average 
of a very few feet above the sea-level, both are  long narrow strips of country of an average 
width of 40 or 50 miles, bounded on the east by a chain of mountains and on the mest by 
the sea, and being situated in the same latitudes, their climates also a re  very much alike. 
The  main difference between them consists in the magnificent wide tidal creeks, which 
penetrate Arakan f i r  inland, extending even into the hill tracts, and which are navigable 
for  river steamers and large sailing craft for long distances, whilst there are no rivers of 
importance in the Konkan in a n y  way to compare with them. This is probably the reason 
why Arakan is so much the damper climate of the two, and its scenery also differs very 
much on this account. T h e  main rivers of the Akyab District, viz., the " KaladanH and 
" Mayu," a re  some miles wide and maintain a width of I to  3 miles for a long distance in- 
land. T h e  Arakan hills, though not dissimilar in outline and formation to the gha"ts of 
Western India, a re  not so bold, and do not form the same peculiar wall or s tep  of 2,000 feet 
high, whilst they are more rounded and more densely covered with forest. The timber, 
however, in the Akyab District is not considered valuable, and jn consequence there are  no 
forest reserves, though some timber is under especial protection. The Arakanese are  a 
slothful, indolent people, and the labour lor cultivation of the country is mainly imported 
from Chittagong. Indeed, the Chittagonians are, 1 believe, gradually dispossessing the 
aborigines of the country;  settlers are  found all over the Akyab District. ?'he Arakanese 
are  seen most to advantage during their water festival, when they turn out in crowds for 
boat races, and the country seems alive with excitement. A description of a boat race by 
Mr. Jarbo, Surveyor, with this party, is given below, as nearly as  possible in his own 
words. 

T h e  villages of WagunU andu Kyauktaw " lie in a picturesque position, facing and 
immediately on the left bank of the Kaladan River:  they are some 3 l~liles apart ; the 
portion of the river between them has a high bank and is fringed with lines of jack, marian 
and other fruit and jungle t rees ;  behind the jungle, and running almost parallel with the 
river, there are ranges of hills, some of whose peaks reach a height of 3,000 feet, 
and are  for the most part covered by bamboo jungle with here and there a gigantic gurgan 
tree, many of which are festooned with long sprays of purple orchids, or clothed with 
graceful ferns. The gaps that occur in the jungle are caused by clearings for cultivation, 
called tnungya, and the crops are claimed by the semi-civilized, and more than semi-nude 
tribe of " Khwaymesn or dog-eaters. Many of the lower spurs are capped with whit? 
pagodas, conspicuous in contrast with the green background of the foliage on the higher 
hills. The  pagodas are  bell-shaped masses of solid masonry, erected in order to merit 
Nekban (heaven), of no use but ornament. Between the hills and the villages are fields 
after fields, bearing a t  the proper season teeming crops of rice, the staple on which alone 
as yet  depends the prosperity of the surrounding country. For the front view our villages 
have low detached hills with very precipitous sidcs abutting on to the river \vllose waters 
under the shadows of the grey rocks, look Lut are not unfathomable, for i n  water a1 
tile mouth of a small rivulet may bc sren a herd of buff;~locs lying dosing cacll One with its 
nose, eyes, and the tips of its horns just visible ahove the surface of the water, c n j O ~ i n g  a 
mid-day nap  in which we cannot afford to  join them a t  present for the day promises be 



a busy o n e ;  what with woods and rivers and hills and herds the population of the country 
have much t o  be grateful for, and they a re  a s  a rule a very contented race ; but just a t  
present their thoughts a re  occupied with other things than the beauties of their  surround- 
ings-Who will win a t  the  approaching boat races ? and pose a s  athletes and heroes before 
the world in general ? (and their  sweethearts l1 T h a  zan Phyoo " and " Mah T h n  loung " in 
particular). 

I t  is t o  see  the  races and to  describe the  contest  of the  day between the  boats of the  
two villages above named, that  we a re  now concerned, and to  do  s o  with advantage we had 
better climb the low hills on the  opposite bank of the  river from which we shall g e t  a bird's 
eye  view of the  whole proceedings whilst si t t ing in the  shade of a mutilated torso of a n  
herculean figure of Guadama (unless we sink into an  endless reverie and our features, like 
his, become fixed with the  expression of eternal meditation). 

Now we have recovered breath after the climb, le t  us take a good look around. Ah, 
the first arrivals have reached the wharf, abreast  of which is to be placed the  winning flag- 
among them is a podgy figure balanced on a very fat  little bay pony, this is  the  "Myo6k" 
or  petty Magistrate and Revenue Collector; he  wears the gayest  of " loongyees" (waist 
cloth), of the richest and thickest silk, woven with very bright colours into an  exceedingly in- 
tr icate maze of squares, triangles, and zig-zag twisted, turned, and interlaced, called, I believe, 
the dog-tooth pattern ; his iron-grey hair glossy with exuberant oil tied into a compact knot 
and brought to the very top of his head like the knob of a teapot cover, is encircled with a 
wisp made of the  whitest of white cambric handkerchiefs, and  there is no mistaking him for 
being other than the great  man of the  country. A s  he slides off his nag, he is surrounded 
by a crowd of sleek men whose self-importance will a t  first only allow them t o  mumble 
greetings and hint suggestions, but a s  arguments wax warmer, dignity is laid aside and 
then they shout and gesticulate like very schoolboys. A t  last something has been decided 
on for a muscular middle-aged man, tucking his l o o a ~ ~ ~ e e  high up  above his thighs and cant- 
ing his head on one side to  g e t  hold of, and t ie up his long back hair which has go t  loose 
and hangs to  his waist, rushes along the  wharf, as if having been worsted in the  discussion 
he is determined to  bring it and his life t o  an  end toge the r ;  but a s  he nears the edge he  
evidently thinks better of it, for he turns to  his right, and goes deliberately down the  s t eps  
placed there and draws forth a dug-out (a country skiff, made or one solid bit of wood) from 
under the wharf, out of which Ile proceeds to  dislodge the water  by rocking i t  t o  and fro 
half a dozen times, then taking up  the  paddle he squats himself on the  ext reme end of the 
canoe, dangling one leg in the water,  and awaits events ; meanwhile others a re  not idle, for a 
bamboo raft about 2 fee t  square has  been made, and this a youth now places in the  dug- 
out whose helmsman with a few s t rokes  of his paddle, carries it some 50  or  6 0  yards 
away from the  wharf and then stops and calls out t o  know if he has gone far enough ; the  
Myo6k decides this knotty question favourably, and tlie bamboo raft is s e t  afloat a t  tha t  
spot  and moored with large stones for anchors, s o  that  it may not be carried away by the 
tide, and now arises a discussion a s  to the  best  way of fixing the winning flag on the  raft ; 
for  in Arakan the boat, \+,hose crew secures the  winning flag and can show it a s  a token, 
wins the race, and it is necessary that  both should have an  equal chance of laying hold of 
it. O n e  therefore suggests that  a l~ollow bamboo tube be tied l~orizontally t o  t w o  posts on 
the  raf t  with a cane through it ~ ~ l i i c h  could be easily withdrawn from either end,  breadth- 
wise to  the river, and that whichever crew succeeded in witlidra\\~ing the cane  should be 
declared to have won ; this is objectcd to  by others, who say, " No," for perhaps the leading 
man of the boat which is ahead may miss taking hold of t h e  cane,  and that then the lead- 
ing man of the second boat, and the  second and third man of the  first boat may seize the  
cane simultaneously and that  then the boats will upset,  this will lead to  a dispute and 
doubtless end in a riot a s  happened in a former yea r ;  let  there be two flags quite indepen- 
dent  of each other." T o  this there are  also objections, but now the  old kfyoo"lc hits upon a 
plan which meets the wishes for fair play of all parties. I t  is this,- a bamboo, about a foot 
long, is fastened in the  centre  of tlie raft  in an  upright position, and the  staff of the  flag 
rests in this as in a socltet, the winning boat is t o  be that  one whose crew takes out the  flag 
from the  socket. A large rice boat is anchored out in midstream in a line with the  wharf 
and raft, this is for the  judges and umpire, besides this, " dug-outs" a r e  stationed a t  inter- 
vals along both sides of what is t o  be the  course to see  that  each racing boat keep> to i ts  
own side of the river, and that  there  is no foul play. Whilst  all this has been going 
on, sight-seers have been coming iu increasing numbers, first in ones  and twos, then 
by the half dozen, till now they form a continuous stream of people dressed in all the colours 
of tlie rainbow as well as in others not to be  found in it. She  who is the  happy wearer 
of a   ink thantine or  petticoat, a delicate, canary  scarf over a plum colored velveteen 
aenfyec or bodice, and a large bunch of yellow orchids in her hair, is  considered quite 
the s tar  of thc d a y ;  and he who is dressed in a yellow and black-checked loongyee with an  
elaborate border, n blue cloth jackct, with gold buttons and a light pink head-kerchiel 
or gardn,q 601111~ \vitli a magnolia blossom behind one of his ears,  is looked upon a s  
the cream of  gentility. As  the  h a t  races are  to  bc followed a t  night by a sat p ~ 0 . v  
or dramatic performance by malc and felnale artists of fameti excellence and beauty, whole 
families may Ilc scen bringing will1 them tlie wherr\\~ithal t o  make thcbmselves happy and 
comfortable for  two or tllrec (lays and nights, should the entertainment last so  long ; this 
consists of loads ol cooking utrnsils, h1111dlc.s of mats, and trays upon trays of sweets  and 
othcr etlibles of sorts, not Lhc lcast important k i n g  bowls of roasted beetlesl and grass- 
hoppers, fried s ~ ~ a k e ~ ,  ~ i c k l e d  tea leaves, and thc  inevitable ~ p p i  or  f i ~ h - ~ ~ t ~ ,  fra- 
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grant  t o  the nostrils and delicious to  the palate of the true Arakanese, ~l~~~~ is an 
old grandmother with the mats, the mother with a tray of cigars and a baby-without this 
latter appendage a Burmall woman would be ashamed to appear in public ; the father heads 
the procession with the pet of the family on his shoulder-a boy of four  or five years- 
decked out as an exact miniature of himself, the rear is brought u p  by a grown-up son, 
preceded by his sisters, his cousins and his aunts, chattering, laughing with, and at  times 
teasing each other, their mlloie manners and actions indicative of tile spirit and delight 
with \vhich they intrnd to enter  into the business of entertaining and being entertained. 
It  is now 3 o'clock ant1 time that the racing boats should appear, for it is very nearly 
high tide. What  is that coming up s t ream? It looks like a procession of canoes, for 
surely it is not one boat. Yes, it is, now that it is closer we see it is but one, alld that by its 
flag, an English blue ensign with the design of a white pagoda n.orked on the blue ground, 
it is the racing boat of Kyauktaw. As regards length, it is an enormous boat, being f u l l y  
120 feet Ionq, but barely 3 broad ; it is in fact  nothing more than a very long dug-out made 
of one tree, and SO shallow and light is it that it looks a mere stralv on the water. 
In the centre is a platform flush with the top of its side, on this is slung a large 
gong, around which are  gathered some half dozen musical performers, ~vllose notes are 
expected to  instil and keep alive the spirit of emulation in the crew of rowers, or rather  addleme men ; these are seated two abreast, twenty pairs being on each side 
oi the orchestra. Each rower is armed with a paddle made of a dark-coloured 
nicely polished, and wears a pink head-dress. 'I-he boat is steered by a very long flat- 
bladed oar, fixed over the s tern of the boat, and projecting some distance beyolld i t ;  with 
this ~ o w e r f u l  lever the boat can be steered to a nicety and turned c o ~ n ~ l e t ~ l ~  round in 
its own length. 

Here comes a second similar boat bearing the Wagun flag, an English red ensign 
with a black Bcloo or demon embroidered on the red ground, lilac coloured head-l<erchiefs 
being the distinguishing head-dress of its rowers. These are  the great rivals, though there 
a re  eight other racing boats now present they are smaller editions of the above, differing 
from them in the number of paddles, the devices on the flags, and in the colour of the 
uniforms. The  crowds lining the river banks begin to  evince signs of impatience, the friends 
and sympathizers of one boat constantly cali out to their crew to know when the start is to  
be made, and remind them that they have to puli for the honor of their village, and 
the  smiles of its girls, whilst those of the otherchaff and criticise their appearance and pros- 
pects with the ladies, very much af ter  the style of an English mob on a like occasion. 

At  last the race is to  come off, the boats are brought up parallel to each other near 
midstream, and they are  to  s tar t  by mutual consent. The  coxswain in each boat now 
chants what soullds like an invocation, " Alaungdoo Maungdoo-yes yee," which is repeat- 
ed by the crew who are holding their paddles upright poised in the water ;  he then intones 
"Nrado Hlay-KO-pyz'n ya lay-gyee," to  this his crew taking up his note respond with " Nindoo 
Souk  Kyoo Nga ya lay gyee" followed by-" Hlay t f~ fa ,  Hlaybaw, Hlaybaw thait Ka," 
from the coxswain, answered by the rowers with "Taunx  Loong Gyaa~dthey, Taun 
Loong Gyaw." T h e  gong is now struck with a pause of slow time a t  first between eac f 
stroke ; this serves to  mark the time and ge t  the rowers into the correct swing, as it is 
accompanied by each of the crew making a sweep of his paddle, passing it in a circle 
above his head, and down into the water, shouting his war cry of " Hayla Heela," " Hayla 
Heela" with each dip of it. 

T h e  strokes on the gong become more rapid, the paddles keeping time with it. 
Suddenly the helnisman of one boat throws up his arm and gives a loud shout, and both 
boats literally dart  forward like birds. The beats of the gong and the hayla heela of 
the rowers are  repeatcd now a s  fast a s ,  hand can strike and tongue articulate, the whole 
eighty paddles of each boat keeping exact time in dipping, with the precision of a 
machine : so true are  the movements that it is almost Incredible that the motive power 
furnished by no less than eighty pairs of arms, and as  many distinct wills can conduce to a 
result. which rivals in accuracy the motions of the nicest mechanism prompted by but one 
motive engine. Soon after the start has been made the band strikes up, and some of them 
begin to  dance on the centre platform, some imitate the flying of birds by flapping their 
arms, others the swimming of fishes balancing themselves the while so as not to interfere 
with the trim of the boat, but keeping time to the music. At the prow one performs a 
pas selll, the movements of his arms and hands representing capitally the beating of a 
bird's wings  through the air. The  clean dip of the paddles, the rapid but smooth gliding of 
the boat, and the graceful actions of the dancers may well be called the poetry of motion. 

the flag is neared, the rallying cry becomes a succession of shrieks. The 
Wagun canoe leads by a foot or two, but the Kyauktaw coxswain gives a shout of 
encouragement to his men, and makes two rapid sweeps with the oar which Serves as a 
rudder, this, acting like the screw of a steamcr, brings both boats level. are 

s i x  inches of the end of the flag-platform, and it seems as  i f  they will run down it 
and each other. There !!!, the dancer on the prow of the Kyauktaw boat has made a grab 
at, and succeeds i n  grasp ing  the coveted flag ; this he waves in trimuph over his head, and 
a perfect roar of a p p l a u s e  arises from the spectators on the banks ; all disci~l ine on board 
is now at  an end, for the whole crew are capering about a t  the risk of upsetting their craft! 
dancing, shouting, singing, kicking up their legs behind and before) and slapIJing them- 
selves and each other i n  excess of joy; paddles, long hair, and handkerchiefs about 
in all directions, testify t o  the delight of their Owners a t  having, af ter  a very severe 



struggle, won the race ; so equal a contest was it, that had the man a t  the prow of the Wagun 
boat had an arm and fingers but two inches longer the result would probably have been 
different, for he made his grab for the flag simultaneously with that of the Kyauktaw man : 
in fact to English ideas the race ended in a dead heat. 

Miss Tha-zan Phyoo, or " White orchid," is all smiles and tears as she offers her 
swain from the Kyauktaw boat the choice of her tray of cigars ; this is by no means refused, 
nor is the further favour of lighting ~t for him, which she proceeds to do after giving it a 
caressing liclc with her tongue which is doubtless appreciated. Beautiful " Mah Tha loung " 
of Wagun fame affects an indifference, we dare say she does not feel, unless indeed having 
no partiality for any of the crew she can afford to keep her sympathies for another occasion. 

And now the chief event of the day is passed and the greater portion of the crowd 
have already left the river banlc and are engaged in regaling with divers dainties t h e  
recent competitors who have each been presented with a gaudy handkerchief by the Myodk; 
so we will descend the hill and leave the holiday makers to complete their day's sport with- 
out our presence, hoping it may end as peacefully as  it has begun. 

Extract from the Narrat ive  Report of LIEUI'ENANT-COI.ONEL s. H. COWAN, Deputy 
Superintendent, in  charre Bas t i  Cadastral Survey,-Season 1885-86. 

As the Benares records are now all complete, and no further charges against that 
district will appear in the accounts of the party, a final statement is here given of the 
cost of the survey and of the pargana areas, &c. :- 

District Benares. 

Nature of Stirvey. I Scale. 1 :yi~:s, 

Inch. 
Field Survey . . . 2,272 
c i ty  survey . . . : 1 :: 1 4 

Average size of Village . 
Field . 

NO. 
of fieldn. 

951,919 
40,899 

The following Comparative Statement shows the Benares rates and the rates f o r  two 
adjoining Districts. 

In these amounts and areas, the Pargana Kaswar Raja is included (305 villages, 2 1  I 
sheets, 125,661 fields, I 18.25 square miles) ; for the survey, records and maps of which, the 
Maharaja has paid 822,000. Of this sum 83,200 is the cost of printing cadastral maps, 
being at  the rate of about 8 1 5  per sheet, leaving 81 8,800 for survey and records. The 
cost may be estimated il l  three different ways, via. :- 

lite stations. 
992,818 999'46 1,73,103 14 7 

Square 
miles. 

-- 

988'48 
10.98 

-- 

cost 

R . p .  
1~63.331 14 7 

9,772 0 0 

Rate per square mile . . . . . 
,, Village . . . . . . 
, , A c r e  . . . . . . 
,, ~ o o F i e l d s  . . . . . 

R a .  p. 1P a .  p. 
I 18.25 square miles @ 165-4-4 per square mile= 19,543 4 5 305 villngcs . @ 72-8-1 per village = 22,118 o o 

125,661 fields @ 17-4-9 per 100 fields = 21,735 6 g 
so that whichever calculation is adopted, the Maharaja is a gainer. 

-. 

Remarks. 

Includes the amount 
of 84,365 expended 
on marking theodo- 

The Maharaja's Settlement Officer (styled Additional Principal Revenue Officer), 
Munshi Krishna Chandra, M.A., has favoured me with the following extract from the Re- 
port of the Deputy Superintendent, Family Domains, Maharaja Benares, on the Gangapur 
Settlement. :- 

i t  The total cost of survey and printing the maps, a s  paid by the Maharaja to Govern- 
ment, amounts to  822,000.  This, on a corrected area of I 18'7 square miles, amounts to 
about 8 1 8 6  per square mile. This is considerably in excess of the estimate, which was for 
about R14o. The excess is probably owing to the minute sub-division of the cultivated 
area. The cost of attestation, settlement of disputes, and fairing the papers, irrespective 
of the Maharaja's personal expenditure in the employment of agents to look after his inter- 
ests, amounted to a further sum of a10,740 or about 8 9 1  per square mile.'' 

Ghazipur. 

R a . p  

167 2 6 
66 I g 
0 4 2  

1 2 4 9  

8 a . p .  

157 5 9 
72 4 10 

0 3 1 1  
1 2 5 7  

I 

Benarcs, 
Inclnding C i t y  

R  a,*. 

172 6 9 
75 o 4 
0 4 4  

1 7 7 1 1  

Benarer Distrlct Henarcs City 
(not City.) 

B a . p  

165 4 4 
72 8 1 

0 4 1  
1 7 4 9  

done. 

R 0 . p .  

890 o 0 

... 

... 
-- - 



Extract  f r o m  the Narra t i ve  Report of MAJOR J . E . SANDEMAN. S.C. ,  Deputy Superin- 
tendent.  in  charge Gorakltpur Cadastral Suvvey.- Season 1885.86 . 

Part iculars  o f  District  by Parganas . 

The Hata Tahsil contains the following parganas; the names of the tappas within 
the latter. their area and the number of mouzahs are  also given :- 
..... - 

Number of hlouzahn . I Names of TI)* 9. I Pargnnas . 

Totals . 229 

Pargaoa . 
-. 

Narwan . . .  Barhwal . , 
Majhwar . . . . .  
Dhus . . . . . .  
Mahuari . 
Mawal . 
Ralhupur . . .  
Barah . 
Athgaon . , 
Kolasla . 
Pandraha . 
Sultanipur . 
Katehir . 
Jalhupur . 
Shiupoor . 
Dehat Arnanat . 
KaswarSirkari . 
Kaswar Raja . 

TOTAL . 

Totals . 258 

The bigha in Benares is equal to  3, 136 square yards nearly, I acre being equal to  
r L@a ro biswas 17.3445 dhurs  . 

Vlllagcg . 
-- 

201 
131 

I:$ 
78 
51 
80 
94 

164 
147 
103 
31 

215 
62 

111 

142 
n3a 
305 
-- 

2, 316 

Sheets . 

162 
95 

1;; 
67 
38 
60 
gr 
89 

136 
85 
22 

193 
81 
71 

141 
81 

211 

1, 834 

Agaya . . .  
Bandwar . . 
Bharsand . . 
Dedupar . . 
Padkhori . . 
Parwarpar . . 

Bachauli . . 
Bhainsadabar . 
Bhitni . . .  
Chak Daia . . 
Majhana . . 
Nagwan . . 
Padiapar . . .  
Patnan . . .  
Tarkulwa . . 

Fields . 

79, 875 
62, 991 
64, 973 
37.981 
25, 614 
13, 516 
19, 238 
28, 176 
42, 910 

126, 800 
64, 347 
15, 653 

104, 892 
24'920 
33, 574 
76, 847 
44, 847 

125, 661 

gg2.818 

Bakhra . . .  
Banchara . . . . .  Barnai 
Binack . . .  
Chariaon . . . . .  Dhatura 
Donth . . .  
Gaura . . .  
ldrakpur . . 
Indupur . . .  
I<ataura . . .  
Madanpur . . 
Nngwa Tikar . . 
Nar;linpur Chiuraba 
Paharpur . . 
Singhpur . . 
Sirjam . . .  

.... --. - . . . .  Totals . 507 

. . . .  . CRUDTOTAL 994 

Acres . 

67340'50 
41282'01 
48534'05 
29098 08 
2265720 
1223x62 
19638.33 
31577'08 
22996.63 
5592632 
3083382 

7626'83 
66179'17 
2 8 9 ~ 6  18 
2 1049.08 
36268 46 
28233'38 
75680'00 

646061.94 

. Haveli . 

. Hata . . . . . .  . . . .  . . . .  

I 
S i l h a t  . . . . . .  . . . .  . . . .  . . . . . .  
. . . .  . . . .  
. . . .  . . . .  . . . .  . . . .  
. . . .  
. . . .  
. . . .  
. I  . 
I '  ' . 

- 

Square miles . 

105'22 
64'50 
75.83 
45'47 
35'40 
19.12 
30.68 
49'34 
35'93 
87.38 
48.18 
11'92 

103'40 
45'17 
32'89 
56.67 
44'11 

11825 

1009'46 

A V K R A ~ E  a1z8 or 

Villages . 
-- 
Acres . 

335 
315 
262 
346 
290 
240 
245 
336 
140 
380 
299 
246 
308 
466 
190 
255 
214 
248 

Field, . 
Acre . 
0'84 
065 
0.75 
0'77 
0'88 
0.90 
1.02 
1.12 
0'54 
0.44 
0'48 
0.49 
0.63 
1.12 
0.63 
6'47 
0'63 
0.60 

279 / 0.65 



The sizes of the pargana bighas are as  follows :- 
Square yards. Square yards. 

Silhat. . Haveli . 3,164 . . . .  Shdhjahdnpur 3.600 

An exception to the usual d e d  level of the country is a sand ridge, about 30 feet high, 
which runs south through Haveli Pargana and is continued along the border of Silhat and 
Shihjahinpur and which crops up a t  intervals in both parganas. 

The proprietary tenures of the mouzahs are as  follows:- 

'The total amount of cultivation and of irrigated and dry cultivation in the tahsr'l is a s  
follows, in acres - 

Haveli . . . . . .  
Shdhjahdnpur . . . .  

. . . . . .  Silhat 

-- 

To'"L' 

229 

258 

507 

IRRI~ATED TOTAL. I m.0, 
From . e l .  1 ' ~ ~ ~ : ~  1 wet. 1 a,. I cultivatlOn. 

-- - -. 

In this tahsil, as in all others in the district, the shares of proprietors when they are 
numerous, as is often the case in coparcenary villages, are recorded in the following divi- 
sions of an anna:- 

20 phens = I rehn. I 3 kants = I kaurie. 
20 rehns = I dant 4 kauries = I ganda. 
3 dants = I kant. zo gandas = I anna. 

Patlldarl 
rnukarnmal. 

7 

8 

I I 

Acre. I Acrer I Acres. 1 Acm. I Acres. 

Patidarl 
na.mukammal. 

64 

142 

291 

The areas of land cultivated by proprietors and tenants in the various parganas of this 
tahsil are as follows :- 

- - 

Bllljmcl 
Zam~ndarl. 

114 

72 

150 

.- - -- 

Haveli .  . . . .  
. . . .  Shahjahanpur 

. . . . . .  Silhat 

Zamlndarl 
Wahld. 

44 

36 

55 

The numbers of and the areas cultivated by occupancy tenants and t e n a n t ~ - ~ t - ~ i l l  
are contrasted below :- 

Haveli . . . . . . . . . . . .  
. . . . . . . . . . .  Shdhjahlnpur 

Silhat . . . . . . . . . . . .  

Sir and Khud- 
kasht. 

Acres. 
6,633 

11,150 

36,003 

-~ 

Haveli . . . . . . . .  
Shlhjdhanpur . .  
Silhat . . . . . . . .  

- . -. .. -- - .. - ... - . 

Tenant's land. 

Acres. 
65,335 

55,469 

100,024 

OCCUPANCW TENARTa. 

No. 

I 2,793 

20,583 

31,740 

TF.NANT~-AT-WILL. 

Acres. 

40,001 

40,892 

63.668 

No. 

1 7,706 

159957 

33,096 
-- 

Acres. 

25,334 

14.576 

36,355 



T h e  number of rent-free-tenants a n d  a reas  cultivated by them- 
-- I No. I Acres. 

Haveli . . . . . . . . . . .  . 1 391 1 887 

Silhat . . . . . . . . . . .  . / 769 1 1.84, 

T h e  ave rage  sizes of t h e  two  kinds  of holdings in this tahsil are- 
Acres. 

Occupancy tenants . . . . . . . . . . .  2.22 

T h e  areas  of culturable a n d  barren land in t h e  three  parganas a r e  a s  follows : - 

Total. 

Shdhjahdnpur 9,994 12,200 

Have l i .  . .  16,802 2,030 1,171 73 20,076 

Barren. 
-- 

Sites. Water. Otherwlsc I TOTAL. 
barren. - 

Acres. Acres. Acres. Acres. 
S i l a t  . . .  - 1  3,265 1 7,655 1.039 

Shdhjdhanpur . . . . . .  
Haveli . . . . . . .  

- --  - 

T h e  conventional tracts,  a s  divided for  assessment  purposes, and  t o  which the  rates of 
r e n t  often conform, have the  following areas  :- 

- - - - . - 

Havell. Shihjahlnpur. 8~1hal. -- 
Acres. Acres. Acres. 

. . . . . . . .  Goend (Home-lands) 1 1.023 1 8 , b ~  21.m6 

T h e  cultivated a reas  under  t h e  various soils a r e  a s  follows :- 

Manjhar (middle t rac t~)  . . . . . . . .  1 15.139 1 17.303 1 53.679 

. . . . . . .  Palo (out-lying). . I  50.891 1 42,504 1 60,311 

. . . . . . . . .  Dorus (loam) 

. . . . . . . . .  Matyar (clay) 

. . . . . . . . .  Balua (sand). 

Rhat (a cretaceous soil) . . . . . . . .  
Kachher (lands inundated in the rains) . . . . .  
. .- 

T h e  following is  a n  abs t rac t  of t h e  agricultural statistics, which were  collected, b y  

Harell. 

Acres. 
52,919 

19,153 

980 

... 

... 

Shhhjahlnpur. 

Acres. 
57,606 

9,839 

1,004 

... 

... 

parganas :- 

Silhat. 

Acres. 
6 6 3  I 8 

14,394 

7,088 

312 

40 7 

ShAhjahAnpur . . 
Haveli . . .  
Silhat . . .  

9,608 1 loo 



There are 5-48 sites of villages in each square mile. 

The following are the areas in the three parganas under some of the principal crops 
in the autumn and spring harvests- 

KHARIF. 
. - - .. - 

TOTAL. 

-- 
161,060 

31,815 

147,179 

26.178 

27,465, and in 

KHARIP. 

Rice (Aghani and Bhadain) . . - . . . . .  Kodo. . .  
Arhar, with jowar and bajra . . . 
Arhar . . . . . . . .  
Makai . . . . . . . .  
Jowar . . . . . . . .  . . . . . .  Garden food crops . . . . . .  Otherfoodcrops. 

Total food crops of the Kharif harvest . 
Sugarcane.  . a * . . . .  . . . . . .  Cotton . . . .  Indigo . . . .  
Garden non-food crops . . .  . 
Other non-food crops . . . - 
1.andpreparedforsugarcane . . . .  

Total non-food crops in the Kharif harvest . 
RABI. 

Wheat . . . . . . . .  
Barley . . . a * . . .  

Gojai, wheat and barley . . - . . 
Bijra, wheat or barley and gram . . . .  
Gram . . . - . .  
I<iran . . a s . . . .  

Potatoes . . . . . . . .  
Masur . . . . . . . .  
Garrlenfoodcrors . . . . . .  
Other food crops . . . 

Total food crops in the Rabi harve~t . 
Opium . . . . . . . .  
Tobacco . . . a * . . .  

i s .  . . . . . . . .  
Sarson . . . . . . . .  
Garden non-food crops . . . 
Othernon-foodcrops. . . . . .  

Total non-food crops in Rabi , 

The double-cropped areas are,-in 

- . . - - - 

ShAhjahAnpur. 

Acres. 
24,524 
2,822 
6,100 

140 
1 ,648 

497 
152 

1,271 

379454 

6,911 
88 
13 

2 

5,640 663 

13,317 

5,666 
2.979 

10,446 
2,112 ... 
9,229 

42 
746 
108 
30 

31,358 

325 
13 

40802 
3 .,. 

17 

5,160 

18,842, in 

Haveli. 

Acres. 
45,177 

838 
287 

3JJ45 
94 

258 
70 

890 

50,659 

5,272 
13 
'5 ... 

620 
4,293 

10,213 

8,826 
1.001 

3,448 
152 

5740 
11,563 

25 
11095 

50 
I I 

29,91 I 

7 
27 

9,698 
.a .  . , . 

I 

9,733 

Shdhjahinpur 
Silhat 40,336 acres. 

The numbers of cultivators of each caste and the areas cultivated by them in the 
three parganas are given below :- 

- - . . - 
Sllhat. 

Acres. 
37,371 
10,723 
17,030 

821 
568 

1,911 
60 

41463 

72,947 

5 ~ 9 0  
15 

275 
I3 

419 
2,483 

8,285 

I I ,850 
293565 
1 5,406 
1,313 
6,790 

19991 7 
54 

205 
I57 
653 

85,910 

1,416 
50 

j 9,749 
44 
26 

I I ,285 

Haveli 

Mahomedans . . .  
Brahmans . . . .  
Rajputs, Thakurs or Chatris . . 
Banyas . . . . . . . .  . . . . . . . .  Kayats 
Chamar or Dusadh . . . .  
Ahi r .  . . .  . . .  
Koeri . . . . . . . .  
Kurmi . . 
K a h a r , ~ a i l a o r ~ o n d h  . . .  
Dhobi . . . . . . . .  
Teli . . . . . . .  
Julaha . . . . . . . .  
Nanera - . . 
Bar& . . - - - . . 
I<alwar . . . . . . . .  
Nai . . . .  . . . .  
Othercastes . . 

To=bL . 

P 

HAVSLI. SILBAT. 

No. I Acres. No. 

896 
2,212 

840 
370 
291 

2,792 
1,840 

492 
6,094 

537 
434 
997 
535 
394 
202 

178 
406 

6,355 

25,765 

S H A H J A H A N P U R .  

1,598 
7,193 
4,818 

963 
I 

3.570 
6,581 
1.547 
5,392 
4,385 

459 
1,293 

943 
1,728 

396 

A 

2,768 
6,683 
3.742 
1,045 
1,388 
5,zjz 
4,350 
1 ~ 0 1  

22,723 
1,027 

885 
29387 
1,089 

943 
514 

15,725 

73,054 

No. 

----- 
2,678 
2,935 
1,988 

705 
498 

2,153 
3.187 
1.749 
3,524 

660 
506 
963 
9-15 
598 
312 

3 
6,897 

31.312 

3,406 
21,963 
18,392 

1,851 
2.507 
6.741 

15,597 
, 7 5 3  

18,932 
9,847 

7~ 
2,644 
1,695 
3,821 

350 

Acres. 

5,735 
7,826 
6,913 
1,257 
1.273 
3,262 
6,353 
3,854 

10.09.+ 
1,oq4 

766 
1.795 
1,429 
1,083 

586 

c 
13,504 ------ 
68,448 

1 :;: 
10,068, 22,653 

52,389 137,095 
- 



Sugar boiling is extensively practised in all three parganas of this tahsil. The areas 
under sugar cultivation, as  is apparent from the crop statement given above, are very large, 
and there are  sugar-mills (Kolhzl) in almost every village. The  juice is extracted and 
boiled and the g u r  is taken to the nearest factory. The  factories generally advance money 
t o  the cultivators. There are  sugar factories a t  many of the large villages. 

Ancient monuments are scattered over the tahsz'l, notably a t  Rudarpur. Some are the 
remains of Budhist convents and relic temples. At Rudarpur are the remains of a quad- 
rangle, about 350 yards square, enclosed hy a mound of brick which rises 40 feet above 
the surrounding country, which is strewn with bricks. 

Extract  f r o m  the Narra t i ve  Report of MR. A. D ' S o u z ~ ,  OBciatinp Deputy  Superin- 
tendent, i n  charge Sambalpur Traverse Survey,-S?nson 1885-86. 

Sambalpur is the most eastern district of the Chhattisgarh Division of the Central 
Provinces. The Khdlsa portion of the district is divided into two tahsz'ls or sub-collectorates 
by the River Mahdnadi, the one on the right bank being called Bargarh, and that on the 
left the Sambalpur Tahsil. These positions are also locally known as the Dakhintir and 
Utartir from their positions with respect to  the river ; that which is south of the river is 
called Dakhintir and that to  the north the Utartir. 

.The portion surveyed in the Utartir or Sambalpur Tahsil embraces the tract of 
country between latitude 21' 5' and 21' 35' and from the River Mahdnadi to the eastern 
boundary of the district. The  country surrounding the town of Sambalpur and that along 
the bank of the river is highly cultivated. T o  the east and south where there are 
mostly forest reserves and hilly tracts, the country is undulating, with some clumps of hills 
more or less rugged, and occasionally an isolated hill to  break the monotony of the undu- 
lation. The most notable among the mass of hills to the south is the Bodapali range which 
attains the height of 2,331 feet above sea level. The country is so densely covered with 
forest trees and under-growth, combined with bamboos, that it was a source of great 
difficulty to the surveyor who surveyed the portion last season. The  country besides is 
notoriously unhealthy, poorly inhabited, and the villages are very few and far between; 
those met with, are  composed of three or four huts only, and as  the field season advances, 
there is a great scarcity of water and the few inhabitants of these parts leave the place 
for the cultivated plains near the larger streams. I t  is difficult therefore to  procure 
coolies and guides to  point out the boundaries of the forest reserves and villages. The  
tract abounds in large game, viz . ,  elephants, bison, tiger, panthers, deer, &c. 

T h e  portion surveyed in the Bargarh Tahsil consists of 550 square miles of level open 
country, similar to that surveyed last year, and the Bara Pahar-a range of hills situated a t  
a conspicuous bend of the Mahdnadi River which flows on three sides of it. The highest 
point of this range is Dabrugarh, which attains the height of 2,267 feet above sea level. 
This hilly tract is densely wooded and. presents most formidable obstacles to the traverse 
surveyor who has to follow up  the village boundaries which run through them. 

Sambalpur is the only town of the district. It is situated on the left bank of the 
~i~~~ ~ ~ h d ~ ~ d i  Latitude 11' 28' 14'9" 

400,2  .5,,. It  is about a couple of miles in length, having about 
2,500 houses and a population of 13,939 inhabitants. There is nothing very remarkable in 
it but a few tottering bastions of an old fort and a dilapidated palace which still 
remains to speak of its past history, when it was in the possession of a Garjat Chief. It  
was annexed by the Government of India in 1849 on the demise of the Raja who left no 
male issue to  succeed him on the throne. The river here is about a mile broad and is 
sometimes full during the monsoon from hank to bank, but after the rains, the channel of 
the river is about 50 to 60 yards in breadth and in some places of considerable depth. It is 
crossed by a ferry. The bed of the river is covered with boulders of rocks, by the sides 
of which grows the jlzow tree forming little green islets here and there, which adds much 
to the beauty of the scenery. 

Lati lude 1 1 ~  19' go" Bargarh, the head-quarters of the tahsil ,,,,,,,, ,,. ,,. ,,,, is a small town on the road 
to Raipur. It  has a subordinate Magistrate's kncheri, police station, post office and 
school. 

The  Mahinadi is the only large river in the whole district, it takes its rise in the 
Bastar District and flowing in a northerly direction, it reaches the BilSspur boundary wherr 
it receives the waters of its great affluent, the Seondth, and taking an easterly course, 
enters the Sambalpur District and passes the town of Sambalpur. It then flows south and 
south-easterly to Cuttack and then branchingout into its numerous estuaries, flows towards 
the coast and empties itsclf into the sen. It is navigable by boats as far as Seorinirayan, 
for the greater portion of the year, when a very large quantity of grain and other producr 
of the country are conveyed to Cuttack for shipment t o  other ports. 

Gold dust has been found in the MahAnadi and the Ib Rivers, and diamonds in an island 
called Hira Kund, which is about 6 miles north of the town of Sambalpur. 

Extract  fronz the N n r m t i v e  R ~ p o r t  of C A P T A I N  R.  A. WAHAB, R.E., O#ci(zting Deputy 
Szlperintendent, irr charfe HimnZnya Party,-Season 1885-86. 

The country triangulated lies in the Sutlej Valley, between the outer Himalaya 
range which forms the Sutlej-Beas water-shed and the high range, which running east- 
wards from Nirkanda, forms the southern water-shed of the Sutlej. Several G .  T. S. 
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secondary stations and points fall within this area, but fern of them could be identified. 
South of the Sutlej, Hatligarh has. and Tumru h.s. were satisfactorily identified, and 
form the basis of the triangulation; north of the Sutlej only Nlinlikanda h.s., and 
Ghamain h.s., out of six or seven stations visited, were found. 

The ranges which enclose the part of the Sutlej valley under survey, average from 
9,000 to I 1,000 feet above sea-level ; from them steep spurs, divided by deep valleys, run out 
to the river, from the level of which (about 2,500 feet) up to an average height of 
perhaps 6,000 feet the hill sides are bare, and wherever the slope admits, dotted with 
villages and patches of cultivation. Above that height they are generally thickly clad with 
forest, chiefly Kail, or blue pine ( Pinus  excelsn) and Rat' or Himalayan spruce (Abies 
Pindrow) : Deodar is also found in places near the lower limlt of the forest tract and on 
the warmer and drier slopes ; at  a still lower elevation patches of Chir (Pinus long7;folin) 
are met with. 

The only places of any importance in the country under survey are Kotgarh, in the 
British State of the same name, and Rampur, the residence of the Raja of Bashahr, and a 
well-known market for shawls, puttoo and all kinds of ~voollen manufactures. At  Kot- 
garh there is a ,Mission church and several European residents. 

The Hindustan-Tibet road passes through Kotgarh and RAmpur, from each of which 
places roads run north into Kullu. From Kotgarh a road leads by Suket and Mandi into 
Kangra. 

The party reached their ground rather later in the season than was desirable, the 
operations in Kangra having occupied them until late in April, and as  no preliminary 
work, such as  selecting stations or erecting marks had been done beforehand, the work of 
observing was not commenced till late in May when hazy weather set in and greatly delayed 
work. The heat in the low, shut-in valleys was very great and the labor of climbing the 
steep, bare hills of the Sutlej valley under a June sun was very trying. The health of 
the party was, however, on the whole good; one death from pneumonia among the 
Hindustani klassies, and several cases of fever occurred. Work was closed on the 
4th July when the Rains had fairly set in, and the party reached Simla and commenced 
recess work by the 15th idem. 

During the recess the computations of the triangulation have been taken in hand. 
That of Kotgarh, the detail survey of which is to  be shortly commenced, is completed, and 
copies of the trigonometrical data required by the Forest Survey in and around Kotgarh 
have been made for that department. The remainder of the computations are well 
advanced, and a large area will be ready for detail survey a t  the end of the recess. 

Ext rac t  from the Narrat ive Report of MAJOR J. HILL, R.E., Deputy Superintendent, 
in charge Tidal a n d  Levelling Operations,-Season 1885-86. 

The working of each observatory, commencing with Aden and Kurrachee and follow- 
ing tlie order of the stations round the coast, will now be briefly described. 

Aden.-The self-registering tide-gauge has worked very satisfactorily throughout 
the year ;  there have been only six unimportant interruptions in the working of this 
instrument, occasioncd as follows. On the 24th October 1885 the float band was removed 
to clear out the cylinder and pipe, the accumulation of mud in which had been causing a 
slight discrepancy between the reading of the pencil and the graduated staff; on the 
4th December the driving clock stopped for three hours ; on the 20th February the pencil 
broke, causing a break of three hours; on tlie 8th April the wire a t  the clock end, to which 
the counterpoise \\eight of the pencil is attached, broke a t  8 p. M., but it was repaired 
at  7-30 the following morning, \vIien tlie clerk in charge of tlie observatory went to his 
duties; on tlie 2nd July the wire at  the clock end broke again, and 13 hours' registration 
was lost; and finally on the 6th August the clock stopped for six hours. 

Thc self-registering anernomcter had only three interruptions in its registration 
caused by tlie stoppage of the driving clock, ntz., on the 20th October for 3 hours, on the 
16th November for G hours, and on tlie 17th November lor 23 hours. 

The self-registering aneroid by Adie has worked without a single failure throughout 
the year. 

The self-registering aneroid by L6g6 is in good ordcr and is kept worlring, although 
its diagram is not renewed, while tlie instrument is kept only in reserve. 

Accompanied by Sub-surveyor Dhondu Venayak and the ~vatcli-maker of the party, 
I inspectc.d the observatory betureen the 18th and 24th August 1586. The cylinder \\as 
cleaned out, and it was discovered that the rose and bent pipe had disappeared and 
could not be found; it was also plain that lor some time there had been a direct flow 
of watcr into the cylinder. The wcll was found to be quite clean, and as the curves on 
thc diagrams had becn satisfactory, there itas no necessity to attach a new rose, and the 
direct communication was allowed to remain. The instruments had not been cleaned 
since t l ~ c  inspection made in November 1883, or ncarly tlirce years ago, and though after 
so long an interval they were found to \\.ant cleaning I~adly, their performances had 
remained very good. Thcy were thorougllly cleaned and oiled, and a new float band was 
substituted for the old one which was nearly worn out. 

The several instruments wcre left in thorough good condition. 

P 2 



Captain Thyne, the Port Officer, continues his kind co-operation, and has rendered 
valuable assistance to  the operations by his supervision of the clerk in charge. 

Kurrachee.-The self-registering tide-gauge registrations a t  this port are very good ; 
there were five interruptions of from I to 5 hours' duration, each caused by the corn- 
munication holes in the cylinder getting choked with shell-fish ; there were also three 
more from the imperfect working of the driving clock; one of these was on the 5th 
February when the clock was removed to be cleaned, it was however replaced on the 
following day and thereby only 19 hours' values were not registered, and on the other 
two occasions the clock stopped for 3 hours; in addition to  these interruptions there 
were three failures in the working of the pencil from accidents to the cord attached 
t o  the counterpoise weight, by which a few hours' work in each case was lost. The whole 
of the interruptions being only for a few hours each, the breaks in the curves were easily 
filled up. 

The  self-registering anemometer had only two breaks in its registration-one on the 
20th July last of thirteen hours, and another of six days between the 13th and 19th August, 
during which time the driving clock was being repaired and cleaned. 

The self-registering aneroid had only one break in its registration of four days when 
the clock was removed to be cleaned on the 12th November and not re-started till the 
16th of the same month. 

Acknowledgments are  again due to  Mr. Price, the Port Engineer, for his continued 
interest and co-operation in the ~vork, and for the prompitude with which he has caused 
all necessary repairs to  be made, and so saved the registration from any serious inter- 
ruptions. 

Bha'vnagar.-A description of this observatory having been given last year and 
incorporated in the General Report for 1884-85 (p. liv), it need not be repeated here. 

The  instruments for use a t  this port were erected in December last in the observatory 
house, which had been prepared for their reception during the previous month, and the 
work may be said to  have commenced from the 1st January 1886, since which time the 
self-registering tide-gauge has worked satisfactorily; on the 19th and 20th February 
the tidal curves were not registered owing to an accident to the pipe leading into the 
cylinder; on the 27th and 28th February the instrument stopped work for twenty-one 
and six hours respectively, owing to a piece of cloth choking up the pipe;  and on the 
23rd March and 24th June the clock stopped for about twelve hours. In addition to 
the above there were several minor interruptions of a few hours each, caused by the 
flushing out of the cylinder which requires cleaning very frequently. 

The self-registering anemometer and aneroid have worked very well since they 
were put up, there having been only two failures in the registration of each of these 
instruments caused by the st,oppage of the driving clock for a few hours on each occasion. 

All preliminary arrangements having been very satisfactorily made by Sub-surveyor 
Dhondu Venayak, the observatory was inspected and started by Mr. Belcham in December, 
when the several instruments were left in excellent working order. All the instruments 
belong to His Highness the Thakore Sahib of Bhivnagar. In addition to their cost the 
cost of construction and maintenance of the observatory, the salary of the clerk and all 
expenses connected with the tidal registrations a t  Bhivnagar are generously borne by 
His Highness. Mr. Proctor Sims, the State  Engineer, devised all the special arrange- 
ments necessary for the ereclion of the observatory, the difficulties of which were 
considerable owing to the great rise and fall of the tide at  Bhdvnagar. Warm thanks 
are  due to him for the great interest he has been taking in the work, and for the skill 
with which he has, after several years of experimental work, overcome all difficulties 
connected with the establishment of the observatory. 

Bombay (Apollo Bandar).-The registration throughout the year by the self-registering 
tide-gauge at  the Apollo Bandar is perfect, not a single break having occurred. There 
is no anemometer or barometer a t  this observatory. 

The  observatory was inspected in December last by Mr. Belcham, who reported 
that the float band was rusty and nearly worn out, and that it should be changed. This 
will be done a t  an early date. The clerk continues to perform his duties most satis- 
factorily. Thanks a re  due to Mr. Ormiston for his continued interest in the work. 

Mormuga'o.-The registration of the tidal curves a t  this port by the self-registering 
tide-gauge has been perfect, not a single failure having taken place throughout the year. 

A tidal disturbance at this place is noticeable on the diagram of the 23rd May last, on 
which date at  9-15 P . ~ I . ,  the water, after having risen 6 inches above low water which 
occurred about half an hour previously, suddenly began to fall and in half an hnur had 
fallen 18 inches or about a foot lower than the ~ o i n t  a t  whieh it stood at  low water. 
TIie tide then turned and rose with equal rapidity to  the height from which the ahnormal 
fa l l  began, from which point the rise continued without any further irregularity. This 
disturbance seems to have been merely local. The ~vind at  the time was very variable, as  
b e t l ~ e e n  8 P.M. and r I P.M. it veered almost completely round the compass, vk., from 
north-east through east and south right round to north \\,it11 a vc loc i t~  of 20 miles an hour. 

Up to the date of the last General Report the self-rrgistering anernometcr was wc%rk- 
ing well. Ahout the middle of March last the clcrk was sick for a few days, and the 
diagram consequently could not he changed From that time the working of the instru- 
nlcnt has been unsatisfactory. On the 23rd March, the cord attached to the driving weight 
of the clock broke, but was repaired by Mr. Belcham on the 3rd April. The clock stopped 
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again on the  9th June and was re-started on the  following day, but on the 28th July i t  
failed again and since that da t e  it has not been working, for it cannot  be  re-started until 
the watch-maker can be sen t  to repair it. 

T h e  old pattern self-registering aneroid by Adie, modified hy LCgC, continued t o  work 
very satisfactorily, there being only two  interruptions of 1 4  hours each, until the  7th May, 
when the  gold wire attached t o  the pencil broke. Its readings, however, are  registered 
daily a t  7 and 10 A.M. and 4 and 6 P.M., and this will be  continued until the  watch-maker 
repi i rs  the  breakage. 

T h e  new pattern self-registering aneroid by  LCgC and Co., which mas se t  up  a s  a 
reserve instrument last year, worked very well for a few months, but when the  observatory 
was inspected in April last, Mr. Good, the  Executive Engineer  of the Harbour Works ,  
brought to  Mr. Belcham's notice that the  instrument had stopped working in September.  
hlr. Belcham then carefully examined and re-started it, but  it soon stopped again and 
is not  now working. 

T h e  observatory was inspected in the  beginning of April by  Mr. Belcham, but  t h e  
several instruments and clocks could not then be cleaned, as the  watch-maker attached to  the  
party was away on duty a t  other tidal observatories. H e  will accompany the  inspecting 
officer a t  the next inspection, which will be  made a s  soon a s  possible after the  beginning 
of the coming field season. 

Acknowledgments are again due to  Mr. Good for his continued assistance. 
Cochz'n.-This new observatory, a t  which tidal observations were  started for t he  first 

t ime on the  25th January 1886, is situated in the  storeyard of the  Marine Depar tment ,  on  
the eastern side of the  Cochin river. The  observatory house and float cylinder were  s e n t  
from Beypore when observations were discontinued there in March 1885. T h e  house how- 
ever was very dilapidated, and a great  par t  of i t  had to  be  removed, and all the  piles on  
\r.hich it rests are  new. Communication with the  water is effected by means of a pipe, 
36 feet long and 3 inches in diameter, terminating in a rose. T h e  ~ i p e  leaves the cylinder 
2 leet  above its bottom and enters the  water  2 fee t  below lowest low water. 

T h e  instruments also are  those which had been a t  work a t  Beypore and had been sen t  
t o  Messrs. LCgC and  Co. in April 1885 for modification. T h e y  were received in Bombay 
a n d  trans-shipped to  Cochin in December 1885. 

T h e  self-registering tide-gauge n7orked, with a few interruptions of from two  t o  seven 
hours' duration, from the 25th of January to  the  8th Ju ly ;  but on the  9 th  July the  clock 
stopped and all attempts to make it work proved fruit less:  on receipt of a telegram 
from the Port  Officer, the watch-maker of this party was sen t  down to  repair  the clock. 
H e  put it into order on the  zznd of  the  same month, from which t ime the  instrument has 
been working satisfactorily, and in two instances only the  error in the  clock has  exceeded 
three minutes. 

T h e  self-registering anemometer has only stopped twice since being s e t  u p ;  on the  
20th March for seventeen hours and on the  24th idem for three hours. T h e  w a t c h m a k e r  
cleaned and repaired the clock on the  24th July, af ter  attending to the tide-gauge clock, 
since which time the  registration has been continuous. 

'rhe,clock of the self-registering aneroid stopped for six hours on the  9th  February, 
a f t e r  which it was found to  be working badly, but it was cleaned by  the  clerk in charge of 
the observatory on the  27th February, and since then its registration has been continuous. 

T h e  erection of this observatory was carried out under the immediate superintendence 
of Captain J. E. Winckler,  the  Por t  Officer, whose experience of our tidal observations a t  
Vizagapatam, while he was Por t  Officer there, was a great  advantage in the present  
instance, and whose kind co-operation deserves warm acknowledgment. T h e  instruments 
were  put up  and the work started by Sub-surveyor Dhondu Venayak, and all the  details of 
a full inspection were carried out  by him before leaving the port, but the  inspecting officer's 
visit has yet to be made. This will be done a t  an  early date.  

Colombo.-The registration of the tidal curves has been continued without a single 
failure in the working of the clock, but the curves between the  1st November and 5th 
December were untrustworthy, as Lieutenant Longe who inspected the  observatory noticed 
a diflerence of over a foot between the  readings of the level of the  water  inside and outside 
of the float cylinder, from which it was apparent  that  tile pipe admitting water into the  
cylinder was blocked : the pipe was immediately detached, and it was found that,  with three 
exceptions, the whole of the perforations in the rose a t  the  end of the  pi e were  completely 
blocked with a rusty deposit. The  blockage must have been graduaf), and consrquently 
the  level of the water inside and outside the  cylinder must have been gradually reaching 
the startling difference of a foot, but notwithstanding this the clerk in charge had recorded 
daily that the \\later inside and outside the cylinder was the same, which was palpably false. 

On exanlining the tidal diagrams, the curves from the 1st November to  the  5th De- 
cember were found to  be very much compressed, and consequently they were rejected. 
TO avoid similar occurrences the  Master Attendant,  Captain Donnan, who takes ,areat 
interest i l l  the work, has very kindly undertaken to  see  that the pipe is removed and 
cleaned e\.ery fortnight, and also to  have independent comparisons of the  height of the  
water inside and outside the cylinder taken daily by some person other than the clerk in 
charge of the observatory as a checlc on the work. 

'The obscrvatory was inspected by Lieutenant Longe between the 5th and 8th De- 
$:ember, during which time the gauge was thoroughly cleaned in all its parts by the match- 
maker of the party and left in perfect order. 



The  anemometrical and barometrical data are supplied by the office of the Surveyor 
General of Ceylon. 

Galle.-The tidal observations have been very satisfactory, not a single failure i n  the 
observations having taken place. 

The anemometer clock has failed to  work on six occasions, twice in December for l 7  

and 21 hours and four times in January for about a day at  a time. All these stoppages 
occurred shortly after the instrument had been cleaned by the watch-maker and the cause 
of them is not known ; but since January the performances of the anemometer have been 
satisfactory. 

In the old pattern self-registering aneroid by Adie, modified by LC&, there have been 
only two failures throughout the year, the first occurring on the 2nd March, when the clock 
stopped for four hours, and the second on the 16th June, when the clock again stopped 
for twelve hours. 

No interruptions in the working of the new pattern self-registering aneroid by LCg& 
and Co. have been reported. 

An inspection of the observatory was made in the early part of December by Major 
Baird, accompanied by Lieutenant Longe, when the instruments were all thoroughly cleaned 
by the watch-maker and left in excellent working order. 

At this port the operations have been much facilitated by the kindness of Captain D. 
Blythe, the Master Attendant, who takes great interest in the work and superintends the 
clerk. 

Negapatam.-In the last Annual Report the very unsatisfactory nature of the tidal 
registrations a t  this port was mentioned, and it was found that the results deduced from 
the observations between the 5th December 1883 and I ~ t h  December 1884 were useless. 
Owing to the imperfect communication also mentioned therein, trustworthy observations 
were not obtained until the 20th March 1885, and the Negapatam tidal year has accord- 
ingly been changed so as to commence on the 20th March, and not on the 6th December 
as  formerly. The  observations for the year ending in March 1886 are satisfactory and the 
gauge has worked uninterruptedly, but since the beginning of the current tidal year a small 
but increasing difference is noticeable between the readings inside and outside of the float 
box which, a t  this observatory, is the substitute for a cylinder. Up to the present time this 
difference has only attained to 0.1 feet, and until the results of some special measurements 
which have been ordered have been received, it would seem to point rather to  a subsidence 
of the graduated staff than t o  faulty communication. At latest this will be cleared up a t  
next inspection. At a former inspeclion the Port Officer was requested to take check 
readings to  a graduated staff unconnected with the observatory and he has forwarded 
the readings he took, but unfortunately they have not been found of a nature calculated to  
fulfil their object. 

T h e  self-registering anemometer and aneroid have not had a single break in their 
registration throughout the year. 

The  observatory was inspected conjointly by Major Baird and Lieutenant Longe 
in November last and all the instruments were cleaned by the watch-maker and left in good 
working order. 

Madras.-The performances of the self-registering tidal gauge were satisfactory up to 
the 13th May last when the clock stopped working and was removed for repair by Messrs. 
Orr  and Sons of Madras, who repaired it on the 1 8 t h ~  but the repairs were not properly 
executed, as  it continued to stop very frequently. On the 23rd May there was very heavy 
rain and strong wind from the north-east which broke the float pipe, and the registrations 
were consequently stopped. Two days afterwards the instruments were removed into the 
Master Attendant's Office and the repair to  the pipe was taken in hand. On the 4th June 
the pipe was re-fixed and the work was re-started the following day. On the 26th June the 
clerk in charge of the observatory, while flushing out the pipe, found that water had got 
into the float and that its bottom had given way. At  the request of the Master Attendant, 
Sub-surveyor Dhondu Venayak and the watch-maker were sent to rectify the float. They 
found it necessary to repair the clock also, and on the 18th July the registration of the 
curves was resumed, and the instrument continued to work on till the 28th July, whcn the 
clock began to stop again, and on the 29th it stopped completely. Messrs. Orr and Sons 
examined and repaired the clock and on the loth of August it was re-lixed, sincc which date 
no stoppage has been reported. They have reported that the vibration of the pier during 
the loading and unloading of cargo is so great that it may cause the clock to get out 
of order a t  any time. It  was also noticed in the General Report for 1884-85, that the 
heavy traffic on the pier seriously interfered with the proper working of the clock. 

The  self-registering aneroid was brought away to I-'oona on the 4th June 1885. It  
was repaired by the watch-maker of the party, taken to Madras and set  up on the 17th 
November, since which time there have only been two short interruptions in its registra- 
tions of rz and G hours each, on the zGth March and 25th June. 

There is no anemometer a t  work here, a s  the records of the Madras Observatory will 
be available when required. 

Major Baird and Lieutenant Longe made an inspection of the observatory in Novem- 
ber 1885 when the t i d ~ - ~ a u g e  clock was taken off and cleaned and the self-registering 
aneroid was put up. I also inspected the observatory in February 1886, and Sub- 
surveyor Dhondu Venayak, when he went in July to repair the float, made a very full 
and complete inspection. 





to be unsafe, and I accordingly made an inspection of it on the ~ 3 r d  March 1886, 
and found by levelling that during the previous 7 months a subsidence of 0.414 feet had 
taken place in the bed plate of the gauge. Considering the time of the year, however, 
1 decided to allow it to remain at  work until the 12th April when 5 years' observations 
would be completed. Work was accordingly continued to that day, when all the instru- 
ments were dismantled by Lieutenant Petley, R.N., Deputy Conservator of the River, and 
brought away by him. They were afterwards taken over by Mr. Belcham and stored in 
the Mathematical Instrument Ofice, Calcutta. 

1 take this opportunity to  acknowledge the great trouble Lieutenant Petley has always 
taken in helping on the work a t  all the Hooghly tidal stations. 

The  kindness of Major Boughey, R.E., Manager, Eastern Bengal State  Railway, also 
calls for acknowledgment here. When I made my inspection, I was ~ i t h o u t  departmental 
assistance, Sub-surveyor Dhondu Venayak and the watch-maker of the party being then 
engaged in putting up the instruments a t  the new tidal observatory at  Cocanada. T o  assist 
me in the necessary levelling, Major Boughey most kindly sent an Assistant Engineer, 
Mr. Russik Lall Roy, who was most obliging and did all that was required in the most 
efficient way. 

Kiddevpore.-From the date of the last Annual Report to  the 20th December the self- 
registering tide-gauge has worked well. The  clock of this instrument stopped on nine differ- 
en t  occasions, but as they were only of a few hours' duration each, the broken curves were 
easily filled up, and since December there has been only one stoppage of three hours ~ h i c h  
occurred on the 16th June. During the time under report the wire attaching the counter- 
poise weight to the pencil broke on three occasions ; the first two breakages caused no inter- 
ruption in the work, but the last one occurred about midnight and consequently thewire could 
not be renewed until the clerk came to his duties next morning, and 7 hours' work was lost. 

Up  to the 4th September 1886 the self-registering anemometer has worked with only 
five short breaks in its registration, which were all due to  the stoppage of its clock. But 
from the 5th to  the I rth of the same month the instrument stopped daily, and on the latter 
date it had t o  be removed by Lieutenant Petley, R.N., for repair. 

The self-registering aneroid clock stopped ten times during the past year, but only for 
a few hours a t  a time. 

The observatory was inspected by Sub-surveyor Dhondu Venayak in the  beginning of 
May last when all the instruments were cleaned and left in good order; and a second in- 
spection was made on the 14th of the same month by Mr. Belcham. 

Chtttagong.-The tidal registration a t  this port began on the 6th June last. The  in- 
struments set  up in the observatory, with the exception of the mercurial barometer, are  
those that had been working a t  Moulmein up to the 24th April last. 

Since the starting of the work and up to the present time, no failures of the self-regis- 
tering tide-gauge have occurred. On two occasions the error of its clock y a s  allowed to 
exceed three minutes. This was due to  the circumstance that the observatory clerk had 
not a proper watch with which to note the time a t  the telegraph station. H e  has now 
been provided with one. 

The self-registering anemometer and aneroid are  working very well. Some hours' 
work was lost on the 27th June, owing to the barrel of the anemometer not gearing with 
the clock, and on the zznd July the clock of the aneroid stopped for two hours. 

The  observatory house a t  this port is the one which formerly contained the Diamond 
Harbour instruments. Captain Stiffe, the Port Officer of Calcutta, who also exercises 
supervision over the port of Chittagong, arranged for the purchase of the structure by the 
Port authorities of the latter place from the Calcutta Port Commissioners. H e  also had a 
float cylinder constructed for the Chittagong gauge a t  the Government dock-yard a t  
Kidderpore, and he selected the site for the observatory. I t  is due to him that it has been 
possible to commence tidal registrations so soon a t  Chittagong. 

The  observatory has been erected on the west side of the head of the iron jetty, and 
a special arrangement of chains has been devised to protect the cylinder from the timber, 
&c., brought down the river by the ebb tide, which here flows with great rapidity. The 
town and ~ i e r  are situated on the right bank of the river, a t  a distance of about 9 miles 
from its mouth. 

The  observatory was erected and the instruments placed in position and started by 
Sub-surveyor Dhondu Venayak and the watch-maker of the party. Mr. Good, the Port 
Officer, took the greatest interest in the erection of the observatory, and engaged an 
observatory clerk whom he has ~romised  to supervise. Although none of the fittings had 
arrived before the 20th May, by the end of the month all the instruments were in ~os i t ion .  
Sub-surveyor Dhondu Venayak remained at  the observatory teaching the clerk his duties 
until the arrival of Mr. Belcham on the 26th June, who made a complete inspection of thr  
observatory and left everything in perfect working order. 

Elephant  Point.-From the date of the last report until the ~ 3 r d  December there 
were sixteen short breaks in the regi\tration of the tidal curves by the self-registering t i d e  
gauge, owing to the faulty working of the clock: these, however, can be earily interpolated, 
and since the latter date only three breaks of a few hours each have been noted. On the 
~ 3 r d  December the bed-plate was found to be out of level, and was set  right by Mr. 
Jennings, the Port Engineer. Between thc 9th and 11th January the observatory was 
somewhat neglected owing to the illness of the clerk in charge, and the clock was allowed 
to run into error to the extent of 6 minutes 16 seconds. 
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On the 3rd February, the  wire attaching the  counterpoise weight t o  the ~ e n c i l ,  broke, 
but was renerved after three hours. On the  7th March, the t i degauge  clock and barrel 
were removed to  be cleaned, t l ~ u s  occasioning an unavoidable loss of four hours' work ;  
and finally, on the rgth July, the  wire of the counterpoise weight again broke and five 
hours' readings were not registered. 

TIIe self-registering anemometer is in position on the Lop of the  look-out house near  
the Telegraph Office. Since the date  of report  it has only worked for ten days. o n  the 
16th November the clock broke, and was sent  to Rangoon for  repair, but the watch-maker 
t o  the work was given, after keeping the  clock for  almost four months, said he could 
not repair it, so  I brought it away t o  Poona last March, where it has been repaired 
by the watch-maker of the party, and it is now ready to be sen t  back to Elephant Point. 

TIle registration of the  self-registering aneroid has been almost continuous, its clock 
having o n l y  stopped once on the 6 th  February last. T h e  instrument remains for safety 
in the Telegraph Office and is attended to by Mr. Duckworth, the Telegraph Master, who 
has also the immediate charge of the anemometer,  and exercises supervision over the  
tidal observatory clerk. Mr. Duckworth has shown himself interested in the  work, and 
takes good care of the instruments entrusted to him, which could not have been said of his 
predecessor. 

I inspected the observatory in March last, when the tide-gauge, the  self-registerin 'I aneroid and the machinery of the anemometer,  with the  exception of its clock, were  a1 
thoroughly cleaned. I was accompanied and assisted by Sub.surveyor Dhondu Venayak 
and the  watch-maker of the party. 

Acknowledgments are  again due to Mr. Jennings, the Port  Engineer of Rangoon, for  
t he  assistance he still continues to  give a t  this observatory in spite of its distance of 25 
miles from Rangoon. It was mentioned in the Annual Repor t  for 1884-85 that  it would 
give some trouble to  prepare the diagrams for July and August 1885 for the measurements;  
this is due  to an  uncertainty regarding the relative level of the bed-  late of the gauge and 
bench mark of reference during those months, consequent on a serious movement of t he  
observatory on the  r7th July, which was reported to lLlr Jennings,  who, according to  the  
report  of the  observatory clerk, restored the observatory to its original level on the  1st 
September  1885. Mr. Jennings has been asked to furnish the levels he took in connection 
with this movement of the observatory, without which da ta  the registrations from the  17th 
July to the 1st September cannot be used, but a s  yet  he has not s en t  them. 

Ran,qoon.-The self-registering tide-gauge worked very well until the 24th June 
last, up to which date  there were only a few trivial interruptions in the registration curves 
caused by the clock failing to  work. Also the  band slipped off the  stud wheel on one 
occasion, and thrice it go t  entangled in the float box. But on the  above-mentioned da te  a 
serious accident happened to  the observatory. In a letter dated 24th June from Mr. 
Jennings, the  Por t  Engineer,  which was forwarded by the  Port  Comn~issioner,  it wa6 
stated that on the 24th June " t h e  house on Lat ter  S t r ee t  wharf containing the  tide-gauge 
was upset by the S. S. Zephyr  this morning." T h e  damage caused was considerable- 
t he  pendulums of the  self-registering tide-gauge and aneroid clocks \\.ere brolien, also the  
gold wire attached to the pencil marker of the latter, and the copper band of the float ; 
t he  rain gauge, together with two tin cases, one empty and the othercontaining aneroid 
diagrams, were lost, and tlie roof of the observatory was broken. T h e  repairs were  
immediately taken in hand by hlr. Jennings, \vho also got  a watch-maker to attend to  the  
instruments and clocks. On the 5th July the  tide-gauge was re-started, there being thus 
a break of eleven days in tlie registration of the cur\;cs due to  this accident ;  but until an  
inspecting officer can visit the observatory and take  tlie necessary measurements, there  
is the f ea r  that should a second mishap occur, all the registrations between the 5th July 
and the possible future interruption would be rendered useless. 

T h e  self-registering anrmomrter  \\.as stated in the  last Annual Report  to have been 
woiking unsatislac.torily, and from that time only seven \\;eeksl continuous \vork has been 
r eg i> t~ . r rd  by it, namely, until tlie 1st January, when, owing to  tlie fly wheel of the clock 
being broken and worn out, it became quite useless, and a Iew clays alterwards the clock was 
sen t  lor repair to the same watch-maker who had undertaken the rcpair of the Elephant 
l'oint anemomctcr clock, and with a like rcsult. He was unable to rcpair it, and I brought 
it away to  I'oona, where it has been recenlly repaired by the watch-maker ol the party. 

The  self-registering aneroid \vorkcd continuously from tlie date of the last rcport  up 
to  the 24th June last, when the arcident to the obscr\.ator)-, which has already been men- 
tioned, occurred. T h e  gold wire attachcd to the pencil marlier and the  pendulum of the 
clock broke on that ort.asion ; but they were repaired by the 6th July, since which time no 
st0pp:lgcs have orcurred. 

Accompanied Ily Sub-surveyor Dliondu Venayak ant1 the watch-maker or the p Irty, 
1 i n s ~ c c t c d  this observatory in Felxuary last. T h e  inslrr~mcnts were t l~orollghly ,-leaned, 
and with tlie exccption of the anemometer, which could not ~ ~ o r k  without its ,-lock, t i ley 
were all left in good WOI-king condition. 

Acknowl(:tlg~nents are again due to  Mr. Darlington, tlir V ice -Cl i a i r~n~n  of the Port 
Commissioners, for his continued assistance, and to Mr. Jennings, the Port Engilleer.  

A?trhcr.rl.-There have been no stoppage= i l l  tlie registration of the self-registering 
tide-gnngc throughout t l ~ e  year,  wilh the exccpt io~l  af the brief but necessary interruptions 
caused once a fortnight by the flushing of  the float cylinder. 

I n  tile regislralion of the sclf-registering a n e ~ n o n ~ e t e r  there have been only 
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interruptions, one of a day and the other three of a few hours each, all owing to the stop- 
page of the clock. 

The self-registering aneroid has worked continuously throughout the year. 
This observatory was inspected in February and March 1886 by myself, accompanied 

by Sub-surveyor Dhondu Venayak and the watchmaker  of the party, and all the instru- 
ments were cleaned thoroughly and left in good order. 

This observatory was originally started on the 30th July 1880, and the calculations 
of th r  tidal constants commenced from the 5th of the following month, that being the 
date  of new moon. In the Annual Report for 1881-82 it was remarked, with reference to  
the first year's observations :-" The  present co-efficients are  deduced from the observa- 
tions taken during eight complete lunations from 5th August 1880 to 29th March 1881, 
and they are therefore not of the same value as if  they had been derived from a year's 
good work." After a break of upwards of four months, the second year's registration 
began on the 5th August 1881, and it has been thought well to have a complete series of 
five years' observations from that date before closing the observatory. The  period was 
completed last month, and Captain Dodd, the Port Officer a t  Moulmein, has accordingly 
%een requested to close the observatory, and directions have been sent him as  to the 
packing and present disposal of the instruments, which are  intended to be sent to Akyab 
when the arrangements regarding the establishment of a tidal observatory there have 
been made. - - -.. ~ --.. ~~ .. 

Moulmein.-The self-registering tide-gauge worked continuously since the date of 
last report, with the exception of one short interruption of seven hours on the 8th October, 
.when the clock stopped. 

The tides at  this riverain port are very peculiar, and it was thought well to extend 
their registration over a period of six years This period was completed on the 24th April 
1886, and all the instruments were then dismantled by Captain Dodd, the Port Officer, 
and sent to Chittagong for erection there. 

The  self-registering anemometer and aneroid have both worked very satisfactorily 
since the dates of last report, not a single failure having occurred. 

An inspection of the observatory was made last February and March by myself, 
accompanied by Sub-survcyor Dhondu Venayak and the watch-maker of the party, 
when all the instruments were found in good order and working most satisfactorily. As 
a preliminary to their removal they were thoroughly cleaned, and Captain Dodd, the 
Port  Officer, arranged to dismantle them on the period of the observations coming to an end, 
and after packing them carefully to  forward them to Chittagong. As the wharf on which 
the observatory stood was undergoing demolition, he arranged that the outer part,support- 
ing the observatory, should remain undisturbed until the instruments were removed; and 
he also had boats moored in such a way as to avoid all danger of shocks to  the observatory 
from floating timber, &c. Special thanks are due to him for the great interest he has 
always taken in the work, and for the assistance he has so freely given it. The success 
of the observations at  both the Moulmein and Amherst observatories is mainly due to his 
untiring supervision. 

P o r t  Blair.-There have been several breaks in the registration of the tidal curves 
by the self-registering tide-gauge since the date of the last report. The first of any 
importance occurred between the 16th and 18th November, when the float cylinder was 
being repaired, and a second of four days' duration between the 8th and 12th December, 
when, owing to the condition of the old cylinder, it had to be removed and a new 
one fitted. In addition to  these there were twelve brief interruptions due to the stopping 
of the clock, but these were of no importance. 

The  self-registering anemometer and aneroid have both worked continuously since the 
date of last report. 

No inspection of this observatory has been made since December 1884, and no occur- 
rences worth mentioning beyond those already noted, have taken place since the date of 
last report, except that a slight shock of earthquake was reported to  have been felt a t  
1-45 P.M. on the 26th September 1885, and another a t  4 P.M on the 12th January 1986, 
but neither of these caused any disturbance of the tidal curves. 

BENCH-MARKS. 

U p  to the present time only three standard bench-marks giring planes of reference 
accurately determined by the tidal and levelling operations of thls department, for general 
use in engineering undertakings in the large towns, have been established in India. The  
one first laid down is in Madras, on a stone at  the north-east corner of the plinth of the 
light-house : it is described in Madras Government Order, dated 24th March 1885, No. 737 
W. Public Works. The other two are in Bombay ; one in front of the Public Works Offices 
on the Esplanade, and the other on the sill of the Prince's Dock. The former is described 
in Public Works Notification No. 57, dated 24th July 1886, ~ublished in the Bombay Gov- 
ernment Gazette of the 27th July 1886, Part I ,  page 629. The erection of  the standard 
bench-mark for Bomb;ty was reported in the last Annual Report (see.p. Ix). It was 
examined by Mr.  Belcham last January, who found it to be 0.27 feet too hlgh. After the 
level of its surface had been reduced by that amount, it was verified by him on the 5th 
July, and on his reporting that it was quite correct, the Government Notification was pub- 
lished. 
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In the  last Annual Repor t  it was mentioned that  a standard bench-mark for Rangoon 
had been built in the  vicinity of the tidal observatory there ; but it has not been connected 
by spirit-levelling with the observatory, nor has any  inscription been placed upon it a s  yet. 
When I made my inspection of the Rangoon tidal station in February last, I found that the  
standard bench-mark, which consisted of a large block of masonry, had been built too high, 
and I considered that  a change in its design would be  an  improvement. It was explained 
t o  me that the height had been given to render it difficult for people to  c l ~ m b  on to  the  
block, and consequently a s  a protection to its upper  surface, which was to be the plane of 
reference ; but I hope that the change 1 have made in the design will with a less height afford 
increased protection to  the level surface of reference. Mr. Jennings,  the Por t  Engineer,  
kindly carried out the alteration. T h e  inscriptions on the  standard bench-mark, and its 
connection with the tidal observatory, will be  arranged for a t  next  inspection. 

In September 1884 the Deputy Superintendent,  in charge, Trigonometrical Branch, 
ordered the establishment 01 permanent bench-marks on reliable ground within a few 
miles of each tidal observatory in connection with the  question of subsidence of land." 
A pair of such bench-marks were laid dofin during the past field season a t  each of the  
fo l low~ng tidal stations, .~iz.,-at Negapatam, Pdmban, and Tuticorin. During the  preced- 
ing field season pairs of bench-marks of this kind, w h ~ c h  for convenience have been 
termed " tes t  bench-marks," were laid down a t  Beypore and Madras, so  u p  to  the 
present time five pairs of test  bench-marks have been established. 

A t  the new tidal stations a t  Bh$vnagar, Cochin, Cocanada and Chittagong, the usual 
bench-marks of reference were  laid domn and connected w ~ l h  their respective tidal obser- 
vatories;  and in addition t o  them 45 embedded bench-marks, 332 minor bench-marks, 
I r Railway bench-marks, and 24 Trigonometrical Survey stations were connected in the  
course of the  levelling operations of last field season. 

A t  Tuticorin a new bench-mark has been laid down to  serve as a substitute for bench- 
mark No. a to which the zero of the tide-gauge had been originally referred, and which 
was the  initial point of the line of levels between Tuticorin and  the Cape Comorin base- 
line. This appeared necessary in case the latter bench-mark, which IS inconveniently 
situated and liable to damage, should ever become displaced. T h e  new bench-mark was 
embedded by Mr. Corkery a t  a distance of about a chain from the  old one, in the  verandah 
of the Port  Office, in a convenie i~t  and safe position immediately under the  staircase,  a n d  
was connected on the 20th June : its level is 2.518 feet above that of bench-mark No. 2. 

While connecting the  old bench-marks a t  'l'uticorin, Mr. Corkery found that  bench- 
mark No. 4, which was denoted by a stone post a t  the  north-west corner of the pedestal of 
t he  cross in front of the Goa church, had disappeared. 

When  the Amherst tidal observatory was inspected in February last, i t  was found that 
a considerable subsidence had taken place in bench-mark B, which had been cut on a 
wooden post forming one of the  supports of a small timber Zzyat or  rest-house. 'This 
structure is in a rather dilapidated and unstable condition, and  bench-mark B is quite 
useless for  reference. There  appeared to have been also a slight sett lement in bench- 
mark C a t  the same observatory, and  the position in which it lies may account for this. 
T h e  other two bench-marks (A and D) a t  the  Amherst  tidal station are ,  however, good for 
reference. 

LEVELLING OPERATIONS. 

T h e  programme of the season's work was a s  follows :-To carry a line of spirit levels 
from Madras skirting the coast t o  Negapatam tidal station and thence to  l'uticorin tidal 
station, touching a t  Pdmban tidal station, after which the line was to proceed northwards 
via" Madura and Trichinopoly (with a branch line from the latter station to Negapatam) 
to  Erode, where a connection had to  be made with the levels run during 1884-85. Per-  
manent bench-marks had to be established a few miles inland from each tidal observa- 
tory,  where not already donc, with as many connections a s  could conveniently be effected 
between the new lines of levelling and the triangulation, in order to  make the heights of 
the latter a s  perfect as possible before publication. This programme would have involved 
an  out-turn of close on goo miles. 

Although the levelling was started by Lieutenant Longeand  Mr. Belcham, who did the 
first few miles in Madras, the total out-turn may be credited to Mr. Corkery, lvho was 
placed in charge of the levelling detachment,  and n,ho had a s  his assistant Sub-surveyor 
Narsing Das. Mr. Corkery took the field on the 3rd November 1F85, preceded by Narsing 
Das, who had to meet a t  Sliolfrpur the kllnlnssies (carriers) who had been sen t  on leave a t  
the end of the previous field season and take them on with him to  Madras ; and they re- 
turned to Poona on the 26th June 1886. During this exceptionally long field season, in 
spite oI delays a t  its commencement from bad weather,  and consequent sickness among 
the native establishment, a proportionately large out-turn of work was acco~nplished. It 
amounts to no less than 526 milcs of double levelling, in doing which the  instruments were 
put  up a t  3,709 stations, and in the course of which 394 bench-marks and 24 Trigonometri- 
cal Strrvey stations were connccted. This is the largest out-turn on record with the ex- 
ception of Mr. Belcham's out-turn ol 533 miles during the previous season. Mr. Corkery's 
work was com leted in three scctions. T h e  first section kvas from Madras vi6 Tanjore  to  R Negapatam ; t e second section lrom Tanjore  zia" Ramnad to Pdmban with a branch line 
t o  Ramesvaram ; the  third section from Ramnad to Tuticorin. 

Q 2  
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There now remains a s  a progarnme for the comin field season the completion of the 

may he divided into sections as  follo\vs :- 
P programme above mentioned, together with work on t e west coast of India, all of which 

From . . .  Tuticorin to  Madura  
Madura  uiiTrichinopoly to  Tanjore  . 

. . .  Trichinopcly to Erode 
Shoranur  to Cochin Tidal Station . 
I<arivar to Mormugao S ta l io~ i  . . 
Branch lincs t o  TI-igonotnetlical stations 

. . 

. . . . 

. . 

. . 
of the  Great  

. . 

. . 

. . 

. . 
Arc a n d  Konkan 

. . 

. . 

. . 

. . 

. . 
Merid- 

Miles. 
99 

127 
87 
80 
50 

ional Series . . . . . . . . . . .  25 

Total . 463 

The  results of Mr. Corkery's work do not tend to show that there is any appre- 
ciable difference between the mean level of the sea at  his stations along the eastern coast. 
According to his results the meall sea-level a t  Negapatam is higher by 0.573 feet than the 
mean sea-level a t  Rladras which by the line of levelling is 268 miles to the north, and it is 
also 0.270 feet higher than the mean sea-level a t  Pamban, which by the line of levelling is 
rgr miles tn the south. Also, the mean sea-level a t  Tuticorin is higher by 0.169 feet  than 
that of Madras, the distance between these two places being 408 miles. Such small dis- 
crepancies as  these may be due to other causes than differences in the sea-level. I f  dj$- 
~ributed over the lines of level in question, they would give, in the first section, an error of 
only .ooz1 feet per mile, while in the other two the error per mile would be still less. 

The  following extracts are  taken lrom an interesting report on his rvork sbbrnitted by 
Mr. Corkery :- 

" Mr. Belcham a n d  1 left Poona on the  3rd November, a n d  wele obliged to  s tay a t  a n  hotel in Madras, 
pending the arrival of our kit, which reached us on t l ~ e  8th." * + * * * * 

" O n  the 8th November the  instrumenti were overhauled a n d  tested, a n d  the  staves compared with the 
s tandard bnr. O n  the th  levelling operations began from the t ;dal  ob5ervatory a t  the end of the pier;  
Lieule~iant  L.onge a n d  9hlr. Belcham worked the cylindrical level, a n d  Sa rz ing  Uas a n d  I the rectangular. 
Progress was sl~bw a t  first ; the portion betweep the  Madras  pier a n d  S:. Thomas '  Mount,  a distance of 10; 
miles, a n d  a visit to the Trigonometrical station on the summit of the Mount, occupied ys for five days ; 
each day  we lelt camp a t  3-A.M., returning a t  I or 2-P.M., and  on one occasion a t  5-P.M. T h e  diflerence 
between the closing values of the  two instruments over this short distance was a s  much as $ of a foot, o r  
a little over one inch." * * * * * 

"incessant rain for a week from the  d a y  after Mr. Belcham left us, retarded work; a n d  what  was 
worse, sowed the seed= of disease in many ol the men, which hampered the work a t  times. , N o  house acconl- 
modation could be obtained, a n d  a s  we were encamped in low-lying country -the only available spot near 
the Railway line-I set the  men to  work to drain the place, a n d  to raise the Hooring inside tlieir tents to a 
height of 8 inches ; they w-re also provided with mat3 to  keep out the cold a n d  damp .  

" O n  the 20th November we resumed worknand with the exception of a n  occasional break of a d a y  or two 
on account of rain, a n d  four d a y i  a t  Christmas, work went on steadily, the first section, along the Railway line 
vio'Tanjore, closing a t  Negapatam on the 4th March. T h e  dijtance levelled in this section was 2839 miles, 
including 15; miles of branch lines to Trigonometrical stations. T h e  height of G. 'T. S. ~ e n c h  Mark  A. a t  
Negapatam,  the closing pc~int of the  1st section, was  found to  be 10.156 feet above mean sea-level a t  
Madras  : its height above mean sea-level a t  Negapatam is g 583 feet. This  either show5 Negapatam mean  
sea-level to be  o ' j73 fee; above Madras  mean sea-level, or, if the error lies in the  levelling operations, it is 
a n  error of .oozr feet per mile. In  this section 23 bench-marks were embedded, including two test bench- 
marks  : 230 minor bench-marks inscribed on advsntngeous positions were connected, also 9 Trigonome- 
trical stations of the Madras  Coast Series and  of the Negapatam Minor Serie5 : test bench-tnarkr were 
laid down near Kivalur Railw ly station, 7 miles Irom Neg;~p;ltam, one on each side of the line of levels 
a n d  resprctively one mile north ant1 j o  c h i n s  south of the main line. 

"Se;tion 11 was started on the Sth March a n d  completed on the 13th M a y  I t  emanatcd from the  
embedded bencIi.m.~rk nt ' fanjure, of Section I : proccecling v i i  A r a n t l ~ i g i  a n d  Miniisal tu Ramnad where 
a bench-mark was eml)edded; the section clo;ed a t  P i m b a n ,  on bench-mark A. T h e  clohing value of this 
bench-mark is 7.774 feet above Madras  mran ~e.7-lrvel, and  7.471 feet above P l m b a n  mean sea-level. 
'l 'he V ~ U P  c,f Pdniban mean sea-Itwe1 so  deduced i ;  t h e r e f ~ ~ r e  o.30.; feet above Madras  mean sea-levcl, a n d  
0'270 feet below Negapatam mean sea-level. The  di\tance levelled in this seclion, including 12 miles of 
branch lines to 'l'rigonometrical statiun5, was 154? miles. T h e  total distance from Madras  to Pdmban 
uin' I ' anj ,~re  and  Ramnad is 361 miles; the error in levelling =0,303 feet oro'ooo8 feet per mile. A branch 
line 81 miles long was run from bench-mark C a t  Pamban to the extreme end of R d m e ~ v a r a m  island, 
clocing on a bench-mark inccribed a t  west entrance to R:lmcsvaram temple. GandhamQna Temple station 
a n d  I I cthcr Trigonometr~cal stations of the Madras  Coast and  Ceylon Connection Series were also con- 
nected. 

"'rest bench-marks were embedded near Perapanvalasai Chattram, ro miles frorn P i m b a n ,  one on 
the  line of levels, and  the second 32 chains north. 'l'welve embedded bench-marks, a n d  74 minor inscribed 
bench-marks were connected by levelling in this ~ec t ion .  

"Scction 111, emanated !rom the embcdded bench-mark a t  Ramnad of Section 11, and  closed a t  
Tuticorin on a new bench-mark near G. 'r. S .  B. M.  No. 2 R \ A .  D. 1869. The  dis tante  levelled in this 
section was 78: miles, including j miles of branch lines; it occupied the par ty  from the 17th May  to the 20th 
June. T h e  value of H .  M. No. a above Madras  mean sen-level I S  4.569 feet, nnd above :fu.icorin mean sea* 
level is 4.400 feet, showing Tuticorin mean sea-levcl to be 0.169 feet above Madras  mean sea.level. T h e  
distance frorn Madras  to Tuticorin a l o n , ~  the line of levels is 408 miles; the error per mile of levelling is 
therefore o.,'oo) feet, i f  the mean sea-level a t  Tuticorin, as determined by Colonel Branfill in 1871-72, may be 
acceptcd a s  its present value. 

" N ~ n e  embedded bench-marks, including two test bench-marks, and  36 minor oints &ere connected. 
also 3 Trigonometrical stations of the Ramnad Longitudinal Series. The  teqt bencR-marks lor Tuticorin 
were laid down 1 2  miles inland from Tuticorin, onc on each side of the line of lwcls and 1 4  and  I +  
miles respec~ively from the main line. 

" T h e  districts traversed were very healthy, but owing to the heavy rain which we had a t  St .  Thomas'  
Mwr.t a; the commencement of the work, many of the  men suffered severely during the e ~ r l y  part of the 



season. I regret exceedingly to have to record the death of Sub-surveyor Gunesh Sudasl.eo early in the 
H~ \\.as the mo;t intelligent Sub-surveyor I have met ;  in addition to being a rapid recorder a n d  

accurate computer, I,e was able lo work both levels. 
* * * * 

H~ was a great favouri:e in camp, and every one regrctted to hear of his premature death. 
"Fl lur  Kh,l lussies  (carriers) a150 were seriously ill early in the year,  and a t  one time there was very litlle 

between them and tleath " 
' I  Every man but one in camp had his turn of illness." * * * * * 

* * * * * * 
" I beg 10 acknoa.lrdge the grcat courtesy shown, and the help given, by every one of the officers of 

the S. I. R : ~ i l \ ~ a ~  with whom I came in con:act ; it enablrd [he  work to p r ~ c e e d  rrithout a hitch W e  
were equ:llly ,rell lrcaled when we left the Rail\r;ly line and levcllrd from 'l'anjore to Tuticorln: there 
was one notable txccptiun, and that  was in thc Zemindari lands of Raninad. (:art; \r.ere refwed us. 
a n d  every obstacle tht.o\vn in our tray \\*hen buying supplies. Dnstuv i  was demanded in Ramnad itself 
from the cartmen w l - o  had volunt;lrily agreed to cume with us. A s  they declined to  pay, thcy wcre pre- 
vented Irom coming to lny camp. 

* * * * * * 
' I  With one exccption I experienced no difficulty in the levelling operations of the season ; the excep- 

tion ~ 3 s  in cros.ing the Pimban channel. 1-uckily we hit upon the most favcurable time of the year a s  
regards Ioa.ness of tides. T h e  rocks on which the instrulncnts were set up by the previcus leveller, near 
the  decpe5t part of  the channel, no longer exist, and  we had much difficul y in securing a favourable 
spot; a t  one stalion the staves were 32 c h a ~ n s  apart.  Narhing Das was unable t r ~  o b ~ e r v e  to his satisfac- 
tion a staff 16 chrR~is distant, so I worked both ins~ruments ,  taking half a dozen sets of observations with 
each instrument, using the usual staves; a n d  two or three more with each instrument when using Colonel 
Strange's pattern staves, divided to tenths of a foot. Every chance of error was eliminated by the number 
of sets of observations. I'he width of the channel is a mile a n d  a half, a n d  it took us  three days of hard  
work to level across. Our  difficulty lay in measuring distances; for this pu.pose ropes, previously divided 
into chains and  half chains, were used. It took us two days  to circumvent the deep water channel, which 
is about 18 chains wide. 'The tide was so terrific that no boat succeeded in carrying the measuring rope 
across. O n  the second day when we almost despaired of success, a boatman gallantly swam across with 
lhe  rope. T h e  distance from the platform of the 'Toni Turai Chattram on the mainland to the nearest 
point of PRmban isl:tnd, a s  measured this year, i sm.  1, ck. 39, l .  46, the previous record was m. I, ch.  40, 1. go. 
'The height of 'Toni Turai G. T .  S. B. M exceeded the value obtained in 1879 by nearly half a n  inch.' 

" N o  sign of the letter; G. 'I'. S. B. M. inscribed on the Toni Turai  platform in 1870, could be found when 
visited this year : they had apparently been covered with a coating of lime. I was not permitted to  remove 
thi5, and  my levels were taken to the surface ; but a s  the coating of lime was nearly half a n  inch thick, the  
difference of half an  inch between the values of 1879 and  1886 disappears. A bench-mark was embedded in 
the Chattram and  connected. 

'' Gib's monument, which is within 10 yards of the water's edge, wa. connected on both occasions, the 
value for 1879 was,-- 1.674, and  for 1886, - 1.912, or a difference of - ~ 2 . 4 8 .  The  monument is visibly 
sinking; i t  is already ten degrees oul of the perpendicular ; this explains the difference ill value of - 0.238 
feet." * * * * * * * * * * 

" An ab=tract 'br  the season's work is atlached to this report : it shows that 5264 miles of double level- 
ling were completed, including 42 miles of branch lines, which I may a d d  a re  more troublesome than main 
lilies. T h e  total o f  rises and  falls was 7,276 feet : 24 Trigonometrical stations were cor nected, 51 bench- 
marks were embedded, a n d  332 minor bench-marks were inscribed on prominent points ; I I Railway bench- 
marks also were connected. 

* * * * * * 
* 

" I t  is auperfluoui to attempt a description of the  country passed through I may mention, however, 
that, during the mo~l ths  of April, May a n d  June, large quan t i t~es  of pumice were washed ashore, first 
making their appearance a t  Ramecvaram a n d  Pamban,  and  gradually finding t h e ~ r  way up  towards 
Madras. I collected a fcw specimens, some of them w:th coral groivths on them. I offer a s  a conjecture 
that they a re  the remnants of the upheaval a t  Icrakatoa some three years ago. 

" A  viiit to Pjlmban and its neighbourhood will well repay the naturali\t. Living corals a r e  found in 
abundance 4 m,lei  youth-we.t of Pamball Light-houie; their glorious cnlouringi a r e  beyond my  powers of 
de  cr ption. It is not often that the living coral is to be Iound so near the mainland, a s  a condition of his 
existence is a pure sea, frce from the pollution oI river\, k c .  There are  not many varieties of coral ; I saw 
but five or six, and  or these the Mealldrina, or Brain co.al,  a n d  Oculina predominate. 

" T h e  following is a rough classificatiun ol  those found :- 

Actinozoa I .  Zoantharia, comprehendi~lg Sclerodermic forms 
2 .  Alcyonaria Sclerobasic ,, 

Of Sclerodermic forms the Brain col-al a n d  Oculina were found in abundance. Of Scler<lba$ic form5 I 
picked up  a coi~ple of cpecime~ls of the handsome Organ-p.pe  coral (Tubipora). 

" At pdrnball 1 was presented with a piece of coral called the " Biscuit coral," but which I believe is 
not indigenous. hly ilnprcssion is that it has no1 a*  y t been ~Iassified, and  I a m  sending the specimen to 
a s eciali,,t Ior inlormation. Echinodel.lns are  also found in abundance;  the common star-fish, and  the  
~ ~ t i u r i d ,  or brittle star, but neither calls fur remark. 

" A t  the Rimesvaram cnd of the island, during the course of a couple of sea-side rambles. I picked 
up  eleven varieties ol sponges, washed up from their ocean homes. They a r e  said to grow within a few 
hundred ards of the island. O l ~ e  of the sponges has  in nll probability a mi~rket  value. L ~ k e  the ordinary sponge orcommercc. it ha s  a horn). sup urt of true spongiolin, its porei a n d  oscul.1 a r e  smaller than those 
of the bath sponge. though not cornparabe with the Turkey 5ponge I Lave kept this specimen for further 
enquiry. The  othcr spollges were the usual simple oceanic lorms with Siliceous supporti. 

" A t  Rame-varam an estemive a n d  very profitable trade is carried on in 'clrnrrks'. These shells a r e  
brought up by d iwrs  from con;iderable dep ths ;  thry a re  trans-shipped to Calcutta when8.e they are di,tri- 
butcd tliroughout Northrrn India. 'Tlley pla). an  important part in the relig.ous ceremonies of the 
Hindu ;  any  wnter, hobever impure, beromcs purified and sacred, from the fact of its having been poured 
into the shell. I round to my curprisc th:it the Mahornedan also u>es ~t here a s  a ' l<onch' a n d  blows his 
blast w ~ t h  it lo zulnmon the fa~lhlul to pra jer .  

" Early in January I found the sea-thore covered with jclly-fish-like forms, the size of a large cherry ; 
theg had evidently been washed up after a storm. They belonged to the group of 'physophoridz', genus  



Porpita. T h e  disc was marked with concentric rings, intersected by  radiating bars, t he  latter cutting it into 
wedge-shaped chambers : each chamber war filled with the g a s  which gives this genus its peculiar light-blue 
tint. Attached to  the  float (pneurnataphore) was a long tentacle crowded with thread cells. 

" I beg to  draw attention to  t he  disa pearance of Porto Novo chimney on the  I ~ t h  January of this year : 
it is given on the  charts as a n  intersecteBpoint of the  Trigonometrical Survey." 

Tabular Statement of  out-turn of work for  the Field Season 1885-86, by the Levelling 
Detatcbment under M r .  H.  Corkery. 

-- 
NUMBER OF MILES, 

TOTAL K U M B E R  DOUBLE LEVEL- N U M ~ E R  OF BENCH-MARKS EMBEDDED, 

LING. 
OF FEET. Number 

of Stations 
INSCRIBED A N D  CONNECTED. 

DURING THE 
MONTH OF 

Main Line. Bz::h Rises. N*. 

November I 885 g;{?:* 
March ., 2; ;; 
June .. 

TOTALS 

.I ~ s . ~ b s . ~ k s . l  Feet. Feet. 

216'8 
4'5'4 
261'5 
33 ' '9 
601'5 
526'7 
397'4 
253'5 

No. 

288 
458 
550 
543 
528 
566 
517 
259 

1 3,709 

No. 

4 
7 
9 
6 
5 
5 
5 
4 
- 

45 

No. 

. . . ... 

... 
2 
... ... 
2 
2 

No. 

37 
53 
72 
68 
23 
3 1 
22 
26 

Total nmnber of miles double 
levelling . . . . 

Revision of the heights of the South Konkan Meridional Series. 

In his sanctioned programme for  the  field season 1885-86, the Deputy  Surveyor 
General,  in charge Trigonometrical  Branch, remarked :- 

" T h e  heights of the South Konkan Series (from Bombay to Goa), determined trigonometrically over 40, years 
ago, being unsatisfactory and defective from the circumstance of the observations being confined to only certain rays 
of the triangulation, and not having been made in such a manner as  to overcome the uncertainties of terrestr~al 
refraction (more especially necessary as one flank of the series skirts the sea coast while the 0the.r rests on the 
ghdls), it is necessar to re-measure the heights of this Series-some 270 miles in length-before the final publica. 
tion of the heights or the  Southern Trigon." 

H e  subsequently gave instructions that  Lieutenant Longe and Mr. P run ty  should b e  
employed on this work and added- 

" They will be required to observe simultaneous verticals on each cross ray of the series, and ordinary verticals 
on the flank rays." 

A s  Lieutenant I-onge had to leave the  par ty  in December to  t ake  the  charge of the 
South  Mar i tha  Survey, it became necessary to  employ Mr. Belcham in his place on the 
revision of the  heights, in addition to  his other duties. 

Mr. Belcham left Poona for Madras on the  2nd November and remained with the  
levelling d e t a t c h m e ~ t ,  s tar t ing the work until the  14th November, when, according to  Major 
Baird's instructions, he took a se t  of zero measurements a t  the  Madras tidal observatory 
and then made all possible haste back t o  Poona, arriving there  on the morning of the 15th 
November,  and commenced his preparations to take  up  the  revision of the heights of the 
South  Konkan Meridional Ser ies  in conjunction with Mr. Prunty.  Mr. Prunty,  wlidse 
establishment preceded him into the  field, lef t  Poona on the  20th November,  but Mr. 
Belcham was unable to  leave s o  soon, a s  the  instruments intended for his use, sent  from 
the  Mathematical Instrument Office in Calcutta, did not arrive in Poona until the z r s t  
November. After some delay in Poona t h r o ~ g h  having to repair the s tand of his 
14-inch theodolite which had been broken in transit, and a further shor t  delay after arriv- 
ing on his ground in ar ranging a code of flashing signals with Mr. Prunty, simultaneous 
observations were  commenced on the  27th November. 

A few days  a t  Christmas were  employed by Mr. Belcham, according to  his instructions, 
in making inspections of the tidal observatories a t  Bombay and Bhdvnagar, and in 
verifying the  standard bench-mark in Bombay ; those days  Mr. Prunty  was consequently 
able to take  a s  holidays. An inspection oi the  tidal observatory a t  hlormugdo was 
also made by  Mr. Relcham while Mr. Prunty  mas making a n  exceptionally long march 
between two of his stations. Fifteen days  were  l o ~ t  in consequence of a dense haze 
which se t  in about the  middle of February-so that the two observers did not com- 
plete thei r  vertical observations until the latter end of April. T h e y  thrn  returned to 
recess quarters,  arriving in Poona on the 1st May, since which time Mr. Prunty  has been 
en~ployed in the  office on the computations connrcted with the  height revision, togrtlier 
with the  other work mentioned above. Mr .  Relrham, on arriving in Poona, rrceived 
instructio~is t o  g o  on to Calcutta on the tidal duty mentioned in paras. 32 a ~ l d  33, and he 
returned to Poona in time to relieve Major Hill on the 25th May. 
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The work done conjointly by Mr. Belcham and Mr. Prunty consisted in revising the 
heights of the 18 principal stations which form the South Konkan Meridional Series, and 
the height also of one secondary station of that series which had to be visited and used as  
an auxiliary station in the course of the work. According to the Deputy Surveyor General's 
orders, simultaneous vertical observations were taken on the cross rays, and ordinary 
reciprocal vertical observations on the flank rays. Most of the cross rays were from 35 to 
40 miles in length, seven of them exceeded 40 miles, and the ray between Kurnbhirli H. S. 
and Kanta H. S. was 544 miles long. The flank rays ranged in length from 23 to  39 
miles. 

The stations of the east flank of the series, which rests on the ghdts, were observed 
a t  by Mr. Belcham ; and those of the west flank, which skirts the sea coast, were observed 
a t  by Mr. Prunty. The following table gives the heights of the stations as originally deter- 
mined, and as now deduced from the r'ecent observations; the latter values cannot, 
however, be considered final until the height of a station near the southern end of the 
series has been connected with the spirit-levelling. It  is proposed, as  stated in para. 53, 
to  have this done during the coming field season :- 

Name of Station proceeding from North 
to South. 

East Flank. 
Mdndwi . . . . . . .  
Tofna . . . . . . .  
Mahabaleshvar . . . . . .  
Kumbharli . . . . . .  
Manoli . . . . . . .  
Valvan . . . . . . .  . . . . . . .  Chaukola 
Salili . . . . . . .  
KurnbhPri . . . . . . .  

Karanga 
Titvi 
Kanta 
Adhlir 
Mirya 
Ghirya 
Bhutoba 
Parule 
Agoada 
Pil 

West Flank. . H.S. . . . . . . . . .  . . . . . . . . .  . ' . . . . . , ,  . . . . . . .  , I  . . . . . . . . .  . h.s. 
a .  H.S. . S. . .  H.S. 

Feet. Feet. ~ Feet. 

' Derived directly by reciprocal vertical observations to and from Trombay H.  9. whom height was determined 
by spirit-levell~ng. 

Considering the age of the stations of the South Konkan Meridional Series, and that 
none of them had been closed by protecting ~ i l l a r s ,  the condition in which they were found 
last season was better than might have been expected. Only four of them showed signs 
of dilapidation or of having been tampered with-these are Valvan on the east flank, and 
Kanta, Ghirya and Parule on the west flank. At Valvan H. S., the upper mark-stone, 
and all the masonry portion ol the station had been destroyed; and Mr. Belcham found a 
pole and brush signal standing on the circle and dot which are engraved on the rock 
in  srcii. He built the station up to the level of the existing mark only. At Kanta H. S., 
Mr. Prunty found a ' kachn ' (stone and earth) circular pillar, 2 feet in diameter and 
31 feet high, containing no mark-stone and surrounded by a platform of loose stones. On 
removing it, he found the mark whose height is given on the preliminary chart, and which 
consists of a circle and dot engraved on the rock In sztii. After completing his observations 
a t  the station he built a solid masonry pillar of the same dimensions as the one he removed, 
with a new mark-stone in the centre of its upper surface, exactly over the old mark. 
This was unnecessary, and confusion may afterwards arise unless care is taken, when the 
final heights are published, that the height of the new mark is given. The values entered 
in the foregoing table refer to the old mark on the rock in  sitii. At Ghirya H. S., 
Mr. Prunty found at  the spot formerly occupied by the circle and dot, a hole 19 inches deep 
and 1 2  inches in diameter, bored in the solid rock, in which was standing a staff, 20 feet 
high, which he conjertures may have been erected for Marine Survey purposes. He also 
found three rubbed surfaces on the rock, the lines joining which, z feet  in length, formed 
an equilateral triangle, having the hole at  its centre- these evidently marked the positions 
for the feet of the stand of the theodolite. He further verified the position of the mark by 
means of the azimuths of the surrounding stations, and being satisfied of its correctness, he 
then fillrd in the hole and placed a new mark-stone in the exact position of the original 
mark, flush with the top of the hill. At Parule H. S., there was no upper mark, and Mr. 
Prunty built the protecting pillar over the lower mark-stone. 



A l l  t h e  p r i n c i p a l  s t a t i o n s  o b s e r v e d  at by Mr. B e l c h a m  a n d  Mr. P r u n t y  were regu la r ly  
t ransferred to the c u s t o d y  of t h e  v i l l a g e  off ic ia ls  i n  a c c o r d a n c e  w i t h  d e p a r t m e n t a l  r egu la -  
tions, a f t e r  they h a d  b e e n  c l o s e d  w i t h  t h e  u s u a l  p r o t e c t i n g  pi l lars .  B h u t o b a  h. s., which 
w a s  used as a n  a u x i l i a r y  s t a t i o n ,  has b e e n  l e f t  p r o t e c t e d  by a c s i r n  of s t o n e s .  

The f o l l o w i n g  are s o m e  e x t r a c t s  f r o m  Mr. B e l c h a m ' s  report on h i s  season's work : - 
I observed a t  the stations on the east flank of the Series, they were nine i n n u m b e r a n d  were visited in 

cuccession beginning a t  the north, a n d  wereas  follows : -Mindwi H. S., Torna H S , Mahabale<hvar H. S, 
Kumbhjr l i  H. S . ,  Manoli H. S ,  Valvan H. S., Chaukola H. S ,  Salili H.S., a n d  Kumbhir i  H. S.; of these) 
Mahibaleshvar a n d  Chaukola were very convenient a s  1 was able to encamp within a short distance of each 
but the  remaining one; being on peaks, very remote from a n y  habitation a n d  devoid of water a n d  being th; 
haunts of wild beasts, such a s  tigers a n d  bear;, I considered it more rudent to remnin a t  the fogt of them, 
which necessitated a two hour's climb every morning a s  long a s  the  otservations lasted a t  each, a n d  a run 
dowlr the hill in the evening. Even a t  the foot of  these stations, bears on several occasions paid my camp 
nocturnal visits a n d  d u g  up  ant-h~l ls  within a few yards  of the tents, a n d  the roar of a tiger often disturbed 
our  slumbers. 

" O n  the laqt day  of t he  0bservat:ons a t  Kumbhi r i  H .  S , I determined upon bivouacking on the hill for 
the  night so  a s  t o  get  on w:th the closing pillar early the following mornillg, a n d  we had scarcely retired to 
our  impromptu huts, constructed of timber a n d  grass,  when we first h e ~ r d  a tiger a n d  then follo:(fed a 
ctampede of very large animals qu ' te  close to  our bivouac; probably they were bison, which a r e  said 
to  abu\und in the  hills immediately above the Konkan plain." 

T h e  stations I v'sited a re  all very e a c y  of a p  roach, though the  routes taken from one to another were 
very c:rcuitous, a n d  in most cases three times the l r e c t  distances owing to  the  absence of roads." 

" The  march to Kumbhhrli Irom Mahibalesvar  ozcupied six d a y ;  : there being only a path across the 
hills, 1 had  to  follow the  more circuitous r o ~ d  wid S i t i r a ,  ' rar la  a n d  P i t a n ,  by  which it was over go miles, 
whereas in a direct line the dictance was not more than 35 mlles. O n  ascending thegha't  a t  Tar la ,  the road 
suddenly narrowed and  was only about  9 feet in width,and having camels for the  carriage of m baggage, the 
distance between T6rla  a n d  P6:an was accomplished with the greatest difficulty a n d  ri3k. ?Yhe camels got  
into the gorge a t  the  top of thegha't ,  but they could not pass through laden. Fortunately there was a village 
close by whence I go t  a number of coolies t o  carry  the  things down till tlie road became safer, but  even then 
the camels cost memnny  ananxious  1norne:it as Lhe road was v-ry much cut up  a n d  the  slightest slip on their 
pa r t  would have I urled them down a precipice some hundreds of feet below; however they got  safely down to 
Pdtan, where I go t  on to the high r( a d  to  Chiphin, a n d  reached Helvak, a village of some importance, 
immediate1 a t  the foot of Kurnbhirli  H. S. 

" A t  J a l v a n  H. S. the observations were not completed till the 3rd  March, owing, in the  first instance, 
to the introdu;tion of another station (Bhutoba h, s.) between Ghir a H. S. a n d  Parule  H. S. as  the 
rignal on this ray was not visible, though i t  had been observed when tKe triangulation was first carried 
o u t ;  a n d  then to the very hazy s ta te  of the atmosphere, the like of which h a d  never come under my ex- 
perience before. T h e  introduction of Bhutoba h. s. entailed the observing of the  horizontal a s  well h s  the 
vertical angles. a n d  though 1 had  observed to Ghirya on the 18th February, when not only the  heliotrope 
but  the hill itself was distinctly seen, I d id  not again see the signal until the 26th, owing to  haze, which was 
s o  thick that the hill tops within 8 or 10 m ~ l e s  became obscure : a sudden change, however, in t he  weather 
brought on a few clouds which, combined with a change in the direction of the w ~ n d ,  dispelled the haze, a n d  
on the morning of the 26:h the distant objects became as  clear a s  possible, a n d  it wasa  welcome sight to see 
the signals a t  the surrounding stations after s o  many days  of, I may say, darkness a n d  anxiety. From 
Bhutoba h. s. Mr. P run ty  proceeded to Parule H. S.,  while I remained a t  Valvan H .  S. for the simulta- 
neous observations, and ,  to our great  anno  ance, the haze again set in as  dense a s  ever, and  we saw 
no!hing of each other's signals until the pdY March, when it cleared up, and  we were able to get  t h r o u ~ h  
the  ob<ervations the same afternoon. 

- 

" T h e  hill of Salili being detached from  he line of gha'ts, I had  to get  down i n t , ~  the Konkan vio' the 
R i m - g h i t  pass, which, though a good width, is very s!eep and  stony, a n d  the descent quite knocked up the  
camels, w h ~ c h  necessitated a halt of a couple of days  a t  the loot of the pass. T h e  observations a t  Salili 
H. S. were started on the aznd March, a n d  by the  30th the vertical angles to Chaukola, P;~rule, 
Agoada,  a n d  Kumbhi r i  were completed with Freat dificully, as  hazy weather, similar to that  which 
retarded the observations a t  Valvan, was experienced. T h e  signal a t  Parule appe:lred a s  a s tar  of very 
small magnitude, a n d  could only be  diitinguislied by setting the ~ n s , r u m e n t  both in azimuth a n d  altitude, 
a n d  then i t  was a very f l i cke r in~  obicct;  this r;ly was over 46 m l c s  in len,th; for four d a ~ s  we could not 
exchange any s i g ~ a i s ,  a n d  nGthr; observsr knew whether the o her had been su~cessf;l in ge t t i ngany  
observations. so  that messenge-s had to be emp!o!ed for communicating w'th cach o:her.  After this the 
villagers began burning the  jungle on the low hills i n  the  I<onkan which made  t ' e  atmosphere very much 
more hazy, so it was fortunate that  we finisl~ed with this lung ray a s  ear:y a s  we d ~ d ,  or it might have been 
le:t unobscrved. 

" r h e  ob.;ervations a t  KumbhAri H .  S. extended over a week, a s  after the  observations to Pil t i .  S., 
Mr.Fruntv had tn return to  Ago:tda S., but before he real hcd it, the h?ze, comb~ned  \\# th the smolie from 
the burning of the jungle, made the  atrno.phere almost impenet:able for observing; however by dia t  of 
patience a n d  persevera1:ce the  observations on the ray Kumbl~Pri-Agoada, ovcr 41 miles in l e n g ~ h ,  were 
comp!eted on the 24th April, a n d  these brought the revision of helghts of the rou th  I<onkan Scries to a 
,uccessful close. 

" I he work pvgres sed  very favourahl\- till the 18th February,  ar ter  which the obsel-vations were very 
mu,:h relarded by hazv weather, which shut  out the signals for days together and  cnus:d Mr. Prunty 
and my ,e!f ver g ~ r a t  anxiety. 

" 'The Ira&. along the p a ' l  roads leading in:o the Konltan from the Dc-can  is enormous, especially on 
the I<umbh$rli gLit  r o ~ d  to C h i p l 6 ~ - a  large town in the Ra:n:~g;r i  Collrctor;~tc. While I was marching 
on this road, hundreds i ~ f  carts,  ladcn with mol;asses, gra in ,  earth-nut<, cc tton, kc . ,  wcre met daily, and  on 
enquiry a t  yomc of the toll-h0u.e; I 1,-arned  hat in the cold wen,her as  m:my as  6o 1 cal t-  a r e  rcg~qtered 
d ~ i t y  on their way to Chipl;n, a n d  from 20, to 300 mt,rc on their return from Ch :p l~ in  to the Oeccan 
countrv. 

" 'rho hea l~h  of the  party throughout the  season was excr4lent, n :~t  n single m In having b > e n  ill." 
" I  ka\.e t.1 ackno\\ledg; the w r y  Krc:lt as-i-tance I received frt ,m the n z ~ i v e  offi ials o f  the  t'oona a n d  

S a t i r a  di ,tricts ; from th0.e  0I the N;~t ive  S t  : tei  of Hhor, I<olll:~pr~r a n d  S . ~ v a n t \ ~ a d ~ ,  and  from the Portu- 
gucse Govcrnrnent a t  Goa, while carrying on the revision of  h r ~ g h t s  of the South K o ~ ~ k a n  Series." 

The e x t r a r t s  w h i c h  f o l l o w  h a v e  b e e n  t a k e n  f r o m  a r e p o r t  o n  h i s  w o r k  s u b m i t t e d  by 
Mr. P r u n t y  :- 

" O n  the 24th November I visited Karanja  H. S, which is situated on the highest part of the hill of 
that name, a n d  a; tt.is hill ri\es nearly ~ , o o o  feet immediately above the c0a.t linc, i t  proved a pretty Stilf 
ascent-the way u p  consists of the remains a series of steps constructed by the P o ~ t u g u e s e  many Years 



, ,  ,.. - .  . 
acre when this part of India belonged to them. O n  the pjth November the theodolite a n d  .tcr.ts reaihid'  
t{eiop ef the hill, a n d  by the 29th observations to h1andic.i H .  S. a n d  Titvi H. S. were completed. 

..While encamped on the top of Icaranja, on the night of the 27th November, I was disturbed from 
my sleep by the agoniz-d howling of a small lox-terrier tied to the foot o l  my bed. I got  up to ascertain 
the cause of the disturbance, but I had no t.ooner alighted on the ground than I lelt my feet s tung b a 
myriad of large black hairy ants, causing intense pain and great irritation. I lound out next morning tXat 
theie invaders were .I detachment from a colony of an t s  that had passed over the hill a short distance irom 
where my camp was pitched. 

" On the 3rd December I reached Murrid on my way to Titvi H. S., a n d  \!.as detained there for two 
days. T h e  town was in mourning for the N a a a b  of Janjira's wife, and out of respect lor the decca5ed lqdy 
all business was suspended until the 5th December, \\*lien I managed to procure suflicient coolies for the 
carriage of the instrument and camp equipment to Titvi H .  S., situatcd on a range of h~ l l s  7 miles inland. 
T h e  march o c c u ~ i e d  the ereater  part of the day a s  the circuitous track was  over hilly and  undulating . ~- -~ 

country covered (14th densP;crub jhg le .  
While a t  Ghirya, the haze for the first time during the season presented a lormidable barrier to the 

progress of thc observations, a n d  for several days  shut out tlie lurninr~us s ~ g n a l s  on thc diagonal rays 
effectually. I have never encountered such dense haze in other parts of lndia a s  1 experienced this season, 
towards the end of February and  the earl part of March. A t  Parule H. S.. too, the haze was very similar 
to what I had met with a t  Ghirya H. g., an$ caused great delay in the observations taken there : in fact, 
I may say until the close of the season's worlc on the  zznd April, [he haze was a constant attendant on the  
observations, and  it was with the greatest difficuity that  the last ray, Agoada-Kumbhiri ,  was obseried. 

" T h e  most expeditious way of getting from station to station on the western flank of the Series was  
by country boats, and  I adopted this mode of transit, though fraught with great  inconvenience a n d  no little 
danger in a rough sea. O n  several occasions. while travelling in this way, the boats threatened to capsize, 
and  when going to Parule H. S. towards the end of the season, we escaped being wrecked by the merest 

- - 

chance. 
" T h e  health of the party, on the whole, a a s  very fair. Towards the end of h4ar:h three-fourths of the 

lnen were attacked by itch of a virulent type, and  some cases were so bad a s  t o  present the  appe'arance of 
scurvy. After i t  had been stamped out, lhree of the men were laid up  v i th  guinea-ivorm, and  for a time 
were entirely unfit for any work." 

"The  aspect of the coast line from Icaranja t o  Goa, a s  it stre 'ches along the blue sea, presents the 
appearance of low ranges of rugged hills folded inextricably togelher, with stretches of grey sand beach on 
which the foam of the sea liahtly touches. streaking it like marble, but the stretches of sand a re  compara- 
t i v e ! ~  f e w  and  hacdly dislurb the continuity of the rock-bound coast As one sails alcng, there is scarce!y 
a sign of lile per.eptible. Here  and  there a n  island fortress a short distance from the coast, a - t r a c ~ s  
att'ntion. 

" The  trade carried on by native craf t  is very brisk, a n d  the wealth of the people on the sea-board i s  
essentially derived from maritime pursuits." 

REDUCT1,ON O F  THE TIDAL O B S E R V A T I O N S  A N D  C O M P U T A T I O N S  ' '. 

C A R R I E D  O N  I N  THE H L A D - Q U A R T E R S  OFFICE,  P O O N A .  

A very large amount of work in connection wit11 the tidal calculations has been done in 
the Poona office during the  past year. T h e  observations a t  1 3  ports have been reduced, and 
the tabulated values of the tidal constants a t  these stations, together ~vitl i  the  usual discus- 
sion of the results will be found appended to  this report. Althuugh less by  one than the  
number discussdd in the preceding Annual Report ,  the  labour of the  reductions has heen 
greater than what was then described. This  is due t o  the  breaks in the  tidal registrations 
which occurred .at various stations. W h e n  the  registrations a t  a tidal station a re  broken, 
modifications a re  necessary in the calculations of the summation and means of all tlie 20 
series of short  period tides, and the 5 long period tides have in the first instance to be fully 
calculated out approximately, ignoring the  breaks, and the results so  obtained are  treated 
according to Professor Darwin's m-thod, in order to  arrive a t  the  most probable values to  
interpolate on t l ~ e  days when the breaks occurred. Having filled up the  blanks in this 
manner, the long period tides have to  be calculitted afresh in order to  obtain t l ~ e  final 
values. 

The  present s ta te  of the ordinary tidal computations is sho\vn in the  following table, 
together with their s t a t  a t  tlie end of Octobrr 1885, estracted from the Annual Repor t  
for  r884-85.  T h e  actual amount of work done in tlie period embraced by  the table, \vhich 
in the present instance is only eleven months, can thus be easily seen. T h e  extra tidal 
work is not entercd in it. This consisted in preparing tracings of fi\-e months' tidal dia- 
grams of the Kidderpore observatory, which were sent  last April to the Calcutta Por t  
Commissioners according t o  their request. All tlie work also connected n.ilh the tide 
tables will be  separately mentioned. 

State of tlte ovdr'izauy rcductiovs of tAejvavZp tidal rc~is tvat ions a t  the  beg i / z i~~/zc  and  
cizn' of tlic survcy yen? 1885.86. 

.- - - . -- - - - - - - - -- -- -- 

Obocrvatory a t  wnrk durlnp Statc at end  of October 
t l ~ e  year. 188j. / Slalo a1 c11d of Scpternbcr ,886 

ADEN . . . . 1884.85 Summation of series ready . 1884.85. Calculations completed. 
11185.86. Diagrams not read off. 

BHAVNAGAR . . . . . . . . . Newly started observatory. 
ND d~agrams read off yet. 

KURRACHEE . . . 1884-85. Additions of hourly heights 
of each series ready. 

1884.85. Calculations completrd. 
1885-86. Diagrams completed and all read 

off, and the hourly readings be~ng  copied 
Irom the S reries into the other series. 
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. . : :Skate :he ordinary reductiows of the yearly tidal registyations, 6.6.-contd. 

Obeervatorg at work durlng 
the year. 

State at end of October 
1885. state at end or~eptember 1806. 

1685. Year incomplete, so the read- 
ings from the diagrams are not read 
off. 

18R5-86. Year incomplete, so the 
readings from the diagrams are not 
read off. 

1885. Diagrams completed, and all read off, 
and computations compleled. 

1885-86. Diagrams completed, and all read 
off, and computations completed. 

COCAIN . . . . . . . Newl started observatory. No diagrams I read 'o~ yet. 

1885-86. vear ' incomplete, so the 
readings from3the diagrams are not 
read off. 

1885-86. Year incomplete, sd the 
readings from the diagrams are not 
read off. 

1885-86. Year incomplete, so the 
readings from the diagrams are not 
read off. 

1d84.85. Additions of hourly heights 
of each series in hand. 

1885.86. Diagrams completed, and all read 
off, and summationb of series ready.' 

188986. Diagrams completed, and all read 
off, and surrlmations of series ready. 

1885.86.' Diagrams not yet read off. 

1884.85. Calculations completed. 
1985-86. oiagrams not yet read off. 

Newly started observatory. No diagrams 
read off yet. 

VI~AGAPATAM (c l o s e d 1884-85. Additions of hourly heights 1884-85. Calculations completed. 
March 1885). of each series in hand. 

FALSE POINT (closed Sep- 1884.85 Additions of hourly heights 1884-85. Calculations completed. 
tember 1885). of each series in hand. 

DVBLAT . . . 

1884.85. The houdy readings being 1 188i-85. Calculations completed. 
copied from the S series into the 18185-86. Diagrams completed, and all read 
other series. off, and the hourly readings copied from the 

S series into the other series. 

D I A M O N ~ ~ A R B O U ~  (clored 
April 1886.) 

CHIT TAG ON^ . . . . . . , . . Newly started observatory. No diagrams 
read off yet. 

1884-85. The hourly readings being 
copied from the S series into the 
other series. 

MOULMEIN (closed April 
1886). 

PORT BLAIR.  . o 

18848.5. Calculations completed. 
1885-86. Diagrams not yet read off. 

1884-85 The hourly readings being 
copied from the S series into the 
other series. 

1884. Summations of series ready. 

1884-85. Additions of hourly heights of each 
series ready. 

1885-86 Diagrams not yet read off. 

18e4 Calculations completed. 
1885. Diagrams completed, and all read off, 

and the hourly readings from the diagrams 
in hand. 

1884.85 Diagrams ready: but the 
hourly readings not yet completed. 

1884.85. The hourly readings being 
copied from the S series intd the 
other serieg. 

1884-85. Readings of diagrams completed, 
and Ihc additions of the hourly heights of 
each series ready. 

1885-86. Diagrams not yet read off. 

18848s. Calculations completed. 
1885-86 Diagrams completed, and all read 

off, and calculat~ons as far as the end of 

1684-85. Diagrams ready'; but the 1884-85. Readingsof diagrams and compu- 
hourly readings not yet complete. tations completed. I 1 1885.86. Dlagrams not yet read off. 

additions of the hourly heights of each I neries ready. 

The Tide Tables. 

1884.85. Diagrams ready ; but the 
hourly readings not yet complete. 

In addition to  the tidal calculations reported on above, the usual amount of work was 
done in connection with the issue of the Tide Tables which will contain the predicted 
heights and times of every high arid low water during the year 1887 and January 1888, for 
twenty-three ports. As was done last year, the values of the constants have been sent to 
Mr. Roberts in London ready for use. The mode of calculating them was described in the 
Annual Report for 1884-85, and need not be repeated here ; and the method employed far 

1884.85. Readings of diagrams and8compu- 
tations completed. 

1885-86. Diagrams not yet read off. 
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the riverain tides will be found described in the Tide Tables in the prefaces to  the several 
riverain ports. In connection with these riverain tides, and in addition to the data fur- 
nished in previous years, the daily values of the actual and predicted heights and times of 
high and low water a t  Kidderpore, Dublat, Rangoon and Moulmein were sent every month 
to Mr. Roberts, together with similar data for the whole of the year 1885 a t  Elephant 
Point, according to an arrangement made by Major Baird. 

An important improvement bas b,een intrqduced i,nlo the Tide Tables for 1887 by the 
employment ,of a scie,qtific datum which ,has a t  last rendered it possible to fix finally the 
datum for each of the tidal observatories. The following extract from Major Baird's 
preface to the Tide.Tables for 1887 describes the new datum, which has been termed "The  
Indian Spring low water mark :-" 

"The  datum line for soundings adopted by the Admiralty is the ' mean low water of ordinary spring 
tides.' This  term does not appear to have a scientifically accurate meaning with reference to tidal theory, 
but the datum line is usually determined by taking the  mean of such spring tide observations a s  ar,e 
available. 

"It is desirable that  a datum line should possess the following qualifications :-(I) it should be rigorously 
determinable from tidal theory, when complete observations a r e  a t  hand;  (2) it should be sufficient1 low 
to preclude the occurrence of a large depression of the water, a t  any  spring low water, below the Ltu& 
even a t  ports where there is a considerable diurnal inequality; (3) it should, for rough navigational pur- 
poses, be practically the sarne a s  the Admiralty datum. 

"After discussion with Professor Darwin and Captain Wharton,  R. N., the Hydrographer to H e r  
Maje:fyls Admiralty, it has  been agreed to adopt a datum line to be called " T h e  Indian Spr ing low water 
mark. This  datum is defined a s  the sum of the semi-ranges of the principal lunar (M,) a n d  principal solar 
(S,) semi-diurnal tides, and  of the uni-solar diurnal (I<,) and  the lunar diurnal (0,) tides below mean se,a- 
1evel;that is to say A,-[ H of M,+ H of S ,+H of K, + H of 0, ] above the zero of the gauge." 

At some ports the old datum has been retained as differing very slightly from " t h e  
Indian Spring low water mark." At others, including the riverain ports, local considera- 
tions have forbidden the adoption of the new datum. The following table has been 
prepared to show the datum finally adopted a t  each of the tidal observatories. 

Final Datum for each of the Survey of India Tidal Observatories. 

NAME or TIDAL OBSERVATORY. 

Mean of the lowest Ordinary Spring Tides, via., 72  feet 
" Town Hall Datum " . . . . . . .  

MormugAo Harbour Works Datum, or the sarne level as  

Datum to which the hclphts in  the Tide Tablee for 18.87 are referred. 

ADEN . . .  
KURRACHEE . . . I  

. . . .  OKHA 

KATHIWADAR (or Shiyalbet)t . 

. . . . . . . .  ordinary springs 
Indian spring low water mark . . . . . .  

. . . . . .  Mean low water ordinary spring tides 

. . . . . .  Kurrachee Harbour Works Datum 

. . . . . . .  Indian Spring Low Water Mark 

Do. do. do. . . . . . . . .  

Do. do. do. . . . . . . a  

Do. do. do. . . . . . . .  
Do. do. do. . . . . . . .  
Do. do. do. . . . . . . .  
Do. do. -do. . . . . . . .  
Do. do. do. a , . . . . .  

Do. do, do. . . . . . . .  

Datum 
below Mean 
Sea-lcvcl. 

FALSE POINT . .  
DUBLAT . .  

DIAMOND HARBOUR . .  

Feet. 

4'226 

5'183 

7'149 

6 5 0 8  

Lowest low water recorded by the self-registering tide gauge 
between 1880-85 . . . . . . . . .  

Level of the zero of the Kedgeree gauge-Datu~n for River Survey 
Chart< of S a u ~ o r  Island . . . . . . . .  

Level of Sill of Kidderpore Dock . . . . . . .  
KIODERPORE . . a I Do. do. do. . I  . . . . . .  el0686 

ELEPHANT POINT . . 

RANGOON . 
AMHERST . . .  

I - - - -- - - - - - - -- -.L 
NOTE.-These are reckoned from M -an Rlve r  I cvcl-not Sea I cvcl 

t ,, Thll I#  not an obaervatory of the Survey Deparl~nenl, bu t  appcrtalno to the Bhavnagar State. 

Datum to be adopted by Rivcr Surveyor, corresponding very nearly 
to the lowest recorded low water and 24 feet exactly below B. M. A .  
at the observatory . . . . . . . . .  

Zero of the graduated staff at Brooking Street Wharf-Datum used 
by the River Surveyor . . . . . . . .  

Mean low water ordinary spring tides . . . . . .  
MOULMEIN . . .  
PORT B L A I R  . 

2 feet 8 inches lower than the mean low water ordinary Spring 
Tides . . . . . . . . . . .  

Indian Spring low water mark . . . . . . .  



No. I. 

Statement showing the P e r c e n t y e  and the amount of t lre  Errors  in  the Predicted Times 
of High Mfater nt the various Tidal  Stations f o r  the ),ear 1885. 

-- .- -- -- - 1 ~ ~ ~ $ ~ , $  1 Errors of 1 Error, eve- Errors over 1 rrrors  o w r  1 
the s rnlnntcs 15 miuotes mlnutrs Errors over 

and undcr and under and under 30 minutes. 
aclua' and pre. and 15 rnlnates. t o  rnloutes. so mlnutes. 
dicted values. 

Aden . . . . .  
Kurrachee . . .  
Bombay . . .  
Negapntam . . .  
Madras . . . . .  
False Point . . . .  
Dublat . . . . .  
Diamond Harbour . . .  
I<idderpo:-e . . . .  
Elephant Point . . . .  
Rangoon . . . . .  
Amherst . . . . .  
Moulmein . . . . .  
Port Blair . . . . .  

Per cent. 
2 0  

39 
4 1 
3 7 
I 6 
37 
40 
35 
3 7 
32 
37 
21 

3 7 
37 

705 
705 
7 05 
614 
705 

469 705 
705 
706 
705 
692 
664 
705 
69 2 

Per cent. 
... 
8 

1 I 

14 
13 
14 
15 
13 
12 
10 

14 
10 

14 
10 

Per cent. 
80 
43 
42 
2 2 

17 
29 
25 
30 
24 
15 
22 

52 
20 

32 

No. 2. 

Per cent. 
... 
7 
5 

17 
29 
I I 

15 
16 
18 
20 
I 8 
9 

'9 
9 

E r r o r s  in the Predicted Tintes of Low Water .  

Per cent. ... 
3 
I 

10 

25 
9 
5 
6 
9 

23 
9 
8 

I 0  
1 2  

dlcled values. 

A d e n .  . . . . .  
Kurrachee . . . . .  
Bombay . . . . .  
Negapatam . . . .  
Madras . . . . .  
False Point . .  
Dublat . . . . .  
Diamond Harbour . . .  
Kidderpore . . . .  
Elephant Point . . . .  
Rangoon . . . . .  
Arnherst . . . . .  . . . . .  Moulmein . . . . .  Port Blair 

Per cent. 
'9 
40 
40 
28 
18 
36 
35 
3 1 
35 
14 
33 
2 I 

4 1 

36 

Per cent. Per cent. 
... 
9 
9 

2 1 
26 
12 
20 

2 1 
I 8 
13 
2 0  
I 6 
9 

10 

Per cent. ... 
3 

No. 3. 

Statement showin,o the Percerrtnfe and the a)rtount of tlie Errors  in  the Prcdr'cfed HeQhts 
of High Water  a t  the cario~rs  Tidnl Stntions f o r  tlre year 1685. 

-- -- - . 

Number 
o f  comparisons Errors of I Errors over 4 Errors over B Errors I ,  

S T A T I O N .  hetweenthe 1 in~;;;~;nd 1 Inch. and 1 lnchcs and 1 
actual and pre- under 8 Incltes. under 1 2  Inches. inches' 

dictcd raluec. 

Aden . 
Kurrachee . . 
Bombay . - 
Ncgapatam . 
Madras . . 
False Point . 
Ilublat . . 
Diamond Harbour 
Kidderpore . 
Elephant Point . 
Rano,oon . . 
Amhrrst . . 
Moulmein . . 
Port Ulair . . 
- .- . . -. 

Per cent. 
92 
8 2 

67 
3 '  
63 
55 
57 
42 
2 7 

I 

50 
27 
4 1 

Per cent. 
8 

Per cent. ... 
2 

7 
16 
3 
7 

1 0  

I 6 
19 

I 

I 2  
13 
15 ... 
- -- - - - --- 

Per cent. 
... 

I 
I 

! 
... 

4 
16 
29 
97 

Y 
16 
19 ... 
- 



No. 4. 

VALUES O F  T H E  TIDAL CONSTANTS, ADEN, 1884-85. 

The following are the amplitudes (R)  and epochs (<) deduced from the 1884-85 obser- 
vations at Aden ; and also the mean values of the amplitudes ( H )  and of the epochs (a) 
for each particular tide evaluated from the 1884-85 observations :- 

Et-rors 2'11 the Prcdicfed  height^ o f  LOZU Wntev. 

Short Period Tides. 

A,= j.849 feet. 

. 

Errors over 4 
Inches and 

under 8 inches. 

Per cent. 
12 
20 
2 8 
49 
14 
2 7 
24 
33 
24 
9 
26 
10 

31 
11 

- -- 

-- -- 

STATION. 

Aden . . . . . 
Kurrachee . . . . . 
Bombay . . . . . 
hegapatam . , . . 
hladras . . . . . 
False Point . . . . 
Dublat . . . . . 
Diamond Harbour . . . 
Kidderpore . . . . 
E1ephar.t Point . . . . 
Rangoon . . . . . 
Arnherst . . . , . 
Moulmein . . . . 
Port Blair . . . .  

- 

Errors ovrr 8 
Inches and 

under 1 2  Inches. 

Per cent. 
. . . 
4 
5 
22 
I 
8 
12 

13 
13 
9 
26 
12 

17 
3 

- 

,, 
i"ChC3' 

Per cent. 
... 

I 
I 
8 

... 
I 
8 
7 

29 
72 
21 

67 
18 
2 

. -  

Number 
of comparisons 

hclween tht  
acteal and pre- 

dictcd values. 

706 
707 
705 
614 
7'35 
4 70 
7'35 
7% 
705 
705 
69 1 
66 j 
7O5 
690 

. 

Errors of 4 
lnchce and 

,under, 

Per cent. 
88 
75 
66 
2 I 

85 
64 
56 
47 
31 
10 

27 
I I 

34 
81 

- -- .- 



xxxviii 

Long Period Tides. 

The  value of (Ad the mean level of the sea for 1884-85 is 5'849 feet  above the zero 
of the gauge, and is the highest yet  obtained ; last year it was 5.800 feet. 

The mean amplitude (H) of the main lunar tide (M?) is 1.581 feet  ; it is almost iden- 
tical with the value obtained last year, vis., 1.588, which is the highest value obtained a t  Aden. 
The epoch of this tide is ~ 2 4 ~ ' 9 8  and corresponds very closely to that of the previous year, 

The main solar tide (S,) has an amplitude of 0'700 feet  and agrees well with the values 
obtained in ~ r e v i o u s  years; its epoch, too, is about identical with that of the past year. 

The main diurnal tide (K,) has a mean amplitude of 1'303 feet,  which is almost exactly 
the mean of the values obtained in the previous five years. Its epoch is 31O.24 and is the 
smallest value yet obtained. 

The proportion of the main solar tide (S,) to the main lunar tide (M,) is again 44 
per cent. ; theoretically it should be 47 per cent. 

The principal diurnal tide (K,) is 82 per cent. of the main tide, somewhat lower than 
the proportion obtained last year, v i ~ . ,  83 per cent. ; theoretically it should be 58 per cent., 
but a t  Aden this tide has always been found to be very large. 

The  proportion of the smaller lunar elliptic tide (L,) is this year 0'030, and accords 
well with the theoretical value 0.028 ; the latger elliptic tide (N,) is 0.275 of the main tide, 
which is slightly larger than the proportion obtained last year, 0.266, and approaches the 
values of 1879-80 and 1880-81 ; the theoretical proportion being 0.194. 

The  smaller evectional tide (A,) is this year 0.023 of the main tide, and approaches 
the 1881-82 proportion, the largest yet  obtained ; theoretically it should be 0.007, last 
year it was oeoog of the main tide. 

The larger evectional tide (v,) has a proportion of 0.099, which is identical with the 
value obtained in 1879-80 and is nearly three tlmes the theoretical proportion 0.038. 

With regard to  the diurnal tides the proportions to the main tide are as follow :- 

Lunar Monthly Tide . ' . 
,, Fortnightly ,, 

Luni-Solar ,, 1 I 

Solar-Annual , I  . 
,, Semi-Annual ,, 

I Aden. 1884-85. I Theoretical. 

0.044 
0.008 
0.020 
0.367 
0.102 

value, 0'046. 
The luni-solar fortnightly tide is 0.012 of the main tide, and this is the largest value 

vet obtained of this tide : theoreticallv it is 0.007 of the maill tide. 

. . . . . . . .  Luni-Solar K I . . . . . . . .  Lunar MI 
Solar Declinational PI . . . . . . . .  . . . . . . . .  Lunar ,, 0 I . . . . . . . .  Lunar Ellipt~c J I 

. . . . . . . a  Solar ,, Q I 
-. 

' m he lunar fortnightly tide has ihis year th'e smallest pro ortion to the main tide that 

main tide : the mean of the last five years is 0.031. 
P nas yet been obtained, vis., 0.008 of the main tide . theoretica ly it should be 0.086 of the 

47O.57 
275.50 
I 16.43 
14'51 

195.66 

-- - - - -- -- 

From which it will be seen that the largest component (K,) is nearly half as large again 
as its theoretical value ; that the next larger component (0 , )  agrees well with the theo- 
retical proportion ; and that the remaining diurnal tides are frorn I to 6 per cent. greater 
than the theoretical value-a result which accords well with the proportions hitherto 
obtained ; the value of (MI) however is the largest yet  obtained a t  this port. 

As usual a t  this port, the overtides are all quite insignificant, wrth the exception of 
the tor-diurnal lunar tide (MJ, which, though barely appreciable, seems clearly to exist, as 
year by year this overtide is found to have an amplitude of 0.01 of the main tide, a value 
which agrees with theory: its epoch, as determined from six years' observations is 
about 209'. 

The  compound tides (M,K,),, (MS),, (2 M,K,),, (M, N),, (zSM), are as usual very 
small, and are almost identical wlth last-year's values. 

Of the long period tides, the solar annual has the greatest amplitude, and is again this 
year 23 per cent.  of the main t ide ;  its time of maximum is 10 days later than was 
obtained last year, v ~ s . ,  the 17th March. 

The solar semi-annual tide is again 7 per cent. of the main tide, and its epoch con- 
tinues to be variable. 

The  lunar monthly tide is 0.025 of the main tide, and just about half the theoretical 

0.824 
'053 
'2.52 
'424 
.063 
'09 1 

0'039 
0.0 12 

0'01g 
0'367 
0.102 

0'584 
'036 
'193 
'415 
'033 
'oso 

53O.33 
35'75 

264.87 
356.05 
158.75 



xxxix 

VALUES OF T H E  TIDAL CONSTANTS, KURRACHEE, 1884-85. 
The following are the amplitudes (R )  and epochs ({) deduced from the 1884-85 obser- 

vations at Kurrachee ; and also the mean values of the amplitudes (H) and of the epochs ( K )  

for each patticular tide evaluated from the 1884-85 observations :- 

I 
.- - I I I 

The mean level of the sea (A,,) is 7 193 feet above the zero of the gauge, and very slightly 
higher than last year's value, 7,192. 

The main lunar tide (M,) has a mean amplitude of 2.546 and is 0.02 foot less than the 
value obtained last year: its epoch is almost identical with the values obtained for the pre- 
vious 4 years. 

The main solar tide (S,) has an amplitude of 0.963 foot, or just 0.01 foot more than 
it was last year, and almost identical with the value obtained in 1880-81, 1881-82, and 
1882-83 : its epoch too compares very well with those of the previous six years. 

The main solar tide (S,) is 0'378 of the main tide-a ~roport ion which accords well 
with those of former years: its theoretical proportion is 0.465. 

The luni-solar semi-diurnal tide (K,) has again this year a proportion nearly equal to  
the theoretical. 

The two lunar elliptic tides (N, and L,) are respectively 23 and 3 per cent. of the 
main tide ; these proportions are similar to what generally' obtained a t  Kurrachee : the 
theoretical proportions of these tides are 19  and 3 per cent. 

The larger evectional tide (v?) is this year nearly double the theoretical proportion, 
being 0.07, while the theoretical is 0.038; last year it was only 0.01, but ttiat was the lowest 
value obtained a t  Kurrachee. 

The smaller evectional tide (A,) is this year 0.026 of the main tide ; this is the largest 
value obtained since 1878-79, and is about lour times the theoretical value, which is 0.007. 

The lunar elliptic tide of the second order (2N2) is 0.033 of the main tide ; last year 
it was 0.043 : the theoretical proportion is o 026. 

Short Period Tides. 

A, = 7'198 feet. 

H = R =  0.055 R = 0'050 R = 0.090 
K = ( =  182O.90 5 = 282O.74 { = 200°.29 

H =  0111  

R = 0.002 R = o 026 

H = ' R =  0001 

K = 5 = 240°.26 { = 146O.02 

H = 0'042 

H = 0.029 
K = 20°.56 

Long Period Tides. 
- 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, I )  . 
Solar-Annual ) I  

,, Semi-Annual ,, . 

1; 

63O.08 
161 ,g3 
5 1'29 
4.18 

' 81.28 

-- 

R 

o 031 
0.037 
0.038 
0.139 
0'137 

H 

0.027 
0,058 
0.037 
0' I39 
0,137 

K 

I 18O.88 
33'82 

196.87 
43'8 1 

160.55 



The variational tide (p,) has a proportion of 0.016 to the main tide, a value very 
s imi l a r  to what was obtained in 1882-83, via., 0'015 : the theoretical proportion is 0.024. 
Since 1878-79 it is noticeable that the proportions are alternately about 0.016 and 0.03.. 

solar elliptic semi-diurnal tides (1': and R?), which are only evaluated every alter- 
nate year, were calculated : the former is found to be 5 per cent. of the main tide and 
nearly double the theoretical proportion, and the latter is insignificant as usual. 

The principal diurnal tide (K,) is as usual 51 per cent. of the main tide, while the 
theoretical proporlion is 58 per cent. 

The lunar declinational tide (0,) and the solar declinational tide (PI) are respectively 
26 and 16 per cent. of the main tide, and accord well ~v i th  the previous values : the theore- 
tical proportions of these tides are respectively 42 and 1 9  per cent. of the main tide. 

The remaining diurnal tides (Q,, J, ,  MI) are 4, 3 and 2 per cent. of the main tide ; 
theoretically they should be 8, 3 and 4 per cent. S O  that (Q,) and (MI) are each half of what 
they sllould be ; and (J,) is identical with the theoretical value. (S1) is slightly lower in its 
Drooortion to the maln tide than it mas last year; but there is no theoretical value to  
' L  

compare it with. 
The overtides ( M J ,  (M,), and (Me) are respectively I ,  I ,  and 2 per cent. of the main 

tide ; and these proportions are generally obtained. Of the remaining overtides (5,)) (S,) 
are insignificant; and (MB) and (S,) have altogether vanished this year. 

The  compound tides are all insignificant, the greatest being (WI, N),. 
The lunar monthly and lunar fortnightly tides agree in their proportions to the main 

tide with the values obtained last year; they are  both less than the theoretical proportions, 
but this is usually the case a t  Kurrachee. 

The luni-solar fortnightly tide is this year 0'015 of the main tide and double the 
theoretical value. 

The  solar annual tide is 0.055 of the main tide, and just 2 per cent,  more than it was 
found to be last year. 

The solar semi-annual tide is 0'054 of the main tide, or about one per cent. more than 
the theoretical value and 2 per cent. less than last year. 

With regard to the epochs of the luni-solar fortnightly, the lunar monthly and the 
lunar fortnightly, they are all as usual very divergent. The epoch of the solar annual is 44') 
or about 5' later than last year ;  and that of the solar semi-annual is 160°, or roo earlier 
than last year. 

VALUES O F  T H E  T I D A L  C O h S T A N T S ,  BOMBAY, 1885. 
The  following are the amplitudes (R)  and epochs (<) deduced from the 1885 obser- 

vations at  Bombay; and also the mean values of the amplitudes (H) and of the epochs (K) 
for each particular tide evaluated from the 1885 observations :- 

Short  Period Tides. 

A, = 10.304 feet. 



Lonf  Peviod Tides. 

Lunar Monthly Tide  0.029 47O.08 0.026 63O.58 
,, Fortnightly ,, . 0.052 208.27 0.083 49'34 

Luni-Solar ,, 1 1  . 0'054 268'03 0.052 268.04 
solar- Annual 11 0.042 177'75 0.042 98-85 

,, Semi-Annual ,, . 0.042 18'95 0.042 221.16 

T h e  value of (A,,) the mean level o l  the  sea  a t  Bombay is this year 10.304 feet above 
the zero of  the  gauge ; it is the largest value yet obtained, being 0.047 foot higher than 
the mean of the two preceding years, and nearly + v t l ~ s  of a foot above the  mean of the  
seven previous years' observations a t  this station. 

The  mean amplitude (H) of the main lunar t ide (bl,) is almost identical with the  value 
obtained last yea r :  it is 4'072 feet ,  \vhile last year it was 4.071 feet. T h e  epoch of this 
tide is this year 1 4  degrees more than last year's value; but the  greates t  discrepancy 
between the  epochs of this tide for any two years does not exceed 2°.28, or less than 
5 minutes in time. 

T h e  amplitude of the  maill solar title (S,) is identical with the  value obtained in 1880 
viz., 1'627 f e e t ;  and is only 0.003 foot less than the mean of the  whole eight years' observa- 
tions. T h e  epoch ( K )  of this tide is 2O.87 ; last year it was 1O.48, but that was an  excep- 
tionally low value; and the value now obtained agrees very well with the  mean (2O.81) 
of  the several years' observations. 

T h e  proportion of the  main solar tide t o  the main lunar t ide is 0.400, and is very 
accordant with the  mean proportion from the  several years' values, viz., 0'402 ; theoreti- 
cally it should be  0.465 of the main title. 

T h e  luni-solar semi-diurnal tide (K,) is this year 10 per cent: of the  main t ide,  
which proportion is generally obtained : theoretically it should be 13  pe r  cent. T h e  
epoch of this tide is 346' and is the lowest yet  obtained, but  does not differ by more 
than 5' or 10 minutes in time from the  mean of all the values of the  epoch a t  this place. 

T h e  proportion of the larger component (N,) of the  lunar elliptic semi-diurnal tides 
is 0.244 of the main tide, which is identical with the  1880 proportion, and very  accordant 
with the other years' values, which have been from 5 to  6 per  cent.  greater  than the  
theoretical value. 

T h e  epoch is 312O.5 and agrees very well with the three  preceding gears '  va lues ;  
and the greatest  difference between any two years' values does not exceed 4 or  8 minutes 
in time. 

T h e  smaller component (L,) of the lunar elliptic semi-diurnal tides is this year only 
I per cent. of the main t i d e ;  in 1883 it was also r per cent. ; but the  value of this t ide 
varies between I and 3 per cent. and in 1882 it was very nearly 4 per cent. of the main 
tide. 

With regard to  the  evectional semi-diurnal tides, the  larger component ( v , )  has a 
proportion of 0.013 of the  main tide, the smallest proportion yet obtained : theoretically 
it should be 4 per cent. T h e  smaller component (A,) is a s  usual quite insignificant. 

T h e  lunar elliptic tide of the second order (zN,) bears very nearly the same pro- 
s or ti on to the main tide as it did last year, and is about I per  cent.  greater  than the  
theoretical value, 0.025. 

The  solar elliptic semi-diurnal tides (T, and &), which are  only evaluated every alter-  
nate year, are  respectively 0.058 and 0.007 of the main tide ; the former is a little more 
than tlouble the tlieoretical value and agrees with the proportion obtained in 1881 ; and 
the latter agrreb with all the previous values. 

'I'lie variational tide (p?) is 0.044 of  the main tide,-a value nearly twice a s  great  
as theory gives ;  but this proportion has always been obtained for  this tide a t  Bombay. 

The  diurnal tides are all slnaller in their proportion to  tile main tide than the theoreti- 
cal values ; but the values n:.c \.cry accordant with those u s u ~ l l ~  obtainrtl, and the follow-- 
ing tahle slio\rs the proportions of  the principal diurnal tides to the main tide for the 
year I 885, f'omparctl \vith tllc tllcorctiral values :- 

. -- - - - -- -. - - -  .-=--<>-=-v . .- 

Bornhay, ISSF. I Tileoretial. 

Solnr 
Solnr ellil 
Lunar 
I>un:lr dil 



The epochs of the first three (K,, O,, and P,) agree very well with those previously 
obtained, in fact they are very accordant year af ter  year;  but those of the other three 
tides vary as follow : -(Ql) from 36' to  60°, (1,) from 40' to  8g0, and (MI) from rgO to 105. 

The  proportions of the overtides of (S) and (M) are all nearly identical with the 
values found in former years. 

W ih regard to the compound tides, (M, KJ3 is this year z& per cent. of the main 
tide, while in the two previous years it was under I per cent.; theoretically it should be 
12  per cent.; (M S),, (aM,K,),, and (2 S M)* agree with the proportions hitherto obtained; 
and (M, N), is 3 per cent. of the main tide ; last year it was 2 per cent. and theoreti- 
cally it should be 4 per cent. 

Of the long period tides, the lunar monthly and the luni-solar fortnightly agree 
with the proportions obtained last year, and are  each I per cent. of the main tide: the 
latter is very nearly the theoretical roportion, but the former is about 3 per cent. less P than it should be, and this is general y found to be the case. 

The lunar fortnightly tide has this year a proportion of 6'020 of the main tide, the 
largest yet obtained, but does not differ much from the value, 0.017 obtained in 1878; 
theoretically it should be 0.086 of the main tide. 

The solar annual tide is o.010 of the main tide ; the proportions of this tide are very 
divergent, the smallest being 0.008 and the largest 0'064 of the main tide. The epoch 
of this tide is for this year 98', which is 18' less than the value obtained in 1878; between 
these two years, however, the values were very different and varied between 285' and - - -0 
355 . 

The  solar semi-annual tide has this year a proportion of o.010 of the main tide, the 
lowest yet obtained; theoretically it should be 4 per cent. The epoch is 221°, or about 
12' more than last year and very accordant with those of 1879 and 1882; the times of 
maxima remaining between the t ~ t h  June and 16th July, and the 11th December and 
16th Jaauary. 

VALUES O F  T H E  TIDAL CONSTANTS, MORMUGAO, 1885-86. 

The  followihg are the amplitudes (R) and epochs (<) deduced from the 1885-86 obser- 
vations at  Motmugdo; and also the mean values of the an~plitudes (H) and of the epochs 
(K) for each particular tide evaluated from the 1885-86 observations :- 

Short Period Tides. 
- - . . -- - - 

Aa=5'577 feet. 



Long Period Tides. 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, )1 . 
Solar- Annual )) 

,, Semi-Annual ,, . 

The value of ( A,), the mean level of the sea, is 5'577 feet above the zero of the 
gauge, or 0.065 foot greater than last year's value. 

The mean amplitude (H) of the main lunar tide (M,) is 1.820 feet, or 0'054 foot more 
than last year, and its epoch is 5' less than that obtained last year. 

The main solar tide (S,) has an amplitude of 0.641 foot, which is almost the same as 
the preceding year's value, 0.638 ; the epoch of this tide is 332O.23 ; last year it was 336O.75. 

The luni-solar tide (K,) is this year also 10 per cent. of the main tide, while the 
theoretical proportion is 13 per cent. 

The lunar elliptic tides (N, and L,) are  24 and 3 per cent. respectively of the main 
tide : the former agrees with the value obtained last year, and the latter with the theoreti- 
cal proportion. 

The larger evectional tide (v,)  is 0.057 of the main tide, last year it was 0.087 of the 
main tide ; the theoretical proportion of this tide is 0*038. 

The smaller evectional tide (A,) is insignificant and agrees well with the theoretical 
proportion. 

The lunar elliptic tide of the second order (2N,) agrees with the value determined 
last year ; and is only I per cent. greater than the theoretical proportion. 

The two solar elliptic tides (T, and R,) have for the first time been deduced this year; 
the former is 4 per cent. of the main tide, while theory gives 3 per cent. and the latter 
is insignificant. 

The variational tide has a proportion of 0.023, which agrees very well with th r  
theoretical proportion, 0.024. 

Regarding the diurnal tides, the luni-solar (K,), the lunar declinational (O,), and the 
solar declinational (PI) have very nearly the same proportions to the main tide as were 
obtained last year. The solar elliptic tide (Q,) is 7 per cent. of the main tide; the 
lunar elliptic tide (1,) is 5 per cent. and the lunar diurnal tide (M,) is 3 per cent.; 
theoret~cally they should be 8, 3 and 4 per cent. respectively. 

The epochs of the several diurnal tides agree very well with those determined last 
year, the greatest difference being in (Q,) of 1 2 4 ~ .  

The proportions of the several overtides are almost precisely the same as those found 
last year, and are all insignificant with the exception of the lunar (M,). 

The proportions of the compound tides also agree very closely with those of last 
year. 

The lunar monthly tide has a proportion of 0.016 of the main tide, whereas by theory 
it should be 0.046 ; last year it was 0.027. 

The lunar fortnightly tide is 0.041 of the main tide, or about half what theory assigns 
as its value ; last year it was 0'027. 

The luni-solar fortnightly tide is 0.031 of the main tide ; last year it was found to be 
0.012, and by theory it is quite insignificant. 

The solar annual tide is oaogr of the main tide, or just about half of what it was 
found to be last year. The epoch of this tide for this year is 333', thus the time of 
maximum is 26 days later than last year. 

The solar semi-annual tide is 0.030 of the main t ide;  last year it was 0.04~-a value 
which is almost identical with theory: its epoch is 67' against 162'-last year's value. 



VALUES OF T H E  TIDAL CONSTANTS, MADRAS, 1884-85. 

The following are the amplitudes (R) and epochs (1;) deduced from the 1884-85 obser- 
vations a t  Madras ; and also the mean values of the amplitudes (H) and of the epochs ( n )  
for each particular tide evaluated from the 1884-85 observations :- 

Short Period Tides. 

A, = 2.134 feet. 

Lonz Period Tzdes. 
-- - - - - 

I 

Lunar Monthly Tide . 0.0 I q 1 40°.77 
,, Fortnightly ,, . 0.0 I ?  3.88 

Luni-Solar ,, ,, , 0.027 I 8'02 
Solar-Annual ,, . . 0.366 264'20 

,, Semi-Annual ,, . 0.362 235'63 

'The mean level of the sea (4,) is 2.134 feet above the the zero of the gauge, which is 
the lowest value of all the tive years' observations at  this por t ;  it differs by 0.055 foot from 
the mean of the three preceding years' values, wl~ich are very close to one another, and 
by over one-tenth of a foot from the first year's value. 

The  main lunar tide M,) has a mean amplitutlc (H)  of 1.058, which is the largest yet 
obtained, but does not differ by more than o 013 foot from the mean of the preceding four 
years' values. Its epoch this year 1s about 2' less than it was last year, ant1 almost the 
same as that found in 1882-83. 

The  mean amplitude ( I { )  of the main solar tide (S,) is also higher than the values 
hitherto obtained, but only differs by o.010 foot from the mean value: its epoch, howevrr, 
is very nearly the same as last year, and the grentrst difference in the epochs of this tide 
during the five years' observatiol,~ is 5O, or ro rninutcs in time. 

The proportion of the main solar tide to the main lunar tide is 0'425 ; it is a ln~ost  idt,n- 
tical with last year's value and only slightly exceeds the mean of all the values previously 
obtained. 

The luni-solar semi-diurnal tide (K,) has a proportion of 8 per cent. of the main tide, 
theoretically it should be 13 per cent., last year it was I I per cent. 

The two lunar elliptic titles (ISz and Lp) are 25 and 3 per cent. of the main tide re- 
spectively, proportions which accord fairly well with those hitherto found ; the former is 6 



per cent. more than the theoretical proportion, and the latter corresponds with the theoreti- 
cal proportion. 

The larger evectional tide (v,) is this year 14 per cent. of the main tide, which is 
almost doublr the proportion obtaitied last year, and four times the theoretical proportion. 

The value of the smaller evectional tide (A,) :s 7 per cent. of the main tide, the largest 
oronortion vet obtained, and about 10 times the theoretical proportion. 
L I 

The 1;nar elliptic'tide of the second order (2N2) is abdut double what theory assigns, 
and slightly larger than it was found to be last year. 

The values of the two solar elliptical tides (Tz and R,), which are only evaluated every 
alternate year, have not bren determined this year. 

The variational semi-diurnal tide (p,) is 6 per cent. of the main tide, and about 24 

times its theoretical value ; hitherto the proportions have been from 3 to 5 per cent. 
The main diurnal tide (K,) is 28 per cent. of the main tide, which has always been 

found to be the case at  this port ; theoretically it should be 58 per cent. 
The lunar declinational tide ( 0 , '  and the solar declinational tide (P,) are each about 

l o  per cent. of the main tide, proportions very similar to those previously found,  theoreti- 
cally they sl~ould be 42 and 19 per cent. 

The solar elliptic diurnal tide (Q,) and the lunar elliptic tide (J,) also agree in their 
~ r o ~ o r t i o n s  LO the main tide with those previously obtained. 

The lunar diurnal tide (M,) is 0.036 of the main tide, which is the theoretical propor- 
tion, hitherto the proportions have ranged from 0.001 to 0.018. 

The solar diurnal tide (S,) has a proportion of 0'053, last year and in 1881-82 it was 
just half of this amount, while in 1882-83 it was 0.01 I ,  and in 1880-81, 0'035 of the main 
tide. 

The overtides at  Madras as usual are insignificant, the value of (M,) has, however, 
gone up to 0.018, whereas formerly it ranged from 0.001 to 0.005. 

Of the compound tides, the quarter diurnal tide (M,N), is the largest this year, it is 
0.096 of the main tide, while last year it was 0.039, which latter is as nearly as possible the 
theoretical proportion. 

With regard to the long period tides, the lunar monthly and the lunar fortnightly a re  
each 0.016 and 0.019 of the main tide, which are the smallest values yet  obtained a t  
Madras ; theoretically they should be 0.045 and 0'086. 

The value of the luni-solar fortnightly t ~ d e  agrees well with the values of the three pre- 
vious years, and is considerably over the theoretical value. 

The solar annual is 0'346 of the maln tide, last year it was just hslf of the main tide, 
and the mean of the tirst three years is a close approximation to this year's value. The 
epocl~ of this tide is 2 1 5 , ~  which would make its time of maximu~n about rg days earlier 
than it was last year. 

The solar semi-annual is 0'342 of the main tide, last year it was 29 per cent. and in 
the three previous years it was 25 to 36 per cent. of the main tide, while tl~eoretically it is 
insignificant. The epoch of this tide is this year 137O.4, and the times of maxima are about 
the 25th May and 25th November. 

VALUES O F  T H E  TIDAL CONSTANTS, VIZAGAPATAM, 1884-85. 

The following are the amplitudes (R) and epochs (3) deduced from the 1884-85 
observations at  Vizagapatam ; and also the nrcan values of the amplitudes (H) and of the 
epochs ( K )  for each particular tide evaluated from the 1884-85 observations:- 



Shor t  Period Tides-contd. 
..~-~ . . ~ 

A,=4 ,630 e.1 

Long Period Tides. 

I R I 1 : I H I K  

T h e  value of the mean level of the sea (A,) is 4.63 feet above the zero of the gauge, or 
about 0.18 foot lower than it was in the three preceding years and double this amount lower 
than the 1879-80 value. 

T h e  mean amplitude (H) of the main lunar tide (MI) is practically the same as that 
determined last y e a r ;  the epoch, too, agrees very well with previous values. 

The  main solar tide (S,) has an amplitude of 0.625 foot, which is the lowest value 
obtained, but it does not differ by more than 0.049 foot from the value obtained in 1879-80, 
which is the highest: its epoch is very accordant with former values. 

T h e  main solar tide (S,) has a proportion of 0'427 of the main tide, the lowest yet 
obtained, but it does not differ by more than 0.018 from the mean of the other five years, 
and 0.038 from the theoretical proportion, which is 0.465. 

The  luni-solar semi-diurnal tide (K,) is 11 per cent. of the main tide, which agrees 
very closely with the proportions of all the other years, with the exception of that for 
1882-83, when it was 21 per cent. of the main t ide;  theoretically it should be 13 per cent. 

0 t  the two lunar elliptic tides (N,) the larger is 20 per cent. of the main tide, which 
agrees with the theoretical proportion fairly well, and also with the proportions previously. 
determined : the smaller component (L,) is this year lust 5 per cent. of the main tide, and 
about double the theoretical value, 0.028 ; the former values vary between o,org and 0.061. 

The larger evectional tide (v,) is 0.065 of the main tide, last year it \\.as I per cent. 
greater, theoretically it should be 0.038 of the main tide; in 1881-82 it was quite insignificant, 
while the following year it was as much as  0'088 of the main tide. The smaller evectional 
tide (A,) is 0.027 of the main tide-just four times its theoretical value ; last year it was 
slightly more than the theoretical proportion, and in the four years preceding it, it was 
double what it should be. 

The  lunar elliptic tide of the second order (zN,) is 0.038 O F  the main tide, or about I per 
cent. more than the theoretical proportion, which was obtained last year. 

The  solar elliptic tides (T, and R,) have been evaluated this year. (TI) is 0.025 of 
the main tide, which is the theoretical proportion, the two former values were 0.056 and 
0.014 ; the mean of the 3 values, however, is very close to the theoretical value : the tide 
(R,) is 0.017 of the main tide, and this agrees fairly well with the other two values, 0.027 
and o.010. 

The  variational tide (p,) is this year slightly more than the theoretical proportion ; 
and the whole of the pro ortions agree very well with one another. 

The proportion of al 7 the diurnal tides are  very nearly the same as those found last 
year, and are  all smaller than the theoretical proportions, which is the case in the whole of 
the six years' observations a t  this port. 

T h e  epochs of three of the diurnal tides (MI, Q, and J , )  differ rather largely from the 
previous year's value, but those of the remaining four (K,, O,, P, and S,) are fairly 
accordant. 

Lunar Monthly Tide . 
,, Fortnightly ,, 

Luni-Solar ,, ,J 

Solar- Annual ) I  . 
,, Semi-Annual ,, 

0.01 I 

0,047 
0'020 

0.694 
0'350 

21O.52 
31 8.02 
240'77 
229'62 
222.98 

0.0 10 

0'073 
0.0 r g 
0'694 
0'350 

7O.00 
31.98 
39'49 

182.48 
128.64 
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The lunar and solar diurnal overtides are as usual all very small, and call for no 
special remark, which is also the case with the compound tides. 

Regarding the long period tides, the lunar monthly tide is quite insignificant this year; 
during the other years of observations it ranged from a little over I per cent. to 5 per cent. 
of the main tide, the theoretical proportion being 0.046. . 

The lunar fortnightly tide is 5 per cent. of the main tide, and agrees with last year's 
value, the theoretical proportion is 0.086, but in the first four years the proportions were - - 
much. smaller. 

The luni-solar fortnightly tide is 0.013 of the main tide, a little more than the value 
obtained last year, but almost identical with that of 1880-81, theoretically it should 
be 0.007 ; in the first year of observation it was 5 per cent. of the main tide. 

The solar-annual tide is 0.475 of the main tide, which corresponds with the mean of 
the other five years' values : the greatest difference in the epochs of this tide is about 21'. 

The solar semi-annual tide has very nearly the same proportion to the main tide as 
was found last year, viz., 24 per cent.; theoretically it should be only 4 per cent., but the 
values of this tide have never approached the theoretical, but ranged from 17 to 31 
per cent. 

Its epoch this year agrees with last year's and with that obtained in 1880-81 very 
closely; and its times of maxima appear to be about the 20th May and 20th November. 

VALUES O F  T H E  TIDAL CONSTANTS, FALSE POINT, 1884-85. 

The following are the amplitudes (R) and epochs (<) deduced fiom the 1884-85 ob- 
servations at  False Point ; and also the mean values of the amplitudes (H) and of the 
epochs (K) for each particular tide evaluated from the 1884-85 observations :- 

Short Period Tides. 

A = ,7'492 feet. 

H = R =  0.008 R =  0'004 R =  0.004 R =  0'099 
<= 214O.88 <= 38O.62 

H =  0.004 H= 0'099 
K =  142'18 K =  280°.00 

R =  0.005 
<= 77O.01 

R =  0'140 

H= 0.066 H =  0.050 
K = I  2260 80 K =  341'23 K =  272O.09 K =  240°'22 

R =  2'320 R =  0.220 R =  0'141 R= 0'051 
<= 51O.29 

0°'6 I 

-- - -- - - - - -- - -. 

Long Period Tzdes. 
- -- - -- 

I I I I 

LunarMonthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, t p  . 
' Solar-Annual P )  . 

,, Semi-Annual ,, . 



, The mean level of the sea (4) is found to be 7.492 feet  above the zero of the gauge, 
which is exactly one-tenth of a foot lower than last year, and 0.067 foot lower than the 
mean value obtained from the whole four years' observations. 

The mean amplitude (H) of the main lunar tide (M,) is 2,237 feet, it is the lowe.;t 
value obtained, but does not ditTer by more than 0.03 of a foot from last year's value, and 
is only 0.014 foot less than the mean of all the amplitudes. The epochs are very accord- 
ant, the greatest difference being about 4O, or 8 minutes in time. 

The  mean amplitude (H) of the main solar, tide (S,) is very accordant with all the 
previous values; its epoch, too, is well determined there being only a difference of about b0 
between the largest and smallest values, or about 1 2  minutes in time. 

The proportion of the main solar tide to the main lunar tide is 0.447, which is precisely 
the same as  the 1881-82 value, and also the mean of the other two years' values; the theo- 
retical proportion is slightly greater, being 0,465. 

The luni-solar semi-diurnal tide (K,) is again 13 per cent. of the main tide, which is  
also the theoretical proportion. The epoch of this tide agrees with the first two, but is 
about 12' less than last year's. 

The  two lunar elliptic tides (N, and L,) are I per. cent. greater than last year, but the 
former has a proportion equal to the theoretical, and the latter a somewhat greater pro- 
port~on.  

The  evectional tide (v,)  has a proportion of 0.061, which is close to  the mean of the 
first two years' results, last year it was 0.016, and the theoretical proportion is 0.038. 

The other evectional tide (A,) is 0.030 of the main tide, last year it was 0.008, which 
is nearly the theoretical proportion, and in the two first years the proportions were 0.020 
and 0.036. 

The lunar elliptic tide of the second order (zN,) has a proportion very similar to that 
of last year's, and also agrees very well with the theoretical proportion. 

The two solar elliptic tides (TI and R,) are respectively 0'044 and 0.006 of the main 
tide, the former is about five times as large as it was in 1882-83, and one and a half times 
the theoretical proportion, but the latter is fairly accordant with the value determined in 
1882-83. 

The  variational tide (p,) is oeorg of the main tide, and is a closer approach to the 
theoretical value than any of the other three years' results, which were 0,030, 0.036 and 
0.031. 

Of the diurnal tide, it may be said that the proportions of all agree with those pre- 
viously obtained, and are all less than the theoretical proportions, and it may also be re -  
marked that the proportions of the three principal tides (K,, 0, and PI) to the main tide are 
smaller than they are either a t  Madras or Vizagapatam. The  epochs of three of the diur- 
nal tides (O,, .K ,  and PI)  are all very accordant, but those of (S,, J, and MI) have not been 
well determined, while that of the remaining tide (Q,) were for the first three years 306O, 
340' and 31 !O, and this year the epoch is only 187'. 

The overtides are all insignificant as usual, the largest of them is (M,) and this is only 
a little more than I per cent. of the main tide ; the several values of its epoch are very 
near one another, the greatest difference being lzO, or about 12  minutes in time. 

The  compound tides agree very well with previous values, but do not call for further 
remark. 

With regard to  the long-~eriod tides, the lunar monthly is this year very small, it 
being only 0.006 of the main title, the other three values of this tide ranged from 0.020 to 
0.032, its theoretical value being over 0.045. 

The lunar fortnightly tide is this year 0.044 of the main tide, or about half of what 
it should be, the other values of this tide were even smaller. 

The luni-solar fortnightly tide is insignilica~lt this pear, which it ought to b e ;  in former 
years it was about z per cent. of the main tide. 

The  solar annual tide is 0.397 of the main tide, or about z per cent. higher than the 
mean of the two preceding years' values and about 6 per cent. more than the first year's 
value. The greatest discrepancy in its epoch is roo and its time of maximum is about the 
3rd September. 

The solar semi-annual tide is again r z  per cent. of the main tide, the two first values 
were g and 16 per cent., while by theory it should be only 4 per cent. of the main tide : 
its epoch is this year lgbO, or about 4° more than last year, the largest difference, however, 
between the epochs is only about 16O, and its times of maxima may be said to  be about 
the  4th June and 4th December. 



VALUES O F  T H E  TIDAL CONSTANTS, DUBLAT, 1884-85. 

The following are the amplitudes ( R )  and epochs ( 5 )  deduced from the 1884-85 
observations a t  Dublat;  and also the mean valurs of the amplitudes ( H )  and of thy 
epochs (K)  for each particular tide evaluated from the 1384-85 observations :- 

Shovt Peviod Tides. 
- -- - -- - -~ ~- -- - - 

Ao=14.37g feet. 
-. . - - - - - 

H =  R =  0'047 R =  0.010 R =  0.175 
K = < = I 24O.40 5 - I 1 8 ~ - 8 9  
H = R =  2,071 Me H =  0.012 Tz H =  0.175 

S3 { K = 5 = 326'36 ( K = 60°.70 
R =  0.076 

0.907 

IH= 0.058 
K = K = 1 9 8 ~ ~ 3 8  

R =  0.020 R =  0.208 
246O.62 5 = 52O.22 

H =  0'200 

K = 252O.65 
R =  0'054 

5 = 267O.24 

K = 
0-1 I 5 l i =  0.048 

< = 12$'2') 

0'107 H =  0'053 
K = 141O.58 

O.093 R =  0'044 R =  0047  

K = 148O.94 

- -- - - 
~ - --- -- -. - - -. . . 

Lon;? Pcvlbd Tia'es. 
I 1 I I 

Lunar Monthly Tide 
,, Fortnightly ,, 

Luni-Solar ,, > I  

Solar-Annual 1 1  

,, Semi-Annual ,, . 
. - 

~ -~ - - . ~ - 
I I I - I ~. 

~ .- ~ 

The value of the mean level of the sea (A,) is 14,379 feet above the zero of the 
gauge, which is about the same as the value obtained in 1881-82; the mean value of the 
mean sea-level from the four ycars' observations is 14.422 feet 

The mean amplitude (H)  of tlie main lunar tide (M,) is 4.626 feet and correspontls 
with that determined lrom the first year's observations, this value is only 0.03 foot higher 
than the mean of the ntber two years, wliicll is 4.595 feet. The epochs are all very ac.  
cordant, the greatest rliHerence bring less than I', or allout I $ minutes in time. 

The mcan amplitude (1-1) of the lnain solar tide (S?) is 2.071 foot, \vIiic.l~ agrees 
fairly well wit11 llie value derived in 1881-Sz, but it is ahout c.08 foot less than the mean 
of the other t\vo years' results. The epocl~s of this titie also are all very accordant, therr be in^ no greater tlifference than 2 i 0 ,  or 5 ~nintltes in time. 

l-'hc= ~"ol)ortion of the main solar to tlie main lunar title is 0.448. or very nearly th r  
.;alnc a s  ill  1 6 8 ~ - 8 2  ; lhv mean I)rol)ortion from thc four years' observations is 0.458, \vhich 
is very close to the thc,orcatic;~l value, 0.465. 

l'hc lulli-solar semi-rliurn;~l titlc ( I < ? )  is ahout I per c rn t ,  more than t l ~ r  theoretical 
l)roporLion, but tllc last llircc yc.ars' valucs are very close to one ancttl~er and the first year's 
valuc agreed wit11 theory. I ' l l , .  epochs of this titlc vary 1,ettvc.c n 310°and 3-33'. 

'The results of tllr t\vo lunar elliptic ticlcs ( N p  and I>,) val-y I~uc little lrom those of 
last year, the formcr is just about the tlieorctical proportion to the main title and was so 
i l l  the two preceding years, but in tlie first year of observation it \vas about 3 per cent. 
?r(,;ltc.r, ~ \ , l l i l l -  tlle latter tide is this )-car I per cent, greater than the ihcoretical propor- 

T 



tion to the main tide, but agrees with the proportions found during the two first years. 
The  epochs of these tides agree very well. 

The larger evectional tide (v , )  has double the proportion to the main tide that it 
had last year, vic., 0.060, but it agrees with the first year's value, while for the other two 
years very nearly the theoretical proportion was obtained. 

The smaller evectional tide (A,) is just double the theoretical proportion and accords 
with the proportion obtained last year, but in the other two years the proportions were 
much higher, vie., in 1882-83, 0.030, which is about 5 times the theoretical value, and in 
1881-82, 0.064, or 10 times as  large as it should be. 

The epochs of these two tides are very variable. 
The lunar elliptic tide of the second order (2Np) is twice as large a s  it was found to 

be last year, and nearly double the theoretical proportion, 0.026. 
The solar elliptic tides (T, and R,) have been deduced this year, the former is nearly 

4 per fent .  of the main tide, or about I per cent. greater than it should be by theory,; the 
latter tlde is just about half of the value found in 1882-83. 

The  variational semi-diurnal tide (p,) agrees with the theoretical value and with what 
was obtained in 1882-83, in 1881-82 the proportion was about double what it ought to 
have been, and in 1883-84 it was too great by about a half. 

The proportion of all the diurnal tides to the main tide throughout the four j ears' obser- 
vations a t  this place, are  very accordant; those of the three principal ones 'K,, 0, and 
PI )  are respectively I I ,  4 and 3 per cent., while theoretically they should be 58, 42 and 
19  per cent., and their epochs are well determined. 

The  overtides are all as  usual unimportant, and the same may be said of the compound 
tides. 

The long period tides, as is usual, a t  Dublat, have been found to be small. The three 
lunar tides (Mm, Mf, and Msf) are  respectively I ,  2 and I per cent. of the main tide, 
while theoretically they should be 5, g and I per cent. 

The  solar annual tide is 20 per cent., and the solar semi-annual 5 per cent. of the 
main tide: the last-mentioned agrees very well with theory. The  epoch of the solar 
annual tide has been fairly well determined, and the time of maximum varies between 
the 13th and ~ 2 n d  August. The  epoch of the semi-annual is not so well determined, the 
times of maxima being between the 15th May and loth June and 15th November and 
10th December. 

VALUES O F  T H E  T I D A L  CONSTANTS, K I D D E R P O R E ,  1884-85. 
The  follotving are the amplitudes (R) and epochs ( 5 )  deduced from the 1884-85 obser- 

vations a t  Kidderpore ; and also the ~ l ~ e n ) z  values of the amplitudes (H) and of the epochs 
( K )  for each particular tide evaluated from the 1884-85 observations :- 

Short P e ~ i o d  Tides. 
- - - -- - - - 

A,= 10.669 feet. 



Long Period 7'ides. 
---- -- 

The mean level of the river at Kidderpore (A,) is 10.669 feet above the zero of the 
gauge, which zero corresponds to the level of the sill of the Kidderpore Dock, the value 
is 0.07 foot higher than last year and 0.013 foot less than the mean of the values deter- 
mined up to date. 

The main lunar tide (M,\ has an amplitude of 3.674 feet, which very nearly corre- 
sponds with the 1882-83 value, but it is 0.028 foot greater than last year's value, and in the 
tirst year of observation the value of the amplitude was 3.593 feet. Its epoch is z0 more 
than in the two preceding years and r0'3 more than the first year's value. 

The main solar tide (S,) is 1.462 in amplitude, or about 0.05 foot lower than in 
the two years immediately preceding and 0.04 foot greater than the tirst year's value. 
I h e  epoch agrees very well with last year's and is only 3' different from that of 1882-83, 
which has the lowest value. 

The proportion between these two tides is precisely the same as in 1881-82, viz., 
0.398, while in 1882-83 and 1883-84 it was slightly higher, the theoretical proportion 

Lunar Monthly Tide . 
,, Fortnightly ,, . 

Luni-Solar ,, 1 1  . . 
Solar- Annual 1) . 

,, Semi-Annual ,, . . 

bLing 0.065. 
The luni-solar semi-diurnal tide (K,) is a little over 13 per cent. of the main tide, and 

agrees very closely with the preceding year's proportion; the value of the other two years' 
observations were about 12 per cent., the theoretical proportion being 124  per cent. Its 
epoch is fairly well determined, the greatest difference in any two years' observations being 
less than 13'. 

The lunar elliptic tides (N, and L,,) correspond very well in their proportions to the 
main tide with the values previously obtained and approach the theoretical proportion, the 
epoch of the larger tide (N,) has been well determined, but that of (L,) varies about 27'. 

Of the two evectional tides (v,  and A,), the former is g per cent. of the main tide and 
agrees with the first year's value, but is double that of the other two years', when the 
theoretical proportion was approached ; the latter tide has a proportion of 0.015 of the 
main tide, which is just about double what it should be by theory, while in the other three 
years the proportions were much higher. The  values of the epochs of these two tides are 
very irregular. 

The lunar elliptic tide of the second order (zN,) has a proportion similar to  that 
obtained last year and is slightly larger than it should be. 

The two solar elliptic tides (T, and R,) are  0.048 and 0.033 of the main tide, values 
not very different from those obtained before. 

The proportion of the variational tide (p2) to the main tide is 0.060, which was the value 
first obtained in 1881-82, and is 2 and I per cent. respectively less than in the two years 
immediately preceding. 

With regard to the diurnal tides, the luni-solar (K , )  this year is I I per cent. of the 
main tide, and so are all the other values. The lunar declinational tide (0 , )  is 6 per cent. 
and the solar declinational (PI) 4 per cent. of the main tide, n~liich values have always 
been found. The values of the epochs of these three tides are very accordant. The other 
diurnal tides are all very small as usual. The proportions ol all the diurnal tides to  the 
main tide are very much s~naller than they ought to  be by theory, but this is noticeable 
in all the Hooghly ports. 

The lunar (M,) is the most important overtide, its proportion to the main tide is 20 
per cent. and this value has always been obtained ; the remaining overtides all agree in 
their proportions to the main tide with those hitherto found. 

The proportions of the compound tides are all almost identical with those obtained 
in the preceding year. 

The lunar monthly tide is 8 per cent. of the main tide again this year and is very 
nearly double of what it should be ; of the four values now obtained, that  of 1882-83 only 
approaches the theoretical proportion. 

The lunar fortnightly tide is 0'065 of the main tide, the lowest value yet found ; in the 
other three years the values were near the theoretical proportion, 0.086. The luni-solar 
fortnightly tidc is 23 per cent. of the main tide, while by theory it is insignificant, but 
the proportion has always been found high a t  Kidderpore. 

The solar annual tide bears very nearly the same proportion to the main tide as it did 
last year, and is ahout 10 er cent. less than the values of the other t\\-o years. 

The solar semi-annuartide is this year only 18 per cent. of the main tide, while in the 
two ~ r e c e d i 1 1 ~  years it was over 19 per cent., and in the fir5t year it was 26 per cent. ; the 
theoretical value of this tide is only 4 per cent. of the main tide. 
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The epochs of the lunar monthly tide are very irregular, those of the lunar fortnightly 
.;liow a difference of 18', but those of the luni-solar fortnightly are more accordant, the 
greatest difference being about r 2'. 

The epoch O F  the solar annual is 12' greater than last year and about 4' greater than 
the values of 1881-82 and 1882-83. The time of maximum appears to be between the 
17th and zgtli August 

The values of the epoch of the solar semi-annual are very discordant. 

VALUES O F  T H E  TIDAL CONSTANTS, ELEPHANT POINT, 1s84. 

The following are the amplitudes (R) and epochs (c) deduced from the 1884 observa- 
tions a t  Elephant Point ;  and also the meau values of the amplitudes (H) and of the 
rpuchs ( K )  for each particular tide evaluated from the 1884 observations :- 

L O P ~ ~  Peviotl Tides. 

The mean level of the water (A,) as determined from this (1884), the first year's 
observations, is 16.314 feet above the zero of the gauge. 

During 1880-81 observations were taltrn at a site which had to be abandoned, the 
results obtained a t  the new site in 1884 will be compared with the old values at the old site 
in 1880-81. 

The mean amplitude ( H )  of the main lunar tide (M,) is 5.876 feet, which is almost 
identical will1 the value obtained at the old site ; its epoch, too, agrees very closely. 

The amplitude of the main solar tide (S,) is 2.384 feet, or 0.05 foot greater than the 
value ohtainrd at the old s i te;  its ~ p o c h  is 34' less. The proportion of the main solar title 
to the main l l~nar  title is 0.406, which is very nearly the same proportion as obtained at thr 
old site, and  about G per cent. less than what theory woulcl give. 
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The luni-solar semi-diurnal tide (V,1 is this year 17 per cent. of the main tide, or about 
4 per cent. greater than it should be, while in 1880-81 it was only 7 per cent. Its epoch is 
2q3 later. 

The large lunar elliptic tide (N,) is 16 per cent. of the main tide, which is 10 per cent. 
less than the value at  the old site, but is nearer the theoretical proportion, which is 19  
per cent. 

The smaller lunar elliptic tide (L,) has a somewhat greater proportion to the main tide 
than was obtained a t  the oltl site, and is about 24 times as large as it should be. 

O f  the two evectio~lal tides ( v , )  and (A,) the proportions obtained for them are very 
much less than at  the old site, v t i . ,  0.022 and 0.032 of the maill tide, against 0'1 16 and 
.O.I 1 2  ; their theoretical proportions are 0.038 and 0007. 

The value of the lunar elliptic tide of t l ~ e  second order (2N2) is about 5 per cent. of 
the main tide a ~ ? d  nearly double the theoretical value, \vllile a t  t.he old site it is about g per 
cent. ot the main tide. 

The variational tide (M,) is 0.06 of the main tide, this proportion is almost identical 
with the 1880-31 values at  the old site, and is a little more than double what it should be 
by theory. 

The proportions of the three principal diurnal tides (K,, 0, and PI )  are 12, 6 and 3 
per cent. o f  the main tide respectively; these values are very accordant with those found 
In 1880-81 at  the old site and also with those of the same tides at  Amherst, but they are  
all much smaller than their theoretical values, viz., 58, 42 and rg per cent. The  values of 
the epochs of (K,, 0, and PI) agree very well with the values obtained a t  the old site. 

The other diurnal tides agree in their proportions to the main tide with the values - . . 
obtained at Ihe old site. 

Regarding the overtides, they all agree fairly well in their proportions to the main 
tide, with the values at the old site, with the exception of the lunar (M,) which is 0.046 of 
the main tide, the other value at  the old site is just over I per cent,, but the value now 
deduced agrees with the value of this tide at  Amherst. 

The values of the compound tides are all accordant with the values deduced for them 
at Amherst. 

Rrgarding the long period tides, tlie lunar monthly tide is just 2 per cent. of the main 
tide, and agrees with the 1880-81 value at  the old site. The lunar fortnightly is twice as 
large as it was in 1880-81 at the old site, but is less than half of what it should be theoreti- 
cally, being 0'032 of the main tide instead of o 086. The luni-solar fortnightly tide is 
nearly 4 per cent. of the main tide, in 1880-81 it was I per cen t ,  which is as near as possi- 
ble the tl~eoretical proportion. 

The sol.tr annual tide is 14 per cent. of the main t ide;  in 1880-81,at the old site it was 
16 per cent. Its epoch is about a month earlier than in 1880-81, making its time of maxi- 
mum the 16th July 1n5tead of the 15th August. 

The solar semi-annual tide is 2 per cent. of the main t ide;  in 1880-81, a t  the old site, it 
was 4 per cent., which is its theoretical proportion. Its epoch is about six days later than 
in 1880-81 at  the old site. 

VALUES O F  THE TIDAI. CONSTANTS, RANGOON, 1884-85. 

The following are the amplitudes (R) and epochs ( 5 )  deduced from the 1884-85 observa- 
tions at  Rangoon : and also the ~ n e n ~ z  values of the ampl i t~~des  (H) and of the epochs ( K )  

lor each particular tide evaluated from the I 884-85 observations :- 



S h o r t  Per iod  Tides-contd. 
--- ~ - 

A0=rq'73g feet. 

R =  0.032 
5 = ... 
H =  ... 

K = K = ... 

Long Period Tides. 

The mean level of the river (A,) is 14.739 feet  above the zero of the gauge, it is the 
lowest value obtained and is 0.244 feet less than the mean of the preceding four yearsJ 
observations. 

The  mean amplitude (H) of the main lunar tide (M,) is j.635 feet  and is 0.079 foot 
higher than the mean of the previous four years' results; its epoch is well established. 

The mean amplitude of the main solar tide (S,) compares well with the 1882-83 value 
and is about 0'02 foot more than the other three values found. Its epoch also is well 
established. 

The  luni-solar semi-diurnal tide (K,) is again 10 per cent.  of the main t ide;  this value 
has always been obtained, the theoretical proportion is 3 per cent,  greater. Irs epoch this 
year is 172O.6, which is practically the same as  it was in 1881-82 and is about 5' more than 
in the remaining three years of observation. 

The  larger lunar elliptic tide (N?) has this year almost the same proportion to tlir 
main tide as in 1880-81, and is very slightly less than it should be, in fact, in tlie whole five 
years of observation the proportion agrees very well. The smaller lunar elliptic tide (L,) 
is this year 8 per cent. of the main tide, which agrees with the previous year's value ; in 
1882-83 it was g per cent. and in the other two years it was about 6 per cent., the theoretical 
value being about 3 per  cent. The epochs of the larger tide (N,) for the several years are 
all very similar, w h ~ l e  those of the smaller (L,) show a difference of about 17' between the 
greatest and least values. 

The  evectional tide (v,) is g per cent. of the main tide, which accords well with the 
first year's proportion, in the other three years it was from 3 to 7 per cent., which is nearer 
the theoretical value. The proportion of the other evectional tide (A,) is nearly 6 per cent. 
of Lhe main tide, and agrees with the results of the first two years, but in the other two 
years it was about 3 per cent. The  values of the epochs of these two tides are irregular. 

The  lunar elliptic tide of the second order (2N,) is 0.041 of the main tide, tlie other 
value deduced was just about half of this amount, while by theory it should be 0.026 of the 
main tide. 

The  variational tide (P,) agrees in its proportion to the main tide with the valrrrs 
hitherto determined and is nearly four times as large as  it should he. 

The values of the three principal diurnal tides (K,,  0, and P,) are very nrarly Llie samr 
lor the whole five years of observation, and are rrspcctively 12 ,  5 ant1 3 pc-r cent.  of thr  
main tide, these are all much smaller than they should be by theory, but t l~cy  correspond 
with the values obtained for these tides a t  Kidderporr, Elephant Point, Arnlicrst and Maul- 
mein. The  epochs of these three diurnal tides have been fairly well dcterrnincd. 

The remaining diurnal tides are all as usual insigni6cant. 
There is nothing special to say regarding the several overtides and conlpound tides, 

their proportions to the main tide remaining the same as those already founrl. 
The lunar monthly tide is 0.003 of thc main tide, or I 4 pr r  cent.  lcss r1i;ln i t  slioul(l h r  ; 

this value, however, agrees with that of 1882-83 : in 1580-81 and 1883-S4 il was about 5 
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per cent. of the main tide, while in 1881-82 very nearly the theoretical proportion was 
found. 

The lunar fortnightly tidc is about 5 per cent. of the main t ide:  although less than the 
theoretical proportion, it is the highest yet obtained ; but the values in all the five year.< 

A n - 
agree well with one mother. 

The proportion of the luni-solar fortnightly tide to the main tide agrees very well with 
former values, although it is about thirteen times greater than the theoretical value. 

The solar annual tide is 21 per cent. of the main tide, which is the least value obtained 
for it a t  Rangoon, the other values were from 25 to 29 per cent. The  epoch of this tide is 
fairly accordant with former values, its time of maximum being between the I zth and 25th 
.4ugust. 

The solar semi-annual tide is a little over r per cent. of the main tide : in 1881-82 this 
tide was very small, and in the other three years of observation it was three per cent. of 
the main tide, or about r per cent. less than it should be theoretically. 

The epoch of this tide is very variable. 

VALUES O F  T H E  TIDAL CONSTANTS, MOULMEIN, 1884-85. 
The following are the amplitudes (R) and epochs (5 )  deduced from the 1884-85 

observations at  Moulmein, and also the nzean values of the amplitudes (H) and of the 
epochs (K) for each particular tide evaluated from the 1884-85 observations :- 

Short Period Tides. 
- 

A,=8.146 feet. 

- I I - -- - 2 

The mean level of the rivcr (Ad at  Moulmein as found this year is 8.146 feet above 
the zero of the gauge, or o.5g1 foot lower than in the preceding year ;  it is also 0.51 j foot 
lower than the values in 1881-82 and 1882-83. and 0.307 foot lower than the other value 
in 1680-81 , ~t differs from the mean of all the preceding years by nearly half a foot. 
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The value of the amplitude of the main lunar tide (M,) is almost exactly the same as 
in 1880-81, but is 0.162 foot higher than the mean value of the other three years. The 
epoch of this tide is well established. 

The main solar tide (S ) is 0.019 foot more in amplitude than it was during the preced- 
ing three years, and nearly double this amount less than the value found in 1880-81 ; the 
greatest difference in the epochs of this tide is about so, or 1 0  minutes in time.l The 
proportion of this tide to  the main tide corresponds very closely to  those previously 
obtai ed. 

The  luni-solar semi-diurnal tide (K,) is 7 per cent. of the main tide, which is very near 
the value obtained in 1881-82;  tlie other values are from 8 to I I per cent., while accord- 
ingly to theory it should be I 3 per cent. of the main tide. 

The  two lunar elliptic tides (N, and LP) are respectively 16 and g per cent. of the 
main tide ; these values compare very well with previous ones, excepting the value of (L,) 
in 1881-82, which is exceptionally large:  the theoretical values for (N,  and L,) are re- 
spectively 19 and 3 per cent.  of the main tide. 

The proportion of the larger evectional tide ( v , )  to  the main tide is much largcr than 
it has ever been hitherto, be in^ I I per cent. ; during the other years it ranged from 5 to ,Y 
per cent., while by theory it is less than 4 per cent. T h e  smaller evectional tide (A?) is 
5 per cent. of the main tide, the other values are from 3 to  6 per cent., and theoretically it 
is ins:gn ficant. 

The lunar elliptic tide of the second order (zN,) is as  much under its theoretical value, 
0'026, as  it mas over it last year. 

The  values of the variational tide (,u,) are very accordant in all the five years, and 
are about 34 times greater than the theoretical value. 

With regard to the diurnal tides, their values are  very consistent throughout the five 
years' observations; the proportions of tlie three principal tides (KI, O1 and Pi) are I 2, ; and 
4 per cent. of the main tide, and agrr:e with ttiose found at  Rangoon and Amherst, while 
theoretically they should be 58, 42 and rg. 

Of the overtides, the lunar (ILI,,) is the most important: it is 23 per cent. of the main 
tide ; in former years the proportion was somewhat greater, but the several values of tllis 
tide are very consistent; a t  Rangoon this tide is only 8 per cent. of the main tide. 

The  values of the compound tides are very similar to  those obtained last year, the 
greatest difference is in the quarter diurnal, (M, N)  ,, being about 2 per cent. greater. 

Regarding the long ~ e r i o d  tides, the values deduced for all of them are smaller than 
last year's. The  lunar monthly tide is g per cent. of the main tide, which is double the 
theoretical proportion. 

The lunar fortnightly tide is 6 p r r  cent. of tlie main t ide;  in former years it ranwed 
8 

from 7 to  10 per cent., but the mean of all the values gives a value nearly correspond~ng 
to the theoretical proportion, which is 8 t  per cent. of the main title. 

The  luni-solar fortnightly tide is 27 per cent.  of the main tide ; in tlie other yrars it 
was even larger, namely, from 28 to 31 per cent.. while by tl~eory this tide is insignificant: 
only at  one other port (Kidderpore) this tide bears such a large proportion to the main 
tide, where it is about 24 per cent. The values of its epocli are very accordant in the five 
years' obsrrvations which have been detlucetl. 

The solar annual tide is 52 per cent. of the main tidr, its other values are from 63 Lo 
68 per cent.  Its time of maximum is this year the r z t l ~  August, about eight days earlier 
than last year, but agrees with that of tlie tirst year. 

The  solar semi-annual [ide is 13 per cent. of the main tide ; the other values are I 5 to 
18 per cent. ; by throry i: should be only 4 per cent. of tlie main tide. The epoch of t h ~ s  
tide varies between the 2nd and 19th August. 

- 
~ - - 

VALUES O F  T H E  T I D A L  CONSTANTS, P O R T  BLAIR, 1884-85. 
The following are the ~ m l ~ l i t u d e s  (R) and epochs (I) deduced from the 1884-85 01)- 

servations at  Port Hlair ; ant1 also the inea)z valucs of the amplitudes ( H )  and of the epoclls 
( K )  for each particular tide evaluated fro111 the 1884-85 observations :-- 

Short PC fiod Tt'dcs. 
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Long Period Tides. 

K 

I 2gO.34 
31'97 
17'70 

162.47 
176.25 - 

The  value of the mean level of the sea (4) is 4'689 feet above the zero of the gauge, 
or 0.03 foot lower than the mean of the three preceding years, and &th of a foot lower 
than that derived in 1880-81. 

The amplitudes and epochs of the main lunar and solar tides (M, and S,) a ree well 
with the values obtained in former years, and the proportion of the main solar (12) to  the 
main lunar (M,) is just I per cent. greater than the theoretical ~ropor t ion  0'465. 

The luni-solar semi-diurnal tide (K,) is g per cent, of the main tide, or 4 per cent. 
less than it should be ; for the other four years of observations, values slightly larger than 
the theoretical were obtained. The values of the epoch of this tide for the lirst four years 
were very consistent, but this year's value differs from the mean of them by 33') or I hour 
and 6 minutes i n  time. 

The larger lunar elliptic tide (N,) agrees in its proportion to the main tide, with all 
the former values, and is very close to the theoretical proportion, while the smaller elliptic 
tide (L,) is 0.024 of the main tide, which is only half of the value derived for it last year 
and in 1881-82; the proportions in the other two years were about the same as they are 
now, and approach the theoretical value, 0.028. 

I he two evectional tides (v, and A,) are g and 4 per cent. of the main tide respect- 
ively ; the value of the larger tide (v,) in the first two years was 7 per cent., in 1882-83 it was 
nearly the theoretical proportion 0.038, and last year it was only I per cent. of the main 
tide : the values of the smaller tide (A,) are more accordant, as they are from 2 to  4 per 
cent., but by theory this tide is very small. 

The lunar elliptic tide of the second order (zN,) is about twice as large as  it sllould 
be, last year it was 2 pcr cent. of the main tide, which is nearly the theoretical proportion. 

The variational tide is 6 per cent, of the main tide, the other values are about 4 
per cent., and by theory this tide should be about 24 per cent. 

Regarding the diurnal tides, the values obtained for them this year agree with those 
obtained in the formcr years. The three important ones are ( K  , 0, and P,), and they are 
21, 8 and g per cent. of the mail1 tide, while their theoretical values are 58, 42 and rg per 
cent. ; their epochs are well determined. 

The overtides as hitherto are all insignificant. 
Of the compound tides, the quarter diurnal (M, N) calls for remark; it is 5 per cent.  

or the main tide, while last year it was under 2 per cent, and its theoretical proportion is 
4 per cent. of the Inail1 tide. 

Of the long period tides, the proportions of the lunar monthly, the lunar fortnightly 
and the luni-solar fortnightly to the main tide, as hitherto, are very small. 

The solar annual tide is this year 8 per cent. of the main tide, the four previous values 
of this tide are 3, I I ,  13 and 15 per cent. of the main tide. Its epoch this year is identical 
with that obtained in 1880-81, but the several values are not consistent, giving a difference 
of 47'; its time or maximum seems to vary between the 1st August and 16th September. 

The solar semi-annual tide agrees exactly in its proportion to the main tide with last 
  ear's value, and fairly well with the others, but it is about double the theoretical value. 
Its epoch also corresponds with that found last year, and its times ~f maxi~na remain about 
the 18th Junc and 18th December. 
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Extract from Re jor t  by Major  W .  J. HEAVISIDE, R.E., D e j u t y  Sujerintendent,  in charge 
Astrononzical Par t i e s  Nos.  I and a,-dated 13th January 1886. 

The results of the observations given in the table below show northerly attraction of 
the plumb line a t  Rimulpur  and Jarlira, southerly attraction a t  the last five stations and 
scarcely any attraction a t  Nimkdr. The  attraction a t  Rdmuipur is very large but tends to 
bear out General Walker's remark in the Report for 1867-68, that the northerly attraction 
of the Himalayas is more fully compensated in the western than on the eastern plains. Thus 
we can refer to  lour stations nearly in the plains a t  which astronomical latitudes have been 
rlrtermined and all pretty nearly equally distant from the Himalayas :- 

Shdhpur near the meridian of 75' showing no attraction. 
lsnnpur 76 ,, 3'9" of northerly attraction. 
Kaliinn ,, 78 ,, 5'2 3 1, 

Rrirnuripur between ,, 90 and SI  ,, I 1.0 p t  >, 

With the exception of an insignificant belt of rather high ground between Ramudpur 
and Jarlira, the country from Ramudpur to  Pavia appears perfectly flat, broken only by an 
occasional deep and wide river bed, though the eye in search of visible causes for 
a deflection of the plumb line is occasionally led astray by a mound which gene- 
rally turns out to  be an old brick kiln, and under these circumstances the southerly attrac- 
tion shewn a t  Etora, Dewarsan and KinPkhera is unaccounted for. Pavia is on a small 
isolated rocky hill, but the Latitude station was in the plain due west of the hill. There 
are, however, large masses of hill, ranging from 1,100 to 1,300 feet in height, about 30 miles 
to the south. Potenda is on a high wide ridge with considerable masses of hill, about 10 

miles distant from the station, both to  the north and south with a n  apparent preponderance 
of matter to  the south. The  results exhibited in the Table may, I venture to think, be 
considered good. The probable errors are  small for a first season's work, and the (N-S) 
equation no larger than was anticipated. But when the results come to be sifted, some 
unpleasant features are revealed. T h e  dislevelment of the instrument as  shewn by the 
two levels, is subject to  large discrepancies similar to  those noticed by Major-General 
Campbell in his Report for 1871-72, which, he considered, were due to  the effects of changes 
of temperature on the cradle carrying the levels. Colonel Herschel in his Report for 
1870-71 refers to instability evidenced by the different indicatiofis of the level, and in the 
manuscript Volume for 1871-72 refers t o  abrupt changes in the instrumental adjustments, 
such as  I have also met with, and he estimates these a t  A t h s  of a second. With a view to 
obtain some guide to  the magnitude of these discrepancies as  affecting the tinal results 
from my observations, I have had results deduced for each station, using only one level, 
and find that the effect on the resulting latitude is to  make the final results a t  Rdmuipur 
and Jarbra, respectively, 0.16" and 0.24" in defect of the results obtained by using the two 
levels. At the other stations the effect is small, not larger than is to  be expected from 
the probable errors of the results, and I think that the large differences a t  Rdmuapur and 
a t  Jarlira may be chiefly due to the use of level No. 3, which is certainly not satisfactory, 
showing a tendency in the bubble when tested to  settle a t  certain points of its curve. 
Moreover, the temperatures a t  Rdmudpur and a t  Jar6ra were considerably lower than at  
any other stations, and though attempts were made to obtain scale-values of the levels a t  
these low temperatures, the values obtained were not satisfactory, more especially with 
level No. 3, owing perhaps to  the want of proper appliances for testing them. I think 
that scale-values for levels should certainly be obtained a t  the highest and lowest tempera- 
tures a t  which they are  used in observing. 

Results of the Latitude ObsevvatLbns taken by Mczjor W .  J .  HEAVISIDE, R.E., with 
Strange's Zenith Sector No.  2,  Season 1894-85. 

- - - - -  ~. -~ - . .----.-----p--.p--...--p----- -- - I NORTH STARS. ( SOUTH STARS. I I I l l  

Kamuapur T. S. 14 

lartira T. S. 13 

Nimkhr T. S. 14 

Etora T. S. 14 

Oewarsin T. S. 17 

Kbnttkhera T .  S. 16 

Pavia H. S. 18 

Pntenda P. S. 15 

C 

.- Mean Resulting 1 . A 2 
6 Latitude by North Gi 
C and o h  a 7 combined. 5 2 .- 

Ao u * 
2 a 

x 0 $4 
-- --- 

1 . 8  ' I  :__--A- - . -. -- --- - - -- -- - -- -- p- -. - . . - - - . . - - - - 

Nora.-The column headed (N-5) exh~bits the mean diffurence of latitude between Shrs  north and south of the 
Zenith. The column headed (A,-A,) exhibits the difference betwcen the observed astronomical latitudc AO 
and the geodctic latitude A, as computed from the origin of the Triangulation. The negative sign shown 
northerly, and the positive sign southerly, attraction 01 the plumb line. 





necessary for carrying out both methods somewhat overtaxed the observer's endurance, 
and it is universally admitted among scientific men that bodily or mental fatigue is fatal to 
accuracy of observation. 

There was no novelty in the remaining arcs, and the customary procedure was carried 
out in all of them. After their completion, the experimental arc alluded to above, was 
undertaken a t  Dehra Dun, on which all corrections for collimation and level were made 
in the usual manner, but the deviation correction Mas obtained by the use of a meridian 
mark fixed on the Mussooree hills for this purpose, instead of by circumpolar stars, as 
usually practised. The method of obtaining its true position and other details, which may 
be of some interest for future observers, are  therefore given below. 

The observations for personal equation appear to  be somewhat discordant this season 
for some unknown reason, and it was a t  first sight a little difficult, where all three obser- 
vers are concerned, so to adjust their relative equations that that subsi:ting between the 
1st and 3rd should equal the difference of those between the 1st and znd'and the 2nd and 
3rd ; in fact, the observations were somewhat contradictory, and as this was the tirst season 
in which Lieutenant Burrard had made any observations of the kind, I was a t  first inclined 
to attribute the discordance to  a fluctuating value of his personality. On further examina- 
tion of the matter however, his transit observations seemed to be so  good that I hesitated 
at  this solution of the difficulty, and determined on making a graphic representation of the 
data from which the personal equations are  determined, and on getting the values of the 
equation for each arc by interpolation from the curves so obtained. I believe this method 
to be a very sound one, and have appended the equation curves t o  this report. They 
need but little explanation. l'hz divisions proceeding horizontally represent two days 
each, and vertically, hundredths of a second of time. The  dates on which the observations 
for personal equation were made are duly entered, and the corresponding values of the 
equation between the observers plotted off from the straight line to which my name is at- 
tached. I have selected this line as a basis, as  I am the only one of the three observers 
who worked throughout the whole season and took part in all the arcs. The  thick black 
lines a t  the bottom and top of the page represent the dates during which the measurement 
of each arc was carried on, and the dotted lines through the equation curves are drawn at 
the middle of each arc, and give the interpolated value of the personal equation at  once 
by actual measurement. North and south s t a ~ s  are  kept separate both in this process and 
In the reduction of transits. In former years it was the custom for each observer to 
take each night some few stars that passed sufficiently close t o  the zenith of both sta- 
tions under both aspects, 1'. e., that the passage over the first ten wires was noted by the 
observer with his face towards the south, and the last ten with his face towards the north 
or vice uersL This procedure was omitted on the last four arcs of the present season for 
two reasons: first, because I had come to the conclusion that the equation thus deduced, 
which has heen hitherto called the absolute N-S equation, is merely a matter of curiosity; 
and secondly, because the hurry involved in getting round the instrument, to be in time for 
the last ten wires, seems to produce some uncertainty in the observations. 

The  position of Dehra Dun affords most unusual opportunities for the use of a perma- 
nent meridian mark, situated as  it is, due south of a range of hills rising 5,000 feet above it, 
and at  a distance a t  which the solar focus of the largest telescopes we employ can be safely 
used. The use of such a mark is a very great saving of time in observing and computing 
transits ; it avoids all chance of observing wrong circumpolar stars or of losing them by the 
intervention of clouds, and also the necessity of so selecting the time of observation of 
transits as to fit in with a previously-chosen circumpolar pair. The usual difficulty of ob- 
taining a suitable site a t  a sufficient dist;tnce is fortunately absent in the present case. 

A rough guess a t  its probable position on the hill having been made, an assistant was 
sent there 114th a heliotrope and directed to show a steady light on the Dehra Dun obser- 
vatory. Two heliotropes, one on the east and one on the west side of the observatory, 
about 70 or 80 yards apart, were then adjusted on him ; after a preconcerted interval, the 
one on the side towards which it was wished he should proceed was flashed a certain num- 
ber of times corresponding to the estimated number of yards he was to move. Having 
paced out or ejtimated the distance, he proceeded to show his heliotrope again, which was 
then well within the range of the micrometer of  a previously adjusted transit telescope. 
A repetition of the process established the true position of the mark within a fraction of a 
yard. A lamp was shown a t  night from the spot thus fixed. and its distance from the true 
meridian obtained by a set of observations to the   ole star which 1 will now describe. 

The principle underlying the method is that with a kno\\rledge of the true sidereal 
time we can compute the distance of F'olaris from the meridian, and therefore i f  we note 
the reading of the micrometer a t  a certain time when Polaris is passing the centre (or an!. 
known) wire and then take a reading of the micrometer when the same wire intersect,. 
our approximate meridian mark, we obviously have data for determining its position. 
Several things however have to be attended to in actual ~rac t ice ,  the most ilnt)ortant 
perhaps being that, as a series of observations is necessary for accuracy, it would bc unsafe 
to assume the stability of the line of collimation during the whole time they arc being 
made. The programme I arranged was as lollows :- 

( I )  Observations for collimation, 
i 2') for level, 
(31 ~ r a n s j i s  of two Nautical Almanac Stars, for time about 45 minutes before the 

culmination of t'olari~, followed by- 
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( 4 )  bilicrometer reading of North Collimator. 
J J  ,, Meridian lamp. 
1 ,  ,, Polaris with corresponding chronometer time. 
1 ,  ,, South Collimator. 
J I  ,, South Collimator. 
11 ,, Polaris with chronometer time. 
1) ,, Meridian lamp. 
11 ,, North Collimator. 

This was repeated again and again until Polaris was about a s  far pas t  culmination a s  it 
had been before it when the  series was begun. 

T h e  observations were then completed by transits of two  more Nautical Almanac s tars  
for time, and lastly, by determinations of level and collimation. T h e  reductions, with an  
explanation of them, will be found among the  other computations submitted this season, 
and  need not be further dwelt  upon he re ;  suffice i t  to s a y  that the  result is tha t  the t rue  
position for the mark was found to be  20.1 inches westward of the  assumed one with a 
probable error of +_ 1.3 inches. O n  the  site thus obtained, a meridian mark in the  shape 
of a wedge pointing upwards, about 6 feet  broad a t  base and 10 feet  high, has been built of 
s tone for future use. 

T h e  recess work has been unusually heavy owing t o  the  large number of arcs measured 
during the season, and in consequence of my having tlie Andaman Par ty  on my hands a s  
well as the astronomical work. Having also undertaken the  preparation of tlie new 
Longitude Volume for the press, I have had but  little time to  give t o  the  details of the com- 
putations, which therefore devolved chiefly upon Lieutenant Burrard. 

There  has been no novelty in this part  of the  work needing much explanation in detail. 
An aplxoximate method of reduction of transits t o  the  centre  wire, which had been 

previously employed with a view to  saving labor, was abandoned, as not being sufficiently 
exact,  and the s t a r  constants A, B, C, for correcting transits for azimuth, level and  colli- 
mation, were  computed for each star,  instead of being taken from tables. T h e  saving of 
labor by the latter method was practically z i l ,  as in order  to  g e t  a true value a good deal 
of interpolation was necessary, so  that the  computation of the constants for each s t a r  
separately appeared to  be  little, if a t  all, more laborious. T h e  mass of figures required for 
the reduction of the observations is very large, but I am glad to  be able to  report  that 
with the  assistance of two computers kindly lent  by Mr. Cole, they have been fully com- 
pleted and no arrears of any  kind remain. 

A question has been occasionally raised amongst the various officers hitherto em-  
ployed on the Electro-telegraphic Longitude work a s  to the  desirability of establishing 
some criterion for the  rejection of abnormally discordant wires in the  observation of 
transits. The subject was again brought to  my notice by Lieutenant Burrard,  R.E., in a 
conversation a t  Amritsar, and  I determined to  investigate the matter further, and  en-  
deavoured to form, on the basis of Professor Peirce's criterion, a somewhat similar 
test  applicable t o  the Longitude work. For  this purpose I undertook a n  analysis of 
personal errorc o f  star transits on the arc  Agra-Mooltan. This  arc  was  chosen for discus- 
sion on account of its being a remarkabiy complete one, only three s tars  be ing  wholly 
missed on the six nights' work, and nearly cvery star having been observed on the  full 
complement of wires, v h . ,  I I .  T h e  words "personal error " a re  used above in contra- 
distinction Lo those errors wl~ich depend on want of adjustment or  defects in the  instru- 
menls, such a s  errors of collimation, level, deviation, irregular clock rate,  &c., which a re  
not here considered, but merely those caused by the  failure of the observer t o  note the  
passage of a star over every wire in an  exactly similar w a y ;  or, a s  it may b e  expressed, 
by a variation in the observer's personality. Every wire observed has been used in the  
discussion whether apparently wide of the mean or not,  a s  one of the  principal objects of 
the investigatio~l is t o  discover, with the assistance of Peirce's  criterion, a limiting error  
beyond which observations must be rejected. I t  is obviously impossible to  apply Peirce's  
criterion in exte?zso to every star observed during a season's work, owing to  the  vast  
amount of computation required, and the  small value of the  end$ attainable, but a table 
may be advantageously formed on the results of one arc  from which, by inspection, the  
limiting errors may be  found with quite sufficient accuracy to  determine the  rejection o t  
abnormal intersections fo r  all arcs. This  table is No. I1 and sufficiently explains itself. 
. The  retluced t ime of passage of a star over each wire was first subtracted from that  
over the mean wire to  form the residuals (v). Table No. I contains for each star on each 
night three quantities, viz., Z(v8) =the  sum of the squares of the  residuals, m=number  of 

wires observed, and E =  dm%= the mean error= 1.18 x probable error. 

Chauvcnct's notation is retained throughout. 
A certain number of zenith s tars  were  observed on l o  wires North aspect and l o  

wires South aspect. These  have been kept  separate in tlie discussion. I ' l ~ e  I\ hole' series 
of s tars  is arranged in order of Declination for convenience of reference. I t  might havr  
I3ec.n supposed a pvz'ovi that the errors would vary a s  the secant of  the star 's  declination, 
but this has not been found to  be the  case ill practice, and s o  no regular law has been 
rlrducrd. 

Thc  obsrrvalions themselves have been co~lsidered a s  furnishing the best values of 
;., as ~ ~ ~ a g n i t u d e  and other causes may combine to  mask a n y  law depending on t l ~ e  secant  
of dec l i~~a t ion .  
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No. I .  

Stars obser~~d  South 'of the Zenith. 
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No. I-confinutd. 

North of the Zenith. 



'Table No. I is so arranged a s  to show a t  the foot of each column X(v9, m and E for each 
star on the mean of the six nights. Means for the sum of the stars on each night are 
also given, and at  the end of the table is the mean result for the whole, and r the pro- 
bable error of one intersection for the whole arc. The stars have been divided into the 
following groups according to declination, oo to to0, lo0 to 20°, zoo to 30°, 30' to 40°, and 
40" to 43' for which E is found to be '049, '049, .o65, '071 and '072. From these values, 
with the aid of Table X in Chauvenet's Astronomy, the following table is compiled, 

TABLE 11.-Criterion for  rejecting doubtful obsevvations. 
.. - 

Number of wires 1 
observed. 

T h e  application of this table rejects only one observation on the present arc Agra- 
Mooltan. = (v9) - The probable error of one intersection, r,  by the rigorousformula=~6745 2/-- -.0426; 

712-1 

r v  
and by the approximate formula (Chauvenet Vol. 11, p. 497) r='8453-- - - E.0420. di2- (m=q 

Advantage was taken of the numbers collected together in Table I to  draw out a 
curve of which the abscissa a t  any point represents the magnitude of any error and the 
ordinate represents its relative frequency, and to compare it with the probability cun.e, 
with which ~t should theoretically coincide. 

The  two curves are shown in the diagram, the thin line being the probability curve 
computed with the help of Chauvenct's Table IX A., and the thick line being plotted from 
the actual errors, 2368 in number. 

The  agreement between the two is striking. It  must, however, he remarked that these 
errors are not deduced under precisely the same circumstances as rontrmplatc~d hy Chanve- 
net. The  latter case provides strictly for the errors of measuremcnt of one and the samc 
quantity, the former for a number of groups of measurements of similar things under cir- 
cumstances exactly similar (except so far as  declination is conrarnetl). I t  is much the 
same thing as i f  the measurements had all been made on the same quantity, and Ilad thcn 
been sub-divided into groups of ro or I I in each before the residuals had been de tc rmin~d .  
The mean of each group being then takrn,  the residuals are determined by subtracting 



each observation from the mean of the group in which it occurs. The numerical agree 
ment of the probability curve with the curve of errors is shown in the following table :- 

Errors 
Actual. 

314 
3"' 
278 
260 
225 
1 92 
172 
141 
120 

93 
67 
52 
40 
27 
17 
18 
13 
8 
7 
5 
7 

-- 

Between. 

-- . -. - --- -- 

S S 

0.00 and o 01 
0'01 ,, 0'02 
0.02 ,, 0'03 
0'03 ,, 0.04 
0.04 ,, 0.05 
0.05 ,, 0.06 
006 ,, 0'07 
0.07 ,, 0.08 
008 ,, 0.09 
0.09 ,, 0.10 
0'10 ,, 0'11 
0'11 ,, 0'12 
0.12 ,, 0.13 
0.13 ., 0.14 
0'14 ,, 0.15 
015 ,, 0'16 
0.16 ,, 0.17 
0.17 ,, 0.18 
0.18 ,, 0.19 
0.19 ,, 0.20 
Over 0.20 

- 

Errors by 
Theory. 

302 
294 
280 
258 
234 
206 
178 
148 
120 

96 
74 
56 
42 
30 
20 

14 
8 
5 
2 

2 
1 



D R A W I N G  OFFICE, CALCUTTA. 

SECTION I.-GEOGRAPHICAL DRAWING A N D  COMPILING.  

Statement showinf /he work performed and the progress made f rom 1st October 1885 to 
30th September 1886. 

- - 

TITLE or MAP. RIMARKO A N D  PROOREJS. 

General. I ( In. MIS. ( 
India. Engraved Map 
Do Ditto 
Do. Ditto 
Do. Ditto 
DO. Railway Feeders 
Do. External Trade 
Do. Railway Map 
Do. Canal Map . 
Do. Geological . 
DO. Skeleton . 
Do. Ditto . . I 
Do. Crop Maps . . . 
Do. [.and Se~tlement . . 
Do. Revenue Rates . . 
Do. Density of Population . 

Do. Emigration Map . . 
Do. Ditto . . 
Do. Showing Native States . 
Do. External Trade . . 
Do. Railway Map . . 

Skeleton Map of Burma and 
Assam Fron:ier. 

Skeleton Map of Eastern Afgha- 
nistan and Punjab. 

Skeleton Map of Baluchistan and 
Sind Frontier. 

Mysore State . . . . 
Baluchistan . . . . 
Province of Assam . . . 
Rajputana Agency . . . 
North-West Provinces and Oudh 
Central Provinces . . . 

NORTH-WEST TRANS-FRON- 
T I R R .  

Sheets Nos. 29 S .  E., 29 S. W., 
30 S. W., and 30 N.  W. 

Sheet No. 22 . . . . 
Sheets Nos. 22 S. E., 28 S. E., 

and 27 S. E. 
N . E  N . E  S . E  

Sheets Nos. z9,, 29,, 2gf ,  
5. E. N. W z9+, and 30- 

~ o i t h ~ ~ a s t  ~rans-Frontier  Sheet 
No. 22.  

Kohat Sheet No. 7 . . . 
Simla Revision Survey Sheets 

Nos. I ,  a,  3,4, 6, 7, 8, 12, and 
'3. 

Gujarat Survey Sheet No. 181 . 
Cutch Survey Sheets Nos 31, 

32, 52. 53. and 70. 
Burma I<econnaissance Sheets 

Nos. 2 3  N. W . ,  and 23 S. W ,  
N. E. Trans-Front~er. 

Burma Reconnai,;sance Sheet No. 
I S E. ,  Trans-Frontier. 

Map of Kathiawar . . . 

I = 32 Additions to date, and hills. 
I = 64 
I = 8o11 Skeleton Maps : additions and changes in 
= 96 

boundaries and railways, &c., to date. 

= 3' 1 Re-drawn for photozincography. 
I = $0 

I = 32 Showing railways, steam routes, and light-houses. 
I = 32 New edition. lJublished. 
I =128 For Geological Survey. 
I = 32 Showing only principal rivers, towns and moun- 

tain ranges. 
I = 64 Showing districts. 

Hand-painted and prepared from data furnished 
by Revenue and Agricultural Department: 71 
copies were prepared and supplied to Revenue 
and Agricultural Department. 

I = 80 Hand-painted in shades of neutral tint for Reve- 
nue and Agricultural Department, and Colonial 
Exhibition (6 copies). 
Hand-painted in colours to illustrate residence 

of emigrants (6 copies). 
1 = 128 Hand-painted in colours. 
1 = 4 Ditto to illustrate external trade and places of 

registration. 
I = 126 Corrected to date. 
1 = 32 

I Prepared for the Political Department of India 
I = 3 2  Office. 

I = 32 

1 = I ( )  New compilation from 1"=1 mile, T ~ p n g r a ~ h i c a l  
Surveys. The first edition to be photorinco- 
graphed, but ultimately lo be engraved. 

=: 16 A new compilation. In progress. 
I = 16 Additions in outline and hills. 
I = Ililtu up to date in outline and hills. 
1 = 16 We4tern sheet completed for engraving. 
I = 32 Drawn on 1"=16 miles for reduction by phote  

zincography to lN=3z miles. 

I = From routes and latest wrveys. Published. 

1 = 8 Despatched to Dehra after completing available 
inlormation. 

I = Being drawn in unifarmity with rest of sheets. 

I = From recent surveys; in full sheets. 

I = g From latest surveys by Colonel Woodtho.pe. 

I = I Drawn for photozincography. 
2q = I Showing level contours at 50 feet ve,tical in- 

tervals. 

2 = 1 (1 Completed heading, reference and foot-notes. 
I =  I 

P~.epared by Captain I-lobday from surveys. 
route5, reconnai\s.~nce and local informat on. 
Pr~nted and finished in Drawing OtFice. 

1 =  4 
I I = l o  , For Political Agent, Kilthiawar, for reducti n by ' pi-o~o/inco~raplly to t"=10 rnilei. 

Map of Suakim . . . 1 ! Incertcd borders, headings and foot-notes. 
Ch.it-t of Triangulation. Suakim 
Outline Mnp of Dalhouiie S:~ni- l o  = I , orawn from survey cxecutcd in 1870. 

tarium. I - ~ . 
! 

~- - . . . . -  . . . .  - 
. _ _ _-  . _. - - -  --- . - - -- -. . . 



Map of  the World, illustrating 
the Exports and Imports of 
India during 1883-84. 

Map of the World, illustrating 
the Exports and  Imports of 
India during 1884-8 . 

Triangulation Chart  05th" N. E. 
'Trans-Frontier. 

Routes from Nushki to the Hel- 

D R A W I N G  O F F I C E ,  C A L C U T T A .  

SECTION I-continued. 

mand. 
Boundary between Sind and  

Jodhpore. 
Bangalore City, Cantonment and  

~ n v i r o n s .  - 
Garo Hills, Lower Assam 
Map  of Delhi . . . 

RIMA~RI A N D  PROO~EII. 

- .  

TITLE or MAP. 

NORTH-WEST TRANS-FRON- 
TIER-contd. 

d o .  Gurgaon . . , 
Do.  Karnal . . . 

Sltelcton Map  of Bengal . . 

Slreets of the Atlns of India.  

Number 01 
Sheela. 

No. 4 
9 6 
r, 12 
, 14 
., ' 5  
9 15 
9 19 

23 
9 35 
,, 36 
1 7  37 
., 38 
P 39 
., 40 
, 46 

47 

Scale, 

-- 

In. Mls. 

S.E. . . . 
N.E . . . 
N-W. . . . 
S.W. . . , 
N.E. . . . 
S W .  . . . 
N.E. . . . 
N E .  , . . 
S.W. . . . 
N.W. . . . 
S.W. . . . 
S.E., S .W.  . . 
S.E. . . . 
N.E. . e . 
full plate . . . 
S . W .  . . . 

,, 48 N . E .  . . . 
, 49 S.E. . . . 
, 50 S . E , N . W .  . . 
.. 60 N.E . .S .E .  . . ,. - 

, 60 N . W . , S . E .  . . 
,, 67 S. W .  . . 
, 77 N . E . , N . w ,  . . 
,, 88 S.E. . . .  
,, 114 S.E .  . . 

Divisions of Bengal. 

Presidency Division . . . 

Ijhngalpur . . . . 
P a ~ n a  . . . . . 
Uurdaan . , . . 

District Maps. 

D ; s t r i c t J e s ~ o r e  . . . 
110. Nuddca . . . 
110. t l p a i g u r i  . . . 
Do. onthal Pergunnahs . 
1)o. Cachar . . . 
1)o. 24-Pergunnahs . . 
no .  Nowjiong . . , 
Do. Sibsagar . . , 
L)o. Sylhet . . , 
1)o. Ghazipur . . . 
I)o. L o h a r d t ~ ~ g a  rind C h o ~ a  

Nagpore . . 
Do. IZohat . . . 
no. H O O ~ ~ I ~  . . . 

-- - -- - - . - . --- - 

I1 For Revenue and Agricultural Department. 

I = 4 I Completed border. heading, foot-notes, kc. 

I = 8 Tracings supplied to  the (iovernment. I 
Ditto to Political Agent, Western 

Rajputans. 
Inserted level contours on sheets. 

Additions and corrections for photozincography. 

1 Prepared for Camp of Exercise, for reduction 
by pkotorincography to  half scale. 

J 

For general use. (Not  yet complete) for reduc- 
tion by photo~incography to I"= 16 and I" = 24 
miles. 

Being drawn lor heliogravure. 
Drawn lor heliogravure. 
Hills in  brush for engraving. 
Preparing lor heliogravure. Hills in brush. 
Art~stically drawn for photozincography. 
Hills in brush for engraving. 

Dirto ditto. 
Completing outline for engraving. 
Hills in brush for engraving. 
Completed outline and printing (or engraving. 
Outline and names for engraving. 
Hills in brush lor engraving. 

Di i to ditto 
D i ~ t o  ditto. 

Corrected b o l ~ n d a r i e ~  and inserted new roads. 
Prepared border, heading, and  foot-notes for 

photozincoglaphy. 
Re-writing name5 on oulline print (original los t ) .  
Hills in hrukh for engraving. 
Additioni in outline and  names for engraving. 

Ditto ditlo d i t ~ o  
Hills in bru.h l(8r engraving. 
Additions in outline and names for engraving. 
Hills in brush It'r rngrav ng 

Ditto di to. 
Additions in outline and names for engraving. 

I = 4 Compiled lrorn larebt materials lor reduction to ( 1'' = 8 m b s  by photozincugrapliy, 

I Being compiled lor reduction to I" = 8 miles 
by photorincogvaphy 

1 P r e p a ~ e d  lor lithography from transfers from 
copper-plates. 

I =  4 
1 = 4 
1 = 4 

' 
Corrected to date. 
Touched up lor phoroztncngrnphy. 

I = 4 
I = 4 
I =  4 

Correc~ed ro date. 
Compilvd from lalesl ma~eri ;~l , ; .  

Ditto ditta~. 
. - 

- _ .  _-_.=..--..=I. _;=.; 7 -.-- . --- ~~ - . 



D R A W I N G  OFFICE, CALCUTTA.  

Number of 1 SIIIX.. I I REMARKS AND PROORPSS. 

Administration Report Maps. 

North-West Provinces . . 
Punjab . . . . . 

Do. . . . . . 
Central Provinces . . . 

Ditto . . .  
CentralIndia . . . . 
Bengal . . . . . 
Assam . . . . . 

Districts Nuddea, Khoolna, 
Midnapore, Dacca, Noa- 
kholly, 24-Pergunnahs, Beer, 
bhoom, Korea, Monghyr, 
Gya, Tipperah, Chang- 
Bhakar, Singhbhum, Bona~,  
Sundarbans, Orissa, Tri- 
butary Mehals. 

CBNTRAL PROVINCES- 
Dictricts Bhandara, Mandla, 

Seoni, Hoshangabad, Betul, 
Raipur, Balaghat, Bilaspur, 
Sironcha, Nimar, Nar:ingh- 
pur, Damoh, Chanda, Nag- 
pur, Sambalpur and War- 
dha. 

NORTH-WEST PROVINCES 
A N D  OUDH- 
Districts Sultanpur, Gonda, 

Moradabad, Agra, Ba.ti, 
Banda, Etawah, Etnh, Luck- 
now, Mirzapur, Bahraich, 
Gorakb,pur, ShPhjahPnpur 

. and  Muzaffarnagar. 

PROVINCE O P  ASSAM- 
Districts Sibsagar, Kamrup, 

Sylhet, Nowgong, Goalpara 
and Naga Hills. 

Reduced from Atlas sheets, &c. 

I = 80 

I = 32 
I = 80 
I = 32 
I = 80 
I = 80 
I = 80 
1 = 80 

Ditto ditto. 

Corrections and additions fot Government North- 
We5t Provinces. 
Corrections and additions for Punjab Govern- ] ment and Superintendent of Forest Surveys. 

Ditto ditto. 

Ditto ditto. 

PROVINCE OP PVNJAB- 
District Muzaffargarh . . I I I I =  8 1 Ditto ditto. 

Index Maps. 
Provincial Index, Sind . . 

Ditto Bombay . 
Ditto Madras I . 
Ditto Ditto 11 . 
Ditto Nizam's Do- 

minions. 
North-West Trans-frontier . 
Cutch T o  ographical Survey . 
Gujarat 8urvey . . . 

Miscellnneous Maps. 
Map of Sundarbans . . 
Charts of Arabian Sea, Indian 

Ocean, and Gulfs of Aden 
and Persia. 

Military Map of lndia . . 

Map showing boundaries claimed 
by Maharajah Holkar. 

Map of Rewah . . 
Table showing Trade of lndia 

with the World. 

I Drawn for reduction by photozincography. 

Re-drawn for ditto ditto. 
Table of new and old Index numbers added. 

Ditto ditto. 

Additions for photozincography. 
For the Meteorological Reporter for Western 

lndia for reduction by photozincography to 
1"=145 miles. 

On Skeleton India, 1"=32 miles, Military Out- 
posts and Cantonments, also Railways open and 
under construction added, for reproduction by 
photozincogra hy 

Prepared for lecretary of State for India, hy 
combinine: Atlas Sheets, Nos. 37 N.E., S.E. - 
and 54. 

Prepared by transfer from copper plate for 
Political Agent, Rajputana. 

For Revenue and Agricultural Department, for 
reproduction by photozincography. 



D R A W I N G  OFFICE,  CALCUTTA. 

SECTION 11. REVENUE. 

Statement showing the work performed and the prugr-ess made f r o m  I S /  October 1885 
t o  30th Seple~nber 1886. 

- -- 

TITLE or MAPS. 
Numher and  slzc 

RsnAn~8.  

- / In. MIS. I 

District Karnal (Government 4 
Cattle Farm). 

District Delhi . . . . 6 

NORTH-WESTERN PROVINCES. 

Meerut Division. 

Districts Aligarh and Etah . 
Ditto d ~ t t o  

District Gorakhpur . . 

Lhstrtct Mirzapur . . . 

15 sections. 
(7' 30" X IS') 

6 
(30' x '5') 

8 sections. 
(30' x 15') 

2in31 sections 
(30' x 15') 

Nos. 242, 243. 2j7. 2j8, 259, and 260, com- 
pleted up to margln and examined. Nos. 
241, 25h. and 261, in progress. No. 244. 
reduced by pentagraph and completed u p  
to margin, from details obtained from the l W  

sheets of District Sirsa and  Bickaneer 
State. 

NOS. 242 S. E., 243 N. E. S E., 257, 258, 
259, 260, and  261, passed with final press 
order. 

N.E. S C I Nos. l60 (s s), 161 (-- *L), 
2. 3 1 

183 ('q), 186 (,*,\, examined and 

sent to press. Proofs examined of Nos. 160 
S E S.E N.E. 

(%I9161 (*, T), 162 185 

(SI), and 186. (z) Publication 

defcrred pending settlement of Forest Boun- 
daries. 

Nos. I, 2 , 3 , 4  examined and sent to press. 

Nos. 298,299,319,320, 321, and 322 corrected, 
and sent to press for second edition. 

No. 35 final press order given. Nos. 23, 36. 
37, 52 and 53 examined and sent to press. 

No. 23 under examination. Nos. 36, 37, 52. 
and 53 examined and  being completed up to 
margin. 

Skeleton sheets, showing trijunctions of 
villages, Nos 207 N.E. S.E., 2oY N.E. S.E., 
a16 N.W. S.W.. and 217 N.W. and S.W.. 
were received. No. 207 N.E. S.E., details 
reduced by pentagraph from the 16-inch 
cadastral plans, drawn and typed. No. 208 
N.E. S E. in hand. 

Nos. 169SE.i  169N.E.S.E.; 170N.W.,N.E.. 
S W.,S.E. ;  171 N E.,S.E.; 181 S .W. ,S .E . ;  
182 N.E.. N.W.,S.W.,S.E.; 183N E..N.W., 
S.E.,S.W.; 184N.W.,N.E.; I ~ ~ N . W . , S . \ Y . ,  
198N.W.,S.E., S W . , ~ g g  N.E., N.,W.,S.E., 
S .W.  and 212 N.W. converted Into blue 
prints: 29 sections drawn and typed; re- 
mainder in hand. 

Benares Division. I I I 

Oudh . . . . . 

- .  . . . -. - . -. -- - - - -. 

Districts Ghazipur, Ballia, kc.  . 

Betiares City (including Sikrol 
and Pandipur Cantonmeti~s). 

Ganges and Gogra Rivers . 

N.E. 2- S A ) ,  (N.W. - 
1.  1. 3 4 , 2, 3, 4 I ,  a 220 - 3 9 1 ,  2 ,  3, 49 

S.E. N.W. N.E. 3), 221 (n4, ,; a,3), received. No. 
219, 13 sections preliminarilyexamincd. 

Nos. 136, 150, 163, 164. 171. 176. and 177, 
press order given. Nos I 04, I 16, 122. 132, 
137, sent to press for corrections and omis- 
sions to be supplied. 

13 in37sections. 
(30' X 15') 

4 
(2'45" x, 3l30'3 

40 sections. 
( 7 '  30" x 3' 45") 

I = 1 

8 = 1 

4 = I 

Nos. 194, 195, 196. 197, 208, 209, 210, 211 
217, 218. 210,220,  and 221 received. Nos. 
208, 210, 211, 217, 218, 219, preliminarily 
examined and under correction. No. 209 
examined and  sent to press, 

Projected. Plotting t i puints in hand. 

NO.. 210(-%), .11 (y), ~ I ~ ( ~ , , ~ ~ ) ,  

218(e. Ne_ S E  
a , 1 . 2  3 4  7) 2'9( = 1, 1. 3,49 
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4 sections. 

District Cuttack . . 

In. Mls. 

8 = I 

District Midnapur . . . 
HOO hly River Survey . . 

Kitto ditto . . 

Final press order given. 

Ditto ditto • . 
Ditto ditto . . 
Ditto ditto . . 

Jalpaiguri . . . . 

3 
(30' x 15') 

I 
9 in, I 16 sec. 
1-4 in 8 sec. 

Konkan Survey . . 

Do. do. 

Districts Hanthawaddy, Pegu 
and Shwegyin. 

Districts Bassein and Henzada . 1 (30' 1.5') I 
District Tharrawaddy , . 
District Prome . . . 
Provincial lndex Map of Bengal I I I  
Annual Report lndex Maps, 

lndex to the Suwe Operations 
in the Punjab, BiLspur, Rai- 
pur, Jubbulpore, Sambulpur, 
(Central Provinces), Basti. 
Gorakpur (North-West 
Provinces), Kamrup, Darrang, 
(Assam), Mozuffer ore (Ben- 
gal), Ajmere ( ia jpu tana) ,  
Akyab (Burma), Deccan and 
Konkan, and South Maratha 
(Bombay). 

Exanrination of proofs. 

Photozincographed maps . 
Lithoqraphed mapa . . . 42 

Nos. 225, 226, 227 remain in hand. 

Final press order given. 
Proofs examined and final pressorder given. 
Originals and proofs examined. Final press 

order given. 
Examined for press. 
Final press order given. 
Originals and proofs examined. Final press 

order given. 
Nos. 270, 271,272, 295,296,316,317,318, and 

337. Final press order given. Nos. 293, 
294, and 315 sent to press for correction. 

I = I Nos. 161, 135, 167, and 141 examined. 
Proofs Nos. 136 and 162 examined and final 
press order given. Nos. 161 and 135 sent to 
press for publication. 

4 = I Nos. 159 (I secrion), 160 (10 sections), 133 (4 
sections), 134 (8 sections) examined and sent 
to press. Proofs Nos. 162 (8 sections), 161 
(16 sections), 136 (8 sections), examined. 
Press order given for preliminary edition. 

1 = I Proofs of Nos. 238 and 270 examined and 
sent to press for correction. Nos. 169, 170. 
171, 203 and 239, examined. Nos 169, 170. 
171, sent to press for reductron to half 
scale. 

2 = I Proofs Nos. 96, 112, 97, 127,98, 114, and 128 
passed with press order for preliminary 
edition. Nos. 123, 124,125, and 126examined 

I = I 

a = I 

I = I 

I = 52 

and sent to press for preliminary edition. 
Nos. 65, 79, 80, 96, 66, 81, 82, 67, 77, 78, and 

97 examrned w ~ t h  16" inch plans and under 
correction. 

Proofs of Nos. 93, 94 and 95 passed with 
prens order for preliminary editron. 

Proof of No. 92 sent to press. No. 93 sent to 
press. Nos. 74, 75, 76, and 77 drawn and 
under examination. 

Drawn on stale of I' = 32 miles lor reduc- 
tion to I" = 52 miles. 

Index Maps lo the Survey Operations in 
Bilaspur, Raipur, Jubbulpur, klozuKerpore. 
and South hlaratha were redrawn ; others 
revised and brou ht up to date for Annual 
Report of 1 8 8 ~ 4 f .  
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DRAWING OFFICE, CALCUTTA. 

SECTION 11-continued. 

DESCRIPTION OF WORK. 

Computations examined. 
District Hissar, Seasons 1882-84. 

,, Delira Dun, Seasons 1683-85. 
,, Shewgyin, Seasons 1883-85. 

Traverse data ,  &c., sufplied. 
Traverses of 10 villages of District Bliagalpore . 

,, of a 4  ,, MozuRerpore . 
,, of District ~ a u n ~ u ) :  along District Mirza- 

pur. 
,, of Main Circuit No. 10, Mirzapur, along 

portion under Topographical Survey. 
,, of Pargana Chainpur, District Sliahabad, 

along District Mirzapur. 
,, of 1 2  villages of District Nuddea . . 
,, o f 3 8  ,, J J  Moorshedabad . 
,, of I Frontier Circuit, District Sylhet . 
,, of Main Circuit Nos. 2, 3,4, District Lark- 

liana, along Kalat. 
,, of hlain Circuit No. 2 Kohishtan . . 
,, of 4 villages (old and new Surveys), Dis- 

trict Moorshedabad. 
,, of 12 villages of District Patna . . 
,, of District Benares, along the unsurveyed 

portion of District Mirzapur 
,, of Mirzapur villages, (12 pages) , . 
,, of Cacliar Tea  Grants, (6 pages) . . 
,, of District Bassein, along District Thon- 

kwa (I g pages). 
Field Area Statements of District Pegu (139 pages) 

Values and Description of Level Bench marks in 
District Agra (40 pages). 

Triangulation data of Kohistan, Circuit No. 2 .  . 
Miscellaneozrs. 

Preparation of a statement showing Area, Total 
Cost, and Rate per Square Mile of the Districts in 
the North-West Provinces. 

Computation of Lat. and Long. for the projection of 
Hutted Camps, District Hazara, as well as for the 
projection of District Burdwan ; also rectangular 
co-ordi~iatcs for tlie projection of certain sheets 
of the Hooglily River Survey and of tlie City and 
Cantonment of Benares. 

Preparation of Area Statements of Districts Jaunpur 
by Farganas, of District Raipur by Zemindaries, 
and of District Henzada by Townships. 

Computation of Lat. and Long. of Nimar Triangu- 
lated points. 

Preparation of a list of all the villages in District 
Chitl;l~ong, showing their state of demarcation. 

Preparation of a statement showing Areas of Dis- 
trlcts In the Punjab according to revised bound- 
aries. 

Plotting of Jungle Circuit No. I ,  District 24-Par- 

o n  of Areas of Districts Jhelum, Simla, 
Umballa, Koliat, Rawalpindi and Akyab, also of 
Kulu State in District I<angra, and of the Districts 
in the Hyderahad Stntc. 

I'rcparation of a Get~cral Statemrnt for all India 
shon  in^ thc population in cvcry District or State 
;~ccording to religion [or the preparation of a 
Religion Map of India. 

- - -. ~ .. . - .. -- . . . . 

REMARKS. 

For Collector of Bhagulpore. 
For Civil Superintendent of Survey. 
For W. H. Patterson, Esq., Deputy 

Superintendent. 
Ditto ditto. 

Ditto ditto. 

For Settlement Deputy Collector. 
For Collector of Moorshedabad. 
For Secretary, Chief Commissioner, 

Assam. 
For Mr. McNair, Surveyor. 

Ditto ditto. 
For Collector of Moorshedabad. 

For Collector of Patna. 
For Deputy Superintendent. 

For Major Sandeman. 
For Deputy Commissioner, 
For Deputy Superintendent. 

For Superintendent of Survey and 
Settlement. 

For Executive Engineer, Irrigation 
Department. 

For Mr. McNair, Surveyor. 

For Revenue Board, North-West 
Provinces. 

For Revenue, Agriculture and Com- 
merce Department. 

For Director of Settlements. 

For Collector. 

~~ - -- - - . .  - 



Tracings. I I 

SECTION 11-continued. 
- - -~~- -  -- 

Copies of 8 village plans of Pargana 
Nathpur, District Pubna (transfer- 
red to  District Bhagalpur). 

Tracings of z village plans of Par- 
gana Nathpur, District Pubna 
(transferred to  District Bhagal- 
PU'). 

Copy of I village plan of Pargana 
Muhumud Shahee, District Pubna. 

Copies of 3 village plans of Pargana 
Sahaujal, District Nuddea. 

Copies of 3 village plans of Pargana 
Taragunia, District Nuddea. 

Tracings of 3 villages, Ganges Deara 
Survey. 

Copies of z village plans of Pargana 
Taragunia, and Sahaujal, District 
Nuddea. 

Copy of r village plan of Pargana 
Medanmal, District 24-Parganas. 

Copies of z village plans of Parganas 
Calcutta and Buran, District 24- 
Parganas. 

Tracing of portion of boundary 
between District Sylhet and Hill 
Tipperah. 

Ditto ditto. 
Tracings of 6 village plans of Par- 

gana Salempur Majhauli, District 
Gorakhpur. 

Tracings of 1 2  village plans of Par- 
gana Kalyanpur Kuwari, District 
Saran. 

Tracings of 3 village plans of Par- 
gana Chaubara, District Saran. 

Copies of 2 village plans of Pargana 
Goa, District Saran. 

Tracing of portion of boundary 
between Kalat and District Lar- 
khana. 

Ditto ditto. 
Ditto ditto. 

Copies of 3 village plans of Pargana 
Jamuni, District Bhagalpur. 

Tracing of Pargana Kankjaul, Dis- 
trict Purnea, Season 1847. 

Tracings of 4 villages of the Ganges 
Deara Survey. 

Tracings of 3 village plans of Par- 
ganas Laskarpur and Goas, Dis- 
trict Nuddea. 

Tracing of I village plan of Par- 
gana Goas, District Moorshedabad 

Tracing of portions of Sheets Nos. 
13, 14, 17, 18, and 20, Main Circuit 
No. 10, Ganges Deara Survey (in 
duplicate). 

Tracing of portion of Sheet No. 10, 

Main Circuit No. 8 Ganges Deara 
Survey (in duplicate). 

For Collector. 

--- . 

R E M A R K S .  TITLE OF MAPS. 

Ditto. 

Scale. 

For Deputy Collector, Kooshtea. 

Ditto ditto. 

For Collector of Pubna. 

Ditto ditto. 

For Deputy Collector, Nuddea. 

For Collector. 

Ditto. 

For Chief Commissioner, Assam. 

Ditto ditto. 
For Major Sandeman, Deputy Superin- 

tendent. 

Ditto ditto. 

Ditto ditto. 

I For Collector, Saran. 

For Mr. McNair. 

For Ditto. 
For Ditto. 
For Deputy Collector, Maldah. 

I ditto. 

1 Ditto ditto. 

Ditto ditto, Nuddea. 

Ditto d'itto. 

For Sub-Divisional Officrr, Barh. 

Ditto ditto. 



Tracing of Jungle Circuit and ad- 
joining villages, Pargana Medan- 
ma1 District, 24-Parganas. 

Copy of I village plan of Pargana 
Sahaujal, District Nuddea. 

Tracings of Sheets Nos. 26, 33 and 
35, Bijeraghogarh District, Jubbul- 
pore. 

Tracings of 3 village plans of Par- 
gana Baraich, District Baraich. 

3 Tracings of Reserved Forest 
Tracts in Tahsil Bijeraghogarh, 
District Jubbulpore. 

2 Tracings of Reserved Forest 
Tracts in Parganas Sonpur and 
Singorgarh, District Jubbulpore. 

Copies of 2 village plans of Par- 
aana Kentunagar, District Moor- 

DRAWING OFFICE, CALCUTTA. 

SECTION II-continu~d. 

- - 
shedabad. 

Copylof I village plan of Pargana 
H a i e e ~ o r e .  District Mozufferpore 

- -- 

TITLE O F  MAPS. 

~ r a c i h ~  bf shee t  No. 5, Main ~ i i c u i t  
No. 8, Ganges Deara Survey. 

Copy of I village plan of Pargana 
Futehsingh, District Moorsheda- 
bad. 

Tracing of Grant No. 18 (old rules) 
District Lakhimpur. 

Copies of 2 village plans of Pargana 
Kasimnagar, District Maldah. 

Copy of I village plan of Pargana 
Esuphshahi, District Pubna. 

Copies of 7 village ~ l a n s  of Pargana 
Poladassi, District Bogra. 

Tracing of portion of boundary 
between Districts Mirzapur and 
Benares. 

Tracing of portion of Boundary 
between , Districts Mirzapur and 
Shahabad. 

Copies of 290 village plans of Par- 
gana Bisara Tappa Bhatsalla 
Districts Mozufferpore. 

Tracing of portions of Sheets Nos. 
13, 14, 17, 18, 20, Ganges Deara 
Survey. 

Copies of 122 village plans of Par- 
gana Gadeshar, District Mozuffer- 

Scale. 

- 

pore. 
Copies of 754 village plans of Par- 

gana Bisara (Chakla, Girjaul), 
District Mozufferpore. 

Copies of 339 village plans of Par- 
gana Ratti, Distr~ct  Mozufferpore. 

Copies of 225 village plans of Par- 
gana Hajeepore, District Mozuffer- 
pore. 

Mafi coLozrrinp. 
Maps on various scales. 

Ditto ditto . 
Ditto ditto . 
Ditto ditto . 

' _ -  

R E & I ~ \ R K S .  

Number. 

For Collector. 

For Settlement Officer. 

For G. H. Cooke, Esq., Deputy Superin- 
tenden't. 

For Executive Engineer, Kapurthal;~ 
State. 

For G. H. Cooke, Esq., Deputy Superin- , tendent. 

1 Ditto ditto. 

For Collector. 

For Sub-Divisional Officer, Barh. 

Ditto ditto. 

For Collector. 

For Settlement OFTlcer. 

For Collector. 

Ditto 

Ditto 

For W. H. Patterson, Esq., Deputy Su- 
perintendent. 

Ditto ditto. 

For Settlement Officer. 

For Deputy Collector, Nuddea. 

For Settlement Officer. 
I 

Ditto ditto. 

Ditto ditto. 

Ditto ditto. 

For Surveyor General's Office. 
For Deputy Surveyor General's Ofhce. 
For India Office. 
For District officials. 
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D R A W I N G  OFFICE, CALCUTTA. 

EXAMINING SECTION. 
W o r k  done f rom the    st October 1885 t o  30th  Septem6er  rS86. 

I I I 

Number 

Sheets. 

Original Standard Sheets . 

Original Large Scale Plans . . 

Original Atlas Sheets for reduction by 
H eliogravure. 

Original Atlas Sheets, or portions thereof, 
compiled in Drawing Office and re- 
ceived from field parties. 

District Mapscompiledin Drawing Office I 

Special Maps compiled in Drawing Office 
for various purposes . . . . I 

Engraved proofs of Atlas Sheets in various 
stages. 

Lithographic proofs of Atlas Sheets and 
District Maps transferred from copper- 
plates. 

lo. Mls. 

Examined with plane-table sheets and car- 
ried out corrections for photozincography. 

Simla sheets. Examined revised contours 
for photozincography. 

Examined with plane-table sheetsfor photo- 
zincography. 

Examined for photozincography. 

Examined and given to Draftsmen. 

Examined and sent to Engraving Office. 

Examined additions to railways, hills, kc., 
mostly for the Engraving Office. 

Examined and sent to Engraving Office. 

Examined mostly additions and corrections 
made on copper-plates from time to time. 

Examined corrections in territorial changes 
and public constructions, such a s  bound- 
arles, canals, roads, &c. 

I I=  16 
Lithographic proofs of Special and Mis- 

cellaneous Maps. I=  80 
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DRAWING OFFICE, CALCUTTA. 

EXAMINING S E C T I O N - C O ~ ~ ~ ' ~ ~ ~ ~ .  
- - - - 

Number 
TITLE 01 MAP. R K M A R N ~  AND P~oonaas. 

- 

/ 

Photographic proofs of Standard Sheets, 
large scale Plans and various other) 
Maps . . . . . . \  I Examined and given to Draftsmen. 

Projection and Examination of graticules 
and plotting of points. 

T o  . 1,007 I 
N. 8.-In addition to the above, misccllsneou~ jobs, such as traclngs of sketcher, charts. supply o l  geographical data to various oficialm. 

calculation of areas. computation of graticules 9 1  the iates of the ladian Atlas and testing the same on copper, have been 
performed bp the Erarninlng Section, as well as vsrioun ot%er minor work, too numerou, to be mentioned here. 
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State of Publication of Cadastral Maps on the 30th September 1886. 

I NUMBER OF SHEETS. 

Abstract of zvovk performed duringpast year. 

Dlernlcrs. 

Norlh-R'erl Prowinctr. 

Agrn . 
~ r a m ~ a r h '  . 
Dallia . 
Banda . 
nasti . 
Renares . . .  
Dijnour . . . .  
Dehra Dun  . 
Ghnzi ur 
~orakRpur '  : 1 : 
Hamlrpur . 
p p u r .  . 

oradabad and Teral . 
Mnttra . 
blirzapur. . . .  
Tarai . . . .  

Total . 
Lawrr Burma. 

Akyab . 
Bassein .  anth haw aid^ ahd P&U . 
Henzada . 
Prome 
~ h a r r a w a d d ~  1 

Total . 
Bmgol. 

Patna and Gya . 
Shahabad 
Pooree ( ~ d o r d a ' s t a t j  : 

Total . 
Arram. 

K a r n ~ p  . 
Sylhet . 

Total . 
Cmlral Pfovin:rs. 

Ralpur . 
Total . 

GRAND TOTAL N.-W. PRO. 
VINCKS. BURMA. BENQAL, 
ASSAH. AND CENTRAL 
PROVI~CE~ . 

-. 

(a) Figures of pre- 
viooa return have 
been changed to 
agree with final 
results. 

North-West Provlncu . 
Lower Burma . . . . .  
B e n d  . . . . . .  
Assam . . . . . .  

Total . 

0) These figures arc 
liable to alteration 
unti l  publlcatian 
lias been cornplet. 
ed. 

Up to 3oth 

2,924 
930 

1.384 
3.317 
1,402 
1.444 

31 
701(a) 

3.050 
1.795 
2926 
$434 

(4 Indudes 39 sheets 
of Akyab town 
surveyed on the 
scale of 64 inches 
to the mile. 

1,542 
1.180 
... 
401 

_ _ -  

3.126 

(d) Indudes 3 sheets 
of Henzada City 
sorveved on the 

Remaining 

puEi,"ted. 

... ... ... 
Jll 

5 

"'50 

2,i20 ... ... ... 

Added 

it:::! 
months. 

... ... 
10 

1 '  

... ... 
iika ... ... 

scale'of 65 inche; 

... 

... 

5.006 

1214 .: ... ... ... ... 

l,W4 

... 

... ... 

... 

654 
45 

693 

4.1323 
1.658 

3 . g  

33.023 

M ( r )  
3.M6(a) 
4 601 
1:391(0) 

837 
1,363 

12,224 

3,054 
4 924 
4:56510) 

12,543 

1,024(a) 
61 

1,085 

:::Ih 
Septcrnber 

1886. 

2 , E  
13% 
3:317 

199 
1,810 

31 
651 

3,050 
1 123 
2:926 
3.2% 

Up to 30th 

S e ~ ~ ~  

------- 

2,924 
930 

i,014 
31 

3,$ 

is'& 

. Total 
up to 3oth 
September 

1886. 

2.924 
930 

1341 
3:317 
3 010(b) 
1:815 

31 
70l(b) 

3 050 
3'2430) $a 

1.038 
561 
... 
234 

1,833 

to the mile. 

"Y 

El:s!; 
Ofice dur- 

ing past 
1 2  months. 

... ... 
10 ... 

199 
796 ... 
463 

i,in 
... 
... 

(c) Includes losheets 
of Prorne Town on 
the scale of €4 
loches to the mile. 

43 

43 

, 9 1 8  
-- 

2 751 

lhg 
dl 

5,254 

1 Scale r6 Inches - 1 rnllr. 

,, 32 dlttn. 
,, 10 dltto. 

4.023 
1.658 
3.638 
3'% 

- - - - -  
31,454 ------ 

€47 
3.076 
4 601 

1:;; 
1,363 

11,925 ------- 

3,054 
4 W  
4'565 

12.543 

1.z 
1,W9 

2 591 
1:701 

75 
6PO 

---- 
5,001 

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

2.591 

510 
2 ... 
84U(d) 
50(4 ... 

1,701 

... ... 
75 

------ 
75 

€40 
... _-------- 
€40 

... ___ 

... 

... 

. , . 

... ... 

3,437 

915 ... 
,.. ... ... ... 

915 
. 

... ... ... 

... 

653 ... 

653 

43 

- 
43 

4ozl  
1:658 1.658 

-_ 
36,460 _ -  
1.861(b) 
3.076 
4,601 
1.391 

847 
1,363 

13.139 

3,054 
4.922 
4.565 _ 

12.W 

l , m ( b )  
61 

1.738 _ _ _  

5005 63,923 / 51.W 

-- 
28,863 -- 

2,i$ 
4.601 

543 
797 

1,363 _ - _ - - -  
10,'224 

3.054 
4,924 
4.490 

12,468 
.-_-------- 

% 
399 

43 

43 

- 
5,001 

... 
------- 

... 
A------ 

579m 6.m 

43 

43 

... 

... 
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ENGRAVING OFFICE, CALCUTTA. 

Report of prozress from 1st October 1885 to 30th September 1886. 

TITLE OF MAP.  ( outline. I writing. I Y I I I S  and Sand. I R s u ~ a u s  UHOWING PROORK~E.  

Genevnl Maps, WC. 
India, in six sheets, scale I inch 

=32 miles. Sheet I 

,r 2 - 

Sq. In. 

28 

8 

=8o miles. 
India, scale I, inch=128 miles ... 
Beneal, in two sheets, scale ... 

9 6 . 
India, in four sheets,scale I inch 

=64 miles. 
Skeleton Map of India, in four 

sheets, scale I inch=64 miles. 
1ndia.in two sheets, scale I inch 

- - 
I inch=16 miles. 

Rajputana, in two sheets, scale 
I inch=16 miles. 

Central India Agency, in two 
sheets, scale I inch=r6 miles 

Central Provinces, in two 
sheets, scale I inch=16 m~les 

North-West Provinces and 
Oudh, in two sheets, scale 
I inch=16 miles. 

Punjab, in four sheets, scale I 
inch=16 miles. 

Assam, scale I inch=16 miles 
Berar, scale I inch=8 miles . 
Index Chart to the Great Trigo 

nometrical Survey. 
Patna Division, scale I inch 

=16 miles. 
Bay of Bengal Weather Chart 

... 
13 

... 

... 

Native Officers' Commission 
Form. 

The Viceroy's Appointment 
plate, Lord Dufferin's Crest. 

Three Tint$, Nos. 16, 17, 18, 
measuring zo inch x 14 inch. 

Three Tints, measuring 18 incl 
X I  z inch. 

Two scales, 16 inch=r mile . 
I chain=48,75 feet or f side 
of a Bigah. 

Scale 80 Kadarns=r inch . 
Scale 2.995 inch=loo Lagis in 

Nagri character. 
Biaah Comb scale, 16 inches - 

= I  mile. 
Scale 3+ chains=~ inch or 24 

inch = I mile. 
Scale 16 inches=~ mile . 
Scale of chains 2 inches=] 

mile. 
Indian Atlas border . . 

Imprint plates . . 
Vernier scales . . 
Theodolite circles . . 
Brass Sun Dial . . . 
Zenith Sector in heliogravure 
Two plates of the Archreologi- 

cal Survey of Western Ind~a, 
in hellogravure. 

Photo-clectrotype plate . 
Hcliogravurc ~ la tes .  by Colo- 

nel J. Water ouse 

Lelters Cut. Sq. In. 

32 H. Additions; hills in progress. 

Small portion of outline and writ- 
ing finished. 

Additions ; hills i n p g r e s s .  - 
Corrections and ad ltlons In pro 

gress. 
Ditto completed. 

Slight corrections, completed. 
1 Plates brought up to date, addi- 

t~onal railways, &c. 
Corrections, finished. 

I 

Ditto. 

Ditto. 
Hills well advanced on sheet I .  

Hills in progress. 

Additional writing. 

Slight additions, completed. 

Projected, border cut, outside, 
figures in progress. 

Outline well advanced: in oro- - .  
gress. 

Slight additions. 
Plate completed and published. 
Additions and corrections. com- 

pleted. 
Ditto to outline, and 

writing. 
Projected, border cut, outline 

writing and tint on land, engra- 
ved ; completed. 

- 

New plate engraved, one half in 
the Persian character, the other 
in ornamental lettering. 

Completed. 

2 0 0 1  ... Ditto. 

4 8 3 1  ... / Engraved, for Photozinco. Office, 
Poona. 

6 4 0 )  ... (Completed. 

Completed. 

Blank plate of border, scale, and 
outside figures only engraved. 

Three plates corrected. I '  
Forty-six scales figured for Ma- 

thematical Instrument Office. 
Seven figured ditto. 
Figured ditto. 
Title engraved. 
Titles and lettering engraved. 

278 
6,184 

48.977 
- - 

... 

... 

230 H. 

Title engraved. 
Titles and lettering engraved on 

fifteen plates. 

-- - 
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-. 

TITLE or MAP. 

Indian Atlas Sheets ( N l w )  
completed. 

12S .W.  . . . .  
3 8 S . E .  . . . .  
3s S. W. . . . .  
39 S. w. . . . .  
40 N. E. . , . 
49 N. E. . . . .  
49 S. E. . . . .  
67 N. W .  . . .  
67 S. W. . . . .  

TOTAL . 

Indian Atlas Slreets (New) i n  
progvess. 

6 N . E . .  . . .  
1 1 S . w .  . . . .  
1 2 N . E . .  . . .  
12N.W. . . . .  

14N.E.  . . . .  
I4 S.  E. . . . .  
15 N.W. . . . .  
15 s. w. . . . . . . .  
16 N. W. . . . .  
16 S. W. . . . .  

18S.E.  . , . 
19 S. E. . . . .  
2 0  S. E. . . . .  
21 S. E. . . . . . . .  
21S .W.  . . . .  
22 N. E. . . .  
23 N. E. 

23 S. E. . . .  
35 S. W. . . . .  
30 N. W. . . . .  
3 6 s .  W. . . .  
37 N. W. . . . .  
37S .W.  . . . .  
3 8 N . E . .  . . .  
38 N.W. . . . .  
39 N. E. . . . .  
39 N. W. . . . .  
39 S. E. . . .  
4 0 N . W . .  . . .  

C a r r ~ e d  over . 
-- - 

N.D.-A 

ENGRAVING 

Outline. 

Sq. In. 

... ... 
3 ... 
5 ... ... 

... 

8 

... 
80 

53 

172 

... 

... ... 

223 

212 

... 

... 
16 

2 0  

89 

7 

... 
40 
IS 
14 

114 

39 

... 
4 

... 
5 

... 
80 

IG-ibl 
- 

cull  sheet or thc Indian ALIU containa 9.7'2 aquare incl'eB. 

O F F I C E ,  CALCUTTA. 

Wrltlog. 

Letters cut. 

~ l l l s  and Sand. 

Sq. In. 

Rsu~nas a n o w l ~ o  PROO~EU.  

272 
77 1 
688 171 H. 

I ,636 
1,926 

Completed up  to  margin. 

819 8 H. zdaiungle 
1,949 

17,625 

25,986 

71 I ... 
39257 

3,283 

41335 

7,175 
8,j1 I 

13,375 

... 

152 

... 

... 
842 

6,449 

1,828 

5.993 

600 

7d21 
1,167 
4934 1 

64 0 

1,224 

446 

8,334 

2 0  

392 

4,376 

13,607 

2,490 

99,738 

... 

516 H. 34 J. 

... 
,aI 

... 

... 

... 

... ... 
, 6 ~ .  

-. 
H. 

53s, H. 
65s.  H. 

1 5 ~ ,  

... 

... 
..a 

... 

... 
,,H. ... .., 

.., 

... 

... 

.., 
33 H. 

8 H .  

... 

Ig2 H. 133 S. H. 

Additional writing completed. 
Projected, border cu t  ; outline in 

progress. 
Additional outline, writing, and  

outside figures engraved. 
Reprojected, new border, scale, 

a n d  outside figures cut, outline 
completed, writing in progress. 

Wr i t i ng  finished a s  far a s  mate- 
rial supplied. 

Wri t ing in progress. 
Sea!, a n d  outside figures c u t ;  

wrltlng ln progress. 
Out l ineand writing finished; hills 

in progress. 
Outside figures cut,outline finish- 

ed  a s  far a s  material supplied. 
Outline finished a s  far a s  mate- 

rial supplied, sandy bed of river 
dotted; outside figures in p r e  
grpss. 

S a n d  hills well advanced ; in pro- 
gress. 

Ditto ditto. 
Outline a n d  writing finished, 

waiting hill drawing. 
Outside figures cut, outline and  

writing finished a s  far a s  matc- 
rial supplied. 

Reprojectcd, ncw border cut, out- 
line and  writing finished as far 
a s  material supplied. 

Outline finishcd a s  far as  material 
supplied, writing in progress. 

Outline and  writing finished as 
f a r  a s  niaterial supplied. 

Ditto ditto. 
r i l l s  in progress. 

Outline a n d  writing finished as 
f a r  a s  material supplied. 

Border, ,stale,, a n d  sand banks 
cut ; wrltlng In progress. 

Portion of adcli~ional outline en- 
g raved ;  writinq in progress. 

Outlinc a n d  wri&ng nearly finish- 
cd a s  far a s  material su plied 

Additional railways a n 8  writi;lg 
engraved. 

Outside figures in progregs, 
~{trlting about to b e  commenced. 

Wri t ing completed; hills in pro- 
gress. 

' Writ ing completed; hills just 
commenced. 

Outline completed as  far .u mate- 
rial supplied; writing in pro- 
gress. 

- -. . - - -. -. - - 



ENGRAVING O F F I C E ,  CAI  C U T T A .  
- _ - 

Ootllnc. Writing ! Hills and  sand. 

- ~ -  - -  -- 

Letters cut. Sq. In. 

Brought forward 1 1.186 

Indian Atlac Sheets (New)  in 
pro;ress-continued. 

Outline and writing completed as  
far a s  material supplied. 

Sq. In. 

] Writing in progress. 

Scale cu t ;  outline and writing 
finished a s  far as  ma te~ ia l  SUD- 

plied. 
Wri t ing in progress. 
Outline and  Irriting finished a s  

far a s  material supplied. 
Scale cu t ;  outline and  writing 

finished a s  far a s  material sup- 
plied. 

Outline and  writing finished as  
as  far as  material supplied. 

Outline completed to margin ; 
writing in p;ogress. 

Outline and  writing finished a s  
far a s  material supplied. 

i Writing in progress. 

Outline completed up to margin; 
writing in progress. 

Rivers waterlined ; additional 
writing cu t ;  waiting hill draw- 
ing. 

Outline completed a s  far a s  
material supplied ; writing about 
to be gone on with. 

Slight addi tons;  finished; waiting 
hill drawing. 

Rivers waterlined ; lakes shaded ; 
additional writing cut ; waltlng 
hill drawing. 

District names engraved ; waiting - 
liill drawing. 

Rivers waterlined; additional 
writing cut. 

Additional writing cut. 
Rivers waterlined. 
Scale cut ; outline completed a s  

far asmaterial supplied; writing - ~ 

in progress. 
Outline completed a s  far a s  

material supplied. 
Completed a s  far a s  material 

supplied. 
Outline completed a s  far a s  ] material supplied. 
Outline and  writing completed 

] as  far a <  material supplied. 
W r i t i n ~  well advanced; in pro- - 

gress. 
Slight additions completed. 
Scale a n d  outside figures cu t ;  

writing in progress. 

Additions arzd Corvertions to 
th.  Indian Atlas Slreets. 

2 S.E. . . . .  
- 8 S . E .  . . . .  
8 S.W. . . . .  

] Slight corrrctions completed. 

Additional railway, outline, and  
jwriting, completed. 

Slight corrections completed. 
I 

- - ~- -.  

Carried over . I 
8 I 945 I 8 Jungle  1 

- 

Y 
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. - . -. P. . . 

R ~ u r a a r  SHOWINO P~ooarsa.  

-- - . -. . -. 

1 Corrections made on the mat- 
rices, electrot)lped from the 
old full plate 28. 

Heavy corrections and additions 
finished. 

Outline and writing of heavv tor- 
rections and additions finiihed ; 
waiting hill drawing. 

Corrections and additions finished. 
District names, boundaries and 
corrections, finished. 

1 Slight corrections completed. 

Slight additions completed. 
Slight corrections to outline 

finished. 

I Slight additions completed. 

Additional railway, boundaries 
and names cut. 

Addit~onal canals and names coni- 
pleted. 

Additional Railways, canals and 
names completed. 

Slight additions completed. 
District names finished. 
Additions completed. 
Railways, correc~ions to outline 
]and names, completed. 

Slight corrections to outline 
and writing, completed. 

Hills being repaired. 
Heavy corrections and additions 

finished. 
Corrections to outline and writing 

finished. 
Hills repaired; writing being 

ii::; being repaired. 

Corrections to outline and writing 
in progress. 

Slight additions completed. 

Projected. 
Ditto and border cut. 
Ditto ditto. 

Border, scale, and outside figurn 
cut. 

Border and outside figures cut. 
Projected. 

Ditto and border cut. 

-- ~ - .  

--- 

TITLI OF MAP. 

Additions and Corrections to the 
Indian AtIur Sheets--contd. 

Brought forward . 
28S.E. . . . .  . . . .  2 8 S W .  

31 N.W. . . . .  
31 S.E. . . . . . . .  

31 S.W. . . 
32 N.E. . . . . . . .  
32 N.W. . . . .  
32 S.E. . . . .  
34 N.E. . . .  
34 S . E .  . . .  
3 6 N . E .  . . . .  
37 S.E. . . .  
48 S.E. . . . .  
53N.E. . . . .  
66 N.E. , . . .  . . . .  66S.E.  
66 S.W. . . .  
67 N.E. . . .  
67S.E .  . . . .  
69 S.E. . . .  
7 7  N.E. , . . .  
87 N.E. . . . .  
87S.E. . . . .  
91 N.W. . . . .  
91 S.E. . . . . . . .  

Total . 

Corrections ond Additions to 
old plates of the Indian Atlas.  

2 5 . . . . .  
28 . . . . .  
7 0  . . . . . . . .  
46 . . . . .  
4 7 . . . .  . 
65 . . . . .  
9 4 . .  . . .  

1 0 2 . .  . . .  

'Total . 

New Plates Projected, Borders 
Cut,  w c .  

11N.E.  . . . .  
11 N.W. . . . .  
1 i S . E .  . . . .  
15 N.E. . . .  
15S.E.  . . . .  
a5 S.E. . . .  
a6 N.E. . . . .  

Carried over . 
. -- . ............... 

CALCUTTA. 

Hllls and Sand. 

Sq. In. 

8 Jungle 

... 

... 

... 

... 

5 S.H. I jJunglr 

... ... 

... 

... 

... ... 

... 

... ... 

... 

... 

... 

... 

... 

... 

... ... 

.., 

... 
- 

j S.H.23 J u n ~ l e  
- 

34 H. 
106 H.  

... 
174 H. 

'" 
44 H .  ... 

... 

560 H. 

... 

... 

... 

... 
,. . 
... 
... 

-.- 

.,. 

- ......-. 

ENGRAVING 

Outllne. 

Sq. In. 

8 

... 

. , . 
6 

... 

... 

... 

... 

... 

... 

... 
8 

... 

22 

... ... 

... 

... 

... 

... 

... 

,.. 

... ... 

... 

... 

... ... 

. .  

OFFICE,  

Wrltlng. 

Letters cut. 

945 

2,600 
2,750 

740 

1,907 

169 
4,776 

... 
12 

... 

... 
24 1 

... 

2 04 
73 
6s  

390 
414 

62 

404 

44 
60 

230 
19597 

2 3 
47 

17,786 

... 

... 
468 

6,697 

... 

... 

... 

480 

7.645 

... 

... 
;;a33 

1,535 ... 
... 

_ -- 1 3.168 
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ENGRAVING OFFICE, CALCUTTA. 
. . - .-A - .......... .. . - - -- 

~ . .~ . ... - ~ 

TITLE OF ~ IAY .  I - REHARMS IHOWING P ~ O G R I ~ I .  

Brought forward . ... 

New Pldites Pvojected, Bovdrws 
Cut, Wc.-contd. 

Sq. In. 

26 S.E. . . . .  
30 N.E. . . . .  
30 N.W. . .  
30 S.E. . . . . . . .  

Letters cut. 

... 

... 

... 

30 S.W. . . . .  
47 N.E. . .  
47N.W.  . 
47S.E. . . .  
47 S.W. . . .  

Sq. In. 

... 

... 

... 
,.. 
... 

Projected and border cut. 
Ditto. 
Ditto. 
Ditto border and outside fi- 

gures cut. 
Ditto. 
Ditto. 
D~tto. 
D tto. 
Ditto, border, scale and out- 

side figures cut. 

- -- - 

Tori.  I . . .  1 5,93 3 1 ... 1 
-- - . - 

Abstvact of WOYR completed a n d  in progress. 

Eitgvnwi~rg. 
Platcs. 

. . . .  Atlas sheets completed 9 
Ditto in progress in various stages 61 . . .  General maps, plans, &c. 129 

Repairs, correclions, and additions . 
Projections engraved, borders cut. k c .  . :: - 

Coppev-plote pri~~tirrg. 
. . . .  Impressions takcn 18,4o1 

. . . . .  ProoI,pulled 612 

. . . . .  Translers pulled 2112 - 
'I'OTAL . 19,305 

Plates. 
Double elephant plates steel-faced . 1 7  

Ditto ditto steel removed 9 
Quarter plates steel-faced . . 57 
Ditro steel removed . , . 8 1  
 miscellaneous plates steel-faced . 34 

Ditto steel removed . 18 

Square inches of hi l l  etching . . I,Sjr 
f3i1to of jungle etched . . j7 
Dilto of outline . .  2,727 

Number of letters engraved . . 324,589 

Surveyor  gene^-nl, i r ~  clrnuce Plzotograpl~ic Ofice,-Season 1865-86. 

O ~ ~ - ~ ~ ~ ~ . - A l t h o u g l i  tlierr is a slight falling off in some items from the  very largr 
out-turn of last  year,  the work of tlie office generally,  especially in t he  Zinc-printing section 
for the  ordinary departmental  and ext ra  departmental  work, shows a large increase. T h e  
number of subjects received from other departments shows a falling off, though the  number 
of printed copies is greater.  T h e  Cadastral work is well u p  t o  the  average,  the number 
of sheets reproduced being larger than last year,  but the  number of printed copies is less. 

O R I G I N A L  S U R J E C T S . - T ~ ~  number of subjects received for reproduction in t he  vari- 
ous sections of tlie Normal Establishment amounted to  1,518, of which 892 were  depart-  
mental and  6?6 extra-depar tme~i ta l I  as  against  853 departmental  and  849 ex t~d- t i epa r t -  
melltal or last year.  T h e  numher of Cadastral sheets reproduced was 5,203, of which 3,387 
were original drawings reproduced by photo-zincography and 1,818 transfer tracings for 
zincography. 

N ~ G A . ~ I V E  S I : C T I O N . - T ~ ~  number of negatives of departmental  and extra-depart-  
melltal work taken i l l  the Normal Establislime~lt, including 70 reversed negatives and 
transparencies required in tlie Photo-Collotype and Heliogravure Sections, was 2,671, o r  
98  more than last year. Mr. Turner  took a series of negatives on dry plates of the interior 
of the Mint ant1 also sc:\,cral pliotogral~hs oC objects of Indian art ,  tlie Bengal screens, Bamboo 
and Forest trophies ;c~id other exhibits going to  the  Indo-Colonial Exhibition, for the Reve -  
nue and Agricultural l ) e l ~ a r l ~ n r n l  ant1 tlie Government of Bengal. T h e  number of nega- 
tivcs taken of Catl;tstr;tl slleets was 3,387, or 103 less t l ~ a n  last year.  

T h e  processes in this section have not been cliangetl. T h e  new method of inten- 
sificatio~i with sulphatr  of cnpper and bromide of potassiurn, followed by treatment with 
nitratr  of silver, noticrcl in the Repor t  for last year, has b e w  in use all the year and proved 
satisfactory, as  rcgards density,  clearness of detail and  keeping properties of the  negatives, 



PHOTOGRAPHIC OFFICE, CALCUTTA. 

and has been definitely adopted for all the ordinary work. The expense for ch:micals is 
considerably greater than with the old system of intensifying with bichloride of mercury, 
followed by treatment with hyposulphite of soda and ammonia, but tlle results are better i n  
many ways, and Mr. J. blackenzie reports that the new system has the very great advan. 
tage, that the glasses are not stained, as  they are with the bichloride of mercury, and 
can be used over and over again without fear of traces of old work appearing. 

PHOTO-TRANSFER S e c ~ i o ~ . - T h e  total number of photo.transfer prints produced was 
5,812, of which 2,320 were departmental and extra-departmental maps, kc., and 3,492 were 
Cadastral sheets. Last year the total number of prints was 5,900. No change has been 
made in the processes in this section. 

Z I N C - P R I N T I N G  SECTION.-'The number of plates printed off by the Normal Estab- 
lishment was 823, the number of pulls being 151,801 and of copies 267,989. The printing 
work is much in excess of last year, the number of pulls then heing 121,909 and of copies 
159~370. T h e  increase is chiefly in departmental work. The  presses in the Normal Es- 
tabllshment have all been fully worked every day throughout the year. 

The  number of sheets printed off by the Cadastral Establishment was 5,282 and the 
number of copies 144,760. Though 122  sheets more were printed off than last year, thr 
number of copies printed is much less. This is owing to the increase in the number ol 
North-West Provinces sheets, of which only 12 copies each are  printed, while the Ben- 
gal and Burma sheets, of which 40 and 34 copies each a re  printed, have decreased. 

SILVER-PRINTING SECTION.-T~~ number of prints produced in this section during 
the year was 5,399 and exceeds by 1,493, the unusually large out-turn of last year. T h r  
principal item is an extensive series of large prints from the sketches in neutral tint made 
by Major E. L. Durand with the Afghan Boundary Commission. A great deal of worli 
was also done for the Governments of India and Bengal in connection with the photographs 
taken by Mr. Turner of the exhibits for  the Indo-Colonial Exhibition and of the former 
series of photographs made in the Calcutta Exhibition. Prints were also taken from a 
large number of dry plate negatives taken by Mr. C. L. Griesbach, of the Geological Survey, 
attached to the Afghan Boundary Commission. 

PHOTO-COLLOTYPE S E C T I O N . - T ~ ~  out-turn of this section has been 4,880 copies 
from 43 plates. This is not quite so much as  last year, but the results have been mucll 
better; there is more certainty in working during the hot and rainy seasons, and thy 
process is becoming one of the recognized means of reproducing ordinary photographs re- 
quired for  he illustration of the Arch~ological  Survey and other Reports and for book 
illustrations. 

Mr. Haward has paid a good deal of attention during the year to various methods ol 
obtaining collotype or grained transfers from half-tone negatives suitable for printing from 
stone or zinc. Such prints, though not so delicate and perfect in gradation as  collotype 
prints, are  more easily and quickly produced and are consequently cheaper. The most 
successful results were obtained from transfers from collotype plates especially prepared 
with chloride of calcium in order to give a clear open grain. The process is, however, so 
delicate and requires such care in giving the collotype plates just the proper amount oi 
softness to give the required grain that it seems unlikely to answer practically in this 
country. 

Trials have also been made, but not as  yet very successfully, with the somewhat 
similar process invented by Sergeant-Major Husband, R.E.., of the School of Military Engi- 
neering a t  Chatham, in which, instead of a collotype-plate and reversed negative being 
necessary, common salt is added to the gelatine used for coating ordinary photo-lithographic 
transfer paper a s  well as  to the sensitising solution of bichromate of potash, and the 
transfer is printed in the usual way from any ordinary negative. Alter exposure the 
print is wetted and is then found to be covered with a fine vermicular grain very similar 
to that produced on collotype plates. It is then inltcd in while damp, with a glue-roller, 
and the result is a transfer print with a very delicate graduated grain. The best results 
are produced by transferring to a stone. I saw the process working at  Chatham 
when on furlough and have been trying it again since my return. I f  this or somc similar 
process could be worked succt.ssfull~ all thror~gh the year, it would be exceetlingly valu- 
able as a cheap and speedy means ol printing half-tone subjects and has many advan- 
tages over collotype for that purpose, though the results would never be quite so good. 

H E L I O C R A V U R E  S E C T I O N . - O W ~ ~ ~  partly to my absence during the greater part of the 
year and to the fact that the work of reproducing the negatives of art objects from the 
Calcutta Exhibition was discontinued under the orders of Government, there has not been 
jo much work done as would otherwise have been the case. The principal feature of the 
work done during the year in this section has becn thc extension of electrotyping for the 
.rluplication of the engraved copper plates of the Intlian Atlas anrl othcr s tal~dard maps. 
Three qilarter-sheets of the Atlas and one double-elephant sheet of the 32-mile map were 
duplicated, and matrices taken of three otllcr quarter-sheets of the Atlas and one shret of the 
32-mile map. The process scems likely to be of great scr\.ice to the E n g r a v i ~ ~ g  Ofice i l l  

enabling incomplete sheets, or sheets for which accurate surveys do not rxist, being fillrtl 
in temporarily for immediate issue without engraving on the original plates. In the samr 
way the 32-mile Map of India may be temporarily completed or1 the tluplicated plates 
?ending completion from survey results. The whole of the work has been done with the 
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simple Vienna batteries described in earlier Annual Reports,  and they have been found to 
;lnswer perfectly well for tlie large double-elephant sized plates, the  deposit being very 
regular and  good in quality. Cow-hide of local manufacture is used for the porous cells. 

Experiments have also been made by Mr. Turner  with the  object of obtaining trans- 
fers of half-tone subjects to zinc or  stone from photo-engraved plates prepared so  a s  to  give 
a much s t rongergra in  than is necessary for printing in the copper-plate press. T w o  plates 
were successfully transferred to  s lone for the illustration of the A r c l ~ ~ o l o g i c a l  Survey 
Reports, and  the  method is perhaps more likely to be successful and give better results 
than tlie paper or  collotype-grained transfers tried in the  Photo-collotype Section, though 
it is more complicated and expensive. 

A l~hoto-electrotype plate is prepared in the way described in the Annual Repor t  of 
the Survey of India for 1881-82 (Appendix, page gg), but us ing well-washed graining sand 
stearined with 8 grains of stearine to the ounce of sand. Thts gives a coarser grain than 
the stearined-washed flour emery powder. A thin negative is best so  that a thin gelatine 
relief may b e  obtained through which the sand may thoroughly penetrate and give a good 
open grain. The  deposit of copper need not be s o  thick a s  for copper-plale printing, ant1 
eight or ten days in tlie battery are sufficient. After coming out of the battery the plates 
require a careful cleaning up to  bring out the  grain well. 

A t  the  beginning of the  year a few photo-engraved plates were done for the Reve-  
nue and Agricultural Department and sent  home to  Mr. W .  Griggs for illustration of the 
Indian A r t  Journal .  T w o  very successful plates of a r c h ~ o l o g i c a l  drawings in pen and  ink 
were also done for Dr. Burgess. T h e  drawings were exceedingly fine to  begin with, 
but they stood a very considerable reduction without a n y  blocking up  of the lines, which 
would have been i~npossible by photo-zincograpl~y. 

T h e  photo-etching process has also made some progress during the year, and  Mr. 
Turner  has tried several ways of get t ing a stronger grain s o  as to ovcrcome the difficulty 
there is in printing the very delicate half-tones. He found that by using powdered resin, 
Instead of asphaltum, tlie grain was stronger and stood the  biting with perchloride of iron 
better.  

A few type blocks have also been produced by the gillotype method of etching on 
zinc with nitric acid. 

INDO-COLONIAL E x ~ ~ ~ l ~ [ O ~ . - B e s i d e s  the special work done for the  Revenue and 
Agricultural Department and Government of Bengal on account of the  Indo-Colonial Exhi- 
bition, a series of exhibits illustrating the different processes worked in the  office was 
prepared and included specimens of photo-zincography as  applied to  extra-departmental  
work, photo-engraving by the etching and electrotype processes, photo-collotype and silver- 
printing. 

FURLOUGH.-I was compelled by ill-health to  take furlough a t  the commencement of t he  
hot sveatlier in March and did not return until the middle of Decemher. Lieutenant-Colonel 
W. F. Badglry liad charge of  the oflice during the  greater part  of my absence. During the  
first f ew months of tlie period under report, until I went on furlough, I was fully occupied, 
both in the Lithographic and Photographic Offices, with work of various kinds in connec- 
tion with and preparation for the Indo-Colonial Exhibition, a s  well a s  preparing for thv 
introduction of the new system of payment for  work done for other departments. I was 
thus able to give little or no personal attention to the development of new processes. 

During my s tay  in Europe I took the opportunity of re-visiting the M~l i t a ry  Geogra- 
pliiral Institute a t  Vienna and  of visiting tlie new Topograpl~ical Dep6t and the School 
of Roads and Bridges a t  Paris. I spent  two or  three days a t  the Ordnance Survey Office, 
Southampton, studying the new system of photo-zincogmpliic work there and also t h r  
ar ra~lgenlents  for electrotyping by means of the dynamo-electric machine. 

I visited the School of hlilitary Engineer ingat  Chatham to see tlie worltingof Sergeant-  
Major Husband's process of Papyrotint .  1 made other enquiries about small motors for 
electro-typing, tlie air-brush, copying colored drawings with ortho-chromatic dry plates and 
other subjccts co~lnected wit11 the working of the office, and was able to acquire some 
useiul information, tl1oug11 the time I had a t  my command was very short, a s  most of m!- 
iurlough liad to be spent  a t  health resorts on the Continent. A detailed report of my 
enquiries was submitted to the Secretary of Sta te  for India before I left England. 

O F F I C E  I \CCOA~I \~ODATION.-T~~ pressing queslion of otfice accommotlation again 
occ.upied a gootl deal of lily attention t luri~lg the early months of the year before I wen1 
on lurlougll. In consultation wit11 the Government Architect the plans and estimates for 
thc 1- ' l~otogr~pl~ic  and Li~hographic Ofices were finally completed. O n  the occasion of t h r  
visit ot tlic I-lon'ble Sir  S. C. Bayley, I<. C. S. I., in January 1886, I drew up  the following 
m e m o r a n d ~ ~ m  sl~owing the inconveniences and deficiencies of the existing acconlmodation 
oi thesc oflices. 

A4c~rrorandrrrrt or1 tlrc existir?q Accovrrrron'ntrbrz o f  the  Phofo,,crap/~ic a n d  Li / / rofraphic  
Ofices,  Calcut ln ,  dated 28th January  1886. 

These officrs .\re located in three 11onses, z'2i.- 
YHOTOGrIAPHlC OFFICE.-Nos. I and 2, Wood Street .  
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hTo.  I ,  CVoati SLreet.-Office of Assistant Surveyor General in charge Lithographic 
Photographic Offices ; Negative and Transfer-,,rinting Sections (Kormal and Cadastral) ; 
Zinc-printing (Normal) 6 Presses ; Silver-printing and Collotype-printing. 

Private House.-Monthly rent #35o+ 823-0-3 taxes (since raised to 831-7-83,. 
No. 2, Wood Street.-Zinc-printing (Cadastral) I I Presses, Heliogravure ( I  copprr 

plate press) and Electro-typing Stores. 
Private House.-Monthly rent 8 2 6 5  + R13-6 taxes (since raisec! to 823-13-6). 

LITHOGRAPHIC OFFICE.-No. I,  Camnc Stveet (lower floor). Lithographic, Drawing 
and Printing Sections (17 Litho. Presses and I Lithographic Machine), Type-printing (,i 
Presses and I machine in Mathematical Instrument Officej. 

Private Mouse.-Monthly rent 8 3 0 0  + 8 2 0 - 1  taxes (since raised to 823-4) .  
Total annual rent for the three houses 81 1,661-15 (with extra taxation it now amounts 

to a 11,923) 
2. The objections to the present location of the Lithographic and Photographic 

Offices are as  follow :- 
( I )  The  division of these offices, which are  both under my charge, in three separatt- 

buildings, one of them a t  some distance from the others, is excessively inconvenient, 
necessitating references and visits to  and fro, and rendering efficient supervision 
difficult. The  zincographic and lithographic presses, all doing similar work, are scattered 
between the three houses, in small rooms; those in No. 2, Wood Street,  very dark and 
crowded ; effective and constant supervision by the assistants in charge is impossible. Werr  
they brought together, as  proposed in the new buildings, there would be less loss of power 
and better work could bedone  by the use of  stone or zlnc, as  might be best suited to the 
 articular class of work required. T h e  staff being concentrated could work together to 
better advantage, and the whole would be more effectively superintended. 'This is a re- 
form 1 have long wanted to introduce. 

(111 The present accommodation in private dwelling houses is quite unsuitable for such 
special technical work and processes. It  is difficult to make proper provision in hired 
houses for the water-supply and the heating and drying arrangements necessary for our 
photographic work. Most of  these houses are  very badly built-No. 2, Wood Street 
particularly so, and it was muchshaken by the earthquake which occurred in July 1885. 
The  upper floors will carry no weight, and even the lower floors in some of the houses 
are not strong enough for heavy presses. It is true we have carried on for many years, 
but these deiects have added greatly to our d~fficulties and stopped improvements. T o  
have to go on working year after year in a makeshift manner without suitable arrange- 
ments, must inevitably tend to make the skilled assistants lose heart in their work. 

(111) The photographic glass-house was built in 1869 to last for three years, in the hope 
that new buildings would be ready then. It is now very much cracked and has had to be 
shored up. The  rooms are small and unsuitable for Europeans working in the hot weather, 
especially tvith the large plates we now use. The touching up and fin~shing of the nega- 
tives has to be done in an open shed exposed to the weather and dust. Tht:re is no proper 
place for keeping negatives. 

( I V I  For want of proper store-rooms, the photographic chemicals and stores are  scat- 
tered between Nos. I and 2, Wood Street.  There is no suitable place for storing apparatus 
out of use, and it is difficult to keep things in proper order and avoid loss and waste by 
spoili~j<. 

(V) The silver-printing rooms are in an old cook-house, very damp and close to a 
drain which is often very offensive. T h e  accommorl;lti~~n is quite unsuitable for the work. 

(VI I In the Lithographic Office the sp;tce for the type cornposing and printing is very 
craml)c.tl and unsuitable. The  type-printinS machine has to he worked by the Mathema- 
tical Instrument Office. Both it and tlie lithogral,hic printing macl~ine coulrl easily b ~ .  
worltctl Ily a small engine, but it is impossible to set up such ~nacl~inery in a dwelling- 
house. I n  this ofice also the space for stores and records is vrry insurficient and unsuitable. 

3. TI),: actual want of space is not so  much to b? com!,lained of a t  prcsent, especially 
in the I ' l~otogra~hic Office, as  the general unsuitability of the accommodation for the pur- 
poses of \vo~ k-rooms. 

4. N ,thing can be done to relieve tlie Photographic Sections of the offices until tht. 
new h1.11he1natical Instrument Office is coml)lrtctl, and that building must lhercforr bp 
taken in hand first. Hut i t  money were av;~ilable a cornlnence~nent migllt also he rnatlr 
of t l ~ e  nc.w block for the Lithographic Office and ~ inc-~ , r in t inz  roolns, whic~l~ could he h11il1 
immr~dinli~ly to the south of the dividing wall I)et\vcvn No. 9, Park Strt:et, ant1 KO 13, Wootl 
Strc:et, jvithout interfering with tile work of other offic,es. If this were rlonc, thf. two I~ollses, 
No. I ,  C;irnac Streetl and No. 2,  Wood Street, coultl be given up. The IJhotogmphir Ofi('t. 
rnroult1 r r~na in  in No. I ,  Wood Street until the remaining hloclt of nekv b~~iltlings coultl hl. 
built 011  the site of the present hlatllernnlic;~l In~trurnrnt  Oflice. This Ia1tI.r bulliling is 
very oltl and shaky and also quite u n f i t t ~ d  Tor a mnt:hine factory. 

5.  While fully appreciating the linancial difirulties which ht:sc>l t11t. Government a1 
the prc'ent moment, I really think that this iml ,o r ln~~t  cluc.stion w11ic.h h;~s !)clan under con- 
sideration for the past 15 years, should be dealt with witl~ont furt11c.r t l ( , l . ly  il it is r)ossiblp 
by any means to do so. The plans, as now tlrsignr(1, have heen I ~ r o u ~ l l t  rvilhin thr sari(‘- 

tioned estimates, though they barely do more than cover present recluiremq.nls. 
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S/otcmenf .thowe'ng Expenditure ( D r . )  nnd Value of work done (Cr.) dur in ,~  the  Stdvvey year, 
/ r ~ n r  1 s t  Oc/obrr 1885 10 30th Septcmbrr 1886. 

DR. 

Office . . . 
Cost o f  repalr of articles at 

Mathematical Instrument 
Office , , . . 

Cost of type transfers supplied 
lrom Litho. Of ice . . 

TOTAL . 

- - . . 

NORMAL ESTABLISHMENT. 

Superintendent's salarv . 
Assistant Jttperintendent's sa- 

lary . . . . . 
Establishment . . . 
Rent ol offices and taxes . 
Contingencies . . . 

CADASTRAL EST.\IILISHMENT. 

Superintendent's salary . 
Assistant Superintendent's sa- 

lary . . . . . 
Establishment . . . 
Office-rcnt and taxes . . 
Contingencies . . . 
Chemicals and stores received 

l rom Ensland . . . 
Paper received lrom England 

Stores and mate1 ials rcceivcd 
l rom the Stationery ORice 

Printing paper and cloth 
received ironn Stationery 

Ca. 
.- - . - - 

Departmental maps and plans 52,502 12 11 

419 5 0 

9 1 1 1  o 

2,586 12 o 

... 

- - 

X. a. p .  

5,444 1 6 

z,ooo o o 

32,150 5 0 
4.j02 I 5 6 
2,586 9 11 

~iscellaneous maps and p l a ~ ~ s ,  
Extradepartmental . 

Cadastral maps, North-West 
Provinces . 

Ditto ~ r i t i i h  Burma 
Di t to Assam . . 
Ditto Bengal . . 

Old t in and packing cases 
sent to tlie Mathematical 
Instrument Of i ce  . . 

Articles and stores supplied 
to other offices . . 

7,444 1 6 

39,939 14 5 

Stores received from the Me- 
dical Store De artment . 

Work done by 8 e r  Majesty's 
Mint  . . . 

Work  done by the Foundry 
and Shell Factory . . 

-~ - . 

510 0 0 

2.586 0 0 

1,66,1?2 g g 

27,749 7 o 

353470 2 0 
25,949 o o 
I l r 4 7 j  o o 

721 12 o 

257 g o 

50 I o 

80,252 3 11 

73,615 14 0 

307 10 0 

33,056 I 
7,444 1 6 

3 ~ 3 5 ~  7 5 
7940° 3 

81 13 o 

4 6 0 0  

56 9 7 

TOTAL . 

2.335 7 7 

1,638 1 I o 

1,~8.149 14 6 

7.972 11 3 

149669 2 3 
47,271 9 h 

518 13 4 

Sale o l  unserviceable articles 
Pure silver recovered lrom 

silver residues . , 

2,964 13 4 

Stores received from the ' 
Mathematical Instrument 1 

i 
.,. i 1.66 1.7. 1) 

43,808 8 8 

61,940 11 9 
Printing aper supplied to 

~ i t h o .  &ice , , 

Balance against the Depart- 

184 6 7 

1,638 1 1  o 

ment . . . . ... 
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Slalement of DefavtnzentaL Work dolle be,7ucc.,, 
- 

S P E C I F I C A T ~ O N  OF PLATE OR PRINT.  

- -. 

GENERAL MAPS. 

Afghanistan and adjoining Country . .  
Burma and  Regions adjacent . . .  
India shewing Railways open t o  Trafic, 

under Construction, and Survey . .  

India, shewing Feeders t o  Railways . .  
Railway Map of India 
Skeleton Map of l n d ~ a  . . .  

Do. do. with Military Posts 
andRailways . . . . . . . . . . .  

Skeleton Map of Eastern Afghanistan 

- .- - - - 
Ln 

' SCALE OF MAP. 5 NEGATIVES. P H O T O Z I N C O ~ R ~ ~ H ~ ~  pRINTING,  .- 

i 
Progress made. I 

Order completed 150 150 ... Do. 575 575 

... Negative and trans- I 50 50 fer taken last year. 
Order  completed. 

Order  completed . . . . . . . . . . . . .  
Order completed . 

. . . . .  Punjab 
Skeleton Map  of Burma a n d  Assam . Printing in pro- 

Do. of Baluchistan and Sind . . . . . . . . . .  Territories of H .  H. the Khan of Khelat 

32;' 

32=1 

32=1 ... 

TOTAL 

PROVINCIAL MAPS. 

Gnt ra lP rov inces  . . .  
Do. . . . . .  

TOTAL 

DIVISIONAL MAPS. 

British Burma, Pegu Division . . .  

. . . . . . . . . . . . . . .  
- -  

... 1s 53 ... 
- - - - - - - - - 

32=r I 2 ... I 270 270 
32=1 2 2 ... . . . . . .  ... 

DISTRICT MAPS. 

Bannu. ~ e h r a - l s m a i l - ~ h a n .  Delhi, Curdas-  
p u r a n d u r n b a l l a  . . . . .  . . . .  Garo Hills. Lower Assam 

Bahraich, Chota-Nagpur, Dehra-Chazi-Khan, 
Ferozepur, Cujranwala, Hoo hly, Jhang,  
Cwanpur ,  Kamrup, Kohat. fohardugga.  

ucknow, Vidnapur, Nowgong, Seoni and 
Sunderbuns . . . . . .  

Amritsar, Bannu, Cujrat. Hoshiarpur, 
Lahore, Ludhiana, Peshawar, and Shaha-  
bad. . . . . . .  

Betul, Bhandara, Darrang, Dehra-Dun, 
Goalpara, Mandla, Naga Hills, Nagpi-r, 
Nirnar. Raipur, Sibsaugor, Shahpur,  and  
Sultanpur . . . . .  

Balaghat, Bilaspur, ~ o o c h k e h a r ,  Darnoh, 
Canda, Hoshungabad, Khoolna, Maldah, 
Midnapur, Mirzapur, Narsingh ur, Nud- 

32=1 

&'& f 

32=1 
... 

Ordercompleted . 

. . . . . . . . . .  

Order completed 

- - - 
... 3 4 ... 

. {  S=I 1. I 16 4 
dea, Patna, Pilibhit, ~ae- arei it^, Shaha- 
bad. Singbhoorn and  Sonthal Parganas. 

Bankwra ,  Chittagong, and Rungpore. . Order completed . 8 =  I 8 =  I 

. . . . . . .  ... 
2 ,,, 2 I I I 1 0 0 0  3.0W 

Kathiawar Ditto . 1 0 = 1  I 2 1 540 I # d 0  

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

---- - 
TOTAL . . . . . . . . .  ... 58 110  . 

PLANS OF CITIES A N D  CANTONMENTS. 

City of Mysore and environs . Order completed . l = l z  6 24 ... 
HuttedCarnps Khyra Gully, Chungla Cully 

... Ban Gully, Kplaba h, Jhobba, Chora l  Ditto . I = I Z  6 24 I = I ~  
dhaka and  Kunla Culjy. 

- . - - - ...-.. ~- -. . 

- 

32=1 
1 6 ~ 1  
- - 

. . . .  

Ordercompleted 
Ditto . 

Ditto . 

. N e g a t i v e s a n d t r a n s -  
fers,taken. Print- 
Ing In progress. 

Ditto . 

-- 

6 

6 

z 
. 3  

4 1 2 1 1 

. . . . . . . . .  

---- 
270 

--- 

ZOO 

- 

. . . .  

. . . .  
2=1 

4=1 

4=1 

4=1 

14 

12 

20 

270 

200 

- 

... . .  . . . .  4= I 

4=1 

4=1 

4=1 

8=1 

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

. 

... 
3 . . .  

4 

1 

13 

8 

13 

14 

12 

20 

3 

. . . . . . . . . . . . . .  
4 

39 

30 

13 

6 
34 

I 

5 
z . .  

6 
... 

3 

5 

... 

... 

... 

... 

Goo 
3 , 8 ~ ~ 0  

250 

I I O  

. . . .  

600 
3,Guo 

2go 

110 
... 

4 

39 

30 

13 

1 

12  

9 

3 

3 
1 

12 

... 

1,400 
150 

2,r70 

. . . . . .  

- '  

5,400 
150 

7 ~ ~ 7 ~  

... 

... 
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1st October r885 and 30th September 1886. 
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- 
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VALue. 

B a. p.  
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190 I 0 

10 Q 0 

3 7 9 5 8  
975 5 6 
223 14 6 

297 3 2 
49 3 2 

,59  2 o 

2,204 3 3 

62 1 1  g 
23 4 7 

86 o 4 
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Reprint. 

Ditto. 

Ditto. 
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45 7 9 
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Stat8tnen.t of Departmecntal Work done ,3etoccn 
- .-- -. 

SPSCIF~CAT~ON OF PLATB OR PRINT. 

PLANS OF CITIES A N D  CANTONMENTS- 
conld. 

Ajmere City and Envirar rheets  I t o 5  . 

--- 
I 

SCALE OF MA+. 1 4 NEGATIVES. P H O ~ I ~ O Z I N C O G R A P H ~ ~  pRrNNNa. 
3 
V) 

Progrsss made. 

M. I. 

1 S~rnla, Revised Map, sheets 1 to 4, 6 to 8, Negative and trans. 
la and 13. 

36 g I ... . . . . . . .  ... I 

Saugor City and Cantonment . ... 
Beoares City, 3rd portion (in duplicate) . ... . . . . . .  
Bhuj City and Cantonment ; 7 1,ojo 1,050 

I 
. ... 

DalhousieSanitarium. . ... . . . . . .  .. 
! 

Dungarpur and Environs, and Cantonment ... ... 8 3 . . . . . .  ... 
of Kherwara. 

City of Barodg sheets I to 16 . . .  Ditto. ... ... 29 16 . . . . . .  ... 

. . . . . . .  ... . ... TOTAL 57 154 26 2,320. 2,320 

I N ~ I A N  ATLAS. 

Sheet 47, N.W. and'S.W. ... ... 
Full sheet 47 . . . . . .  ... ... ... 

aarter-sheet 4 N.W. . . . . . .  ... ... Ditto. 4S.E. . Only three tracing 
Pnnts taken. ... 

-- 
TOTAL . I . . . . . . . . .  ... 2 8 ... 

STANDARD MAPS. 

Andaman Survey- 

Sheets 8 (12, zd, 13, ~4 15 

Assam Survsy- 

Sheet 30 . . . . . . . . . . . . . . .  
Baluchistan Survey- 

N . E .  N.W S E  %. 
Sheets zg - - - 

3 1  4 1 3 1  3 1  
SX. 

1'3 1  I 
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gana Bisara 

Pargana Gudebur . . .  
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Pargana Maps d 
Tirhoot District, Parganas Hajeepore . . . . . . . . . . .  andRuttee 
Mozufferpore, sheets I 12  and 113 
Durbhunga, sheets 143, 144, 170 to 173. 

1 9 9 , 2 0 0 .  
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145 .  . . . . . . . . . . . . . . .  
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ma, Sarata,  District Mozutlerpore 
and Durbhunga 

&Hna Swwy- 
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Sheets I S E., S.W. ; I I Z  N.E., 

N.w.?.~., and S.W. 
Sheeta113N.E N.W.%.E.,'B.W: 
:, 121 N.L: N.w.: S.E. . ,. I Z P  W.W.mw3S.W. . .  

. - - - . - . - . - - 
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M. I. 
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PHOTOGRAPHIC 

SPRCIPICATION OP PLATE OR PRINT. 

INDEX MAPS. 

R a ' p u h n a  . . . . . . . . . . . .  
~ekra -"un ,  Gorakhpur, Kamrup, and  

Sambulpur 
North-East ~ m n s : ~ r o n ; i e r  
ShwegyinDistrict,Season'soperations. 

South Maratha Survey 
Ditto ditto 

Tram-front ierof  India 

Mozufferpore District 
Punjab 
N o r t h - w e s t i r a d - f r o n t i e r  

Ditto (Revised) .  
H. H. the Nizam's Dominions 

Ditto ditto 
Ditto Madras Sheet  I 

Ditto Madras and Sindh S iee t s  ; 
and  2 

Ditto Madras and  Sindh, sheet ;  
I and 2 

North ~ r a n s - f r o i t i e r  'and 'Souti-  as; 
Trans-frontier 

Akyab, Andaman, Bassein, Cutch, 
Henzada, Hanthawaddy, punjab, &c. 

Ajmere, Basti, Burma, Garo, Khasi and  
Naga Hills and Merwara. 

Akyab, Ajmere. Andaman, Barsein, 
Basti, Burma,  Baluchistan, Cutch, 
Dehra-Dun, Deccan, Gorakh ur, 
Khasi and  Caro  Hills, Gujarat, J a n -  
thawaddy, Henzada, Kamrup, Mer- 
wara. Mirzapur, Punjab. Rajputana, 
and Sambalpur. 

Gujarat  . . . . .  
Assam, Bengal, Burma and  ~ u n j a l ;  

Provinces . . . . . . . . . . .  
Bengal and  Pun'ab Provinces 
Hooghly River durvey 
Ajmere, Akyab. BiJaspur, Darrang and 

K a m r u p .  . . . . .  
Nepal Boundary 
Deccan, Konkan, Mirrapur and Rajpu- 

t ana  . . . . . . . . . . .  
Mozufferpore and Sambalpur 
Andamans and  South Maratha 
Trans-frontier of India and  ~ 0 r t h : ~ e s i  

Trans-frontier 
Ajmere . . . . . .  
Rajputana . . . . .  
Ak ab, Basti, Deccan, Gorakhpur and  

d o n k a n  . . . . . .  
&jarat . . . . . . . . . . .  
C U ~ C ~  
Uantoh a n d  j u b b i l ~ r i  District 

TUTAL 

TECHNICAL CHARTS. 

Triangulation Charts  of Bhppal a n d  
Malwa Survey and  of North-East 
Frontier Survey, Degree S k e t s  XIV ... and XXV . . . . . . . . .  4 2 2 50 50 

Triangulation Chart  of ~ o r t h : F h t  Fronr 
tier Survey, Degree Sheet  X. . . . . . . . . . . . . . . .  

... 
TOTAL 2 4 .. 4 2 3 -- 

M ~ ~ ~ E L L A N E O U ~  MAPS A N D  PLANS. 
Province of Arsam, illustrating percent- 

a e under Rice, Tea,  Mustard t o  
. . . . . . . . . . . . . . .  otal Cultivation # 5 6 1,053 1 ~ ~ 5 3  

- .- -- - 

Statment of Departmental Work done betzveen 

Progress made. 

. . . . . . . . .  . . . . . . . .  . . . . . .  
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PHOTOGRAPH~C 

SPECIPICAT~ON 01 PLATE OR PRINT.  

MISCELLANEOUS MAPS A N D  PLANS- 
contd. 

Bankoora and Manbhoom Districts- 
Main Circuit Maps, Nos. 7, 5 and  g, 

transferred to Burdwan District 

Burdwan District-Main Circuit Maps, 
Nos. I t o  10 . . . . . . .  

North-West Frontier, country on ei ther  
side of . . . . . . . . .  

Ditto 
~aluchista; l  portion of Sheet  zg 

N.W. and  S.W. 

Gu'arat- 
dheet  15, Sections I ,  2, 3 . . 

3S 1 , 2 , J .  .* .. 
Baila, route t o  and lrom 
Graticule scales 
Scale lor reducing relative height 
Irrawaddy River 
Explanation 01 signs and abbreviations. 
Nor th -Ea t  Trans-frontier, Sheets  7, 10, 

and I I 

S ecimen o1 '~n~ ;aved 'k I i l l  shad ing  
See tch  of Hill drawing for Model M a p .  
Kohat Survey, Sheet  7 
Mysore. Sheets 3, 51, 52, 53, 55, 58, 59, 

60'61, 62, 64, 67, 68, and  69 
Mysore, a r t  of Sheet  No. 6 
con tour  R a p  of India . 
Photographic. Lithogra hic and   at he- 

mat~ca l  Instrument ~ k c e s  Plans and  
General Block Plan 

Ramsden's Zenith Sector . 
Arabian Sea, Indian Ocean and ~ ; l l s  oi  

Aden and Persia 
Map  of India 
Benares City, skeleton Map of 
Kwin Maps, 16", Titles lor 
Mandalay. Map of various Military re- 

connoisances in the nrighbourhood of .  
Specimens showing borders, scale Z = I ,  

I = I  . . . . . .  
Sta r  ~ i n d e r  i ~ i a ~ r a m )  
Kumaon and  British Gurhwal, Sheet I ,  

(a portion) . . . . . . . . . . .  
Rajputana, sheets 148 and 149 
Gwalior a n d  Central India, sheets 85 

and gg . . . .  
Char t  01 the Suakim Survey and decon: 

noissance Mapof Country near Suakim 

Statement of Departmental Wovk done beturcen 
-- 

SCALE o r  MAP. 1 NEGATIVES. P H O T O Z I N C O G R A P ~ I ~  p.lNTING, 
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Progress made. 
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94  -2T# T 9  I l "  - I 

I .  
Cadastral maps, heading lo r .  
Map  of Berar . . . . . . . . . . .  
Re ister 01 Expenditure and  Receipts of 

Jrintin andMisce l l aneou~Stores  
A. 8. C. h a p s .  6 . 
Car te  d e  I'  Indo-Chine b r i e i t d e  
TeleKraph M a p  of India 
Bhootia Teapo t  

Form showing Zamindars' and  Pat-  
waris' receipts 

Scale 01 contours 
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. . . . . .  

. . . . . .  

100 
12  

150 
300 
50 

1,750 . . . . . .  
200 

I N )  
100 

75 

5 

. . .  ... 

.., 

1 0 0  
18 

'50 
3m 
so 

1 4 F 4  
.,. 
200 

100 
100 

, . . 

-- 

6 1 
. . . . . . . . . . . . . . . . . .  

I 

6 

. . . . . . . . . . . .  
I 
I 

4 
I 

3 
3 
I 

14 

6 

1 8  
z 

5 
I 

4 

4 

R 
I 

z 

2 
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I 
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80 
20 
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50 
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- 
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20 
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LITHOGRAPHIC A N D  PRINTING OFFICE, CALCUTT.4. 

Extractfrom the Report of LIEUTENANT-COLONEL J. WATERHOUSE, S.C., Assistant 
S u ~ v e y o r  General, in c h a t p  Lithographic Ofice,-Season 1885-86. 

T h e  number of lithographed maps, plans, drawings, &c., taken in hand or printed 
during the year amounts to  677, of which 190 were for the Survey Departmrnt and 48; 
for other Departments. The  total number of impressions or pulls in the Lithographic- 
printing Section was 424,872, yielding 356,877 complete copies, of which 201,912 were 
departmental and 154,965 extra-departmental. Although the number of subjects received 
and of complete copies printed off are  somewhat less than last year, the actual printing 
work done, as  measured by the humber of press pulls, was much larger and shows an 
increase of 92,654 over last year. This increase is due to increased demands for forms. 

In the Type-printing Section the work has again increased-5,566 pages or items were 
set up, and the total number of pulls amounts to  928,114 ; the out-turn last year being 
760,670 pulls from 5,687 items. 

The hand-power lithographic machine and steam type-printing machine have been 
steadily employed during the year and have been found to be of the greatest use in 
enabling the Office to meet the expanding demands for departmental forms and for 
expediting the supply of urgent work. 

I have been anxious to introduce the working of zinc plates with the lithographic 
machine, and, while in England on privilege leave in 1885, I purchased some of the litho- 
graphic plates for trial, as reported in the Photographic Office Report for last year. A 
trial was made of these plates during my absence this year with promising results, but the 
difficulty is to  make correct~ons on the plates without having the proper solution for pre- 
paring them. I lately saw the manufacturers, Messrs. Layton and Company in London, 
and obtained from them the latest instructions for working the plates. I also ascertained 
that they would be prepared to grant a license to  enable us to prepare the plates ourselves 
on reasonable terms, though definite rates have as yet not been fixed. These plates are so 
thin and light and so easily stowed away that they should offer many advantages. In any 
case, thin zinc plates might be used in the machine and printed in the ordinary way. I 
hope to make further trials in this direction immediately. 

The expenditure of the Office during the year under report has been 865,824-6-2 
and the value of the work performed 863,236-7-2, showing a balance of 82,587-15-0 
against the Office. In making out the return of expenditure, the system obtaining in the 
Photographic Office has been followed, i.e., the expenditure includes the cost of all mate- 
rials and plant received during the year, and not, as  in last year's return, merely the cost of 
materials actually expended. A system of book-debit account with other departments, 
similar to that obtaining in the Mathematical Instrument Department and other Govern- 
rnent Factories, came into force on the 1st April, and revised cost-rates for work done 
were introduced a t  the same time, so that s i r  months of the year, from October to  March, 
were under the old system of accounts, and the other six under the new. The difference 
between the rates under the two systems is not very great, as both were based upon the 
principle of approximating as nearly as possible receipts and expenditure. Under the new 
system a percentage of 20 per cent. in addition is charged to cover cost of wear and tear, 
increases to  stock and plant, and other working expenditure not specially accounted for. 
Even with this addition the receipts and expenditure should nearly balance, and if they 
do not, the rates will require readjustment from time to time. Had the 20 per cent. 
allowance been credited for the work done all through the year, instead of only for the last 
six months, the balance against the Office \vould have been much less. 

Munshi Mahomed Azirn, Examiner, retired on superannuation pension on the 1st May 
1886. He had served in the Department for upwards of 34 years, with great credit. Hr 
was an excellent draughtsman and conlpiler and a very useful man in the office. 





LITHOGRAPHIC AND PRINTING OFFICE, CALCUTTA. 

Statement o f  Departmental Work, &c.-continued. 
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L I T H O G R A P H I C  A N D  P R I N T I N G  OFFICE,  CALCUTTA.  

Statement showing the Amount and Value of work done f o r  other Departments between 1st October 
1885 and 30th September 1886. 

- 
- 

L. 

LITHOGRAPHIC PRINTING.  cn .- 
P 
8 

NAME OF DEPARTMENT. 
L 

e 

g "  z 

VALUE. 

B a. p. 

1,094 1s  7 
636 0 0 

96 0 o 
350 15 o 
1 0 4 3 0  

416 11 o 
2.5 13 9 
98 o z 

160 10 o 
gz o o 

266 15 o 
215 10 o 
122 13  o 

1,023 8 9 
58 12  0 

39 10 0 

2,939 2 6 
157 14 3 

1,171 12  9 
49 8 0 

93 8 0 

9 6 0 
3 0 3 1 3 9  
1 7 6 1 1 0  

151 15 0 

480 12 0 

54 9 0 
212 6 o 
591 3 o 
107 13 4 
221 I o 

1,653 4 0 

342 1 0  0 

45 4 0 
98 1 2  o 
34 12 0 

1 8 7 9 0  

334 3 0 
1 7 6 8 0  
67 7 o 

1 8 r 4 o  
3.670 5 0 

419j: 2 
9 5 R 6 2  
3 j g 6 0  
f ~ o  9 o 

455 14 o 
993 7 
58 14 o 
97 7 0 

16s 14 o 
2 . 5 8 0  
6 o o 

1 9 5 4 0  
437 7 5 
h~ 12  o 
82 o o 

--= 

REMARKS. 

Not yet printed. 

' 

Not yet printed. 

Not yet printed. 

Not yet printed. 

Not yet printed. 

Not yet printed. 

Not yet printed. 

Not yet printed. 

1 Not yet printed. 

Not yet printed. 

Not yet printed. 

i 

. . .  Archgological Survey of lndia 

I 

Asiatic Society of Bengal . . . I  . . . .  Ad'utant General, lndla 
. . . . .  ~ a l c u t t a  Municipality 

Central Provinces, Public Works  Depar t -  
m e n t  . . .  

Consulting Engineer, India . . . .  Commissary General-in-Chief 
Chief Commissioner, Central Provinces . 
Chief Commissioner. British Burma . . 
*Director of Garrison Instruction in India . 
Director of Agriculture, Central Provinces . 
Director of Agriculture, Bengal . 

12 

I 

5 
5 

2 
3 
5 
2 
z 
4 
J 
I 

I 4  
4 
I 

58 
2 

45 
z 
6 
1 

l o  
4 

z 
9 
4 
I 

4 
3 
3 

30 
z 
1 
5 
I 

I 

4 
4 

5 

TOTAL 

r 

14 

2 
3 
6 
2 
I 

5 
3 
2 

8 1 0 1 2 134,120 

... ... 

... 
60 

305 

... ... 

... 

... 
355 

1,435 ... 
... 

1,352 ... ... 
9.752 
... 

30 
... 
... ... 
... 
... 
... 
230 ... 

... 

... 
105 ... 

4,160 ... 
... 
... 
... 
.., 

... 
J 55 ... 

... 
Quarter  M v t e r  Geneial in lndia . . 
Rajputana-Malwa Railway . . .  
Sanitary Commissioner, India . . .  
Sanitary Commissioner. Bengal . . . I  
Sanitary Commissioner, Assam . . .  
Secretary for Berar to  the Resident a t  

H d e r a b a d  . . . . .  ~ e t t k m e n t  Department, Punjqb 
Settlement Department, Julpalguri . . 
Superintendent, Government Printing, India 

- - --- 

125 .., ... 
2.110 

421 
250 

... 
,.. 
... 
... 
... 
... 
... ... 
. . , 
... 

I 

Geological Survey of India . . , 

Government of India. Home Department  . 
Government of India, Revenue a n d  Agricul- 

tu=lDepartment  . . 
Government of India, Military Department 

Government of India, Foreign Department 

Government pf India, Financial Department 

Government o f  Bengal . . . .  
Governn.ent of Bengal, P. W. D. . 
Government of the N.-W. Provinces and 

Oudh, P. W D. . . I  

Government of Punjab . . . .  
Government o t  Punjab, Public W o r k s  De- 

partment . . {  
General Superintendent, H o n e  and  Mule . . .  Breeding 0 erations in India 
~ e t e o r o l o g i c a r ~ e p o r t e r ,  India . 
Meteorological Reporter, Bengal . . 
Medical College . . I  . .  Miscellaneous Maps, Plans, &c. 
Ordnance Department, India . . . .  Postal Department, India 
Postal Department, North-Western Prov- 

inces and Ra j  utana . 
Port  Officer a n c f ~ e  istrar of Wrecks . . . . .  Political Ageot, ~ a ~ s e l k h a n d  
Police Department  . 

............ 
- -~ 

158,309 

25,560 ... 
735 

I,ZW 
... 
305 
252 

1,017 
1,062 
... 
... 

1,660 
14,000 
3,895 
... 
415 

5,041 
605 

2,831 ... 
3,000 

5;'d66 
420 

... 
4,995 
... 

~ , m o  
... 
... ... 

6.047 
26,400 

650 
680 

Z I O  300 

268 

200 
550 

I 

48 
21 

{ 4i 
( 2f 

15 
6 

{ 
I 

4 

{ 
21 

z 

7 
2 
I 

4 
2 

10 

{ $ 1 ''i 

5 . 5  2712" 7 5 
.-- 

3,637 ... 
... 

5,300 ... 
... 

1,805 
4.340 

~ i r o  
1,6h.j 

415 
75 ... 

... 

I 
21  

I 

S 

I 

Superintendent of Forest Surveys . . 
Surgeon General, Her  Majesty's Forces . 6 Stationery Office 
8 . ,  

Telegraph Department, lndia . . 9 

8,070 
... 
735 
720 

1,525 

610 
252 
917 

1,062 
7 '0  

2,170 
1,660 
7,000 

11,6jg 
... 
415 

31,033 
10.5 

2,698 
... 
750 ... 

3,030 
320 

... 
4,235 ... 
z,ooo 
... 
3'5 ... 

14,882 
26,400 

150 
Z I O  

468 
620 
zoo 
30" 

I 

14 
6 
z 

8 
I 
I 

Tirhoot State  Railway . . . .  505 ,505 s05 

25,560 
... 
735 

1.260 
305 

305 
252 

1.017 
1,062 

355 
-1,485 
1,660 

14,000 
5,237 ... 

415 

14,793 
6 ~ 5  

2,861 
... 

3,000 

6 0 6 6  
420 

... 
5,225 
... 

2,000 
... 

105 ... 
1n.?n7 
26,400 

65 0 
680 
300 
210 

268 
310 
2 0 0  

5.50 
4.157 
. , , 
... 

8,520 
2, 526 

500 

~,Ro,i 
4,340 

?no 
I ,6ti,j 

4 '5  
30 

... 

... 

5 

3.762 
... 
... 

7,410 
421 
250 

1,805 
4,340 

?no 
1,665 

415 
75 

... 
2.120 

4,549 
... 

I 
I I 

I 
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LITHOGRAPHIC A N D  PRINTING OFFICE, CALCUTTA. 

Broken and miscellaneous type receiv- 
ed from Mathematical Instrument 

Statement showing Expenditure ( D r . )  and Value o j  work done ( C r . )  durinf the Suvvey year ,  f r o m  
1st October 1885 to 30th September 1886. 

DR. CR. 

ORice . . . . . .  
M3 typing machine received from 

athematical Instrument Office. . 
Cost ot repair of articles a t  Mathe- . . .  matical Instrument ORice 

Ty e received from Superintendent, 
eovernment Printing, India . . 70 8 7 

Ty e received from Surveyor General's -- 
&ice . 4 1 5 1 1 8  

Pa e r  received from Survey of lndia 
Bffices . s o  4 8 

Landing and shipping charges incurred 
by the Marine Department . . 

TOTAL . 

R a. p. 

46,201 7 o 

6,209 lo 6 

. . .  superintendent's salary 
Asistant  Superintendent's salary . . 

. . . . .  Establishment . . . .  Office rent and  taxes . . . . .  Contingenc~es 

Lithographic, drawing and printing 
materials received lrom En land . 

Litho. stones received from zngland . 
T~ e printing materials received from 

i n  land . . 
MiscJlaneous t i p e  received from . . . . . .  England 
Paper received from England . . 
Paper received from Stationery Office . 
Miscellaneous articles received from 

Stationeryoffice . 

-. -- -. -- 

S ~ a n d a r d  and other Maps and Plans 
] s u e d  to the Survey of India Depart- 
ment . 

Miscellaneous Maps issued to the Survey . . . .  ol,India Department 

Departmental Forms . . .  

Miscellaneous Maps and Plans, extra- 
departmental . .  

Work  done in Type  Department . . 
Paper  supplied t o  Photo. and other 

Offices of thesurvey  of India Depart- 
merit . . . . . . . .  , . .  

12*597 l 3  Old tin and packing cases sent  to  
Mathemat~cal  Instrument Office. . 

Sale of waste paper, Bc. . . .  

a. p .  

5,444 I 6 
2,wn o o 

33 ,5741411  
3,859 14 o 
1,322 8 7 - 

764 s 2 
889 4 g 

6 2 5 2  

400 14 8 
4,q)z 12  9 - 

12,519 I I I 

7 8 1 1 1 0  

222 4 0 

70 8 7 

4~ o 4 Balance against the Department . 

. . -. -- 

P a. p .  

10,351 4 o 

661 5 4 

1o,846 13 2 

27,226 7 5 

13,573 o o 
' . . :  

3 7 4 2 0  

-- -- - 
8 a. p.  

21,859 6 6 

27,226 7 5 

13,573 o o 



MATHEMATICAL INSTRUMENT OFFICE, CALCUTTA. 

Detail of/ssues to, and  Rece+tsfrom, Provinces and  Departments during Financial 
Yea r 1885-86. 

~~. - .- - 

Provinces and Departments. / . 1.0. 1 N. I .  0. 
Receipts. Issues. 

... 36' 

Value, R Value, R 

Archzological Survey . 
Assam . a 3,010 4,854 
Bengal, Civil . 24,524 18,348 
Bengal, Military . 41546 8 1 4 ~ ~  
Berars . '2.5 73 
Bombay, Civil . . . .  - 1,033 453 
Bombay, Military . . 3,266 578 
Bombay, Military (Egyptian Expedition) , ... 23 
Burma . . 9,181 8,839 
CentralIndia' . - 1,451 330 
Central Provinces . 3,564 3,627 
Colonial Government, Straits Settlements . ... 4,740 
Forests . ... 2,059 
Gazetteers and Statistical . ... 36 
General Administration, Foreign States , ... I4 
Geological Survey and Museums . . . . 170 
Inland Customs . ..- I9  
Land Revenue, Ajmir Land Settlement . ... 97 
Law and Justice, Port Blair . ... 76 
Madras, Civil . 7,475 I I 

Madras, Military . 190 4,104 
Marine . 49 1,030 
Meteorological Department . . 342 1,973 
Mint 64 . . . 
North-Western Provinces and Oudh . I45 1,292 
Political, Afghan Boundary Commission , 270 2,075 

Punjab . 5,690 18,050 
Public Works Department, Military Works . 4,378 18,321 

Ditto ditto, Rajputana-Malwa 
State Railway . . . . 92 

Ditto ditto, Rajputana . 458 3" 

Ditto ditto, Sind-Pishin State 
Railway . . 384 17,301 

Ditto ditto, Bhopal State Rail- 
way . 152 ... 

Ditto ditto, Coorg . . . . 3' 
Ditto ditto, N. W. Railway . . . . 1,838 
Ditto ditto, E. I. Railway . . . . 502 
Ditto ditto, Hyderabad . 455 533 

Survey Department . . 22,868 60,362 

Telegraphs ... 184 

TOTAL . 93,620 8 

NETT DEBITS . . . .  ... 
Cash Sales . . . .  3 ~ 7 ~ 7  

GRAND TOTAL . 93,620 1~84,942 
- -. --- 

Debits. Credits. I -  
Value, R 

361 
1,844 
... 
3,922 
... 
. . . 
... 

23 
.. . 
... 

63 
4,740 
2,059 

36 
I4  

170  

19 
9 7 
76 

... 
3,914 

981 
1,631 
. . . 
1,147 
1,805 

12,360 

13,943 

92 
. . . 

16,917 

. . . 
3' 

1,838 
502 

78 
37,494 

184 

1.06~341 
-/ 

Value, R 

... 

. .  . 
6,176 
... 

52 
580 

2,688 
... 

342 
1,121 
... 
. . .  
. . . 
. . .  
. . .  
. . .  
... 
... 
... 
71 464 
. . .  
. . .  
... 

64 
... 
... 
... 
... 

... 
147 

... 
152 

. . . 

. . .  

. .. 

... 

... 

... 

1 1 8 . 7 5  

87,555 
3J767 

91,322 
-- - . - -. -- - 





Books. 

MATHEMATICAL INSTRUMENT OFFICE, CALCUTTA. 

TABLE B-contd. 

Pickering's Physical Manipulations 
Blow-Pipe Analysis, Landaner . 
Hints t o  Travellers . 
Manual of Surveying . 
Practical Surveying, Kelly's . 
" Light," Mayer and Barnard . 
Nautical Almanacs . 
Tables, Hydrometer (Casella's) . 
Tables, Logarithmic, Chamber's . 

Lis t  of Instruments, &c., purchased dur ing  
-- 

Names of Instruments. 

Brought forward . 
Rules, parallel, bar, wooden, 12" 

11 ,, on rollers, brass, g" . 
, I  1 1 11 ,, 12" . 
I, I I  I J  ,, 2' and 24' . 
I )  I t  ,, electrum, 12" 
,, sight for  lane-tables . 
,, straight edge, steel, 6' . 

Scales, architects, boxwood, sets  . . 
11 II ,, single . 
I I 11 ebonite ,, . 
,, diagonal, wooden . 
,, engine divided, card-board, single , 
,, Marquois, sets, wooden . 
,, offrsets, ebonite, single . 
,, off-sets, sipgle, wooden . 
,, p l ~ t t i n g ,  sets, wooden . 
1 9 I I  ,, ebonite . 
I I ,, ebonite, single . 
I P ,, single, wooden . 
11 ,, triangular section, single, boxwood . 

Seqtors, ivory . 
,, wooden . I  

Squares, optical German pattern . . 
,, set, ebonite, single . 
I I ,, waoden, set  . 

Staveq, levelling, telescopic, Sopmith's and Strange's . 
Stands for plane-tables . 
T Squares, wooden, of sizes . 
T a  es, measuring, steel, pocket and others . P T e  emcters . 
Thermpmeters, chemical . 

PI rpaximum, common, self-registering . 
I, rpinimum, com111on . 
11 rpaximum and minimum on same board . 
I I spare for Syke's hydrometers . 
, I  YaSs Trammel heads or beam compasses . 

TOTAL . 

1885-86-continued. 

No. 

12,505 

3 
I 

I 
2 
I 

100 
I 

I I 

45  
4 
3 

24 
8 

120 

268 
I I 

2 

156 
266 

8 
3 3 
3 5 

30 1 

135 
a 
5 

325 
16 

I 

3 
14 

7 
6 
3 

1 2  

1 

3 

1,4432 

Value. 

R a. 

51938 4 

4 8 
9 0 

12 0 

6 4  0 
'5 0 

300 o 
10 o 
10 o 

111 o 
8 o 
4 8 

20 0 

40 0 
60 o 

loo  8 
71 8 
20 0 

I99 0 
266 o 
24 0 
82 8 
35 0 

11955 0 
roo 8 

15 0 

75 0 
21275 0 

40 0 
18 o 

135 0 
bo o 
2 2  1 2  
12 12  

75 0 
18  o 
'3  0 
22 8 

12,262 4 



MATHEMATICAL INSTRUMENT OFFICE, 'CALCUTTA. 

TABLE B-contd. 

Lis t  of Instvuments, &c., purchased dur ing  1885-86-continued. 

Names of Instrumbnts, &c. 1 Value. 

Sundries. 

Bars, lengthening, brass . 
~i I I electrum 

Boxes, of sorts . 
Typing ink, tins . 
Wooden tasks . 
Glasses for pluviometers . 
Ink legs for compasses, brass . 

I I  I s  ,, electrum. 
Spare glass and key for a watch . 
Hahd press, with stand . 
Numbers for chains, iron, sets . 
Pencil legs for compasses, brass . 

)I 11  I I electrum . 
Telescopes for 3" pocket sextants and range-finders 
Cases, leather . 
Umbrellas 
Knives, pocket . 
Glass ink-bottles . 
Stencil plates . 

TOTAL 
Add total of Instruments 
,, ,, of Books . 

TABLE C. 
Lis t  of Instruments, &c., m a n t ~ a c t u r e d  in Workshop dur ing  1885-86. 

Value. 

R a. 

222 o 
397 f 
109 12 

52 8 
31 8 

31357 8 
500 o 

1,810 8 
240 o 

18 o 
' 620 o 

52 0 
510 0 

564 0 
321 10 

2,573 0 
302 8 
654 o 
522 o 
250 o 
90 0 

200 o 
573 1 

408 o 

14,409 0 

-. 

Names of Instruments, &c. 

Bats, Standard, steel 
Bohrds, drawing, deal, large . 

I I 9 )  ,, small 
I t ,, teak, large . 

Chains, measuring, 30 and 33 feet . 
11 1 )  66 feet . . 
11 PI I00  ,, . 
,, other sizes and sorts . 

Clinometers . 
,, with hill shading scale ahd plumrhets . 
81 survey pattern 

Cdmbs, bigha scale . 
,, acre-calculating card-board . 

Compasses, magnetic, for plane-tables, 5' deedles 
Hold alls 
Plane-tables, deal . 

I) 9 ,  ,, military pattern . 
P l ~ i o m e t e r s ,  country pattern . 

1 ,  Simon's pattern . 
Pins for chains, common pattern 
Quadrants, Gunners' . 
Rule, sight, for plane-tables . 

,, ,, brass for military plane tables . 
Rule, sight, for plane-tables with telescopic attachment 

and metal . 

Carried over . 

No. 

8 
31 
f 5 
6 
7 

395 
50 

301 
6 

I 12 

25 
208 

2,040 
45 
24 

28 I 
39 
38 
36 

2,000 
3 

50 
28 

14 

5 1 ~ 7 ~  
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MATHEMATICAL INSTRUMENT OFFICE, CALCUTTA. 

TABLE C-contd. 

t i s t  of /nstvuments, b c . ,  mnnufactuved in Workshop duving 1885-86-continu-ed. 

Names of Instruments, &c. 

Brought forward . 

Scales, Bengali, metal . 
,, diagonal, card-board . 
I I ,, metal . 
,, engine-divided, card-board, single . 
,, off-set, single, ivory and slips . 
,, plotting, single, ivory . 

Squares, optical, German pattern . 
Staves, cross or off-sets , 

,, for omnimeters . 
,, levelling, Gravatt's pattern . 
,, telescopic, Sopmith's and Strange's 

Stands for heliotropes, 6", 8") 9" and I 2" . 
,, for plane-tables , 
,, for theodolites 
,, for thermometers . 

Thermometers, minimum, black bulb . 
1 1  maximum and minimum on same board . 

Vane, sight for referring lamp . 
TOTAL . 

Sundries. 
Boxes, of sorts . 
Cases, packing.  
Stand for camera lucida apparatus . 
Camera lucida apparatus . 
Doolies . 
Girder-tester . 
Gauges, writing . 
Globes, metal, wire . 
Handles, brass for chains . 
Levels, spirit, for staves . 
Numbers for chains, brass, single . 
Plates, copper for scales . 
Rods for pickets, wooden . 
Screwdrivers  and levers for theodolites . 
Stool and benches, teak wood . 
Type-holders for Gastrell's pattern press . 
Tubes, tin and zinc, in wooded cases, &c. . 
Ink-rollers, small . 
Plummets 
Brass s t rap keepers for instrument boxes and leather s t rap 
Screws for plane-tables . 
Washers, brass 
Diaphragms for camera . 
S e t  of figures for stamping, with handle complete . 
Stands for thermometers, padded . 
Bottles, metal . 
Alrnirahs, mahogany . 
Spider lines, box . 
India-rubber rings . 

TOTAL . 
Add total of Instruments . 

SUM TOTAL . 
Brass castings, &c,, lor material stock . 

GRAND TOTAL. . 
- - 

No. 

5,672 

1 04 
4,564 

I 

1,000 
415 

6 
12 
2 

3 
10 

40 
4 

30 
7 

I a 
2 
6 
2 

I 1,892 

26 
680 

I 

I 

I 6 
I 

41 
I 

I 6 
6 

83 
I 

6 
9 
2 
I 

77 
I I 
12 
26 

2 

506 
5 

I I 
I 

5 
I 

I 

12  

1 ~ 5 6  1 
I 1,892 

13,453 

. . . 

Value. 

a a. 

'4,409 0 

104 o 
664 14 

12 3 
I25 0 
181 6 

8 4 
160 8 

10 8 
70 0 

160 o 
600 o 

56 0 

540 0 
221 8 

96 0 

36 8 
75 0 

40 0 

17,570 11 

6 I 
2,844 2 

35 0 

40 0 
28 o 
C I  6 
93 0 
5 0 

12 o 
33 0 
I I  10 

30 0 
21 o 
6 12 

145 2 
28 11 

54 8 
33 0 

13 8 
2 8 
5 4 

10 6 
2 o 

25 0 

51 ! 
232 o 

2 o 
1 0  

3,883 2 

17,570 1 1  

21,453 13 
1,260 o 

22,713 13 
---- -- 
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Actinometers . 
Alt-azimuth . 
Anemometers 
Anemographs 
Arithmometers . 
Barometers of sorts 
Boards, drawing, of sorts . 
Camera of sorts . 
Cases, leather, writing . 
Chains of sorts . 
Chronographs 
Chronometer 
Clinometers . 
Compass, azimuth . 
Compass, beam . 
Compass, boat . 
Compass, card . 
Compasses, drawing, of sorts . 

,, magnetic, for plane-tables 
I I ,, pocket . 
1 )  prismatic of sorts . 
I I proportional . 
11 rectangular for theodolite 
) I  Ship . 
11 Surveying, of sort . 

Curves, of sort . 
Glasses, binocular . 
Heliographs . 
Heliotropes . 
Hydrometers . 
Instruments, drawing, of sorts . 
Lamps, bull's eye . 

,, referring . 
Lenses of sorts . 
Levels of sorts . 
Log, patent . 
Machines, hand-printing . 

,, map-printing . 
,, paper-cutting . 

Microscopes, of sorts . 
Padded, boards . . 
Pens, drawing, of sorts . 
Pentagraphs of sorts , 
Perambulators . 
Plane-tables . 
Planimeters . . 
Pluviometers . 
Polariscope . 
Press, for litho, of sorts . 
Pricker 
Protractors . 
Quadrants, Gunner's . 
Quintants . 
Range-finders of sorts . 
Refr~gcrator  . 
Rules of sorts 

,, sight, for plane-tables . 
,, straight edges . 

MATHEMATICAL INSTRUMENT OFFICE, CALCUTTA. 

TABLE D. 

Lis t  o f  p ~ i n c i p a l  Instruments repaired in Wovksltop duvinIZg 1685-86. 

Carried over 

-- 

Names of Instruments. Number. 
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M'ATHEMATICAL INSTRUMENT OFFICE, CAl.CUTTA. 

List of principal /nstruments repaired i n  Workshop during 1885-86-continued. 
.- 

I 
Names of Instruments. I Number 

Brought forward I 
Scales of sorts . 
Seismometer cylinder . 
Sextants of sorts . 
Spectroscope 
Squares, optical . 
Stand for barometer . 
Stand for camera . 
Stands for compasses . 

,, ,, heliographs . 
,, ,, heliotropes . 
,, ,, levels . 
,, ,, plane-tables . 
,, ,, theodolites . 
,, ,, thermometer . 

Staves of sorts . 
T squares of sorts . 
Tapes of sorts 
Telescopes of soits 
Theodolites of sorts 
Thermometers of sorts . 
Tide-gauge clocks . 
Watches . 
Wind vanes . 
Van Rysselberghe's meteorograph . 

Profit and  Loss Accotint of Workshop f o r  1885-86. 

Total of principal Instruments repaired . 
Total of all Instruments repai.red . 

-- 

1,593 
2,267 

Debits. 

TOTAL . 60,911 13 

Workshop Establishment (less proportion 
debitable to the Store Branch for cleaning 
and adjusting serviceable Instruments) . 

One-third of Office Establishment . . 
Workshop contingencies as distinguished 

from materials purchased . . . 
Value of materials :- 

For special work . . . . 
For general workshop use . . 
For manufacture of packing cases . 

Paid for repairs . . . . , . 
Wear and tear of plant . . . . 
Half of rent at R325 per rnensern. . . 
Printing and Stationery . . . . 
4 per cent. on valueof Tools and Plant,amount- 

in to R61.81 I . . . . 
wosshop  profit . . . . . 

Credits. 

R a. 

33,829 7 
2,255 I 

1,260 l o  

11,577 7 
456 12 

1,722 g 
177 0 

1,116 o 
1,950 0 

207 3 

2,472 7 
3,887 5 

B y  repairs for Public Officers . 
D ~ t t o  to Stock . . 

By  manufactures for Stock :- 
" Instruments" . . 
"Packing Cases" . 

B y  manufacture for materials . 
Ditto for store . . 

Work on prepayment . . 

I2 a. 

14,457 9 
21,377 12 

18,582 15 
2,870 14 
1,260 o 

890 7 
1,472 4 



T R I G O N O M E T R I C A L  BRANCH OFFICE,  D E H R A  DUN.  

E x t r a c t s f r o m  the Narra t i ve  Report of M R .  W .  H .  COLE, M.A., Deputy  Superintendent.  
3 r d  grade, in  charge of the Computing and Type-printing Sections of the Trigono- 
metrical Branch Ofice, Dehra Dzin,-Season 1885-86. 
The  following tabular statements exhibit the money value of the work performed by 

the Computing Section :- 

Statement of Expenditure ( D r . )  and  Amounts credited (CY.)  on account of the Computing 
Section during the Survey year  1st October IW to 30th September 1886. 

DR. C R .  

Statement of Departmental Work done by the Cornputin Section between 1st  October 
1885 to  30th September 1 8 h .  

D e ~ u t y  Superintendent's selary . 
Assistant Superintendent's salary 
Establishment . 
Contingencies . 

Stationery . . . .  

Library, books and periodicals . 

TOTAL 

- - 

Statement showing the value of work done f o r  other Departments by the Computing 
Section between 1st October 1885 and 30th September 1886. 

Including charges for books, &c., obtained during the two preceding seasons. 

a 

11,400 
7,000 

33,500 
963 

100 

. r ,o~z 

. . .  

N a m e d  other Department. I Value. 

Value. 

8 

2,235 
11,510 
7,968 
11730 
9,281 
5,209 

665 
1,230 
9,a86 
2~71 1 

51,825 

I Clals. 

. . . . . . . . .  Quartermaster ~enkral ' s  Department in India 1,484 . . . . . . . . . . . .  Meteorological Department : 1 516 
. . . . . . .  The Officer on special duty, Kashmir Railway Project Survey 150 

I 
2 

3 
4 
5 
6 
7 
8 
g 

ao 

- 

The  preceding statements afford a fair idea of the cost of the work performed under 
the various classes ; but some explanation of these is necessary, and will now be given. 

CLASS I ,  RECORDS, LIBRARY.-'rhe records of all the survey opt-rations appertaining to 
the Trigonometricnl Branch, from the time oI Colonel Lambton to the present date, find a 
resting place i n  this office, where they are carefully stored and periodically inspected. 
Further, as  each frrsh instalment is received it is closely examined, indexed, registered, 
and a detail receipt furnished to the executive officer from whom it comes. During the pas1 
season a mass of records of the Khtliidwdr Topographical Survey Party was received for 
deposit, and the examination has occupied a large share of the time of one computer for 
several weeks. 

The cu\tody of the Library, which now contains about four thousand books and pam- 
phlcts, chiefly of a scientific character, also comes under this head, a s  well as  the cost of 

R 

51,825 

a,r5o 

53,975 

1 I 

. . . . .  Records, Library, inclusive of cost of purchase of books, kc. . . . . . . . . . . . . .  Computations . . . . . . . . .  Accounts,'Returns, Correspondence . . . . . . . . . . . .  Supply of Data, &c. 
Preparation of Press Copy . . . . . . .  . . . . . . . . . . .  Examination of Press Proofs . . . . . . . . . . .  Ditto Charts, kc. 
Protection of Stat~ons . . . . . . . - .  
Miscellaneous . . . . . . . . . . . .  . . . . . . . . . .  Meteorology and General Science 

TOTAL . 
- 

52,863 

100 

1m0'2 

533975 

Work done for the Survey of 
India Department as shown in 
the following table . . 

Extra Departmental work done . 

TOTAL . 
- - 

51,825 

2,150 

... 
- - 
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books and periodicals purchased during the year, both for the Library itself and also for 
several survey parties of the Trigonometrical Branch. In the present instance, owing to 
the bills for the two preceding years not having been presented till recently, the cost in- 
cludes three years' purchases. 

CLASS 2, C O M P U T A T I O N S . - T ~ ~  duty of this office is stated elsewhere to  be the final 
reduction and publication of the operations of the Trigonometrical Branch. These opera- 
tions consist of the execution of series of triangulation, in the taking of astronomical 
observations, in the carrying of lines of spirit levels over the country, &c. Primary 
reductions are  made in the offices of the parties which execute the several works in order 
to present them complete each in itself ; but a great deal then remains to  be done before those 
works can be presented to the public, and it is necessary to fuse into a harmonious whole 
all the various geodetic operations : to  effect this, very intricate calculations are required, 
and they form the main work of this office. Under this head may be specially mentioned 
the following :- 

(I) .  T h e  final reduction of the principal triangulalion of the South- West Quadrilateral.  
'I'his was commenced last year, and the main reduction was completed during the year 
under report, leaving for final adjustment only those portions of the principal triangulation 
which did not enter the circuit equations. Tha t  which appertains to two out of live series 
has been disposed of and greater progress would have been made, but that it was necessary 
to  divert the computers engaged on it to other work of a more urgent character. When 
this quadrilateral is finished, the whole of the'principal triangulation of India west of the 
meridian 92' will have been finally reduced. 

12). In the Southern T r k o n ,  the work done has been chiefly in connection with the re- 
duction of the secondary triangulation, of final terms, including a considerable portion of Colo- 
nel Lambton's operations. The principal triangulation, except so far as  the heights of the 
stations are concerned, which await the completion of levelling operations in Southern India, 
is all reduced and the data nearly ready for the press. 

(3). Only two Synoptical Volumes remain to  complete the publication of the whole of 
the details of the Nortlr-East Quadri la teral ,  viz., those of the North-East Longitudinal 
Series and the Assam Longitudinal Series which also includes the Assam Valley Series. The 
former cannot be taken in hand yet  because the triangulation for fixing snow peaks is 
not complete. With the latter considerable progress has been made, and there only 
remains to obtain the values of the distances and azimuths of snow peaks in final terms to 
complete the data for  the volume ; this is in hand. 

(4). 0bse)-ved Latitudes.-Observations of 1884-85, having been received from Astro- 
nomical Party No. I ,  were finally reduced in the same manner a s  all the ~ r e v i o u s  observa- 
tions, and now those from Colonel Lambton's time to the end of the abote-mentioned season 
are completely reduced, and the  reparation of the details for the press is in hand and con- 
slderable progress has been made with the copy. 

(5). Electyo-Telegrafhic Longiturtes.-Assistance was afforded to Astronomical Parties 
Nos. I and 2 in bringing up  their calculations for 1885-86. These calculations were per- 
formed under the direct superintendence of Lieutenant S. G. Burrard, R.E., and the assist- 
ance rendered was equivalent to the services of a   air of computers for a little short of 
three months. 

(6). Khandesk Tojograjkical  Suy-dey.-In compliance with the directions of the 
Officiating Surveyor General a  air of computers was  laced under the orders of Mr. 
W. H. Patterson, Officiating Deputy Superintendent, 4th grade, for a little over two 
months, to aid in bringing up the arrears of this survey. 

(7).  The new edition of the A L I X I ' I ~ ~ Y ~  Tables to facilr'late the calculfftjons of the 
S u r - ~ c y  of fna'ra has been steadily in hand and good progress has been made with it. The 
necessary calculations have been completed up to the end of Table LlII. 

CLASS 3, ACCOUNTS, RETURNS, C O R R I : S ~ ' O N D ~ ~ N C E . - ~ ~ ~ ~ ~  this heading are included 
Indents, Estimates, bIonthly detailed and abstract progress reports, stock returns of ord- 
nance stores, the compilation of the Annual Ke[)ort ancl various other item:. Assistance 
has also been rendered in the current work of the Deputy Surveyor General 5 Ofice. 

CLASS 4, S ~ ~ ~ ~ ~ . - R e q u i s i t i o n s  from 1 8  officers for data of various kinds have been 
complied with, some of which involvecl a p o d  deal of discussion and calculation. In this 
class is also included the cost o f  labour in the despatch of maps, charts, books, and forms. 

C r . ~ s s  5, P R E ~ A R A T ~ ~ N  OF PRESS Copy.-This consists in the writing of the letter- 
press for the several publications ; and also in abstracting and compiling the results of the 
several calculations in a suitable form for publication. ,411 talmlar data when 
are carefully compared twice before handing to the printer. The det;lils of the u n d e r  

this head are  as  follows :- 
Southern Trigon.-The manuscript Cor the Introductory Chapters oC the Volume, which 

,ill contain the details of this section of the principal triangulation, has been commencc~d, 
and nearly the whole o f  the numerical and descriptive data have becn compiled for the press 
of  which a great portion has been finally compared. 

North-  West Quadrilateral.-The rvmaining portion of Prolessional Volume IVA. 
(j0dhpore and Eastern Sind Meridi(,nal S,,ries) was completrd. The volt~me has now been 
lIound and is in course of issue. The  compilation of the corresponding Synoptical Volume 
is nearly complete. 
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Observed Latitudes.-The calculations having been completed, the preparation of 
the details for the press has been taken in hand and a good deal of copy is ready. 

Auxil iary Tables to facilitate the Calculations of the Survey of India.-Several 
tables have been compiled and the explanatory introduction has been re-written for the 
first 5 2  tables, with considerable additions. 

Spirzt-levelled Hekhts.-Pamphlets Nos. 2 and 3 of Levels in the Bombay Presi- 
dency and the Nizam's Dominions, and No. I ,  Madras Presidency, were revised and 
corrected for the press. That for the Bombay Presidency is complete and is b e i ~ l g  got 
ready for issue, while the pamphlet for Madras only requires a chart (which will shortly be 
ready) to  complete it also. Other subjects were of lesser importance and need not be 
detailed here. 

CLASS 6, PRESS P R O O F S . - T ~ ~  work done under this heading properly relates en-  
tirely to the Printing Section, for it consists of the examination and comparison of proofs ; 
and as most of the matter printed is numerical or depends on numerical data, this exam- 
ination can only be performed by Inen thoroughly acquainted with all the details of the 
subject in hand. Ordinary press-readers therefore could not be expected to  render the 
critical examination which such matter requires. The charge for this class, though neces- 
sarily included in the cost of the Computing Section, has also to  be reckoned in calcr~lating 
the value of the work turned out by the Printing Section, and it is accordingly distributed 
over the various works of that section. Should the cost of the two sections be combined 
this charge (R5,zog) should manifestly be deducted from the total. 

CLASS 7,  CHARTS.-The careful examination of all charts of triangulation and of 
spirit-levelled heights before publication, is a matter of very great importance, and this 
work is also performed by the Computing Section, where the Iamiliarity with the original 
records renders the detection of mistakes much easier and more certain than if the ex- 
amination was made by the draftsmen themselves. All the charts, diagrams, &c., prepared 
during the year by the Drawing Section for the publications of the office were so examin- 
ed ; among them may be especially noted the Reduction Chart of the Eastern Sind Series 
of the Principal Triangulation for Professional Volume IV A,, and the final chart of the 
Jodhpore Series for the Synoptical Volume, while several of the Degree Sheets of the Assam 
Longitudinal Series for the Synoptical Volume of that series have received their first com- 
parison. 

CLASS 9, MISCELLANEOUS.-In this class is included several duties of the Computing 
Section which cannot fairly be assigned to any of the other classes. 

Early in 1886 Colonel Haig directed that a short base-line should be measured with 
the Colby compensation bars and mlcrosropes for the purpose of instructing the officers 
and assistants of the department who were then present at Dehra in the use of the base- 
line apl~aratus, as  it appeared to him that those who had had experience in such operations 
were gradually leaving the department witllout handing on their experience to their suc- 
cessors. He selected a site in the southern portion of the field adjoining the Survey oHice 
in which the observatory for the large 1)hoto-helio. stands. 'The ends of the base-line 
were marked by masonry pillars, surmounted by circular stone caps containing dots on 
silver plugs let into brass, the dots being flush with the ground level. 

The length of the base-line was first chained and so chosen as  to be nearly equal to I I 
sets of bars and microscopes, when arranged in line for measurement, or 231 yards. The 
preliminary operations began on the I rth February and continued till the rztll April, partly 
in order that the work of the oflice might not be interrupted, and partly in accordance with 
Colonel Haig's desire that as ~nuch opportunity as possible might be afforded to officers 
visiting Dehra of seeing the 1)rocess. 

The oficers who took part in the preliminary operations and the measurement itself 
were as follows :- 

Colonel C .  T. Haig, R.E. 
Mr. W .  H. Cole, M.A.  
,, J .  Ecc,les, M.A. 
,, C. Wood. 
,, A .  J. Wilson. 
,, G W. E. Atkinson. 
,, J .  A. May." 

Mr. H .  W. Peychers. 
,, W .  W. McNair. 
,, C. H. Mc A'Fee. 
,, J.  Bond. 
, , 'CV. J.  Cor~lelius. 
,, F. E. Warde. 

I3eforr the conclusion of the measurernrnt Major G. Strallan, R.E., arrived l ro~n the 
lield and took Llie o!)portunity of i n s p e c t i ~ ~ g  the operations. 

None of these,except Mr. Rond, had ever been present a t  a base-line measu~.ement, and 
he had only taken a minor parC I myself had had a good dral to  do with portions of the 
apparatus, especially w h ~ n  I assisted in the re-determination of the factors of rxpansion 
of standard Bar A. I had also assisted General Walker in the preparation of Volume I of 
the Operations of the Great l'rigonometrical Survey of India, the subject of which is the 
~neasuremcnt of the base-lines in India, and further the Mergui Base-line had been 
reduced under my direct superintendence. I therefore possessed a considerable theoretical 
knowledge of tlic sul~ject,  and with the aid of the article on geodesy by Captail1 Yolland. 
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R.E. ,  in the course of hIathematics prepared for the use of the Royal Military Academy, 
1 had no difficulty in carrying out Colonel Haig's orders. T h e  Base-line apparatus required 
a good deal of cleaning and prel~aration before it was ready for use. This work was 
principally performed by Mr. Eccles and myself, aided by Mr. Bond. As the standard 
Bar  A is in store a t  Calcutta, Bar was used for comparison with the compensation bars ; 
this is one of the two 10-foot standards which were constructed for this survey by Messrs. 
Troughton and Simms in 1864, and its relation to Bar A being known, its use has only 
entailed a slight extra calculation to  reduce the base-line to the same terms as  all others. 

The  work commenced with the comparison of the thermometers against standard 
No. 4246 a t  intervals of temperature of about zO, ranging from 56" to 88' F. 

After this the Base-line microscopes were set up on the comparing pillars in the Elar- 
room and their runs determined against two &th ir~ch spaces on the standard steel Foot IF  
by Troughton and Simms. This operation was repeated af ter  the measurement of the 
Base-iine i l l  accordance with the usual custom. 

The next operation was the adjustment and testing of the compensation microscopes 
for " cullimation," " verticality" and " parallelism," and then their comparison with their 
scales. Seven microscopes were e~nployed. The comparison of the n~icroscopes with 
their scales was also made again after the measurement. The  index errors of the levels on 
thr  compensation bars were ascertained by means of a dumpy level placed equally distant 
from the tongues of the bars. This was done once for all. 

Bzr conlparisons with the standard were made before and after the measurement of 
t h r  Base-line. 

The Hase-line itself was measured at  the rate of one set of six bars with the micro- 
scopes per diem : the exact length as  determined by the bars was 693,104 feet of standard 
Bar .A. 

1 may mention that Mr. Eccles has been thoroughly instructed in every process, mathe- 
matical and practical. The  time of the other officers could not be spared more than t o  en- 
able them t o  take an educational share in the different practical operations as  they pro- 
ceeded. I am indebted to Mr. Bond for the assistance he afforded in several practical 
details, such as  the laying odt and clearing the line, fixing the terminal points, adjusting 
the trestles, &c. 

The  remaining miscellaneous work was principally as follows :- 
Two candidates were examined for the Junior Division of the Department. Sixty- 

six sets of observations for time were taken and reduced, and the rating of chrono- 
meters and of the Dehra office turret-clock attended to. A sub-surveyor was instructed 
in taking and reducing observations for time, latitude, and azimuth. Observations of 22 
stars for latitude, made a t  the Dehra Observatory, were reduced. Several observations 
for longitude by zenith distances and for azimuth, taken by officers of the department 
for practice, were reduced for them. 

T l ~ e  index errors of certain Meteorological Instruments were determined and many 
other minor duties were performed. 

CLASS 10.-METEOROLOGY A N D  GENERAL SCIENCE. 

Explorations.-The diary of an explorer has been translated into English and 
revised. 

Actinometry.-The comparisons for determining the relations of certain Thermome- 
ter tubes to  the standard were resumed and completed. 

Meteorological Observations.-No change has been made on the procedure of former 
years. The  results of the observations taken a t  Dehra Dlin twice daily throughout the 
year have been supplied to  the Meteorological Reporter to the Government of the North- 
Wes t  Provinces and O u d h ;  daily weather telegrams were sent from Mussooree to 
Simla during the five months the office was open a t  Mussooree, and anemograms for 
Mussooree for five months and for Dehra for twelve months have been furnished to the 
Meteorological Reporter to  the Government of India. The usual tables of monthly results 
and of the mean velocity of wind a t  Dehra are appended. Another twelve months' observ- 
ations of earth thermometers have been added to the results exhibited in the table a t  
Itage cxlvi of  the Administration Report for 1884-85. The  office having now been estab- 
lished in the same locality in %Iussooree for twenty-one years, and registers of the rain- 
fall having been kept regularly throughout each season, it has heen thought that a table 
bhowing the average fall to  date, from the 1st June, for the rainy season, would be both of 
value and interest. This table has accordingly been added to those usually furnished. It 
should be remarked that the rainfall in Mussooree varies very much with the locality. 
Much larger falls are registered a t  lower elevations than a t  this office, and especially 
where there are  gorges. 
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MEAN MONTHLY READINGS OF EARTH THRRMOMBTERS. 
- -. -- - L.7- 

o =  0 

-2 ,  
S L .d 
-2: 
.E . 

-- 

25'6 . 

YEAR. 

1881 

1882 . . .  
1883 . . .  
'884 . . .  

.- - . -. . - -- -- -- - . 

' I  

A 5 

0 

75'91 

75'85 

1885 . . .  
. .  

. . . . . . . . . . . . . . .  74'87 76'47 77'88 78'98 79'26 77'71 74'89 

72'33 70'79 70'47 71'70 73'37 75'23 76'87 78'20 78'98 79'1,~ 77'64 74'89 

72'46 70'36 69'83 70'94 73'00 75'17 76'82 78'20 78'97 78'95 76'93 73-50 . . .  
. . .  
. . .  

70'95 69'75 70'04 71'47 73'39 75'75 77'42 79'24 79'82 79'34 577'08 74'52 

72.~8 70'37 I 70 03 71'14 72.66 73'9j 7"0? 78'98 79'42 79'25 77'95 75'36 

1886 . . .  . . . . . .  ... 

80.66 81-01 80.75 81.24 80.33 75.80 70.58 . .  . . . . . . . .  
. . .  
. .  . . .  
. . .  
. . .  

1884 66'03 65'61 67'95 72'36 76'99 80.76 81'46 81'64 81'10 78'85 73'81 69'57 

18R5 

1886 . . .  . . . . . .  ... 

. . . . . . . . . . . . . . . . .  
75'13 

75'02 

. . . . . . . . . . . . . . . . .  
62'31 

60'70 

61'90 

60'28 

60'22 

. . . . . . . . . . . . . . . . . .  
59.41 

58'45 

62'57 

62'27 

61.23 

61'38 

60'79 

58.91 

57'98 

. . .  
1881 

1882 

1883 . . .  
. . .  
. . .  

1884 

1885 

74'52 

74'28 

i 
I 

1886 . . .  

. . .  
1881 

1882 

1883 . . .  
. . .  

74'11 

73'89 

. . .  
1884 

1885 

67'61 

64'83 

67'69 

65'97 

65'33 

69.50 

65'87 

59'89 

80'86 

81'57 

82'32 

76'30 

78'89 

58'28 

75'49 

74'13 

75.75 

75.52 

72'39 

78'88 

79'55 

73'97 

73'97 

73'90 

74'31 

74'32 

73'55 

74'05 

73'96 

Uecembcr 1821. 
t T h e  hole which had pradually filled up 2 feet since December 1881, was d u g  down to  the original depth between 

the 9 th  and 18th November IRR~. : Farth fel l  i n  from the s~des o l  the hole on the 2nd and 3rd A u p l s t  1885, and covered the thermometer to the depth 
of II lect. I t  has been found impossible, as yet, t o  slnk another thermometer to  this depth. 

( The  hole had <radually 611ed u p  II inches since June 1881, was dug  down to  the original depth on the 17th and 
18th November 1834. 

2 D 2 

69'56 

68'28 

I l'hsrmo-, 
r p t c r  I n  

79'67 

79'21 

78'23 

76'50 

78'73 

The  Irl,le which ha<l <radually fillcd u p  about 2b leet was 

82'40 

82'20 

81'74 

81'38 

81'35 

82'37 

80'14 

77.20 

35.93 

84'77 

83'44 

85'11 

82'30 

82'14 

1886 . . .  

. . .  
1881 

1882 

1883 . 
. .  

75.02 

74'95 

74'90 

82.72 

83'47 

82'00 

77'30 

81'98 

between 

77'81 

77.85 

76'70 

83'16 

82'86 

84'62 

82'86 

80'30 

82'41 

8 j . o ~  
- -. - 

dapth 

83.19 

82.89 

82'19 

77.19 

88'72 

91'83 

89-51 

85'63 

89'55 

. . .  1885 

1846 . . .  
- . -~ - - 

66'25 

74.14 

77'45 

81'64 

82'09 

I 83'29 

82'71 

83'00 

84'20 

82'68 

82'55 

72.20 

71'73 

69'72 

69'32 

72'55 

. . . . . .  

189.16 

84.99 '88.24 

66.77 

64'80 

67'36 

62.50 

63.04 
. -- 

I 
83'02 i 86'44 

76'07 

75'69 

75'66 

dug  down to the or ig ina l  

I 82'03 

8 3 . ~ 4  

83'43 

81'94 

80'94 

82'48 

83'78 

82'54 

81-61 

83'54 

63-86 

82'74 

82'3j 

84.14 

83.48 

84'55 

1 65'59 

66'14 

62'50 

64'18 

65'37 

... - 

. . . . . .  

75'22 

75.04 

70'95 

71'77 

75'09 

. . . . . .  

the 20th 

67.81 

67.96 

65'41 86'65 

88'27 

91.04 

95'54 

97'33 

84'47 

87'82 

82'99 

81.00 

82.40 

83'85 

79'73 

79'08 

81'75 

82.55 

84.08 

84'89 

85'59 

84'35 

... 

71'19 

72'36 

66'12 

67.37 

66'31 

... 

and 24th 

60.72 

62'17 

57'83 

65'38 

69'03 

87'94 

88'57 

87'68 

89.11 

90'60 

89'69 

91.97 

90'60 

. . . . . . . . . . . . . . . . .  
66'51 

68'72 

68.52 

65'44 

67'49 

76'69 

76'14 

76'16 

82.03 

81'16 

60'10 

60'91 78'63, 87'22 

81'36 

75'89 

51.32 

79'35 

73'74 

76'98 

76'39 

76'28 

m76.71 

76'37 

76'12 
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Vt-looCv in  ,;Miles of the W!n:r's 70hiclt ble:v at Dl,hrtl D.itt drrrin,g the  Twelve 
Months of 188j-86 for aur/t Ho~rv of the Ddj.  





TRlGONOMETRlCAL BRANCH OFFICE, DEHRA DUN. 

The following table fives the n v e r n p  rninfnll in  11zchrs lo dnte,  f o r  the months of 7 u n e  
the records Rept nt the TriLronotnetrzcal Branch Ofice, 

8 Dayof  themonth. g 

- 

1.36 

4749 

68.5) 

z I ID 

1-52 

1 6 . 1 ~ ) 1 6 ' 7 9  

4'3.45 

69 14 

11 

1.68 

17.62 

_ -  

June . . . 

July . . . 

August . . 

s l p k . h r  . . 

49'16 

69 75 

-- -- 

12 

----- 

1'83 

18.25 

.oq 

9.83 

39.4) 

- 
64.6) 

1'98 2.18 

I 
19'10)10'04 

.II 

10.80 

40'78 

- 
65.45 

7 

- 

1 2'31 

20.95 

3 

-24 

11.55 

41'45 

65.79 

4 5 6 

'33 

IZ'ZO 

42.27 

.36 

13.14 

43'02 

I I 
(d 13 

.44 

13.71 

44.10 

66.71 

.63 

14.87 

67.21 1 67'61 168.0~ 

1.21 

15.61 

45.51, 4667 



T R I G O N O M E T R I C A L  BRANCH OFFICE, DEHRA DUN-contd. 

taken f r o m  the Rrgzster. 

to S ~ ~ t c n t L c . v ,  ro>n~itr~tri~<.y . f r o ? ~  f h , .  r s /  :rr117r, for /he  21 J , E L I T S  1866 86, ( IS  obtnillcd from 
kvelyiz H a / / ,  MUSSOOI-~ ,e .  Heizht above nzeatr sea level 6,680 f t e t .  

THERMOWETER. 
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4 
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- 

4'09 
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I 
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B 
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WET BULB. 

a 
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49'1 

42'1 

3i.4 

38'1 

34'3 

4.4'2 

42'6 

55'3 
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66'2 

61'4 

23 

- 

4'71 

29.55 

16 

- 
2'38 
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71'08 

UI 

2 
M 

g 

8 : :  .- 

46'8 
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29'8 

41'8 

41'6 

53'7 
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61'2 
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a 
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C 
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---- 

61'1 
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56'7 
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66'4 
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74'1 

71'6 

-- 

25 

- 

5'76 

31.71 

59'46 

73'04 

2 

- 

4.90 

30.60 

17 

- 

2'63 

22'63 
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71'39 
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C .- 

E E ,  
E .- 
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54.1 

46'3 

40'2 

39.6 

35'4 

46'8 

48'6 

59'7 

62'9 

71.1 

70'1 

66'4 

DRY BULB. 

.- 

.E 
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68'5 
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56'3 

54'9 

56'8 

65'1 

75'6 

79'4 

82'9 

80.2 

78'2 

77'8 

26 

- 

6 ' 1 0  

33.11 

59'94 

73'17 

20 

- 

3.29 

26.31 

56'17 

72'24 

- 

2.79 

24'44 

54.79 

71.91 

I 57.91 58'61 

2 

- 

3% 

27-25 

56'75 

72'36 

- 
3'00 

25.46 

55'49 

72'02 72'68 72'85 

27 

- 

6'64 

34.10 

60'51 

73'34 

31 

--- 
... 

38.21 

64'17 

... 

28 

- 

7'20 

35.15 

61'34 

73'35 

- 

, \ v ~ r a < v  
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month. 

8'73 

2q'48 

25'96 
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-- -- 

zg 
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7'87 

36.19 

62'07 

73'43 

30 

8'73 

37'44 

63'16 

73'58 



TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN-contd. 

TYPE-PRINTING SECTION.-T~~ usual table showing the work annually performed by 
this Section during the past five years is given below, the unit (a page of foolscap) being 
the same throughout. I t  will be observed that the out-turn of the past year is largely i n  
excess of any previous one. 

An analysis of the pages composed is as  follows :- 

Pageocomposed . . . . . . . 
,, printed . . . . . . . 
- -- 

Longitude Operations . . . . . . 
Latitude . . . . . .  
Jodhpore and East Sinrl Meridional Series . , 

Great Arc Series, Section 8' to 18' . . . . 
For Professional Volumes 

M a d ~ a s  Meridional and Coast ,, . . .  
Mangalore kleridional . . .  
Soutll Konkan Coast . . .  
Volull~e V-Corrigendum . . . . . 

Pages. 

249 
14 

'09 
90 
24% 
38 
15 
4 
I 

.~ . 

- = 

1881-82. 1882-83. 1883-84. I 884.85. 1885-86. 

Pages. 
Jodl~pore end East Sind Meridional Series . . 1 8  
Great Arc Meridional Series, Section 8' to 18" . . 6 
Madras Meridional 31nd Coast Serles . . . 24 

Fbr Synopticnl Volumes . South.East Coast and Ceylon , . . . 16% 
Mangalore Meridional , , I  . . . 15 
South PArasnith and South Mal6ncha Series . . 21 
Jogitila Series . . . . . . . I 

South Alghanistan Triangulation . . . . 4 

TOTAL . 831 
.-. .. 

1,283 

47 1,616 

Spirit.levelled Heights, Nos. 2 and 3, Bol~lbay Presi. 
dency . . . . 5 1  

Ditto ditto. No. I ,  Madras Presidency . 205 
Letter-press for Chart-headings and foot-notes . . 5 I 

h'isce"ansou' ' ' ' Auxiliary Tables . . . . . . . 20, 

Orders, Memoranda. Forms, &c, . . . . 167h 
For Forest Department . . , . . . 284 
,. Quartermaster General's Department . . 44 

- 
TOTAL . 712 - 

1~381 

475,586 

Statement of expenditure ( D r . )  and amounts credited ( C r . )  on account o f  /he Type-  
pr int in Section dtrring the Survey year ,  1st October 1885 Lo 3olh Septem- 
ber 18h. 

DR. CR. 

1,489 

362,386 

C_-.___-- -- . _- -~~ . 

R ! 

1.505 

470,970 

Financial ycnr 1885-86. 

LI 

13974 
- 

202 
-- 

-- -. . - 

. 

1,340 

638,593 

- - 

LI 

13.974 

202 

- . - 

14,176 

_ - ~ -  - 

Letter-prers, forms, diagrams, &c , 
for the Survey of India Department 

Miscellaneous letter-press, &c.. exIra- 
departmental . . . . 

TOTAL . 

~ - .~~~~ -- . 

Superintendence , . . . 
Establishment . . . . 
Aid rendered by Computing Section . 
Wear and tear of plant . . . 
Contingencier . . . . 

Btores received from England . . 

Stores purchased in India . . 
Stationery from Stationery Office . 

TOTAL . 

920 
7,121 
5,209 

578 
99 

*85 

... 
,164 

-- 

... 

'3,927 

'5 

164 

- 
14,176 



TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN-contd. 

Statemen! of Departmental Work done by the Type-printing Section between 1st Octo- 
ber 1885 and 30th September 1886. 

Approaimatc number. 
t Equal 1,308 pages of standard (foolscap) size. 

Speclficatlon of print. 

. . . . . . .  Professional Volumes 
SynopticaI ,, . . . . . . .  . . . .  Pamphlets of Spirit-levelled Heights 
Letter-press for Charts, map-headings and foot-notes . 
Auxiliary Tables . . . . . . . .  
Forms . . . . . . . . . .  
Miscellaneous work done for the Trigonometrical Branch . 

TOTAL . 
- 

Equal 31 pagcs of standard (foolscap) size. 

No, of pages. 

318 
64 

262 
121 

141 
56 

205 

t1,167 

Statement showinf the Amount and Value of work done for other Departments by the 
Type-printing Section between   st October 1885 and 30th September 1886. 

Statement of Expenditure (Dr.) and Amounts Credited (Cr. )  on account of the Drawing 
Section, during the Survey year, 1st October 1885 to 30th September 1886. 

Name of other Department#. 

. . . . . . .  Forest Department 

. . . .  Quarter Master General's Department 

Superintendence . 4,800 0 
Establishment . 
Contingencies . 

Total 

pulls. 

I 

32 194 

6 46 8 

2,523 

Stationery from Station- 
ery Office . . 143 10 .I- 

Valoe. 

R 

5,338 
544 

3,577 
439 

2,751 
582 
743 

13,974 

Total 
No. of 
pulls. 

61,279 
7,714 

21,534 
3'404 

45,581 
8,830 

21,041 

169,383 

Maps, Charts, &c., for 
the Survey of India 
Department , . I 30.126 11 ( 

No, of copla*. 

510 
360 
510 
28 

1,012 
176 
112 

... 

Maps, &c., 4,503 15 
partmen.1 1 1 

Statement showing the Value of Work done for other Departments by the Drawinf 
Section, from the 1st October 1885 to the 30th September 1886. 

Name of other Departmanta. I Value. Rsa1~na8. 
- I 

For the North.Western Provinces Government . . . . .  . . . . . . . . . .  .. Foreign Office . . . . . . . .  .. Quarter Master General . . . . . . . . .  .. Forest Department 
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TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN-contd. 

Departmental  Work done in Drawing  Sect ion,from 1st October 1885 lo 30th September 
I 586. 

Final  Charts of Triangulation. 

Assam Longitudinal Series Degree Sheets Nos. I to a8 . 

TITLE or MAP. 

Jodhpore Meridional Series . . . . . . 
Reduction Chart of Eastern Sind Meridional Series, 

for Vol. IVA. . . . . . . . . 

Scale= I Inch. 

Compilations. 

R E M A R R ~  AND Pnoou~ns. 

Mussooree and Landour Guide Map . . . . 
Spirit Levelling Operations, Nos. z and 3, Bombay Presi- 

dency(revisedediti0n) . . . . . , 

Spirit Levelling Operations, No. I ,  Madras Presidency 
(revised edition) , . . . . . . 

Map of Burma, comprired in South-East Trans.frontier 
Sheets Nos. 4, 5,  12, 13 . . . . . . 

Rajputana Survey Sheet No. 260 (new numbering) second 
edition . . . . . . . . . 

Miscellaneous. 

/South-Western Asia A 24' to 4a0 (g sheets) . . 

! Northern Trans-frontier, A 26' to 32' (3 sheets) . 
South-Western Asia, A 28' to 3zo ( I  sheet) . . 

6 

2 
% 

2 ( North.West Trans-frontier. A 24' to 36' (3 sheets) . 

North-West Trans-frontier, A 24' to 28' and A 32' 
to 36D (4 sheets) . . . . . . . 

North-East Trans-frontier, A24' to 3a0 (4 sheets) . 

( North-East Trans-frontier, A 24' to 32' (a sheets) . 
' ~ o r t h e r n  Trans-frontier, A 28' to 3 6  (z sheets) . 

Prepared a Tracing of Afghan Boundary Commission map 
of country between Mashad and Hari Rud and part of 
the  route from Herat to Kabul, in 3 parts . . . 

Prepared 29 tracings of Afghan Boundary Commission 
Survey Original Sheets and scrutinized the same . . 

Examined 10 photo-zincographed copies of Afghan Boun- 
dary Commission Survey maps, received from Survey 
of India Office, against original sheets corrected by 
Afghan Boundary Commission Survey, and entered 
corrections on photo-zincographed copies . . . 

4 miles In course of preparation. 

For reduction to half scale. Ready for 
the Press. 

For reduction to half scale. Published. 

lo  course of preparation. 

For reduction to half scale. Published. 

For reduction to half scale. Ready for 
the Press. 

In course of preparation. 

Ditto ditto. 

Published. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

For Office use. 

Ditto. 

Ditto. 

Prepared an Index to Afghan Boundary Commission 
Survey and Survey of India Office maps . . . 3 , . Ditto. I I 

Prepared a Tracing of the Index to the Sheets of North- 
East Trans-frontier, and North Trans-frontier, Dar- 
jeeling and Nepal Boundary Survey . . . . 

Prepared Tracings of Trigonometrical points falling in 
Sheets la and 13 of North-West Trans-frontier . . For use of a Sub-Surveyor proceeding 

to.jojn the Afghan Boundary Com- 
mlsslon. 

16 ,, . 

Prepared Tracings of Baluchistan Survey Charts . . 1 4 ,, .I For Office um. 

Ditto. 

Esamined and touched up names on silver prints of map About 
of Turquie d'Asie . . . . . . . I y ,, . ( Ditto. 



TRIGONOMETRICAL B R A N C Y  OFFICE, DEH RA QUN-con td .  

L ~ p a r t n z e n t a l  Work a'one in Drawing Seclion, from rs f  October 1885 t o  30th Septenrber 
1886-contd. 

TITLE OF MAP. Scale= 1 inch. R l r l ~ n s s  A N D  PRO~REES.  

Prepared a List of Materials available for sheets of South- 
West Asia and drew their limits on Index Maps , . I Z ~ ! ! ~  ( F o r  office use, 

Prepared a List of data for Map of Burma and China . Pitto.  
Determined Mametic Curves applicable to Trans-frontier 

. . . . .  West Trans.frontier 
Collating Geological 

West Asia Maps 

- . . 
Maps . . . . . . . . .  

Correcting Photo-zincographed copies of the Index to the 
North-East Trans-frontier Sheets to show Pemberton's 
route in Bhutan and Lama's route in Tibet , . 

Transliterated Russian names on Sheet 2 of North- 

Prepared specimens of Printing for Trans-frontier 1 

... 

64 miles , 
. 

sheets . . . . .  .- . . . .  
Prepared Tracings of Routes from Chitral to Gakuch vile 

Mastuj, Yasin, &c., by Colonel W o o d t l ~ o r ~ e  . . 
Prepared a rough plot of Explorer M. H.'s route in Nepal 

and Tibet from Dagmera Thana to Tribeni Ghat on 
z inches=l mile: and adiusted the same between 

Ditto. 

Ditto. 

, 

... 
qmiles . . 

In course of preparation. 

For office use. 

Ditto. 

- ~ , ~ -  , 
obligatory points . . . . .  - ( 4 , ,  . I For report. In course of preparation. 

nil series . . . . . .  
Drew boundaries of dictrictc in Bombay Longitudinal 

and Manealore Mcridional Series Preliminarv Charts . 

. . .  8' to 18' for reduction to half scale 
Prepared a plates of figures of the Jodhpore ~e r id iona f  

Series . . . . . . . . .  
Prepared 2 plates of iicures of the Eastern Sind Meridio- 

- ~ 

Engaged o i  Charts showing Snowy Peaks on i h e  Hima- 
. . .  laya< from Assam to the Kunar River 

Prepared Monthly Diagran~s of conspicuous Sun-sppts 
. . . .  from 0ctol)er 1885 to August 1886 

Constrrlcted Srnlcs of Latitudes and Longitudes and Miles 
. . .  between the parallels of latitude oo to 40' 

$ 

For office use. 

For publication. 

Published. 

Ditto. 

In course of preparation. 

Publisl~ed. 
For correction of Atlas Sheet NO. 28. 

For office record. 

Examil~ed clispcrsion of rrror in  Lama U. G.'s traverses 

Various . 
. 6 miles 

and md 32 8s miles l6 1 

in North-Eastern Trans-irontier Sheets Nos. 6 and7 . 
Computed and corrected Nain Sing's Traverse of 1865-66 
Assisted the office of the Himalaya Party in drawing 

Colonel Tanner's Sketch Map of Sikhim, Darjeeling, 
kc., and Charts . 

Compared Colonel Gerard's Route Rlnp of Kurdistan with 
his itinerary . . .  

Corrected Original Sections of Gujarat Survey Sheet 
No. 41 . . . . . . . . .  

Examined and corrected Rajputana Survey Sheets 
Nos. 73, 74, and 75 . . . . . . .  

Examined and co~rected Sheets Nos. I to 8 of Jeypore 

For publication in Professional Volumes. 

Ditto ditto. 

' ... 
... 

4 miles. 

16 ,, , 

% mile . 
I ., . 

Ditto ditto. 

For use of Computing Section. 

For Australian Geograpl~ical Society. 

Published in Survey Notes. 

combined Publ ish~d.  
Drew plan and elavatinn of New Observatory Building . i 3  b e t  ,.. / For ofiice use. . . . .  Maps, colorcd. No. of coplrq - 3,557 The coloring this year has been specially 

. . . . . .  City and Environs . (  % t, . 
I.:u:rmincd Ol.igin;il Sheet< Nos. 6 and 7, of Ajmere' City, 

and prepared the heading and ~ndex  for this set of 
maps . . . . . . . .  . I  ' I S  ,, . 

I*:xsmined Mirzapur Survey Sheet No. 201 N. E. . .  $/z mile. 
Examined Mirzapur Survey Sheet No. zoo . . 
Examined Nepal Boundary Survey Sheets Nos. 44 and 

45, 2nd edltion . . . .  : : . 
Map of Kishenganga Valley . , . About 4 m~le s  
Projected the few points fixed in 1882.83 on Secondary 

Supervising Sub-sl~rveyors re-surveying parts of Mus- 
sooree and I inclour Ior Ihc new edition of the Guide 

Triangulation Charts of the Burma Party, Season 
1876-77 . . . . . . . . .  

Prepared 7 plates of figures of the Great Arc Series from A 

Map . . . . . . .  
Pre ared onc cop, oI Ge:lcral Report, South-West Balu. 

clistan, Senson 1.584-85 . . . 
Prepared Inlr.,rlocIion to General depor;, south-west  Ba. 

lucllistan, and colnpnred the same . . . .  

4 miles . 

% mile . 
. . .  
. . .  

heavy. 

In course of preparation. 

For Baluchistan Party. 



TRIGONOMETRICAL BRANCH OFFICE, DEI-IRA DUN-contd. 

Statement of extra departmental work done by the Drnwin,a Section. 
-- - -  

- ---\. . 

TITLE or MAP. Scale=] Inch. REMARKS A N D  PROORES~. 

Conrpilation, Mapping, &c. 

Completed Map of Dehra D6n and Siwdliks, Sheet No. 2, 

by insertion thereon of south-western portion of Tiri 
GarhwAl . .  I mile i 

Corrected Colonel Tanner's Sketch Map of Sikkim. Dar- I 
jeeling. &c. . . .  4 miles . 

Adjusted and mapped a confidential exploration route fal- 
ling into six Trans-frontier Sheets . . . .  8 .. 

prep;red Skeleton Map to illustrate the diary of a confi: 
dential route exploration . . . . . .  132 :: 

Prepared vertical sections of a confidential route . . 
Prepared a Diagram (Alvpendix B), illustrating the system 

of working on a co~ifidential route . . . .  
Prepared %lap of country between Umballa and Delhi . 
Prepared Tracing of the work done by the Gilgit Mission 
Plotted and reduced route survey by Abdul J a l~ l ,  explorer, 

from Shah Kadar vi i i  Jclalabad, Asmar, kc., to Malta . 
Completed with respect to headings and foot-notes, Forest 

Maps, before sending to Press . . .  

Coloring Maps. I 

~ o r i z l .  9 miles 
vertl. 3,000 ft 

6 miles 
About 4 miles 

4 ,, 

I 

Various 

For Executive Engineer, Dehra Din. 
completed. 

For Foreign Office. 

I 
North-East Trans-frontier Sheet No. 6, in four sections, 

24 sets . . . . . . . . .  
Colonel Tanner's Sketch Map of Sikkim, Darieelinn, &c.. 

For the Quartermaster General of India. 

4 miles 

Ditto ditto. 
For the Quartermaster General of India. 

Ditto ditto. 
Ditto ditto. 
Ditto ditto. 

Ditto ditto. 

For Forest Departmel~t. 

For Foreign Office. 
. - 

26 copies . . . . . . .  4 , . 1 Ditto. 
Sketch Map of a Journey in the Pamir and upper  Oxus, 

Copies 12 ,, . ( Ditto. 

. . .  . . .  ~ a l a .  12 copies 
Work done with Gilgit Mission by Colonel Woodthorpe, 

6 copies . . . . . . . .  4 . . .  
Map to illustrate Report on Sind-Kalat Boundary, 30 . . . . . . . .  copies 

Ditto. 

Ditto. 

For Commissioner of Sind (F. 0 . )  

Statement of expenditure (Dr.)  and amounts credited fCr.) on account qf the Photo- 
zinco~raphz'c Section, during the Survey year 1st October 1885 to 30th September 
I 886. 

DR. CR 

Note.-In :-,lditirn to the credits above shown, the section has realized (by sale on payrnzrtt of maps, &c.) and paid 
into the Treasury tlic sum O€ 8663-7. 

. -  

R a .  

11,078 I 

5,583 7 

... 

... 
-- - -- .- 

Superintendence . . .  
Estahlishrnent . . .  
Contingencies . . .  

Chemicalsand Stores from England 
Paper received from England . 

Chemicals and Stores purchased in 
India . . . . . .  

Stationery ( ~ a p e r )  from Stationery 
Officc . 

Shipping and Landing charges . 

TOTAL . 
- -. 

.~ 
~ - -  

B 

I 1,078 I 

5,583 7 

1,261 a 

1 7 , ' ) ~ ~  10 

---- 

B a .  

11.357 1 1  

, 
5,870 rz  

670 6 

23 13 

17,922 1 0  

R a .  

2,400 o 
8 , 8 0 6 0  

151 1 1  

2,I  1 I 9 
3,759 3 

52 3 

6 1 8 3  

-- 
23 13 

-. 

... 

-- 

Maps, Forms, Diagrams, kc., lor 
the Survey of India Depart- . . . . .  ment 

iMiSCrllaneous Maps, Plans, &c., 
extra departmental . . 

Balance to debit of Department. 

TOTAL . 



cxxxiii 

TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN-contd. 

Sfatement shewing lhe Amount and Value of work done f o r  other Departments by /he  
Photoaincographic Scetrbn between 1st October 1885 and 30th September 1886. 

- -- -- -- 
PHOTOZINCOGRAPHIC PRINTING.  TYPE P R I N T -  ING. 

- -- 

n 

DEPARTMENTS. 

z 

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

Value. 

639 15 
4,219 6 

678 1 I 

45 7 
- - 

5.583 1 

. Foreign Department 
Foreat Department . 
Q u a r t e r  M a s t , e r  

General . . 
Secretary to Govern- 

ment. N.-W. P. 
and Oudh, Irriga- 
tion Branch . . 

TOTAL . 
- -  

RUMABKS. 

-- ~ - 

--- 
10 

6 7 ,  

z 

41 
208 

g 

- 

261 

41 
269 

42 

3 3  
- 

355 

I I 

48 

6 

I 

- 
66 

... 
37 

- 

37 

4 
554 

- - 

558 

... 

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

. . . . . . . . . . . .  
- 

. . .  

. . . . . .  

- 

. . . . . .  
5.582 

2,275 

6 . y ~ ~  

2.300 

50 
- 

50 
- / 7,907 9,132 



S
ta

fi
m

er
rt

 o
f 

D
ep

ar
tm

en
ta

l 
w

or
k 

do
n

e 
b

y
 th

e 
P

h
ot

o-
si

n
co

gr
ap

lr
ic

 S
ec

ti
on

 b
et

w
ee

n
  

 s
t 

O
ct

ob
er

 1
88

5 
a

n
d

 3
0t

h
 S

ep
le

m
be

r 
18

86
. 

- 

P
H

O
T

O
Z

IN
C

O
G

R
A

P
H

IC
 

P
R

IN
T

IN
G

. 
. 

T
Y

P
E

 P
H

IN
T

- 

I - 
I 

, 
- 

I 
in

ch
=

 
I---- 

N
ep

al
 B

ou
nd

ar
y 

S
ur

ve
y,

 S
he

et
 N

o.
 2

8 
F.

 
f 

m
ile

. 
D

.E
. 

.
.

.
.

.
 

.. 
.

.
.

.
.

.
 

D
o.

 
do

. 
S

he
et

s 
N

os
. 

29
 t

o 
4~

 
i
 

15
 

.. 
D

o.
 

do
. 

.. 
N

os
. 

44
 a

n
d

 
.

.
.

.
.

.
 

I 
2 

.. 
.

.
.

.
.

 
D

o.
 

do
. 

M
ec

hi
 S

he
et

s 
N

os
. 

I 
to

 4
 

f 
4 

D
ar

je
el

in
g 

S
u

w
e 

D
al

in
- 

H
il

ls
 S

he
et

s 
N

os
. 

I 
to

 7
, 

sk
el

et
on

 
. 

D,
 

B 
,. 

7 
..

..
. 

C
ul

ar
ti

t 
S

ur
ve

y,
 t

h
ee

ts
 f

io
s.

 4
o

an
d

 4
9 

.
.

.
.

.
.

.
 

4 
z 

DO
. 

.. 
N

O
. 

jo
. 

S
ec

. 
1

1
 

.
.

.
.

 
t 

.. 
+ D

:E
. 

1 

D
o.

 
.. 

N
o.

 5
0,

 S
ec

. 
I 

I 
. 

! 
,. 

f 
,. 

D
.E

. 
I
 

.. 
.

.
.

.
.

.
.

 
C

it
y 

of
 J

ey
pc

re
 w

ith
 A

m
er

, 
S

he
et

s 
N

os
. 

I 
to

 S
 

4 
I 6

 
.. 

.
.

.
.

 
R

aj
pu

ta
na

 S
ur

ve
y,

 S
he

et
s 

N
os

. 
73

. 
74

, 
75

. 
1 

I 
tr

 
3 

D
O

. 
do

. 
N

o
s.

jt
.7

4
,i

j.
 

.
.

.
 .I

 
9. 

4
,

,
,

 
...

 
3 

...
 

D
o.

 
do

. 
N

o.
 5

6 
E

 .
.

.
 

1 
.. 

2 
..

. 
I 

... 
2c

.q. 
32

4,
 2

07
, 

12
3;

 2
27

 i
n 

2
 p

ar
ts

 
.

.
.

 
5 

G
ra

ti
cu

le
 

S
hc

et
s,

 
w

it
h

 
tr

ig
ot

ro
,n

et
ri

cn
l 

po
i,,

C
s,

 
T

ra
ns

-f
ro

nt
ie

r.
 

N
os

. 
14

, 2
1,

 2
2 

.
.

.
.

.
 

8 
,. 

D
.E

. 
1 

3 4 
D

o.
 

m*
 

8 
,. 

>, 
3 

.
.

.
.

 
D

o.
 

,, 
N

or
th

-E
as

t 
T

ra
ns

-f
ro

nt
ie

r;
 

24
' 

to
 

26
0;

 1 
26

O
 t

o 
2S

.O
 

2S
0 

to
 3

o0
, 

30
° 

to
 3

2O
 

. 
. 

I,
 

8 
.,
 I 

,, 
4 

D
O

. 
,. 

S
ou

th
-W

es
t 

A
si

a,
 2

4"
 

to
 3

6'.
 

26
' 

to
 2

S0
, 

2s
' 

to
 3

0'.
 

30
' 

to
 3

z0
, 

32
' 

to
 3

4',
 

34
' 

to
 

36
O

. 
36

O
 t

o
 3

S0
. 

3S
0 

to
 d

oo
, 4

0°
 t

o 
4z

0 
. 

8 
,, 

9
 

D
o.

 
,, 

N
or

th
-W

es
t 

T
ra

ns
-l

ro
nt

~
er

 ;
 

24
' 

to
 
2
s0

, 
.. 

.. 
zS
" 

to
 3

2O
, 

3
P

 to
 3

" 
.

.
.

,
 16 

I 
3 

D
o.

 
,, 

N
or

th
 T

ra
ns

-l
ro

nt
ie

r,
 

?S
o 

to
 3

a"
, 

32
' 

to
 1 

36
 O

.
.

.
.

.
.

 

D
o.

 
.,
 

N
or

th
-E

as
t 

T
ra

ns
-f

ro
nt

ie
r,

 
> t

o 
28

0,
 / 

"
 

1 
I 

I 
2
s''
 

to
 3

2O
 

.
.

.
.

.
.

 
I 

1
, 

16
 
.. 

.. 
D

o.
 

,. 
S

ou
th

-W
es

t 
A

si
a,

 2
S0

 t
o 

3z
" 

. 
N

or
th

-E
as

t 
T
 ra

ns
-f

ro
nt

ie
r 

S
he

zt
 N

o.
 j

 
.

.
.

 
D

o.
 

do
. 

N
o.

 6
 

.
.

.
.

 
.. 

N
or

th
er

n 
T
 ra

ns
-f

ro
nt

ie
r 

S
he

et
s 

N
os

. 
2

0
 a

nd
 2

1 
. 

. 
K

is
he

ng
an

ga
 V

al
le

y,
 K

a
h

m
ir

 .
.

.
.

.
.

.
 

1 
T

u
rk

es
ta

n
 C

on
fi

de
nt

ia
l 

E
di

ti
on

, 
S

he
et

s 
I,

 
2,

 
4 

.
.

.
.

,
 

E
as

te
rn

 A
f-

ha
ni

st
an

 
an

d 
K

af
ir

is
ta

n 
.

.
.

.
.

.
 

, 
E

as
te

rn
 T

ur
ke

st
an

. 
18

73
-7

4 
.

.
.

.
.

.
 

K
an

da
ha

r 
D

is
tr

ic
t 

T
ri

an
gu

la
ti

on
, 

se
-n

 
19

80
-8

1,
 F

in
1 

C
h

ar
t 

.
.

.
.

 

hl
er

id
io

na
l 

S
er

ie
s 

R
ed

uc
ti

on
 o

f 
C

ha
rt

 o
f 

pr
in

ci
pa

l T
ri

an
gu

la
ti

on
 o

f 
th

e 
E

as
te

rn
 S

in
d 

1 
.

.
.

.
 

.
.

.
.

 
D

ia
or

am
 

sh
ew

in
g 

T
ri

an
gu

la
ti

on
 

co
nn

ec
ti

ng
 ~

iz
a

b
a

d
 

L
on

gi
tu

de
' 

~
L

tl
o

n
 

D
ia

gr
pm

 o
f 

fi
gu

re
s 

@
ol

yg
on

al
' 

of
 

th
e 

G
re

at
 '

~
r

c
 

'~
e

ri
h

io
n

a
i . 

S
cr

le
s.

 
.

.
.

.
.

.
.

.
.

 I 
In

 P
re

ss
. 

F.
 

6 
an

d
 

f 
an

d 
& 

I m
ile

s.
 

D
.E

. 

17
1 

14
 

0
 

1.
77

2 
15

 
o 

In
 t

w
o 

co
lo

un
. 

44
4 23

 1
1 5 

o 0 
A

tl
as

 r
ed

uc
ti

on
s 

fo
r 

E
ng

ra
ve

rs
. 

- 
I 

12
 

j 
o 

11 Fo
r 

us
e 

of
 F

ie
ld

 P
ar

ty
. 

:
I

s
 

,o 
gg

 
5 

o 
P

re
li

m
in

ar
y 

pr
in

ts
. 

3 
12

 
0
 

1
9

8
1

0
0

 
D

o.
 

do
. 

77
 

13
 

o 
In

cl
ud

in
g 

A
tk

s 
re

du
ct

io
ns

 f
or

 E
n-

 
gr

av
er

s.
 

12
2 

1
0

 
go

 
7 

o 
F

or
 S

yn
op

ti
ca

l 
V

ol
um

e 
IA

. 
38

 
I '
 

0
 

1 
D

o.
 

do
. 

21
5 

o 
o 

F
or

 P
ro

fe
ss

io
na

l 
V

ol
um

e 
IV

A
. 

5
5

 
7 

o 
D

o.
 

do
. 

56
 

2
 

o 
F

or
 P

ro
fe

ss
io

na
l 

V
ol

um
e 

of
 

E
le

c-
 

tr
o-

te
le

gr
ap

h 
lo

ng
it

ud
es

. 
27

0 
7 

o 
F

or
 

P
ro

fe
ss

io
na

l 
V

ol
um

e 
of

 
S

ou
th

er
n 

T
ri

go
n.

 



Pr
in

ci
pa

l 
ch

ai
ns

 o
l 

tr
ia

ng
le

s 
w

es
t 

of
 t

he
 m

er
id

ia
n 

of
 9
2' 

. 
. 

,, 
!:

co
m

ile
s .. 

S
ou

th
-W

cr
t A

si
a 

In
de

x 
(c

or
re

ct
ed

) 
.

.
.

 
* 

.. 
'r

28
 

D
o.

 
do

. 
.

.
.

 
;;

2o
 
.. 

C
ha

rt
 o

f 
Sp

ir
it

-l
ev

el
li

ng
 O

pe
ra

ti
on

s,
 s

ea
so

ns
 1

87
7-

80
 .

.
.

.
.

 2
4 

.. 
d

:~
. 

t 
F

.P
. 

+ D
.E

. 

i
b
 

8
,

 

D
.E

. 

D:
E. 

+ F
P

. 
b.
E.
 

..
. 

D
~E

. 
D

.E
. 

an
d 

t 
D

.E
. 

...
 

35
 

5 
o 

Fo
r 

Pr
of

es
si

on
al

.V
o\

. 
~

V
A

. 
7 

8 
0

1
 F

or
 

pa
m

ph
le

t 
of

 
Sp

ir
it-

le
ve

lle
d 

H
ei

gh
ts

 N
os

. 
2
 

an
d

 3
, 

B
or

nb
ar

 
P

re
si

de
nc

y 
an

d 
N

ir
am

's
 D

O
~

IW
I-

 
on

s 
(R

ev
is

ed
 e

di
ti

on
.)

 
F

or
 p

am
ph

le
t 

of
 

S
pi

ri
t -

le
ve

ll
ed

 
H

ei
gh

ts
. 

D
ia

gr
am

 s
he

w
in

g 
li

ne
s 

of
 l

ev
el

s 
in

 S
ou

th
 I

nd
ia

 .
 

2
0

0
 
,, 

2
 
,, 

A
 
., 

1
 
., 

3 
,, 

i
i
 
.. 

...
 

2
0

 v
er

st
s 

2
0
 m

il
es

 
24

 
9

, 

3
 
,. 

4 
9

r 

D
er

a-
ls

m
ai

l-
K

ha
n 

F
ro

nt
ie

r 
.

.
.

.
.

 
h

la
p

o
fN

o
rt

h
-E

as
tP

en
ia

 
.

.
.

.
.

 
H

gd
er

ab
ad

 S
ur

ve
y 

S
he

et
s 

N
os

. 
22

0 
an

d 
22

4 
. 

. 
B

an
m

al
or

e 
C

an
to

nm
en

t 
C

ha
rt

 
.

.
.

.
 

~
an

ro
n

m
en

t an
d

 C
it

y 
o

l 
B

an
m

al
or

e 
.

.
.

.
 

A
bs

tr
ac

t 
A

cc
ou

nt
 o

f 
co

nc
pi

c~
ou

s S
un

-s
po

ts
, 

N
ov

em
be

r 
A

ug
us

t 
rS

S6
 

.
.

.
.

.
.

.
 

R
us

si
an

 m
ap

 o
f 

T
ra

ns
-C

as
pi

an
 r

e-
io

n,
 

18
77

 
. 

. 
hl

ap
 o

f 
th

e 
P

am
ir

 a
nd

 c
o-

te
rm

in
oz

s 
co

un
tr

ie
s 

. 
. 

A
si

at
iq

ue
 d

eL
'E

m
pi

re
 O

tt
om

an
 

.
.

.
.

 
K

at
m

an
du

 V
al

le
y 

w
ith

 k
e 

.
.

.
.

.
 

A
fg

ha
n 

~
o

u
n

d
a

r
i~

a
p

s
, 

do
s.

 r
g,

 t
o,

28
, 

30
.3

1,
 

34
,3

5 

30
3 

4 
o 

F
or

 S
ur

ve
y 

of 
In

di
a 

no
te

s.
 

'+ 2
 

1; 
] F~

~ o
~

c
e

 
us

e.
 

n
 

24
9 

0
 

0
 

86
 

3 
o 

F
or

co
nf

id
en

ti
al

us
e.

 
0
 

z 
43

1 
1

3
 

o 
Fo

r 
of

fi
ce

 u
se

. 
0
 

bl
ix

el
la

ne
ou

s 
Fo

rm
s,

 &
c.

, 
&

c.
. 

fo
r 

de
pa

rt
m

en
ta

l 
us

e 

. 
I 

,, 
I . 

I 
I 

I C
op

ie
s 
of
 M

ap
s 

o
f"

 O
lh

er
 D

ep
n

rt
,n

en
ts

"
 

la
he

ir
 -

fo
r 

D
ep

a
rt

~
,z

en
ta

l u
se

. 
I 

In
de

x 
hl

ap
 t

o 
th

e 
Jf

el
oh

at
 T

al
uk

 F
or

es
t 

S
ur

ve
y 

. 
. 

. I 
L)

o. 
to

 F
or

es
t 

gu
ru

rv
ey

 o
f 

B
as

ha
hr

 
.

.
.

.
.

 
F

or
es

t 
m

ap
, 

B
er

ar
 F

or
es

ts
, 

pa
rt

 o
f 

S
he

et
 N

o.
 

14
 

. 
. 

D
O

. 
of

 X
le

ly
ha

t 
T

al
uk

, 
D

is
tr

ic
t 

E
ll

ic
hp

ur
, 

B
er

ar
, 

S
he

et
 . I 

N
o.

 1
4

 (p
ar

ts
) 

D
o.

 
B

er
ar

 F
or

es
ts

, 
S

he
et

s 
I, 

11
 &

 1
11

 
.

.
.

 
D

o.
 

D
o.

 
hl

el
gh

at
 T

al
uk

, 
S

he
et

s 
N

os
. 

rg
 a

nd
 2

0 
D

o.
 

D
o.

 
S

he
et

 X
o.

 
I j
 

D
o.

 
of

 E
ll

ic
hp

or
e 

T
al

uk
, 

B
er

ar
 

. 
D

o.
 

C
ho

ta
 N

ag
po

re
, 

S
he

et
 N

o.
 I

 5
7 

S.
 E

. 
.

.
 

D
o.

 
do

. 
do

. 
.

.
.

 
K

um
au

n 
an

d 
G

ar
hw

al
 

D
o.

 
do

. 
F

or
es

t 
M

ap
 o

f 
K

um
au

n 
an

d 
G

ar
hw

al
. S

he
et

s 
N

os
. 

69
, 

jo
, 

71
 a

nd
 7

4'
 

K
um

au
n 

an
d 

G
ar

hw
al

 T
ri

an
gu

la
ti

on
 C

ha
rt

 N
o.

 V
 

. 
. 

D
o.

 
do

. 
do

. 
N

o
.V

 
. 

. 
;I 

D
o.

 
do

. 
do

. 
N

o.
 V

11
 
.

.
.

 
D

o.
 

do
. 

do
. 

N
o.

V
II

 
.

.
.

 
f

in
 G

ar
hs

sd
 F

or
es

t 
S

ur
ve

y 
S

he
et

 N
o.

 
I,

 B
h

a~
ir

at
h

i .
.

.
 

D
o.

 
do

. 
N

o.
 2

, 
3 

do
. 

.
.

.
 

.
.

.
.

.
 

G
an

ge
s 

W
or

ki
ng

 C
ir

cl
e 

F
or

es
t 

M
ap

 
.

.
.

.
.

 
K

he
ri

 a
nd

 P
il

ib
hi

t 
R

es
er

ve
d 

F
or

es
ts

 
F

or
es

t 
hl

ap
 o

f 
B

ah
ra

ic
h 

.
.

.
.

.
.

.
.

 
.

.
.

.
.

.
.

.
 

D
o.

 
T

ar
ho

ch
 

.
.

.
.

 
D

eh
ra

 D
tin

 a
nd

 S
ah

ar
an

 
ur

 F
or

es
t 

D
iv

is
io

n 
.

.
.

.
.

.
.

 
Ja

un
sa

r 
D

iv
is

io
n 

F
or

es
t 

L
a

p
 

.
.

.
.

.
.

.
.

.
 

D
eo

ta
 S

le
dg

e 
ro

ad
 

I 
D

o.
 

do
. 

lo
ng

it
ud

in
al

 S
ec

ti
on

 
.

.
.

.
 

.
.

.
.

.
.

.
 

F
or

es
t 

M
ap

 0
1 

D
eo

ta
 

.
.

.
.

.
 

R
el

er
en

ce
s 

fo
r 

F
or

es
t 

S
ur

ve
y 

M
ap

s 
.

.
.

.
 

C
ou

nt
ry

 b
et

w
ee

n 
U

m
ba

ll
a 

an
d 

D
el

hi
 

. I 
A

pp
en

di
x 

B,
 i

ll
us

tr
at

in
g 

th
e 

sy
st

em
 o

f 
w

or
ki

ng
 o

n 
a 

co
nf

id
en

ti
al

 , 
ro

ut
e 

. 
.

.
.

.
.

.
.

.
 

.
.

.
 

T
ra

ce
 o

f 
w

or
k 

io
n

e 
w

it
h 

th
e 

G
il

gi
t 

M
is

si
on

 
.

.
.

.
.

.
 

S
in

d-
K

al
at

 B
ou

nd
ar

y 
S

ur
ve

y 
.

.
.

.
.

 
N

ad
ra

i 
A

qu
ed

uc
t 

Fo
uo

da
ti

on
 P

la
n 

8 
m

ile
s'

 
4 

.. 
t 

., f :
; 

1 
,. 

? 
.. 

; 
:: 

, 
1 

2.
 

t 
,. 

t 
,, 

? 
,, 

I 
I.

 

2
 
,, 

1 
9

,
 

2
 

D
, 

? 
., 

4 
rr

 

16
 f

ee
t 

C
op

ie
s 

re
ta

in
ed

 f
o

r 
qf

hr
e 

re
cm

d,
 
u 

of
 m

ap
s.

 k
c.

: 
re

qu
is

it
io

ne
d 

fo
r 
F
J
 

by
 

ot
he

r 
de

pa
rt

m
en

ts
; 

th
e 

Z
 

co
st

 
of

 
pr

er
s 

pu
ll

s 
an

d
 

st
a-

 
ti

on
er

y 
be

in
- 

al
l 

th
at

 i
s 

he
re

 
ch

ar
ge

d 
to

 th:
 

S
ur

ve
y 

D
ep

ar
t-

 
( 

m
en

t.
 

C
 

2 
la

 
0
 

2
 

10
 

0
 

2
 

0
 

oi 
a

o
o

 
a 

o 
o 

4
1

0
.

 
I

1
1

 
0
 

. 
1

5
 0

'
 

1
2

6
0

.
 

1
4

0
:

 
2

1
2

 
0

'
 

3
4

0
 

2
 

15
 

o
l/

 

4 
,r 

6 
,, 

4 
.. 

I 
9,

 

40
 l

ee
t 

D
.E

. 
t

,
,

 
i 

1
1

 

-
-
 

I 
..
..
..
..
. 

..
-.
.-
..
..
..
..
. 

.
 

.
.
.
 

-
-
 

.
.
.
 

. -
 -
 .-

 .
 

-
 -
 
-
 

-
-
 

.
 .
-
~

 
-
 

--
 

* 
A

dd
it

io
na

l 
po

in
ts

 o
f 

pr
ev

io
us

 p
ub

li
ca

ti
on

s 
. 

D
.E

. 
re

pr
es

en
ts

 D
ou

bl
e 

E
le

ph
an

t 
; 

F.
P.

 
re

pr
es

en
ts

 F
oo

ls
ca

p.
 

FI
( 

Fi
ni

sh
ed

. 



cxxxvi 

TRIGONOMETRICAL BRANCH OFFICE, DEHRA DUN-concld. 

Statement of Expenditure ( D r . )  and  Amounts credited (Cr . )  on account of  the Solar 
P h o t o ~ r a p h y  Section, during the Survey year    st October 1885 to 30th September 
1886. 

Superintendence . 
Solar Photographer . 
Establishment . 
Contingencies . 
Chemicals and  Stores received 

from England . 
Chemical and  Stores parchased 

in India . . . .  
Shipping and Landing Charges . 

TOTAL , 

9 days (obtained from 273 days). 
I I ,, 89 ,, 
I4 ~~9 ,, 
1.5 ,! ,, 363 ,I 

1 0  , I  3% ,, 
1 3  ,I 363 ,, 
21 ,, 366 ,, 
22 ,, 305 3. 

21  ,, 365 t e  

Table of Working Facts f o r  the y e a r  1885-86. 

30 clays (obtained from 248 working days). 
28 ,. 1 79 1, 

82 ,. 232 ,, 
96 ,, 307 P ,  

100 ,, 328 ,, 
100 ,, I, 318 1, 

100 ., I ,  28.5 , v  

100 ,, 284 , .  
100 ,, ,I 290 ,, 

I 885-86. 

October . 
November. . 
December. . 
anuary . 

E e b r u a r y .  . 
March . 
April . 
M a y .  . 
J u n e .  . .  
July . .  
August . 
September . 

TOTAL . 

-- - .  __ 
Contrasting the percentages of days of invisibility above given with those for  

Greenwich, as Furnished by Astronomer Royal's Reports, we have :- 
............ 

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

. - - -. 

R a. 
600 o 

6,000 o 
269 o 

1,371 o 

1,520 o 

50 1 3  

10  0 
--. 

... 

I A t  Debra, year ending 30th Sep- I At Grecnwlch. 

B a. 

8,240 o 

1,520 0 

5 0  ' 3  

1 0  0 

9.820 1 3  

Value of Negatives a n d  Silver 
prints taken for the Solar 
Physics Committee, under 
authority from the Secretary 
of State for India (debitable 
to  the Industry, Science a n d  
Art Department) . . 

T O T A L  , 

Year ending 20th May. 
45 
41 \ Year ending ~ 1 s t  De- 
58 ) cember. 

B a. 

9,820 13 

9,820 13 

NUMBER OF DAYS. 

One  thousand and four silver prints of the 8-inch and 127  of the 12-inch pictures 
were prepared ; and weekly despatches of both silver prints and negatives made as  usual 
to the India Office. 

Table  of Percen tnps  of dai ly  V i ~ i b i l i t y  of the Sun and the preserzce o f fea tures .  
--- -. -- 

- - -  -- - -  - - - -- 

Government ot lndld Central Prlntlng 0mce.-No r3S G.-lo-4.87 -415 

g 
"I 
U .- 
a 

$ 
z -  
!2 e "' 

31 
30 
26 
18 
2.1 
zz 
27 
22  

25 
15 
zo 
30 

290 

- 
Year. I In 100 days the Sun was inrlslble on 

N U M B E R  OF NEGATIVES. 
-- 

Solar Phenomena. 

In loo days fealureo were present on 

Failures. 

NUMBER OF 
W O R K I N G  DAYS 

W H E N  SOLAH 
PHENOMENA 

6 - - . P  
.- > 

31 
30 
26 
18 
24 
2 2  

27 
2 2  

25 
15 
2 0  

30 

29" 

S{,"iic.d 

1 12' 3 
g 

31 
30 
31 
31 
28 
31 
30 
3 1 

30 
31  
31 
30 

365 

i 

5 

2 
g 
g $ c J b k  ---- 

5 
13 
4 
g 
3 
g 
5 

16 
I I 
... 

WERE 

4- 

n < 

55 
47 
39 
23 
44 
38 
51 
34 
43 
26 
28 
40 

m 
a 
.-" 
; .  
> -  

8 .  

;; 

. . . . . .  

. . . . . .  
.. 
... 
... 
... 
... 
... 
... 
... 
... 
... ---- 

Spots only. 

2 0  
2 2  
1 8  
6 

10 

12 

16 

3 

75 ( ... 

8. 
----- 

1 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  

Facul* only. 

12. 

. . . . . .  

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

. . . . .  

... 

. . . . . .  
.. 468 

88, 

2 

7 
l o  
12 

I 

. . . . . . . . . . . .  
I 

7 
z 
I 

2 
I I  

56 

Total. 

107 I I 

12- 

I 
2 
I 

4 .. 
... 
... 
.. 

... 

... 

... --------- 
8 

8. 
--.- 

57 
54 
49 
35 
45 
38 
53 
41 
45 
27 
30 
51 

5'5 

- 
,2X 

21  

24 
19 
lo 
10 

1 2  
16 
... 
. 
... 
... 
3 

"5 
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REVENUE AND AGRICULTURAL DEPARTMENT. 

S U R V E Y S ,  
-- 

RESOLUTION. 

Dated Sin~la, the 19th Jzdy 1887. 

S U B J E C T .  

R s ~ i a ~ t ~ s  on the Report of the Survey of Iudia Dcpartmcut for 1893-86. 

~-- .  ~ - - 

t;uyernlnml ul luclia C@utrnl Priuling Vl€cr.-No, l l i  li. S A.-26.i.E;,--(*5. 





39. s. Circular No. ,=. 
Extract from the Proceedings of the Qovernmej~t of India, in  the Revenue and Agricultu~al Depart- 

rnejct ( Q u r ~ q s ) ,  under date Simla, the 19th July 1887. 

READ- 

The General Report on the Operations of the Survey of India Department for the year 
1885-86. 

RESOLUTION. 

DURING the greater portion of the year, the administration of the Depart. 
ment was in the hands of Lieutenant-Colonel H. R. Tliuillier, R.E., Colonel 
G .  C. DePrBe, S.C., the Surveyor General, having been obliged in February 1886 
to proceed on furlough to England owing to ill-health. Intimation of the death 
of Colonel DePrBe has recently been received with regret. After a service of 37 
years in India, in nearly 33 years of which Colonel DePr6e was connected with 
the Survey of India Department, he was about to retire on pension. 

Colonel J. Sconce, S.C., resumed charge of the superintendence of Revenue 
surveys on his return from furlough in March 1886. Several changes took 
place in the personnel of the Head-Quarters Officcs, owing to the departure on 
leave of Lieutenant-Colonel Waterhouse, and Majors C. Strahan and M. W. 
Rogers. Colonel C. T. Haig, R.E., continued to superintend the Trigonometri- 
cal Branch a t  Dellra. 

2. The first part of the Report contains asummary of the operations of the 
year, while detailed accounts of the work of the several parties are given in 
Part  11. Tlie different operations mere carried on by 25 parties, viz., one Coast 
Triangulation, 10 Topographical, 6 Cadastral, 6 Traverse, 1 Geograpliical, and 2 
Astronomical parties. Before remarking on the work accomplisl~ed~ it may be 
observed that the old system of naming each party according to the province, dis- 
trict, or other locality in which it is employed, has been given up, and a11 the par- 
ties have now been serially numbered. The number now givon to each party will 
be borne by i t  as long as it exists and in whatever locality it may be employed. 

3. Secondary triangulation was carried along the east const from Coconada secondnry 

to Masulipatam. Thc total distance triangulated was 146 miles ; and the posi- ~ ~ ~ ~ ~ g u \ n t i o n .  

tions of 9 beacons, besides 7 other permanent marks, fixcd for the use of tlie 
Marine Survey Dcpartmcnt. 

4. Tlirec out of the 10 Topographical parties completed the surveys on 
ahich they had for some years been respectively engaged in the Anduman 
Islands, Cutch, and Mysore. 

6 .  The survey of the Andnmans 11as been executed generally on the scale of Andnlnnu 
I s l n ~ ~ d s .  4 illc11 = 1 mile, with special portions round the Port Blair Settlement on the 

$.inch scale. T l ~ e  surveys cover all thc islands excepting a large part of Little 
Andamans, wlicrc a survey mas impracticable. The Go-iernor General in Council 
is pleased to obscrve the commendation again bestowed on Captain IIobday and 
llis assistants, both by the Oficinting Survcyor Gcnernl, and also by the Super- 
iutenclcnt of Port Blair and the Nicobars. His Excellency also clesirrs to express 
his thanlts to the local authorit,ics for the valuable :tssistance rendered to the 
survey l,art,y, to nrhich the success of the operation is said to be largely due. 

6. I n  addition to Cutch, the acljncent Rsn, the peninsula of Nagar Pbrkar, Cutch. 

and small portions of North Gujar6t have been topographically surveyed. 



M ~ B O T ~ .  7. The Mysore Survey was commenced in November 1875, and has there- 
fore lasted for 11 years. The operations were, however, greatly impeded during 
the first three years by famine, and the outturn of work during that period 
by two full parties was only 4,701 square miles. Since November 1877 only 
one party has been a t  work and has completed the remaining large area of 
26,238 square miles. 

8. Three parties worked in the Bombay Presidenc~ in the Deccan and 
Gujar8t Districts and the Southern Mahratta Country. 

Deccau. The Deccan party surveyed a total area of 1,675 square miles, lying partly 
in the Koltiba, Ratnagiri, and Sahra  Districts, and partly in the Kolhba, Kolh6- 
pur, and South Mahratta Agencies. Some traversing, and the forest bound- 
ary survey in the KolAba and Ratnagiri Districts, was also executed. After the 
close of the year's work, the party was transferred to the Central Provinces for 
the prosecution of Revenue surveys. An area of 11,963 square miles has been 
left unfinished in the Deccan, which must lie over until the Revenue surveys 
required in connection with Settlement operations in the Central Provinces and 
elsewliere have been completed. 

Ol~jnrBt .  9. The GujarAt party surveyed a total area of 2,524 square miles, besides 
triangulating 749 square miles and traversing with the theodolite 422 Linear 
miles. A small party was also attached to the Special Commission appointed 
to settle the boundary dispute between Baroda and the Dangs States, when 
some boundary surveying was accomplished. 

S0lllll 
M n h r a l t a  10. The South Mahratta party surveyed an aggregate area of 1,672 square 

miles, lying chiefly in Belgaum, but partly in the Dhirwir  District and some 
neighbouring Native States. The skeleton traverse survey of the forests of 
six villages in KliAn8pur taluka was completed, and the work partially done 
for six other villages. A large area was also triangulated and traversed in ad- 
vance for the next season's topography. 

Mirznpur. 11. The party employed on the Mirzapur Survey has carried out the fol- 
lowing operations :- 

(a) the Detail survey of 487 square miles'on the scale of 2 inches=l 
mile, and 194 square miles of triangulation ; 

(6) the Revenue survey of village boundaries in the Dudhi Pargana ; 
(c) the setting up  of tlie theodolite a t  6,419 stations, embracing 1,172.6 

miles of traverse. This work has proved that, with the aid of 
traverses, village maps can be utilised for the compilation of 
standard topographical sheets ; 

( d )  the completion of records and General Reports of the Bhopal- 
Malma and the Khandesh and Bombay Native States surveys. 

Rs)plllann 12. I n  Rajputana 3,540 square miles were surveyed on the ;-inch scale in 
portions of Jodhpore and of the MalAni Districts near BLrner and the Luni river. 
On the scale of 1 inch=l  mile ail area of 256 square miles was surveyed in 
a tract lying on the junction of the boundaries of the Jodlipore, Sirohi, and 
PBlunpur States. Triangulation in advance covered an area of 6,850 square 
miles. The village boundary sheets of the hjmere-Merwarn Survey were 
revised, and the district maps compiled. 

Bnl~icbirtnu.  13. I n  Baluchistan, one party was employed principally in work of a special 
nature for the requirements of the Military Department. The country surround. 
ing Quetta was surveyed on tllc 2-incli scale, and also a portion of the Khwaja. 
Amran mountains, extending from the Gl~mSja Pass on the soutl~ to thc Boprt  
Pass on the north. The routes between the Registan and Balucliistan mere also 
explore(l, and w r y  fair progress mas made in tllc operations for tlie regular topo- 
graphical survey of the country. 



Rurmn Foreet 14. One Topographical party continued the Forest aurveys in Burma. The ,rvcy, 

Detail survey, partly on the $-inch scale and partly on the scale of 2 inches 
=1 mile, covered a total area of 330 square miles of forests, extending over the 
greater portion of the tracts &ained by the Taungnyo river in the Tharrawaddy 
District and the Shwele river in tlie Prome District. The survey was also 
carried over the Shwedaung hills to the south of Prome. The triangulation of 
the year covered an area of 263 square miles, and the traverse survey 346 square 
miles. The outturn was smaller than in the preceding year, but this is 
accounted for by the fact that work was greatly impeded during the year 
under review by the unsettled state of the province, and by. the withdrawal of 
some of the Surveyors for survey operations required in Upper Burma. 

16. The six Cadastral parties were employed in the districts shown in the c;:;."' 
following tabular statement, in which the total outturn of work of each party 
and particulars of cost of operations are also shown :- 

I I AVERAGE COBT P E R  AVXRAGE C08T PER 
BQUARE MILE IN 1885-86. EQUARE MILE IN 188485. 

94.111. R 

Borme . . . . . Akyab . . . . 661 60'2 

North-Western Provinces . . Gorekhpur . . . 820 20'5 

Ditto Ditto . . Basti . . . . 783 22'6 

Central Provincee . . . Bilespur . . . 763 16.1 

Assem . . . . . Kammp . . 468 33'4 

Bengal . . . . . Mozufferpore . . 414 28.8 

16. The tracts surveyed in the Akyab District are very muoh scattered, but aks,,b. 

mainly lay on the borders of the Kaladan and P d u  rivers, east and of 
the town of Akyab ; while other tracts were situated in the valleys to the north- 
west of the district. 

17. I n  Gorakhpur District the Hata and Paranna tahsils were .cadastraUy ~ o l . , l ~ ~ l p u r .  

surveyed, and, in addition, 41.07 square miles in the Sarun District in Bengal 
were surveyed topographically. Some changes were made in the system of 
cadastral surveys adopted in Qorakhpur, and will, it is believed, have the effect 
of accelerating the work and of saving some of the expenditure hitherto inculred 
by the Settlement Department. 

18. The Cadastral operations of the Basti party were confined to the Basti F J ; ~ ~ ~ ; .  

and Kbalilabad tahsils. A survey on the 4-inch scale of the villages on the right 
bank of the Gogra river was also efiected. 

19. The surveys in Bilaspur were carried out on the Gorakhpur sy.stem. B ~ ~ : I R ~ , I L , .  

The surveyors were new to the work, and there were other reasons which tended 
to make tl,c average cost higher than in Qorakllpur, but it is confidently expect- 
d that lower rates will be exhibited as the result of the next season's working. 

20, Tile of the year brought to a close the Cadastral survey of the Knurnr. 

Hamrup District; some preliminary traversing was also done for the survey 
of the Ilarrang District. 

' ' ~ l l t ~  Mozufferpore. 
21. In the Morufferpore District the Cadastral survey and record-of-11, 

were in Tsppa Chakla Nosi (except 3 or 4 squme miles within the 
MoZderpore ~ l ~ ~ i ~ i ~ , ~ l i t y ) ,  and in Tappa Bllatsnla (except an arcn of 90 square 



miles). The cost rate of the operations, as shown above, is high as compared with 
that of airnilar work in other districts ; but it includes several items of extraordi- 
nary expenditure, such as travelling allowances, carriage of equipment, cost of 
new tents, &c., amounting to R14,129. The detailed nature of the work, ren- 
dered necessary by local peculiarities, also tended to make the survey more 
expensive than in the North-Western Provinces traverse surveys. 

Traverse 22. Three-and-a-half full parties have been employed during the year under 
Surveys, 
ajmere. report. A detachment from one of these completed the survey of 61 jagir and 

of six minor istimrar villages in Ajmere, covering an area of 243 square miles. 

Punjeb. 23. The Punjab party resumed work in the Ludhiana and Umballa Districts, 
and extended them to the Jullundur, HoshiBrpur, and Qurdispur Districts and 
to the Kapurthala State. The total outturn of work was :- 

Traversing . . 3,770 sq. miles. 
Mapping by reduction , . 1,922 ,, 
Area tested . . 2,920 ,, 
Area finally mapped. . . . 2,624 ,, 

Ccntral 
Provinces. 

24. The remaining traverse parties were employed in the Central Provinces 
and surveyed a total area of 6,269 square miles in the Raipur, Sambalpur, Jub- 
bulpore, and Damoh Districts. The operations in these districts consisted of a 
simple skeleton traverse survey, which will form the basis of complete skeleton 
maps, on which the patwaris will plot their measurements of the fields. The 
" field block " system of survey, which had been tried for two previous seasons in 
the Raipur and Sambalpur Districts, proved a failure, and has been finally 
abandoned. 

Oeqrnpbical 25. The Himalaya party was employed in continuation of the preceding years' 
mod Miscel- 
lsneotls. operations on the Topographical survey of the Hill States about Simla and of the 
Hima'B~a Kangra District, and on the demarcation of the Nipal-Bengal boundary on the 
N i p l  p*y' Mechi river. Twenty -four miles of the boundary was demarcated, the erection 
boundnry 
demucatioa, and numbering of pillars being left over to be taken up on completion of the 

entire line of boundary. The party also undertook to bring up the arrears of 
mapping connected with the Nipal Boundary Survey, the Sikkim Triangulation, 
and the Darjeeling Revisionary and Dahing Lands surveys. Very little progress 
was, however, made, and, the arrears of mapping and computations were trans- 
ferred to the Triqonomettical Branch for completion. 

Knngra and 26. The following is the outturn of work in Kangra and the Hill States :- 
S ~ m l a  Hill 
States. sq. miles. 

K a n ~ r a  . . 300 on the 16 inches=l mile scale. 
SUL& Mnndi, K~lmhirsain and Bashahr) 30g 

States J ,  2 ,, 
Ditto ditto 238 ,J 4 3, 

Oeonraphicel 27. A large quantity of work was done during the year under review under 
Burvegn end 
Recoonsin. the head of Geographical Surveys and Reconnaissances. Great credit is due to 
UnCeI. the officers of the Afghan Boundary Commission for the very large area of 
A f g b a n i ~ t ~ q .  120,000 aquare miles surveyed in Afghanistan. The whole of the province of 

Herat, including the hitherto unknown Taimani and Firozkul~i country, was 
mapped ; almost the entire province of Afghan Turkistan, with a large portion 
of the Hazara country in the neighbourhood of Bamian, was reconnoitred or 
~urveyed; and, on the return march of the Commission, all the important 
passes of the Hindu Kush were surveyed. 

Oilgit. 28. The surveys executed by Colonel Woodthorpe, R.E., while attacl~ed to 
the Gilgit Mission, afford a mass of valuable information of the districts of Yasin, 
Chitral, Hunza and Wakkan. Colonel Woodthorpe's services merit the special 
commendation of the Government of India. 



29* The surveys executed by explorers M.-H. and R.-N. have Trade routeq 

added largely to the Geographical knowledge of Nepal and Thihet and of 
and Eastern Bhutan, besides affording valuable information regarding 

the trade routes to Thibct. Explorer R.-N. also made an unsuccessful attempt 
to obtain accurate information on a long-disputed question as to whether the 
Brahmaputra or the Irrawaddy is the recipient of the waters of the Sanpo. 

30. I n  Upper Burma Captain Hobday, with a small detachment of Sur- Upper B~lrl l ln ,  

veyors, made a reconnaissance survey round Mandalay and compiled the recon- 
naissance sketches executed by officers with the Burma field force. Captain Hob- 
day and a Sul-veyor joined two Military expeditions, one to the &chin Hills and 
the second to the south-east of Mandalay. They succeeded in extending 
triangulation southwards as far as latitude 21" and in surveying an area of 
160 miles on the inch scale. 

31. Tidal observations were taken a t  16 ports. Four new observatories Tid.1 
were opened during the year a t  Bhavnagar, Cochin, Coconada, and Chittagong; obaervationr. 
and three observatories were closed a t  Diamond-Harbour, Amherst, and Maul- 
mein, where the usual period of five years' registration had been completed. 

32, The spirit-levelling operations consisted of three main lines, (1) along Spirit- 

the railway line from Madras, vid Tanjore to Negapatam, (2) from Tanjore, Leve"i"g. 

Ramnad to PQmban, and (3) from Ramnad to Tuticorin. Three pairs of test 
bench marks were also embedded in the vicinity of Negapatam, PBmban, and 
Tuticorin. 

33. The two Astronomical parties resumed the electro-telegraphic observa- Astronomical 

tions for the determination of differential longitudes. Nine arcs were measured observntions. 

between stations of the Great Trigonometrical Survey, and observations$aken on 
an experimental arc a t  Dehra Dun. 

34. Very satisfactory progress has again been made in the operations ~f~eod.~uartoro 
the Drawing, Engraving, Photographic, Lithographic and Mathematical Instru- ofice'' 

merit Offices, full accounts of which are given in Part I11 of the Report. 
36. The maps issued numbered 210,288, valued at 331,66,749. The income Mnps issued. 

derived from the sale of maps amounted to 338,732-14-0. I n  the Map Drawing specin1 luapr. 

Ofice a great deal of work was executed for the Colonial and Indian Exhibition, 
among which mere a map of the World, exhibiting the Export and Import 
Trade of Indie, and maps of India to illustrate Density of Population, Emi- 
gration, External Trade, Land Settlements and Revenue, Geology and Reli- 
gions. Three small skeleton maps were drawn, showing- 

the Burma and Assam Frontier, ( b )  the Punjab and Afghanistan 
Frontier, and (c) the Sind and Baluchistan Frontier. 

The district maps required for Administration Reports have all been com- nistrictsn~ 
pleted, two for Assam and two for the Central Provinces, and tho Pro- ~ ~ ~ Q Q n C i m I  

vincial maps have been taken in hand. 
36. The total number of Mathematical instruments issued to other Depart- Mnthemsticul 

rnents was 41,643 and their value 331,77,864. The serviceable stock increased t:E:"ent 
during the year by 62,128 instruments, valued a t  ~1,70,179. Of these, 13,463 
were manufactured during the year at a cost of W21,464, and 3,103 instruments 
were repaired in the &lathematical Instrument Depat, a t  a cost of R213378, their 

aftcr being estimated at R76,039. The account of the Mathema- 
tical Instrument Ofice at page cxviii of the Appendix shows a net profit of 

B3,887-5-0. 
37. The principal work of the Dehra O5ce consists of the final reduction oer, 

and pulllieation of the various operations of tlle (treat Trigonometrical Survey. 
Mr. Cole, the Superintendent, has been ably assisted in the work by Mr. Eccles. 
During the year under notice, the simultaneous reduction of the circuit tri- 
.nglrS (South-West Quadrilateral), and the final reduction o€ Latitude observ- 
rt,ions taken up to the year 188486, were brought to completion. Consider- 
able progress 1 ~ s  also made in the secondary triangulation of the southern 



Trigon. The work of Solar photography was continued; 115 large and 525 
small-sized pictures of the sun were taken. 

38. The 8urvey Department has, during the year under review, made a 
considerable advance in the direction of improving its financial value to the 
State by undertaking work of a positively remunerative character. The most 
notable operation of this kind is the great Traverse survey of the Central Prov- 
inces which, by providing a frame-work for the detailed field plotting of villages 
by district establishments, will probably enable the Revenue authorities to com- 
plete the assessment of about 40,000 square miles, without the loss of a single 
year's revenue. The performance of this work has thrown a heavy burthen on 
the Department, which i t  has borne in an admirable manner, a t  a time when, 
for financial reasons, i t  has been required to contract its establishments, 
and when the demands for a survey staff on the Boundary Commission, in Upper 
Burma and in the North-West Frontier, had added to its difficulties. A traverse 
survey of the same kind was effected in Ajmir, while a large amount of cadastral 
work was done in the North-Western Provinces, Central Provinces,. Bengal, 
Burma, and Assam, and a t  the same time some valuable forest surveys were exe- 
cuted in Burma and Bombay. The Government of India is glad to acknowledge 
that in no previous year has the Department done more to prove its financial 
value to the State, and accords its thanks to Colonel Thuillier, and the officers 
who assisted him for the energetic manner in which they have given effect to 
the policy advocated by the Government of carrying out survey operations in 
co.operation with the Revenue authorities on the system which has been found 
most conducive to the h a n c i a l  interests of the State. The labours of Colonel 
Barren, Major Sandeman, Colonel Steel, and Mr. Scott in the field of revenue 
survey, and the cordial assistance which they have, under Colonel Sconce, 
rendered in placing Cadastral surveys on an economical basis, are especially 
deserving of acknowledgment. 

39. The Department has a t  the same time sustained its reputation in the 
field of geographical survey, and the Government of India cordially confirms the 
remarks of the Surveyor General on the exceptionally valuable services per- 
formed by Major Holdich, Captains Gore and Talbot on the Boundary Commis- 
sion, and by Colonel Woodthorpe. 

PO. The Government of India regrets that the strain which has been thrown 
on the Department, pertly by financial pressure and partly, as pointed out by 
the Surveyor General in paragraph 36 of the Report, by the demands made for 
officers to accompany political and military expeditions, has been so exception- 
ally severe. It is trusted, however, that by the gradual contraction of the 
~ o ~ o g r a p h i c d  programme, such as has been effected by the postponement of the 
Deccan surveys, some relief may be afforded, although i t  must be acknowledged 
that the present expansion of the Cadastral and Military programmes justifieu 
serious consideration of the danger suggested by the Surveyor General that 
the Department may not be able to meet all the demands made upon it. I n  
the meantime, His Excellency in Council desires that his high appreciation of 
the loyal manner in which the Department has answered to every call for its 
services may be placed on record. 

ORDER.-Ordered, that the above Resolution be forwarded to the Local 
Mndrw. 

i 
Centrnl Provincee. Governments and Administrations named 

Bombay. R U T I ~ I I .  
Assam. 

in the margin, and to the Burvcyor Gene- 
Bel~gnl. 
N.-W. P. & oudh. Coorg. ral of India, and to the Foreign and 
Punjnb. Military Departments for information. 

Ordered also, that i t  be published in the Qaxelte of India. 

(True Extract.) 


	DenB 186.tif
	DenB 187_1L.tif
	DenB 187_2R.tif
	DenB 188_1L.tif
	DenB 188_2R.tif
	DenB 189_1L.tif
	DenB 189_2R.tif
	DenB 190_1L.tif
	DenB 190_2R.tif
	DenB 191_1L.tif
	DenB 191_2R.tif
	DenB 192_2R.tif
	DenB 193_1L.tif
	DenB 193_2R.tif
	DenB 194_1L.tif
	DenB 194_2R.tif
	DenB 195_1L.tif
	DenB 195_2R.tif
	DenB 196_1L.tif
	DenB 196_2R.tif
	DenB 197_1L.tif
	DenB 197_2R.tif
	DenB 198_1L.tif
	DenB 198_2R.tif
	DenB 199_1L.tif
	DenB 199_2R.tif
	DenB 200_1L.tif
	DenB 200_2R.tif
	DenB 201_1L.tif
	DenB 201_2R.tif
	DenB 202_1L.tif
	DenB 202_2R.tif
	DenB 203_1L.tif
	DenB 203_2R.tif
	DenB 204.tif
	DenB 205_1L.tif
	DenB 205_2R.tif
	DenB 206_1L.tif
	DenB 206_2R.tif
	DenB 207.tif
	DenB 208_1L.tif
	DenB 208_2R.tif
	DenB 209_1L.tif
	DenB 209_2R.tif
	DenB 210_1L.tif
	DenB 210_2R.tif
	DenB 211_1L.tif
	DenB 211_2R.tif
	DenB 212_1L.tif
	DenB 212_2R.tif
	DenB 213_1L.tif
	DenB 213_2R.tif
	DenB 214_1L.tif
	DenB 214_2R.tif
	DenB 215_1L.tif
	DenB 216.tif
	DenB 217.tif
	DenB 218_2R.tif
	DenB 219_1L.tif
	DenB 219_2R.tif
	DenB 220_1L.tif
	DenB 220_2R.tif
	DenB 221_1L.tif
	DenB 221_2R.tif
	DenB 222_1L.tif
	DenB 223.tif
	DenB 224_1L.tif
	DenB 224_2R.tif
	DenB 225_1L.tif
	DenB 225_2R.tif
	DenB 226_1L.tif
	DenB 226_2R.tif
	DenB 227_1L.tif
	DenB 227_2R.tif
	DenB 228.tif
	DenB 229_2R.tif
	DenB 230_1L.tif
	DenB 230_2R.tif
	DenB 231_1L.tif
	DenB 231_2R.tif
	DenB 232_1L.tif
	DenB 232_2R.tif
	DenB 233_1L.tif
	DenB 233_2R.tif
	DenB 234_2R.tif
	DenB 235_1L.tif
	DenB 236.tif
	DenB 237_1L.tif
	DenB 237_2R.tif
	DenB 238_1L.tif
	DenB 238_2R.tif
	DenB 239.tif
	DenB 240_1L.tif
	DenB 240_2R.tif
	DenB 241_1L.tif
	DenB 241_2R.tif
	DenB 242_1L.tif
	DenB 242_2R.tif
	DenB 243_1L.tif
	DenB 243_2R.tif
	DenB 244_1L.tif
	DenB 244_2R.tif
	DenB 245_1L.tif
	DenB 245_2R.tif
	DenB 246_1L.tif
	DenB 246_2R.tif
	DenB 247_1L.tif
	DenB 247_2R.tif
	DenB 248_1L.tif
	DenB 248_2R.tif
	DenB 249_1L.tif
	DenB 249_2R.tif
	DenB 250_1L.tif
	DenB 250_2R.tif
	DenB 251_1L.tif
	DenB 251_2R.tif
	DenB 252_1L.tif
	DenB 253.tif
	DenB 254_1L.tif
	DenB 254_2R.tif
	DenB 255_1L.tif
	DenB 255_2R.tif
	DenB 256.tif
	DenB 257_1L.tif
	DenB 257_2R.tif
	DenB 258_1L.tif
	DenB 258_2R.tif
	DenB 259_1L.tif
	DenB 259_2R.tif
	DenB 260_1L.tif
	DenB 260_2R.tif
	DenB 261_1L.tif
	DenB 261_2R.tif
	DenB 262_1L.tif
	DenB 262_2R.tif
	DenB 263_1L.tif
	DenB 263_2R.tif
	DenB 264_1L.tif
	DenB 264_2R.tif
	DenB 265_1L.tif
	DenB 265_2R.tif
	DenB 266_1L.tif
	DenB 266_2R.tif
	DenB 267_1L.tif
	DenB 267_2R.tif
	DenB 268_1L.tif
	DenB 268_2R.tif
	DenB 269_1L.tif
	DenB 269_2R.tif
	DenB 270_1L.tif
	DenB 270_2R.tif
	DenB 271_1L.tif
	DenB 271_2R.tif
	DenB 272_1L.tif
	DenB 272_2R.tif
	DenB 273_1L.tif
	DenB 273_2R.tif
	DenB 274_1L.tif
	DenB 274_2R.tif
	DenB 275_1L.tif
	DenB 275_2R.tif
	DenB 276_1L.tif
	DenB 276_2R.tif
	DenB 277_1L.tif
	DenB 277_2R.tif
	DenB 278_1L.tif
	DenB 278_2R.tif
	DenB 279_1L.tif
	DenB 279_2R.tif
	DenB 280_1L.tif
	DenB 280_2R.tif
	DenB 281_1L.tif
	DenB 281_2R.tif
	DenB 282_1L.tif
	DenB 282_2R.tif
	DenB 283_1L.tif
	DenB 283_2R.tif
	DenB 284_1L.tif
	DenB 284_2R.tif
	DenB 285_1L.tif
	DenB 285_2R.tif
	DenB 286_1L.tif
	DenB 286_2R.tif
	DenB 287_1L.tif
	DenB 287_2R.tif
	DenB 288_1L.tif
	DenB 288_2R.tif
	DenB 289_1L.tif
	DenB 289_2R.tif
	DenB 290_1L.tif
	DenB 290_2R.tif
	DenB 291_1L.tif
	DenB 291_2R.tif
	DenB 292_1L.tif
	DenB 292_2R.tif
	DenB 293_1L.tif
	DenB 293_2R.tif
	DenB 294_1L.tif
	DenB 294_2R.tif
	DenB 295_1L.tif
	DenB 295_2R.tif
	DenB 296_2R.tif
	DenB 297_1L.tif
	DenB 297_2R.tif
	DenB 298_1L.tif
	DenB 298_2R.tif
	DenB 299_1L.tif
	DenB 299_2R.tif
	DenB 300_1L.tif
	DenB 300_2R.tif
	DenB 301_1L.tif
	DenB 301_2R.tif
	DenB 302_1L.tif
	DenB 302_2R.tif
	DenB 303_1L.tif
	DenB 303_2R.tif
	DenB 304_1L.tif
	DenB 304_2R.tif
	DenB 305_1L.tif
	DenB 305_2R.tif
	DenB 306_1L.tif
	DenB 306_2R.tif
	DenB 307_1L.tif
	DenB 307_2R.tif
	DenB 308_1L.tif
	DenB 308_2R.tif
	DenB 309_1L.tif
	DenB 309_2R.tif
	DenB 310_1L.tif
	DenB 310_2R.tif
	DenB 311_1L.tif
	DenB 311_2R.tif
	DenB 312_1L.tif
	DenB 312_2R.tif
	DenB 313_1L.tif
	DenB 313_2R.tif
	DenB 314_1L.tif
	DenB 314_2R.tif
	DenB 315_1L.tif
	DenB 315_2R.tif
	DenB 316_1L.tif
	DenB 316_2R.tif
	DenB 317_1L.tif
	DenB 317_2R.tif
	DenB 318_1L.tif
	DenB 318_2R.tif
	DenB 319_1L.tif
	DenB 319_2R.tif
	DenB 320_1L.tif
	DenB 320_2R.tif
	DenB 321_1L.tif
	DenB 321_2R.tif
	DenB 322_1L.tif
	DenB 322_2R.tif
	DenB 323_1L.tif
	DenB 323_2R.tif
	DenB 324_1L.tif
	DenB 324_2R.tif
	DenB 325_1L.tif
	DenB 325_2R.tif
	DenB 326_1L.tif
	DenB 326_2R.tif
	DenB 327_1L.tif
	DenB 327_2R.tif
	DenB 328_1L.tif
	DenB 328_2R.tif
	DenB 329_1L.tif
	DenB 329_2R.tif
	DenB 330_1L.tif
	DenB 330_2R.tif
	DenB 331_1L.tif
	DenB 331_2R.tif
	DenB 332_1L.tif
	DenB 332_2R.tif
	DenB 333_1L.tif
	DenB 333_2R.tif
	DenB 334_1L.tif
	DenB 334_2R.tif
	DenB 335_1L.tif
	DenB 335_2R.tif
	DenB 336_1L.tif
	DenB 336_2R.tif
	DenB 337_1L.tif
	DenB 337_2R.tif
	DenB 338_1L.tif
	DenB 338_2R.tif
	DenB 339.tif
	DenB 340.tif
	DenB 341.tif
	DenB 342.tif
	DenB 343.tif
	DenB 344.tif
	DenB 345.tif
	DenB 346.tif
	DenB 347.tif
	DenB 348.tif
	DenB 350.tif



