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PART I—TOPOGRAPHICAL SURVEY.

NORTHERN CIRCLE,
(Vide Index Maps 1 and 4.)

Swnmary.—The Circle comprised four parties and one detachment for topographical
work, apart from the special parties and detachment mentioned below. During the year a
total area of 14,289 square miles was topographically surveyed. This includes an area of
2,600 square miles beyond the frontier elsewhere.

The work of the Sind-Sagar Party and of the Punjab Riverain Detachment is, strictly
speaking, not topographical survey.

No. 20 Party (Cantonment) was transferred from the administrative control of the
Superintendent, Northern Circle to that of the Superintendent, Southern Cirele with effect
from 1st April 1917, Tts operations are dealt with in detail with those of the parties of the
Southern Cirele on page 21.

The Sind-Sagar Party was formed from 15th June 1917 for the purpose of undertaking
rectangulation in the Sind-Sigar Doab and Thal as a basis for the Punjab Government’s
Sind-Sagar Canal and Colonization Project.

From the same date No. 4 Party was amalgamated with it, and, from the end of the
recess season of 1917, this party (No. 4) will be in abeyance as a topographical unit.

A detachment, called the Tank Survey Detachment, was formed in June to accompany
the Waziristin Field Force.

It remained in existence from 1st June 1917 to 11th Aungust 1917,

The Circle was under the administrative control of Lieut.-Colonel C. L. Robertson,
C.M.G., R.E,, throughout the survey year.

No. 1 PARTY (KASHMIR AND PUNJAB).
By B. R. Hugnes.
The head-quarters of the party opened in the field at Gurdaspur on the 10th November
1916, and closed early in May 1917, The office

reopened on 14th May at its recess quarters in
Mussoorie.

PERSONNEL,
Provineial Officers.

Mr, B.R. Hughes in charge,

The country surveyed during the winter consist-
, G.JS. Rac. : ; =

" DD, Mortor, ed .of well cultivated and partly canal-irrigated
" PAT. Kenny. plains, and intricate foot hills; that surveyed during
» L.C. Haoson. the summer being mountainous with well-wooded

Upper Subordinate Scrvice. valleys.

4
Mr. Sher Jang, K. B. o 9th November 1916, The health of the party was gOOd'

. Nothn Singh, R, 8. to 20th March 1917, Plane-tabling.—The 4,011 square miles of coun-
o Hamid Gul, to 15th Tebrawry 1917 {ry sur i 1 1
: ry surveyed on the ses = :

" Tautoesh Pracad Voetae t s Y the cale of 1 ineh = 1 mile comprised

2,677 square miles of new survey, 1,056 of resurvey

Lower Subordinate Service. and 278 square miles of supplementary survey, in

36 Surveyors, ele, parts of the Jammu and Chamba States, and the

the Poninh distriets of Gurdaspur, Hoshiarpur and Kangra of

1c Punjab. Its survey occupied the party from November to August, and the area lay in the

following shects :—

43 r

4]
] fripuerey P p— N
8,12, 18 43 3,4,5,8,7,8,9,10, 1, 12, 13, 14, 15 (part) a'nd .)2« 1 (part);, 2 (pnrt)'

In the earlier part-ef the field season 22 surveyors were divided up into 3 camps under
Messrs, Rae, Morton and -Hanson, and the following allotment of work was made :—

No. 1 Camg, under Mr. G. J. S. Rae, comprised 9 surveyors and dealt with sheets
and 43

r r
4,8,12,15 (part) 7, 11 (southern halvos)’
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0. 2 Camp, under Mr. H. P. D. Morton, comprised 6 surveyors and worked in sheets

P
3,8,7 (northern half)’
No. 3 Camp, under Mr. R. C. Hanson, comprised 7 surveyors and surveved sheets
43 3

10, 11 (northern half), 14 (southern half), 15 (northern half)”

In the latter part of the season 15 surveyors were divided into 2 camps under Messrs,
Morton and Hanson :—

No. 2 Camp, under the former officer, had 9 surveyors and worked in sheets 43 5 m

4u35 5 (‘;m) and No. 3 Camp, under Mr. R. C. Hanson, with G surveyors surveyed sheets
43 0, 43 T and 52 D |
18 9 (part), 13, 1+ (northern half) 1, & (purts)

The cost-rates of the different classes of survey are given in Table III.

Mr. P.A.T. Kenny in charge of 9 surveyors, undertook the special survey, on a
scale of 4 inches to a mile, of the Peshawar Artillery and Aviation Practice Camp during
the winter. Mr. Kenny and the surveyors working under him remained on the strength of
this party for purposes of pay, etc., but he received his instructions on all professional points
connected with the work direct from the Superintendent of the Circle. The out-turn was
208 square miles.

During the summer Mr. Kenny was called upon to carry out surveys in connection
with the operations of the Waziristan Field Force, and was transferred from the party to the
charge of the Tank Survey Detachment for rather over 2 months.

Triangulation.— No triangulation in advance has been done during the year under
report for the ordinary programme of the party, since sufficient data in advance already exist
over the whole area which will come under survey by this party during the next two survey
years, but 20 square miles was carried out in the area surveyed in Peshawar for military
purposes to supplement points already existing.

Traversing— No traversing was done in advance during the year under report for
the ordinary programme of the party for the same reason as given above in regard to
triangulation, but 66 linear miles were run in the area surveyed in Peshawar. The country
covered by triangnlation and traversing in the Peshawar area consisted, for the most part, of a
highly irrigated eultivated plain intersected by numerous branches of the Kabul and Bara
rivers, and partly barren stony waste eut up by innumerable ravines,

Recess Dulies.— Owing to most of the surveyors being employed on what was
practically a summer programme, to transfers of men for work overseas, to the employment
of others on the Peshawar fair-drawing and also to the very early re-commencement of work
in the field in connection with the special surveys for the Akora Artillery Practice Camp, the
fair-mapping of the sheets of the whole of the survey executed during the year under report
remained incomplete at its conclusion.

To deal with these arrears of mapping a strong drawing section will be left in
Mussoorie during the coming winter. This section will also have to prepare the maps of the
Akora Artillery Practice Camp survey, as the work comes in from the field. The publication
of these is being treated as a matter of war urgency,

The following fair sheets, for publication on the 1-inch scale, of areas surveyed during
the past field season, have been completed and sent in since the 30th September 1916:—
0
43 %; 5,7,9, 10,11, 15, 15 and 52 3—43
There are no arrears of l-ineh fair sheets drawn from surveys executed during
previous field seasons.

The half-inch fair sheets, drawn from previously published one- inch sheets, submitted

for publication since 30th September 1916 are :— 38 sg—5w- O and 43 35

The cost-rates of mapping on the different scales work out per square mile ae
follows : —

4-inch scale s e e - Rs. 23.
l4-inch ,, for publication on the 1-inch scale... vee » 4.
-inch [TEY) ”» ITRET) 4-inch [T s ”» 40.

The high rate for 3-inch mapping is due to an excessive ratio having been assumed
for the work done on these sheets during the previous survey year.
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NO. 2 PARTY (PUNJAB).
By T. W. BaBoxat.
The head-quarters of the party was located at Serai Rohilla (Delhi) during the winter.
The party was employed in triangulating
and traversing, and in executing detail surveys on
the 1-ineli and }-inch secales, in the Gurgaon district

PERIONNEL.

Provincial Officers.

Mr. T.W. Babonaun in charge. and the Nabha State of the Punjab, and in the
» F.B. Powell, to 31st Murch 1917, Alwar, Bharatpur and Jaipur States of the Central
; ;Iltlﬁ ?::Ej})l: India Ageney. A revision survey, on the scale of
. J.A. Calsert. 4 inches =1 mile, of Imperial Delhi and the New

Cantonment of Delhi was also carried out. The
town of Alwar, with an area of about 4 square
miles, was surveyed on the 13-inch scale.

Upper Subordinate Service.

Mr. Chuni Lal Kaepur,
Ghulam Haoean.
Lower Subordinate Service, The nature of the country covered by the
}.inch and 1-inch survey was hilly, with sand hills
and plains between the hills; that covered by the
four-inch survey was undulating ground where five feet contour intervals were shewn; that
over which the triangulation extended was hilly, a aood portion of it being cove.red by
thick jungle. Some of the traversing was done In flat country where triangulation was

26 Burveyors, etc.

impracticable. ‘
The field season began on the 15th November 1916 and ended on the 30th April 1917.

The health of the establishment was good throughout the season.
. . q - . . ) . A
Plane-tabling.—The one-inch surver was executed in five sheets:—33 g3 and 54 -5

One camp, consisting of 7 surveyors under Mr. Saubolle, carried out the survey of these sheets.

. . - A
The half-inch survey lay in sheets 34 g w5

This work was under Mr. Johnson till 15th January, when he fell sick and was
succeeded by Mr. Saubolle, who carried it on with 5 surveyors and completed the survey of
all but sheets 54 2";0.

The survey was based partly on revenue traverse data and partly on triangulation.

The 4-inch revision survey of the Imperial Delhi and Delhi New Cantonment area
was carried out on blue prints of the previous survey executed in 1911-12 and 1913-14
respectively.

The height values used for the purpose of running contours at 5 feet vertical intervals
were reduced to the terms of the triangulation carried out during the current and previous
seasons by No. 19 Party.

The positions of a number of points appearing on the previous maps were fixed in
terms of the new triangulation over an area of some 110 square miles (including the 64 square
miles of revision survey) for the purpose of determining the direction and degree of error
in the geographical position of information given in those maps. The result of the operation
disclosed the fact that all detail in the previous map had been placed 4 chains too far to the
north and 20 links too far to the east. The error was probably due to the carlier survey
having been based on old revenue traverse data which had been insufficiently tied down.

Triangulation.— This was carried out in sheets 54 +%5 and in portions of sheets 34 A

by Messrs. Chuni Lal Kapur and Ghulam Hasan, Sub-Assistant Superintendents. The area
executed by these two officers was 800 and 150 square miles respectively.

Traversing.— This was run with theodolite and chain in sheets 54 ‘; and 5% 4_51‘; by
Mr. Ghulam Hasan and a surveyor. Heights were observed and connections were made with

conspicuous objects to which heights were given.

31 linear miles of traversing were executed along the Imperial Delhi boundary on the
east bank of the river Jumna, and 28 linear miles for the purpose of connecting the traverse
stations, on which the original 4-inch survey of Delhi was based, with the points of the new
triangulation by No. 19 Party.

Recess Duties.— (a) Mr. F. B. Powell was in charge of the fair-mapping of 6 half-inch
frontier sheets drawn from published modern 1-inch sheets and old style 4-inch maps. From
the commencement of the field season he also took over from Messrs. Saubolle and Johoson

the supervision of the completion of 1-inch sheets 44 1% and 53 WIs)Tz"
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Mr. Johnson took over the supervision of 4 of the §-inch frontier sheets, of which
Mr. Powell had had charge, on the latter’s retirement. He also supervised the fair-mapping of
1-inch sheets 44 & and 53 ﬁm of the previous season’s surveys up to his proceeding into
the field in 1916.

Of the sheets of current survey Mr. Saubolle supervised the fair-mapping of 1-inch
sheets 53 }:, and 54 ﬁ‘?ﬁ and that of 4-inch sheets 54 ﬁ, he also supervised the typing

D _ for a short time in 1916.

of fair sheets ++ & and 53 T

Mr. Calvert had charge of the fair-mapping of the four i-inch sheets of the Imperial
Delhi and Delhi New Cantonment revision surveys.

The 1-ineh and 3-inch plane-table sections as a rule covered half sheet areas. The fair
sheets have therefore been drawn, half by the direct mapping process, and half by tracing and
transfer.

The following sheets, drawn from surveys completed prior to the season under report,
were submitted for publication during the year:— 44 IU,ILJ-,Ia and 53 §.T,r7’.T12'

Two half-inch sheets, drawn from published 1-inch sheets, were also submitted for
publication but one of these has had to be withheld in the Circle Drawing office for further
correction.

Owing to shortage of establishment none of the sheets drawn from surveys completed
during the current season have been finished by the end of September 1917.

Four 4-inch sheets drawn from 1-inch published sheets, the fair-mapping of which has
been in hand in the party for well over a year, also remain incomplete.

The areas of mapping, in syuare miles, completed on the various seales during the
survey year, as also the cost-rates per square mile, are as under :—

Scale of mapping. Area, Cost-rate.
!

L-inch i 84 Rs. 55-1

14-inch P1, 144 5y bk

3-inch % 3,198 y 40

(4) The computation of the triangulation and traversing was completed in every
respect by the end of .\ugust. That of the triangulation was executed by Messrs. Calvert
and Clinnt Lal Kapur and of the traversing by a computer.

Inspections—The Superintendent, Northern Circle, inspected the party both during
the field season and during recess.

The Survevor General inspected the party during the month of September 1917,

No. 3 PARTY (UNITED PROVINCES AND OUDH).
By H.H. B. Haxsy.
The party, with the exeeption of one small section, assembled at Bareilly on the 9th
November 1916, and returned to Mussoorie on the

VERSOXNEL. 22nd May 1917.  Plane-tabling was however carried

Provincial Officers, into June, and the last traverser did not return till

Mr. 1. &, Haaby in charge. nearly the end of Angnst.
»  E.J. Biggie, The health of the party was on the whole

A. M. Talati. oo,
. H.T. Hurhes.

w G.E.E. Conper. Plane-tabling—The country surveyed was
. Meqimuddin. flat and fairly open in the south. In the centre lay
Upper Subordinate Servive, the Tarai and DBhabar tracts of distriet Nainl Tal
and the well-irrigated and wooded lands of the Ram-

Mr. Mobhammad Huozain, , ] '
! AL A5, Matluh Abmad pur State, while, to the north, the area consisted

of well-wooded hills, the highest point touched being
over S, 000 feet.

The party was divided into four eamps.

No. 1 Camp.—Mr. H.T. Hughes in charge,
with one Upper Subordinate Service office- and «ix surveyors, completed the resurvey of sheets

R 0 . . . .
53 775 on the 1-inch scale, and surveyed 11 square miles on the 2-inch scale in sheet 53 —,K;-

Lower Sulordinate Service,

54 Sarveyore, etc.
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No. 2 Camp.— Mr. G. E. R. Cooper in charge, with six surveyors executed the survey of
121 square miles lying in sheets 53 75 O 1 on the scale of 4 inches to a mile. Of this ares,

3 square miles were supplementary survey, leaving a balance of 118 square miles of original
4-inch special forest survey. Of the 118 square miles, 72 square miles represent the actual
area of reserved forests, and 46 square miles of contiguous non-forest areas.

No. 3 Camp. —Mr. Mogimuddin in charge, with seven surveyors completed the resurvey

of sheets 53 5 2_[:5 = on the scale ) inch=1 mile.

No. 4 Camp.—A senior surveyor in charge, with six surveyors completed the resurvey

of sheets 537—12,—111?. on the seale 1 inch = 1 mile.

To meet military requirements, during the middle of August a section was formed
consisting of one Upper Subordinate Service officer and twelve surveyors. This section, with
Mr. G. E. R. Cooper in charge, was sent to Campbellpore (Punjab) to survey 112 square miles
on the scale 3 inches to the mile, the area appertaining to the Hatti Artillery Practice Camp.

Triangulation.—The work of triangulation was done by the following officers :—

Mr. A. M. Talati triangulated 843 square miles in sheets 53 29’ w for 2-inch work,

oo ; 0 :
and 95 square miles in sheets 53 757 for 4-inch work. One computer and 1 surveyor

of the party between them triangulated 650 square miles in sheets 53 ﬂu—lgTTa‘ for 2-inch
survey.
The cost-rate of triangulation 1s:—
for 2-inch survey ... Rs. 74 per square mile.
for 4-inch survey e ey 2144 ditto.

0
In addition to the above, the party traversed 183 linear miles in district Gorakhpur, at
the expense of the Settlement Officer of this district who was supplied with 16-inch plots of

38 villages.

Traversing.—The area traversed embraces the following sheets:—53

Recess Duties.—(a) The fair-mapping was divided into four sections under Messrs.
E. J. Biggie, H.T. Hughes, Mogimuddin and a senior surveyor.

Mr. E.J. Biggie, assisted by Mr. Muhammad Husain supervised the drawing of last

year’s arrears of mapping, which included four half-inch sheets and the seven 2-inch sheets
. K . N < .
53 s xe§) I (NEST B (NES), TN and l-inch sheets 33 =5 ; he also looked after the drawing

. e K . .
of 2-inch sheet 53 4 . of the current season’s survey. Tor over two months in the middle

of the recess season however he was removed from these duties to take charge of the fair-
mapping of the Peshawar Artillery and Aviation sheets of No. 1 Party during the absence of
Mr. P. A. T. Kenny with the Waziristan Field Force. -

For want of men no further progress could be made on sheets 53 -\I—WKN~E which were
AN . . .
commenced last season.

Mr. H. T. Hughes supervised the drawing of sheets 53 —°

. : : i T3 7 on thescale 13 inches=
1 mile, Mr. Mogimuddin that of sheets 33 555 Sheets 53 Tz,PT were supervised By a

genior survevor.

There are therefore at present in hand, or awaiting completion, 6 sheets for publication

on the 2-inch scale, 5 sheets for publication on the 1l-inch scale, and 2 sheets for that on

the }-inch scale, all of scasons prior to that under report; while, of the sheets surveyed durine
the last fielll season, none have as yet been completed for publication. The following sheetz
however have been practically completed, and will be submitted for publication during tbhe next
two months, viz: 53 vaﬁl,ﬁﬁ i}

There are also in hand in the party 4 half-inch frontier sheets drawn from modern
published onc-inch sheets and old style half-inch published sheets.

The sheets of Mr. Hughes’ section are backward as he did not return from the field
till nearly the middle of June.

A strong section of 15 men under Messrs. H. T. Hughes and G. E. R. Cooper is being
left at Mussoorie during the coming winter to deal with thece arrears of ma y

endeavour will be made to clear them off. pping and every

The cost-rate of 1}-inch mapping is Rs. 7+4 per square mile, and that of 2-

mapping Rs. 262 per square mile. el
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The mapping of the 1-inch forest surveys is being dealt with in the Forest Map Office
at Dehra Din.

{4) The computation of all triangulation and traversing which had been carried out
during the field season of the year under report has been completed with the exeception of that
of the intersected points of 1,043 square miles of the triangulation for 2-inch survey.

No triangulation charts have been drawn.

Miscellaneous.—One pupil draftsman, and two draftsmen received instruction in the
field.

Inspections.—The party was inspected during the recess by the Superintendent
Northern Circle, and by the Surveyor General.

>

No. 4 PARTY (UNITED PROVINCES AND OUDH).

By Masor H. L Crostuwair, R. E.

The field programme allotted to the party embraced 5 sheets for resurvey in the United
Provinces. The head-quarters of the party remain-

PERSONXEL. ed at Mussoorie throughout the year, but a field
Imperial Offcer. camp with its head-quarters at Gorakhpur took the
field on the 4th November 1916, and completed the

Major H. L, Crosthwait, R.E., in charge from . ) .
Tth May 1917 work assigned to it on the 16th April 1917,

The health of the party was good.

Plane-tabling.— The country surveyed is a dead
Y Biccie in-chs 5 il 1917 . . . . . .

Mr. 0. W. Biggie in-charge, to 5th April 1917 1o o] yith extensive cultivation interspersed with

J. A. Freemnn, in charge from 6th April . .

1917 to Gl May 1917, numerous mango orchards, and village sites. The

w J. C. C. Lears to 14th June 1917. annunal inundation caused by the Ripti and Ami

w E.C. O'Sullivan, Irom 14th November 1916 1 o1 gyerflowing their banks maintains a treeless

to 18th September 1917. . . . .
F.J Gmepfmm 21st April 1917 to 14th tract of variable width on both sides of these rivers.
. F.J. , 21s

Provincial Qfficers.

”

June 1917. There are many small forest reserves in the

» Duni Chand Puri, to 31st May 1817 and possession of private owners, and some Government
again from 12th Angust 1917. forest reserves. The Government forests are divided
Upper Subordinate Service. into small blocks, the principal one surveyed is

Mr. Mobammad Husain Khan to 14th June 1917. known as R:‘unga,rh Jungle, about 4 miles east of
» Daulat Ram Vohra. GOl‘athUl'.

The tree most common is the sal (Skhorea robus-
ta) which is generally found alternating with munja
(Sachharam munja).

Lower Subordinale Sertice,

23 Surveyors, cte.

Mr. Lears, who was in charge of the field camp of surveyors, undertook the resurvey

of five 1-inch sheets, viz: sheets 63 % and 63 J_NET These were completed on the 16th

April, when the camp returned to recess quarters.

The area surveyed on the 1-inch scale was 1,329 square miles, and the cost-rate of
detail survey worked out to Rs. 11°9 per square mile.

Besides this, 2,600 square miles of survey was executed on the }-inch scale beyond the
frontier elsewhere at a cost-rate of Rs. 86 per square mile.

Triangxlation und Traversing.—No triangulation or traversing was done by the party,
since the existinz traverse data throughout the areas into which its topographical operations
were likely to have extended in the course of the next few years are sufficient for the purposes
of detail survey on the l-inch seale.

Recess duties—These consisted of :—

(7) TFair-mapping on 1-inch scale, of current sheets G3 %, 63 XN

1,2,5,6

(6) Arrcars of fair-mapping on 1-inch scale, of sheets 63 T";, 63 1%5’ 63 3,‘4?7,_3'

(¢) Half-inch mapping from l-inch published maps of 8 frontier sheets.

{d) Compilation and preparation of special editions of l-inch sheets showing village
boundaries.

There have been numerous changes of officers in the supervision of recess work. This
has been unavoidable owing to the many transfers to and from the party, and to the training
of surveyors for the Sind-Sagar Party; different officers being deputed to supervise the
training as changes were made. Messrs. Lears, Grice and Duni Chand Puri were in charge
of the current 1-inch fair-mapping. Mr. O’Sullivan supervised the half-inch mapping till he
had to be relieved for training of traversers and triangulators for the Sind-Sagar Party. The
half-inch sheets were then taken over by No. 3 Drawing Office.
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Messrs. Grice and Duni Chand Puri supervised the arrears of mapping of 1-inch

sheets.
The typing of the 1-inch current sheets of the party has again been heavy. This is
due to the density of village sites and other detail carrying names, which in this part of the

United Provinces is very great.

The mapping of the five 1-inch sheets of current survey remains incomplete at the
close of the year under report, and, as the party ceases to exist as a working unit on amalga-
mation with the Sind-Sagar Party, these sheets are being made over to No. 2 Party for

completion.

The seven following 1-inch sheets left over from 1915-16 with a total area of 1,865
square miles were submitted for publication :—63 1_‘3, 63 “Lh and 63 :f;’fq??e"

The fair-mapping of 6 frontier half-inch sheets was carried out during the year; of
these four were sent for publication. The remaining two were made over to No. 3 Drawing
Office in a practically completed state. Two others were also made over incomplete for

completion in that office.
The twenty sheets of the village boundary editions, mentioned below, were also com-

. i Lo ng D 9 H b F
pleted and submitted for publication :—62 o 178 L Tt 62 F and 63 o T e T L o T

The cost-rates per square mile for the different scales and classes of mapping with
which the party has dealt during the year under report are :—

14-inch scale for publication on that of 1 inch = 1 mile ... Rs. 93
.inch ,, . ' i-inch = 1 mile A
l-inch ,, for village boundary editions of 1-inch maps I

Miscellaneous.—There are few metalled roads in the country surveyed, and the un-
metalled ones ave in such a state of disrepair that marching was tedious and troublesome.
The difliculty of cart transport was greatly augmented by the absence of bridges on the
roads.

In the case of the survey of Gorakhpur town, about half the plotted trijunctions could
not be found. A great deal of plane-table traversing had therefore to be done and supple-
mentary points fixed. Every effort was made to identify and fix bench-marks shown and
described on a map of the “City, Civil Station and Cantonment of Gorakhpur” on the scale
of 440 feet to one inch, lent by the Collector of Gorakhpur, but not a single one could be
traced. Information obtained locally pointed to the fact that they had either been built over
or destroyed. It seems a pity that marks such as these, which cost a good deal of money to
fix, should not be preserved, as such preservation would cost a fraction of that originally re-
quired to fix them.

Inspections.—The party was inspected by the Surveyor General and the Superintendent,
Northern Circle.
SIND-SAGAR PARTY (PUNJADB).
By Major H. L. Crostuwarr, R. E.

This party was inaugurated on the 15th June for the purpose of carrying out the rec-
tangulation in the Sind-Sagar Dods, lying between

PERSONNEL, .
the Indus and the Jhelum rivers, to the south of the
Imperial Oficer. Salt Range, in connection with a large canal and
Major 1I. L, Crosthwait, R. E., in charge. colonization seheme which the Punjab Government

Provincial fficers. propose to carry out in this area.

Mr. 3. 0. C. Lears. During the recess the surveyors, who are to be
. F. T, Grice. engaged in this work, were especially trained in trian-
gulation and traversing both in the field work and
computations connected with these operations. The

Mr, Moh.nmmn'd Husain Khan, party will take the field for the first time in October
,» Nabidad Khan. 1917

Upper Subordinate Service.

Lower Subordinate Service,

The total expenditure of the party from 15th
' June to 30th September 1917 has been Rs. 16,419,
Asin the case of the Riverain Detachment, this cost is to be a charge against Punjab
provineial revenues.

18 Surveyore, ctc.
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RIVERAIN DETACHMENT.

By Maya Das Puni, Rar Sanis,
The field operations were commenced on the 1st October 1916, and were brought to a
close on the 31st May 1917. One Upper Subordi-

PERSONNEL. . . .
50 nate with one traverser continued the Kangra road
Provincial Officer. survey till the 13th July 1917, when it was finished.,
Mr. Mays Das Puri, R. 8., in charge. The office of the detachment, remained at Camp-
Upper Subordinate Service. bellpore all through the year.
Mr. Paras Rem, The detachment was divided into several camps
,, Jamna Prasad, R. 8., from 1st October 1916 and sections:—
to 15(h July 1917. 2 . :
; r. Paras Ram looked after the pl o -
» Mahomed Lutf Al from 10th November M. P ab_ am looked ¢ plotting see
1916. tion and the Kangra road survey.
« Lakshmi Dutt Joshi, Mr. Jamna Prasad, R. 8. assisted in computa-

» YVidya Dhor Chopra.

. . tions and in starting main circuits along the Indus
Lower Subordinate Service, 1

in the Dera Ghazi Khan fahsil.
74 Surveyors, T'raversers, eto.

1 Naib Tahsildar and 5 Kanungos (Settlement Mr. Mahomed Lutf Ali was put on minor
eatablishwent), traversing for about 8 months, after which he
returned to office due to ill health, and later proceeded on long leave on medical certificate.

Messr=. Lakshmi Dutt Joshi and Vidya Dhor Chopra were employed on main circuits
and detail traversing along the Indus, Riavi and the Chenab in the field, and on computations
in vecess. They also supervised several traversers for some months.

Munshi Ganda Singh, Néib Tahsilddr, remained in charge of a camp during the field
ceason, and did miscellancous work in office.

The detachment continued the work of traversing, and laying down base lines. 977
linear, and 1,796 square miles of main circuits; and 2,246 linear, and 421 square miles of
minor traverses were run; and 1,359 theodolite stations of the former and 8,535 of the latter,
were fixed in the area under water action of the rivers Indus, Chenab, Ravi and Jumna in
districts Dera Ghazi Khan, Muzaffargarh, Multan, Ambala and Saharanpur. 537 corners of
179 squares were demareated with permanent mark-stones in an area of 748 square miles on
both banks of the Indus and the Jumna in districts Dera Ghazi Khan, Muzaffargarh, Ambala
and Saharanpur. This demarcation is to serve as a basis for the future survey and demarca-
tion of boundaries and fields in the beds of the rivers. 1,231 plotted, and 355 boundary
masivis (settlement mapping sheets) on the scales of 1/2,610 (Dera Ghazi Khan) and 1/2,280
(Ambala) and 31 four-inch sheets were traced and supplied to the Settlement Officers. Be-
sides these, 191 miscellaneous traces were prepared and all the traverse stations marked during
the year were plotted on 30 four-inch sheets. 5 riverain boundary sheets (scale 4 inches to a
mile) of the Beas river (districts Kangra and Hoshiarpur) were typed and finally examined;
the computation volumes yet remain to be completed. Much trouble was experienced for
want of khaldsis as they could not be had in sufficient numbers locally, due to military re-
cruitment, and consequently had to be imported from Hazaribagh; this delayed the work
nearly a month.  Several traversers had also to waste a good deal of time in crossing the
Indus for throwing out points on isolated islands and cutting the heavy jungle along bounda-
ries situated in the bed of the river. There was also some waste of time on account of the
uncertainty of the settlement demands during the middle of the season.

The following tables give full details of the riverain work completed during the year :—

(1) FieLp work.

i N MiNOR TRAVERSE
P | Mus-cnibn. ¥or DETAIL SORVET. Base LiNes.
. . . | .
B -2 =y | -3 | -~ P w o
Nawgs or RITERS, 22 EE] ] s ] 25 184 | g © o4 2
Distaicts Axp Scass.| 58 | § 3 (3 FE £2 | Hel 2] % EE 5 'é’ 23 | REMAngs.
H E 2 = = = =3 = g
[ 23 g8 =y | ER4 B ’5°§ '55 Bk g3 §§
g 54 S5 | = CE 53 | 228 5% 33 ZF (4%
| & zz z3 |~ ~z 2 z8 | &e Z ” z g
B - & = |
i i
Indus Rieer, 1
Districta Dera fihizi 1
Khin and Muzaftar. T 1,410 612 8a5 338 1,799 6,826 :4 318 106 865
earh. :
Senle 220 feet =1 inch.
i
i henidand Rivi Rireia. ) ! -
District Mullan 7 %R 385 554
Jumna Rier, i i | .
Districts Amtdla and ' . e
Seharanpnr. ‘ | - 83 47 | 1,000 7 219 79 8 o I-;;:;:m;:;
Scale 1™ feet=1 inch. : wooden  pegs
: : were replaced
‘ | ! by stones.
Total [ ﬂl | 1,798 l 7 | 1,39 l 421 2,240 | 8,535 120 537 179 748
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(2) OFFICE WORK DONE FOR THE CADASTRAL SURVEYS OF RIVERAIN ESTATES.
Number of £
Number of Number of | sheets traced Nu:ib::ho
Seale of plotted compiled |for the use of | ' "
ale o o
i istri e oLl asivis show- (masdvis show-| Settlement ..
Name of river. Name of district. |, o0 -0 ing traversed | ing riverain | Officers on ,w‘:};ﬂ: ::v:
puints. boundaries. |scale 4 inches lotted
to a mile. plotted.
[ . [
Jumna Ambala .:3,280 293 81 5 5
mches
=oune
inch.
2ot . ; : 9
Indus Dera Ghazi Khan _2,640 938 274 26 25
inches
=one
inch.
Total 1,231 359 31 30

Besides these 191 miscellaneous traces were prepared.

(3) OFFICE WORK DONE FOR THE 4-INCH COMPILATION OF RIVERAIN BOUNDARIES.

Number of sheets Number of sheets
- . ies. finally examined
Name of river. Name of series typed. undycomp]eted
Kangra 5
R ST DN R 5 0
Beas Hoshiarpur

The remaining work in the Kangra district was continued during the year. 414
traverse stations were computed, and plotted on 2 four-inch sheets; and the computation
volumes of Palampur, Kangra, and Narpur have to a great extent been completed. 1,187
plotted masdvis of 59 tikds (sub-villages), and 102 enlarged boundary masdvis of 32 villages
of the Beas, on the scale 20 and 40 karms (one karm =575 inches) to an inch, and 18 traces
of 18 sheets, on the scale 1 inches to a mile, were supplied to the Settlement Officer, Kangra.
Besides these 10 miscellaneous traces were prepared.

r

)

The computation volumes of the Simla district were completed during the year.

The Kingra Road Survey was carrvied on in continuation of the last year’s programme
with the object of avoiding boundary discrepancies as compared with the settlement maps.
43-30 miles of road, from mile No. 48 to 53'28, from mile No. 94 to 91°72, and from mile
No. 89 to 53°26 were surveyed. Si10 points were fixed with theodolite, and 35 linear miles
traversed. 29 sheets (scale 200 feet to an inch) of the main road, and 23 sheets (scale 50 feet
to an inch) of 20 bizdrs, surveyed last vear, were plotted, typed, examined, and supplied to
the Exceative Engincer, Provineial Division, Kangra, together with copies of Khasris (records
of rights) relating to the same. 27 sheets (seale 200 feet to an inch) of the main road, and
b sheets (scale 50 feet to an inch) of 5 Lizirs, surveyed this year, are also almost ready and
will be supplied to the Executive Engineer early during next winter. Besides these 7 indexes
of the last year’s and 5 of this year's work were prepared on the scale of 4 inches to a mile.

At the end of August 1917 necessary traversing was undertaken for a 3-inch military
survey close to Hatti in the Attock ¢aksi//. 18 linear miles were traversed, sufficient theodo-
lite stations were made in suitable places, and their heights taken.

The riverain area was generally broken, full of swamps, serub, high grass and sand.
The Indus was ent into several small streams and creeks besidex the main channel. Large

isolated plots in the beds of the rivers and portions of villages above the banks were open, Hat,
well cultivated, and in places wooded.

The health of the detachment was on the whole satisfactory all through the year.
Several men working on the Indus suffered badly from malaria in the early part of the season.
b khalisis died of fever.

The Indus main cireuits were connected with Khandi Kot T. S. CX, Nazichand T. S.
CIX, Tlwala T. 8. CI, Naharwala T.S. XCVILI, Jhakar T. S. XCV, Dalura T. S. XCIII,
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Abrin T. S. XCVII, Mara T. S. CII, Khemwala T. 8. CIV, Mohana T.S. CV, Tounsa
T. S. CXIV, Guhman T.S. CVI, Tari T.S. CXIII, Chani T.S. CXXIV, Rikwa T, §.
CXXIII, Tibbi Platform Station CXIX, Langawila T. S. CXVI, Farowala T. 8. CXVII,
Dago T. S. LXXVI, Gapola T. S. LXXX, Thal Megraj T.S. LXXXVII, and Gangha
T. S. LXXXYV, and those of the Ravi and Chenab with Abdul Hakim, Tulumba, Channu,
and Tarkhana mark-stones of the Jiderin Traverse, and with Multan Fort.

Work on the Jumna was based on the main ecirenits run in season 1910-11.

The Hatti traverse was connected with Kalu or South-West End Station XIIT and
Kiamra Hill Mark.

The average errors in the various classes of work were as follows:—

Riverain Surveys:——(a) Base-lines 1+02 feet per corner when compared with the theo-
retical values.

Apgular
error per | Linear error in links
station in per ten chains,
seconds.
(6) Main cirenits Indus .., o] 3-06 0-05
Ravi and Chenab ... | 408 0-09
(¢) Minor traverse Indus ... oo 4769 0-38
Jumna .., ... | 10-30 0-58

The total expenditure of the detachment from the 1st October 1916 to 30th September
1917 was Rs. 91,060 as detailed below:—

Riverain Survey including Hatti traversing ... ... Re. 77,947
Kangra District Survey ver 8,106
Simla Survey cee s 1,326
Kingra Road Survey ... cee 3,681

The detachment was inspected by the Supeuntendent, Northern Circle, on the 138th
November 1916.






A TEMPLE ON THE BANK OF THE LOTUS TANK, JUBBULPORE, C.D.

TOURING IN THE CENTRAL PROVINCES.

The ford across the Narbada River at Kariya Ghit, into Bhopal State.

From photographs by Lieut..Colonel C. L. Robertson, C.M.G., R.E.
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SOUTHERN CIRCLE.

(Vide Index Maps 2, 5 and 9).

Summary.— This Circle was under the superintendence of Colonel T. F. B Reunny-
Tailyour, C. 8. I, R. E. throughout the year and comprised Nos. 5, 6, 7 and 8 Parties, No. 4
Drawing Office and the Training Section. No. 20 Party was transferred from the Northern
to the Southern Circle with effect from the lst April 1917.

During the year Nos. 5, 6, 7 and 8 Parties completed 11,769 square miles of detail

survey, 22,316 square miles of triangulation and 390 linear miles of theodolite traversing.

The detail survey consisted of :—
5,045 square miles of 4-inch original survey.

5,532 ,, »» 5 l-inch original survey.
537 »» » l-inch revision survey.
24, s 3 l-inch supplementary survey.
431 »» s li-ineh resurvey.
65 ,» 5 2-inch original survey.
115 ,, . 4-inch original survey.

No. 20 Party surveyed an area of 24,489 acres in cantonments and military stations.

Owing to the shortage of supervising officers on account of the war, the detail survey
was considerably curtailed. Nos. 6 and 7 Parties took the field with a full strength of
survevors but the majority, including the head-quarters, of Nos. b and 8 Parties remained at
Bangalore throughout the year and were principally employed on the fair-mapping of 3-inch
sheets compiled from published sheets of the 1-inch map.

The Training Section carried out detail survey on the 1§-inch scale in sheet 57 %
3 probationers of the Upper Subordinate Service and 10 pupil surveyors, ete. received instruc-
tion in topographical surveying.

The following work was undertaken in the Photo.-Zinco. Section of No. 4 Drawing

Office :—
Reproductions e e o - 40
Enlargements e e . e 113
Reductions o . e e 140
Sheets vandyked . 168
Copies printed 5,552

No. 5 PARTY (BERAR, CENTRAL INDIA AND CENTRAL PROVINCES).
By P. R. AvxDErsox.

This party took the field in reduced strength and completed the detail survey on the

I-inch scale of sheets 55 5 ? 3. The party also com.

pleted the triangulation of sheets 55 ..F

TERSOXNNEL,

Provincial Qfficers, 13, 14
Mr. P. R. Anderson in charge. The general nature of the country is highly
C. West to 12th April 1917, cultivated, well-wooded plains and intricate jungle-

» Haji Abdal Rahim, K. B. clad hills.

« F, H. Grant from 28th March 1917,
The field season opened on the 12th November

Upper Subordinate Service. 1916 and closed on the 20th April 1917. The head-
Mr. Damodar Khadilkar, quarters of the party remained at Bangalore through-
out the year.

The health of the party in the field was not good.
j The members suffered very much from fever. The
Melghat, where they were employed for the greater part of the field season, is a notoriously

malarious locality, and an abnormal monsoon made it more feverish than usual. There were
no deaths.

Lotwer Subordinate Service,

22 Surveyors, etc.

Plane-tabling.—The nature of the country surveyed is varied. The l-inch original
survey covered the monotonous and well cultivated plains of the Payanghat in sheet 55 ¢ anc
¢ ‘ 1

the intricate and hilly country along the north bank of the Tapts river in sheet 55 5. The
2

l-inch revision survey waa confined entirely to the picturesque and intricate Melghat hilis with

their abrupt scarpy summits, densely wooded slopes and steep ravines in sheets bh G- these
2,3’
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hills rise suddenly to their greatest height along their southern-most range, which immediately
overlooks the Payanghat, and decrease in height, as they stretch away northwards towards the
Tapti river.

The survey was done by 5 surveyors under Mr. Damodar Khadilkar. Mr. Damodar
Khadilkar also partaled the 2-inch survey of the previous season.

The country covered by the 1-inch original survey is not favourable to rapid plane-
tabling. As the greater portion of it is a gently sloping plain dappled over by large trees,
interpolation was impossible without an unusual number of auxiliary points which the plane-
tabler had to cut in for himself. The l-inch revision survey gave little trouble, as it was
carried out on vandyked blue prints on Bristol board of photographic reductions of previous
4-inch surveys which proved to be very reliable.

The full programme, amounting to 831 square miles, was completed. The total out-turn
of 1-inch original survey and of 1l-inch revision survey was 274 and 557 square miles respect-
ively, the average monthly out-turn per man was 28-0 and 43-7 square miles respectively,
and the cost-rate per square mile was Rs. 13-4 and Rs. 121 respectively.

Triangulation—The nature of the country is a well-wooded, highly cultivated and
gently undulating plain. Tt lies along the Narbada valley and falls in the lower half of
sheet 55 F and the whole of sheet 55 £

Mr. Anderson completed an area of 412 square miles in sheets 55 gy and the
cost-rate per square mile was Rs. 3°2.
Recess Duties.—(a) The fair-mapping was divided between two sections as follows :—

No. 1 Section, which worked throughout the year, under Mr. Haji Abdul Rahim,

i-inch sheets (compiled from 1l-inch published sheets) 47 X, 54 L, 54ﬁ,

= D 44 G nn T rR K 64 A :

2 55 55 A
55 NWoS W, NS, V) NE.SE,) 8w, E’ N W.,s. W, N.E,SE’ N E This
section also completed a considerable number of sheets, which were left unfinished by No. 6

Party at the end of the previous recess season.

No. 2 Section, which worked throughout the recess only, under Mr. Damodar Khadil-
kar, 1-inch sheets 55 ??1'

All No. 6 Party’s work has been completed and submitted. Of the }-inch sheets com-

. . - T, r r I r K A
plled from pubhshed sheets, Dk S.W, ! 5k S W.,S.E ! 55 S W, S E 55 S B 64 . E have

r D e G 43 K .
9 FwW,sW, NESSE 9 NE,SE’ 9 mwonw, N E Me

well in hand and 47 s—_h‘[? has been commenced. Sheets 55 'z(;—; are completed and will be

been submitted for publication,

submitted by the end of the recess season.

The party has completed 11, 060 square miles of fair-mapping for the §-inch scale from
published sheets and 831 square miles for the 1-inch scale, at a cost-rate of Rs. 12 and
Rs. 33 per square mile respectively.

(6) For want of computers, the computations have not been completed, but it is hoped
that all arrears will be wiped out by the end of next year.

The preparation of the data for the triangulation pamphlets was under Mr. West; on
transfer to Calcutta he was relieved by Mr. Grant. Sheets 46 K, 48 P, 55 P, 56 1, 56 M
and 37 P have been completed, sheets 16 O, 46 P, 54 L, 55 G and 55 I are in hand, and sheets
55 C, 53 F and 55 N will be put in hand when the areas they cover have been plane-tabled.

Miscellaneons—The communications throughout the Melghat, considering the hilly
nature of the country, are good. A pakka road with bridges runs from Akola to Selu, and from
there a well planned forest road to Harisal on the Burhanpur-Ellichpur road. This road is
practicable for motors. Branching away from this main route are many well-kept cart tracks,
which work their way into all parts of the hills. Loeal labour is scarce and the country is
unhealthy, so it is advisable to have squads at full strength and a reserve of fhaldsis at camp
head-quarters to supplement casualties. Supplies are only to be had at the édzar villages in
the Payanghat or along the Burhanpur road.

The most convenient form of transport is camels for camp officers and triangnlators,
and carts for plane-tablers. Harda is the most convenient centre for camels; carts can be had
locally, whenever needed.
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No. 6 PARTY ( BOMBAY, HYDERABAD AND MADRAS).
By J. O’B. DoNaGHEY.
This party completed the detail survey on the }-inch scale of sheets 561_(.75, 567%’1?

. ¢
and on the 1-inch scale of sheets 563373,74,7.s excepb

e . ca C
PERSONEL: that the area of Bombay in sheet 56 T and the areas
Provineial Offcers. of Secunderabad Cantonment and of Hyderabad
i K .

Mr. J. O'B. Donaghey in charge. City in sheets 56 71011 were surveyed on the l-inch

. E.A, Meyer. , . . F
' B C. Pilcher to 19th June 1917. scale. An arvea of 97 square miles in sheets 561516

" o e . .

w Munshi Lal, B.A, was also surveyed on the }-inch scale; this area,
» F.\V. Smith from 11th December 1916. which was surveyed but rejected last year, was not

11\{[; ggg:::c:\al::“u A included in the areas entered in the General Report

" and Records for 1915-16. Scattered areas of re-
Upper Subordinate Seruice. served forests in Hyderabad were surveyed on the 13-

; : : 3 r / M

Mr. Bkuath Batte. inch scale in sheets 403, 3,6.7,8,10,11,12,14,16 ’ 4E71,5,9,10,13, i’
,» Ram Narayan Hastir. . cn A  thes ’ Iad b evienely sar
" Nabidad Khan to 7th January 1917. 352,564, as these areas had been previously sur-
» Masud Kbao. veved on the }-inch or l-inch scale, they are not
Lower Subordinate Service included in the out-turn for the current year in

Mable II of the General Report for 1916-17. The
party also undertook the triangulation for the 4-inch,
1-inch and 13-inch scales in sheets 56 t“ 56 _G_,56 Y 56_L , 5 A

38 Surveyors, etc.
o’ *0 me’ imaren’ Te U 135691086

The general nature of the country is undulating and highly cultivated to the east and

south with scattered rocky hills in the southern portion, the remaining area being mostly hilly
with undulating portions consisting of cultivation and scattered areas of scrub and open jungle.

The ficld season opened on the 23rd October 1916 and closed on the 30th April 1917.
Owing to abnormal and heavy rain, very little field work could be done before the 15th
November 1916. The field head-quarters was at Secunderabad and the recess head-quarters
at Bangalore.

The health of the party was on the whole fair; notwithstanding a severe outbreak of
plague which was prevalent during the earlier part of the field season throughout the area
under survey, only one menial of the party was attacked by and died from this disease. There
were four deaths among the menials from cholera. The camp which was employed on the
reserved forest survey suffered a good deal from malaria.

Llane-tabling.—The nature of the country surveved in sheets 56, t(; : is undulating and

highly cultivated with low hills in the north-eastern portion; in sheets 5(3171‘_" the country is
0 1b

mostly hilly,—a conspicnous feature being isolated granite hills and boulders,—interspersed
with undulating arcas of cultivation, patches of low serubby jungle and in the north-western
portion numerous tanks wsed for irrigation purposes, The reserved forest areas covsist of
wooded steep hills and flat-topped hills characteristic of the geological formation known
as the “ Deccan trap ”.

The work was divided among three camps as follows :—

No. 1 Camp.—Under Mr, Meyer with Messrs. Nabidad Khan and Masud Khan and
16 surveyors completed the original survey of sheets 56 ﬂc__

0
No. 2 Camp.—Under Mr. Pileher with 13 surveyors completed the original survey of
sheets 56_F_, 56 _K_, ’
15, )6 1 to 16
No. 3 Camp.—Under Mr. Munshi Lal with G surveyors was employed on the special

resurvey of seattered reserved forests of the Hyderabad State in sheets 46 L
) 3,4,6,7, 8,10, 11, 12,15, 16

i M 55D 50 A
TR e PR SIS
' A total area, amonnting to 7,333 square miles, was completed. The out-turn of the
3-inch, 1-inch and 14-inch detail survey was 5,043, 1,857 and 431 square miles respectively,
the average monthly out-turn per man was 743, 26-9 and 135 square miles respectively
and the cost-rate per square mile was Rs. 4-4, Rs. 10-3 and Rs. 30-6 respectively, Areas
oo e ) . . . :
of 5,045, 788 and 131 square miles of 4-inch, 1-inch and 13-inch survey respectively were in
ITyderabad. '
‘ jrmngulation.—The nature of the country was on the whole easy for triangulation
eon . i p . . .
onsisting of open cultivated areas with commanding hills which are for the most part bare
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and rocky or lightly wooded. In sheets 56 %5 portions of the country consist of forest-clad

hilly areas somewhat difficult for triangulation, and it will be necessary to provide extra points
by means of traversing.
Mr. Smith completed an area of 504 square miles in sheets 56 ﬁ, Mr. Ganesa Aiyar

completed an area of 3,485 square miles in sheets 56 “:ﬁ‘, Mr. Gopalachari completed an

area of 1,542 square miles in sheets 57 44—, Mr. Eknath Battu completed an area of

2,220 square miles in sheets 56 lrﬁ,, Mr. Ram Narayan Hastir completed an area of 3,246

g D H A .
. 5 .—— D 7 _A vevor \P
square miles in sheets 56 AR RN 56 3, 57 RTRE and surveyor Dharmaji Narsu com-

R A
3,4,7,8,11,13,15, 16

The total out-turn was 13,280 square miles and the cost-rate per square mile was
Rs. 2-8. An area of 11,335 square miles is in Hyderabad of which an area of 350 square
miles was triangulated for the 14-inch scale.

pleted an area of 2,283 square miles in sheets 56

Recess Duties.—(a) The fair-mapping was divided among three sections as follows:—

No. 1 Section.—Under Mr. Meyer, 4-inch sheet 56 ¢ and 1-inch sheets 56 R
No. 2 Section.—Under Mr. Pilcher, 3-inch sheets 56 s On the trans-

N.W,N.E,SW_ SE.'
fer of Mr. Pilcher to the Basrah Survey Party, this section was taken over by Mr. Meyer.
No. 3 Section.—Under Mr. Munshi Lal, nineteen 2-inch sheets of reserved forests in
the Hyderabad State.
All the above sheets should be completed by the end of 1917. The fair-mapping
remaining at the end of the recess season will be completed by No. 5 Party and No. 4 Draw-
ing Office.

The area of 97 square miles, which was surveyed in sheets 56 . F_ and is in Hydera-
5, 16

bad, was fair-mapped by No. 5 Party.

The total out-turn of fair-mapping was 7,840 square miles (5,670 square miles for the
3-inch scale, 1,739 square miles for the 1-inch secale and 431 square miles for the 2-inch secale),
and the cost-rate per square mile was Rs. 18 for the }-inch scale, Rs. 2-0 for the Il-inch
scale and Rs. 8-0 for the 2-inch scale. An area of G04 square miles was fair-mapped for both
the 3-inch and 1-inch scales.

The areas fair-mapped by Nos. 5 and 6 Parties in Hyderabad were 5,163 square miles
for the i-inch scale, 484 square miles for the 1-inch scale, 186 square miles for both the 3-inch
and 1-inch scales and 431 square miles for the 2-inch seale.

(6) The computations of the triangulation have not been completed but it is intended
that they shall be completed during the coming field season.

No. 7 PARTY (MADRAS).
By W. M. Gonaax.

This party completed the l-inch detail survey of sheets 57 “'121"‘15, —_— o 10'(;3' o

668,66 _¢__ with the exception of some reserved
3,4 LZ,54

PERSONNEL. S
’ forests falling in sheets 57 “_1_21‘5,1%_1@ surveyed on the

Provincial Officers. . .
R R-inch scale and the special forest survey on tho

Mr. W.M. Gorman in charge. 4-inch scale of Rapiar Velikonda Block A and
Simons . . . . .
" 5'\%’ ﬁil::::: to 30th June 1917 Extensions, Rapar Velikonda Block B and Exten-
. HLH.P. Butterfield to 9th May 1917. siong and Udayagiri Velikonda Block B and IDx-
» B.T. Wratt. tensions falling in sheets 57 . N._. The party
B 2,6,7,8
,, N.S. Barihara Iyer, N

also completed the triangulation of sheets
Upper Subordinate Service. 5 P , 56 T up to the Kistna
B, 12

2,3,4,5,7,6, 10, 11, Iz, 14, 15, 16
Mr. Abdal Hakk, K, 8. river which is the limit of the Madras Presidency
+» K. Mandanna.

. and of sheets 56 ___ T and theodolite trav-
»w P.8. Vengusvami. Ito12,14,15, 18
» Shib Lal. ersing for the special forest survey falling in sheets
» H. Narasimhamaurti Rao. 5 N .
,» Shaikh Mohammad Salik. 1,2,5,6,7,8,11

, E.N, Natesan, B.A,
» P.B. Roy.
» J.M. Mukerji.

With the exception of the special reserved
forests situated on the eastern slopes of the Enstern
Ghats, the country surveyed extends, in an undulat-
ing expanse of wooded and cultivated lands broken
89 Surveyors, etc. at long intervals by detached knolls, from the foot
of these Ghits to the sea coast.

Lower Subordinate Service,
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The field season opened on the 1st December 1916 at Gadir which was t'he field head-
quarters and closed on the 12th May 1917, except for the triangulators who finisheld work on
the 23rd June 1917. The party recessed at Bangalore.

* There were several cases of malaria among the men of the triangulation section from
March onwards while working in the Nallamalais.  Six khalizis died during the feld season,
two from fever, two from forest fires and two from other eauses not contracted in the field.
One surveyor died during recess while on leave, from natural canses.  The health of the party
working in the low @round, with the exception of one Upper Subordinate and one surveyor
who contracted malaria and were obliged to o on leave, was zood.

Pluue-tabling.—The country surveved on the 4-inch seale embraces the fairly open flat
crest and eastern precipitous slopes of the Velikonda range, of an average wildth of from one
to two miles, with low-Iying and undulating ground densely covered with forest, starting from
the foot hills eastwards, containing numerous small channels hardly discernible althongh well
definel as main hill streams as far as the foot of the hills. The 2-inch and 1-inch survey
stretched from the foot of the Fastern Ghats on the west in an undulating expanse of wooded
and cultivated land to the sea coast, varied at long intervals by the inclusion of a detached
knoll, bounded on the north by the Penner river and on the south by the detached ranges of
the Nagari and Nagalapuram hills, offshoots of the Lastern Ghits, thickly forest-clad, steep,
iutricate, and standing out boldly from the plains. Main metalled roads throughout the low
country are fairly numerous and well distributed, and cart tracks help to span the country
where deficient in the former. Similarly the Buckingham Canal along the sea coast supplies
a need when hoth are wanting. Two railways, one on the standard, and the other on the
metre gauge, traverse the work, from north to south and from west to east respectively.  The
chief rivers falling i the work are the Penner, Swarnamukhi, and Kandlern. Of these the
only one perennial is the Penner and helps to irrigate a large avea.  Numerous tanks which
generally dry up form a feature of the country., The country, as seen from the vast area of
Iow scrub jungle prevailing which is mostly reserved by the Vorest Department for fuel
purposes, owing to its stony soil and absence of perennial water, ix poor and unproductive.
The country east of the Pulicat lake contains little or no cultivation, is considered very
malarious and elephantiasis is very common. The noted temple of Siva in Kilahasti town
attracts thousands of worshippers from all over India during the ten days’ festival held yearly
in February. ’ '

The work was divided among three camps as follows :—

No. 1 Camp, under Mr. Morton with Mr. Wyatt for three months and an average of
7 surveyors, carried out the original survey on the -inch scale ot 115 square miles of special

reserved forests in sheets 57 N .

No. 2 Camp, under Mr. Buttertield assisted by surveyor Mansab Khan with Mr. Wyatt
and 15 surveyors, carried out the original survey of 63 square miles of reserved forests on the
-inch scale and the original survey on the l-ineh scale of 1,135 square miles in sheets
Y N 66 B,

T i1, 12,715,716’ b 34

No. 3 Camp, under Mr. Ahdul Hakk with 12 surveyors, carried out the original survev
on the l-inch scale of 1,673 square miles and the supplementary survey on the l-incl scale
of 24 square miles in sheets 57 __© 66 _C

9,10,13,11° 1,264

The reserved forests, for survey on the 4-inch scale, lie seattered throughout several
s]_Jeets with an equal number of blocks north and south of the Penner river, and tpresented no
diffienlty in the high ground, it being poorly forest clad with bold outstandine features and
detail \?'e]l defined. In the low ground, covered with a dense growth of tre(:;, plane-table
traversing was resorted to in order to pick up the numerous detail contained therein, this and
the scarcity of water in the area, compelling the surveyors to encamp on the outskirts of the
reserves or near villages, meant much loss of time and out-turn of work. With the exceptior;
of about a mile of disputed boundary of the Udayagirn Velikonda Block B and Extensions
Reserved Forest, all boundaries were cleared. The disputed portion was surveyed as pointed
out by the Deputy Ranger of Gudigunta. No cairns with numbers, as stated in the noti-
fications of these forests, were found. |

The twenty reserved forests, surveyed on the 2-inch scale, consist of small trees and
shrubs of & thorny growth forming what is called scrub jungle and are located in undulating
ground varied at times by the inclusion of a detached knoll; the forests were surveyed mostl:
b:y plane-table traversing and by interpolation.  Forest plans, supplied by the forest authorj
ties for these reserves, were utilised in checking boundaries and for loca.lfty names. )
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Direct blue prints on Bristol boards of certain 1-inch prints of maps by the Madras
Revenue Survey, containing much detail, were obtained from that Department and from the
Southern Circle Office. The remaining 1-inch prints were transferred in blue by surveyors
as the work progressed. The work of the Madras Revenue Survey was found accurate and
satisfactory and considerably helped the work. Zaminddri areas in the 1-inch prints supplied
by the Madras Revenue Survey contained very meagre detail which was generally incorrect
and only useful as a guide. Trijunctions of the Madras Revenue Survey in the coast sheets
were utilised and were very helpful where trigonometrical points were few and far between.
All work was gone over and checked as rigorously as if 1-inch original work.

2-inch plots on tracing cloth of the Tungabhadra irrigation project with contours at
20 feet intervals, containing ground level heights at distances of 330 to 660 feet along cross
sections from 1 to 24 miles apart and referred to G.T.S. Bench Mark data, fell in the work
and were applied for from the Chief Engineer for Irrigation, Madras. The data were inserted
proportionately on the l-inch prints of the Madras Revenue Survey, and utilised as a check on
beights and contouring.

The only reserved forest previously published on the 4-inch scale and falling in the
work was rednced to the 14-inch scale in blue, which was inked up in detail and hill features
and again reduced to the 1-inch scale and transferred on the plane-table in position by common
trigonometrical points. This was rigorously gone over, supplemented, brought up to date,
contoured, and was found correct.

The total out-turn of survey on all scales was 3,312 square miles. The out-turn of the
4-inch original survey, of the 2-inch original survey, of the 1l-inch original survey and of the
I-inch supplementary survey was 115 square miles, 65 square miles, 3,108 square miles and
24 square miles respectively, the average out-turn per man per month was 35, 12-4, 28-9
and 183 square miles respectively, and the cost-rate per square mile as mentioned in the
above order is Rs. 03-6, Rs. 346, Rs, 74, and Rs. 2-3.

Triangulation.—The country triangulated embraces the Nallamalai hills, with its out-
liers to the east merging into the plains, the flat open and cultivated valley of Nandyal in
the centre and the lirramala hills further west; the Kistna river, both narrow and swilt,
bounds 1t on the north. The gencral run of the Nallamalais is from south to north as far as
the Kistna river from whence it takes a bend to the east and consists of a series of hill peaks
and smail irregular ranges with several plateaux, the whole covered with unbroken forest and
a heavy under-growth ol high grass, mostly reserved forest. As this area was previously
triangulated for the 4-inch scale, the former work was only supplemented. The Erramala
hills. mostly reserved forest, rise up gradually into a geries of flat-topped plateaux generally
hare, hut with their slopes clothed with stunted trees and shrubs, and presented a difficulty to
the triangulators in fixing points,  The country generally is deficient in main roads, the hilly
area beiny v ecially 1l supplied. The Kurnool-Cuddapah Cauval rans throush the Nandyal
valley from north to south and is navigable throughout the year. The Madras and Southern
Mahratta Railway metre gauge) erosses the area from west to east with a branch-line from
Dronacheliam to Karnool.  Malarial fever is very prevalent almost everywhere, especially in
the Nallamalais. Guinea-worm, due to the impurity of water, also prevails. Great difliculty in
procuring supiplies and labour in the Nallamalai tract was experienced, as villages are few and
far apact.  Work in thix area was carried ont by assistance rendered by the forest authorities,
who employ largely a forest tribe called the Chenchus.  Scarcity of water also prevails during
the hot months and can only be obtained at certain halting places.

The total ont-turn of triangulation by the party for 2-inch and l-inch surveys was
6,90 ¢ square miles and as detailed below was completed by :—

Mr. Simons, area 1,051 square miles, in sheets 57 _%,, 56] l" . to the Kistna
, 13, 16
river,
Mr. Harihara Tver, area 1,850 square miles, in sheets 57 ... T __ 56 _L_ to the
. 1,£75,6,8,10 8,12
Kistna river.
Mr. Shib Lal, area 1,296 square miles, in sheets 57 _L_ 56 __ P __ to the Kistna
15, 16 3,4,6,7,8

river.

Mr. Shaikh Muhammad Salik, area 1,334 square miles, in sheets] 57 ‘ﬂr_nz_.

56 _P _ to the Kistna river.
e 11,12
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Surveyor Jagan Nath, area 1,433 square miles, in sheets 57 r:ﬂ" 56 _T_ to the

Kistna river.

The above was based on the Great Arc Meridional and the Madras Meridional and
Coast series, but as the area between these series contained no geodetic or minor triangnlation,
a small secondary series, the stations of which are built of pakia material, was run from the
base Katomoraj-Kerebelagal of the former series to provide data for adjoining triangulators.
Observations were taken on five zeros on a G-inch micrometer theodolite by Messrs. Troughton
and Simms. Two stations of the series, viz. Gurimanikonda and Gummankonda, were handed
over to the local authorities and the remaining stations will be similarly dealt with during the
coming field season. In addition to the points now fixed there are about 1,064 points fixed
by previous triangulation carried out for reserved forests surveyed on the 4-inch scale. Charts
on the L-inch scale embracing the area triangulated, showing the principal traverse stations
and village trijunctions of the Madras Revenue Survey and all geodetic triangulation on
which their work was based, were obtained for the use of the triangulators to enable them to
fix the same and so check the accuracy of the revenue work. 28 trijunctions were fixed in the

area completed.
The cost-rate per square mile was Rs. 5-3.

Traversing.— Theodolite traversing of the boundaries of the special forests, was started
at the end of October 1916 in advance of the detail survey to supply data for the same
and as a theodolite traverse for 4-inch plots. Those boundaries, of which no Madras Revenue
Survey traverse data or no previous surveys by the Survey of India adjoining these forests
existed, were traversed. Fourteen d-inch traverse plots on drawing paper, showing all existing
data of the Madras Revenue Survey connected with and adjoining these forests, were supplied
by the Madras Revenue Survey.

132 linear miles of boundaries for special forest survey on the 1-inch scale in sheets

57 for the following reserved forests:—

Rapar Velikonda Block A & Extensions

_ N
1,2,5,6,7,4

b2 » 3 B & »
Udayagiri Velikonda Block A & Iixtensions

»” 2 » B & »n
Gundlakonda

were traversed and connected with 18 trigonometrical stations and 22 azimuths were observed
by Mr. Narasimhamurti Rao and a surveyor.

The total out-turn was 132 linear miles and the cost-rate per linear mile was Rs. 28-0.

Recess Duties.— () Two sections were engaged in the fair-mapping of the survey
completed during 1916-17.

No. 1 Section, under Mr. Morton, sheets 57 11,12:\IEi6' GG :ﬁ-

No. 2 Section, under Mr. Abdul Hakk, and while on leave by the officer in charee
. " Y . T T e . . 0 ) C ’ =
assisted by Mr. Vengusvami, sheets 57 g 90 7gs

It is expected that the fair-mapping of these sheets will be
o , s completed befor e part
leaves for the field. plefed before the party

The total out-turn of fair-mapping is 3,197 square miles and the cost-rate is Rs. §-8
per square mile. S

(b) Arrears of the computations of degree sheet 57 M from last recess, tooether with
carrent work, are in hand. Tt is expected that the former, partly completed d’lu‘int(; the field
season together with 56 P will be ready by the end of this l'ecess: leaving as arrea:s 571 y d
5§ L the base work of which has only been completed. The error discloZed on comparis anf
trijunctions fixed by party triangulation with their values as supplied by the Bladl'alé R;ng;:e

rvey > ctiol m rectancular to spher (:a,l (!()-()l(lllla'(}s 18 “',)8 Se tit d d
:3“ A\l on ]G‘(lll tio 1 il() pet; l] I (s} i [}

= ) C ndS m 13. ; e an
m lon_,"ltllde.

Triangulation charts were under Mr. Simons, and on his transfer were handed o t
Mr. Wyatt. Very little progress has been made in the preparation of triangulation ch : and
pamphlets owing to the further issue of instructions on the subject wherebb chart c :;Ii o
57 L completed last year were returned and are being brought up to date. %esides Sthe ab:v['l;l
(4

chart 66 D is well in hand and is ex i
pected to be completed soon, With ¢ i
5 Party, charts 48 P and 57 P were completed. Hh tho assistance of No.



No. 8§ PARTY (MADRAS).
By W. F. E. Apaws.

The head-quarters and the bulk of the party remained in Bangalore throughout the
year and continued the fair-mapping of 4-inch sheets

PERSONNEL. compiled from 1l-inch published sheets. The portion
Provincial Officers. of the party that took the field consisted of a

lane-tabling seetion working 1 G
Mr. W.F.I.. Adams in charge. P S g in sheet 582, a

., M. Mehadeva Mudaliar, M.A. triangulator who worked in sheets 58 .
9,1 13 jrd
Upper Sudordinate Service. 581‘%5 and a traverser who worked in sheets
. . H "8 L
Mr. Anantarav Dhondiba Mandhre, R.S. 5871—.Lﬁrﬁ’ 58 Ty
to 15th Auguat 1917, . .
., K. Narayanasvami Chetti, The country under survey comprises the high

Lotwer Subordinate Service. wooded ln]ls in sheet 58 & 5> the high open hills in

sheets 58 _6_and the flat plains in sheets 58
26 Surveyors, ete. 9. 10 3, 1%

The plane-tabling section, triangulator and theodolite traverser left Bangalore on the
3rd December 1916 and returned to Bangalore on the 3rd, 26th and 29th May 1917
respectively.

The health of the surveyors in the plane-talling section was fairly good, while among
the khalasis there were a great number of cases of fever and guinea-worm. The menials
with the triangulator and the traverser kept good health throughout the field season.

~ Plane-tabling.—Sheet 58 % 1s a very difficult one for survey, half the area is
unexplored. The hills vary from 150 to 6,300 feet in height and are clothed with heavy
forests, swarming with wild elephants and leeches.
The 1-inch original survey was completed by six surveyors under the supervision of
Mr. Mahadeva Mudaliar.
The total area plane-tabled was 293 square miles, the average monthly out-turn per
man was 128 square miles and the cost-rate per square mile was Rs. 62°2.

Triangnlation.—The country is fairly favourable for triangulation, consisting of the
high ranges of Sadragiri and Kudiramalai and the flat plains of the Madura dlstnct which
are interspersed with a few rocky isolated low hills.

The total atea triangulated was 1,630 square miles and the cost-rate per square mile
was Rs. 4L

Traversing—The country traversed is dead flat consisting of black cotton soil inland,
succeeded by deep sand near the coast.

One surveyor traversed 255 linear miles at a cost-rate per linear mile of Rs, 9+6

In addition to the above Mr. Mahadeva Mudaliar traversed Section IX (about 3 linear
miles) of the Tinnevelly-Travancore boundary.

Recess Duties.—(a) The fair-mapping of 3-inch sheets, compiled from 1l-inch published
sheets, was under Mr. Anantarao Dhondiba Mandhre until he retired on the 16th Angust 1917

and was afterwards under Mr. Narayanasvami Chetti. Sheets 48 O, RN 1. J—
¥ SE NW NE,SE.’
SSL, JSL were completed and submitted for publication, sheets 48 —“‘W’ 58 B,
P |4
58 iﬂ:“— are well in hand and sheets )7 W NS 58 “_, 66 ﬂv_cﬁv have been
commenced.

Mr. Mahadeva Mudaliar was in charge of the fair-mapping of sheet 58 f_
A total area of 5,751 square miles has been fair-mapped at a cost-rate of Rs. 3°9 per
square mile.

(%) The computations were undertaken under Mr. Mahadeva Mudaliar.

The material for the triangulation pamphlet sheet 58 D was completed, and the material
for the pamphlets sheets 58 A, 58 B and 58 C should be completed by the end of November 1917.

Miscellaneous.—For the survey of sheet 58 3, local labour and transport were not
procurable and had to be imported from other districts.



No. 20 PARTY (CANTONMENT).
By A. Ewrxe.

During the year under report, the party was employed on the survey of.the f:ar}tonments
and military stations of Rawalpindi, Chitral, Drosh,
PERSONNEL. Ghairat, Jl;elllm, Sialkot, Topa, Dharmséla, Cham-
Provincial Qfficers. an, Jhansi, Deoli, Neemuch, Nasirhbid_, Ahmad-
pagar, Drazinda, Jandola, Jatta and Zam on the
scatl‘e of 16 inches to a mile, and on the bazars of
Rawalpindi, Jhelum, Sialkot, Topa, Jhansi, Deoli,
Neemuch, Nasirabad and Ahmadnagar on the scalt.a of
Mr. Dbarm. 64 inches toamile. The triangulation and traversing
Lower Subordinate Service. of Chitral, Drosh, Ghairat, Dharmsila, Jhansi, Deol,
Nasirabad, Ahmadnagar, Drazinda, Jandola, Jatta
and Zam were completed during the year. Twenty-

six fair sheets have been submitted for publication, eleven have beel.l con.lpleted but hf'w.e not
as vet been submitted for publication, sixteen are in hand and thn't.}:-elg',‘ht are remalrzmg to
be ‘fa,ir-ma,pped. These sixty-five fair sheets will be submited. for publication by July 1918.

The field season commenced in Rawalpindi, Jhelum, Sialkot, Topa and Neemuch on 1st
October 1916 and closed in Drosh, Chaman, Jhansi and Ahmadnagar on 30th September 1917.
The head-quarters of the party was at Rawalpindi until the beginning of May 1917, and at
Poona for the remainder of the year.

The health of the party was good during the year, but some of the draftsmen and
menials in Rawalpindi suffered from malarial fever. o ~

Plane-tabling.—Mr. Ewing was in charge of the survey of Rawalpindi, Jhelum, Sial-
kot and Ahmadnagar, Mr. Jackson was in charge of the surveyors employed on the survey
of Chaman, Deoli, Neemnch and Nasirabad, and Mr. Dharmu was in charge of the survey of
Chitril, Drosh, Ghairat, and of the four small military out-posts of Drazinda, Jandola, Jatta
and Zam. There is an increase of 1, 901 acres on the scale of 16 inches to a mile and of 287
acres on the scale of Gl inches to a mile to what was previously surveyed during season 1913-16.

The aceuracy of the survey done duving the year was tested by Messrs. Ewing, Jack-
son and Dharmu by. 30 linear miles, 69 linear miles and 21 linear miles of test lines respectively.

The total areas planc-iabled on the 16-inch and G4-inch scales were 23, 859 and 630
acres respectively, the average monthly out-turn per man was 205+9 and 216 acres respect-
ivelv and the cost-rate per acre was Rs. 11 and Rs. 101 respectively.

Triangulation—~A sufficient number of stations and intersected points were fixed from
the nearest Great Trigonometrical Series in Chitral, Drosh, Ghairat, Jhansi, Deoli, Nasirabad,
Drazinda, Jandola, Jatta and Zam for the conneection of theodolite traversing done in these
cantonments.  Messes. Jackson and Dharmu and two surveyors were employed on the
triangulation.

The total area triangulated was 318 square miles and the cost-rate per square mile was
Rs. 9-9.

Traversing.—During the year the traversing of Chitral, Drosh, Ghairat, Dharmsila,
Jhansi, Deoli, Nasirabad, Ahmadnagar, Drazinda, Jandola, Jatta and Zam was completed by
Messrs. Jackson and Dharmu and four surveyors.

The theodolite traversing done during the year is very good both in angular observa-
tions and in chaining. 294 lincar miles were traversed at a cost-rate per linear mile of Rs. 29- 4.

Levelling.—A few miles of levelling were done in Chaman, Jhansi, Deoli, Neemuch,
Nasirabid and Ahmadnagar. From five to ten bench-marks were fixed in each cantonment
at a cost of Rs. 326,

Recess Duties.—Twenty-six fair sheets have been submitted to Dehra Din for publica-
tion. Eleven fair sheets of Rawalpindi have been completed but have not been finally examin-
ed, these sheets will be submitted for publication in October 1917. Sixteen fair sheets of
Jhelum, Sialkot and Topa are in hand and thirty-eight sheets are remaining to be fair-mapped.
Out of the thirty-cight sheets remaining eight were completed during September 1917 and
five are very small sheets. The fair-mapping is about four months in arrears owing to some
of the draftsmen being sick with malarial fever when the head-quarters of the party was in
Rawalpindi.  As the field work of this party is increasing every year the number of draftsmen
will also have to be increased. The fair-mapping was done under the supervision of Mr. Ewing.

The total arcas fair-mapped on the 16-inch and 64-inch scales were 20, 277 and 435
acres respectively and the cost-rate per acre was Re. 0°3 and Rs. 3+2 respectively.

Mr. A. Ewing ip charge.
0. D. Jackson.

Upper Subordinate Service,

25 Surveyors, etc.
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EASTERN CIRCLE.
(Vide Index Maps 3 and 6.)

Summary.—The Circle was under the superintendence of Lieutenant-Colonel R. T.
Crichton, C. I. E,, 1. A,, throughout the year and consisted of Nos. 9, 10, 11 and 12 Parties
and No. 5 Drawing Office.

During the year 9,723 square miles of detail survey and 9, 405 square miles of triangu-
lation were completed.

The detail survey consists of :—

2,140 square milea of 4-inch original survey.

6,879 do, 1l-inch original survey,
334 do. 1-inch revision survey.
370 do. 2-inch original survey.

A section of No. 9 Party was employed on half-ineh mapping during the year.

No. 9 PARTY (BENGAL AND BIHAR AND ORISSA),
By J. Sarh.

This party, which took the field in reduced strength, completed the detail survey on
the l-inch scale of sheets 79 , also of portions of sheets 72

L .
1,2,56,0 5,6,0,10
The country in Bengal is flat and featureless, and being widely cultivated was easy to

survey. In Bihar hilly portions were selected as the

PKRSONNEL. . . .
KRSONTE survey was intended more for instructional purposes
Provincial Officers. than for mapping.

Mr. J. Smith in charge. The party office, except for the L-inch mapping,
» Dhﬂni}?“m VBf"n“r 'UdIO\tl‘h AIPJI'1_1917' was closed at Shillong on the 3rd November 1916,
» A.B. Hunter, from 3rd Moy 1917. and re-opened at Deoghar on the 10th idem. The
» B.C. Newland. . 5 i
. Amar Krishna Mitra. camp for detail survey in Bengal under Mr. Dhani

Ram Verma assembled at Beldanga on the same
date. The field season closed on the 3rd May and
Ar. Ram Singh, to Gth June 1917. oftice re-opened at Shillong on the 10th May 1917.

,» Amulya Charan Ghosh.

. Gopal Lal Mitra. The health of the party throughout the field
season was good. There was only one serious case
of fever amongst the surveyors in Bihar, but the
man was brought into Deoghar for treatment and
soon recovered. One khalasi attached to a surveyor’s camp in Bengal was badly bitten by
a dog, believed to be mad, and the man was sent up to Shillong for treatment at the Pasteur
Institute at Government expense.

Upper Subordinate Serrice.

Lower Subordinate Service.

27 Surveyors, etc,

Plane-tabling.—In Bengal the area surveyed comprises portions of the Murshidabad,
Nadii and Burdwian districts. The Bhagirathi river which, further south, is known as the
Hooghly, divides the first named district into almost two equal parts, but forms the boundary
between the other two districts. Two lines of railway traverse the area from north to south,
one on each side of the river, and there are, besides, numerous cart tracks and a few good feed-
er roads to the railway. The river is erossed by ferries when the water is high i.e. between the
commencement of the monsoon and November. For the rest of the year it is fordable by
carts as well as people. The general level of the country isabout 30 feet above mean sea-level.

One camp under Mr. Dhani Ram Verma with 8 surveyors completed the detail survey
of the whole of the area in Bengal. Owing to his transfer to the Simla Drawing Office in
April, Mr. Amar Krishna Mitra had to be brought down from Shillong to take over charge
of the camp.

Very few of the intersected points which had been fixed in previous seasons from a
theodolite traverse were found to be incorrect, and the work was prineipally done from “in
situ” fixings, plane-table traverses being only resorted to in surveying the interior of the
village-sites and the banks of the rivers.

In Bihar, as already stated, the country surveyed being selected mainly for instructional
purposes, is hilly, the general leve] is about 500 feet and the highest point in the hills about
1,600 feet above sea-level. The camp, made up of 2 Upper Subordinates and 4 pupil surveyors,
was placed urder the charge of Mr. Ram Singh with surveyor Ghulam Haidar to help in the
training of the pupils who were absolutely raw and did not even know the use of their instru-
ments.
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The out-turn of plane-tabling was 1,362 square miles in Bengal and 319 square miles

in Bihar. ol
Cost-rates work out as follows:— .
1-inch detail survey in Bengal ... Rs. 11+4 per square mile,
1-inch detail survey in Bihar and Orissa ,» 5406 do.
}-inch fair-mapping cee sy 143 do.

1-inch fair-mapping - » 47 do.

The total cost of the party was Rs. 63,568. . . ' o

Recess Duties—(a) Mr. Newland, with Mr. Mitra helping in t!le examination of
maps up to the end of March 1917, held charge of the §-inch mapping se?tlo!l thfoughout the
year. The following sheets have been completed and submitted for publication since the last

) . D F_ g4 X_ 94 B and
report—T72 s_I\‘v" 73 .\'.lzv.’ 78 gw‘.’ 78 %’ 83 W, N E 83 sw. BL' N.W.,5.w,’ E.E.
94, r . The following sheets are nearing completion :—94 NWoN W

N.W,N.E,5. W, 5. E '
two others 9 _P and 94 _C_ have been recently put in hand.
SE. NE. ) _

The fair-mapping of the 1-inch sheets was supel.'vised by Mr. Ar.nar' Krishna Mltra a..nd
will be completed before the party takes the field except in regard to the dxstx.'lct .boundarles which
have been referred to the Collectors for verification; this may delay the publication of the sheets.

(4) Mr. Hunter was entrusted with the preparatioy of _the triangulation charts and.lists
for pamphlets of all the triangulation done by the party, since its transfer to the Eas'tern Circle,
and the correction of all volumes in terms of the latest value of data supplied by t}.w
Superintendent of the Trigonometrical Survey. Charts for degree sheets 72 L and 72 P \.vﬂl
be completed before the party takes the field; two others 73 B and 73 Fare necaring completion.

Miscellaneous.—The area surveyed in Bihar, althoungh previously done cadastrally and
ordinarily should only have had to be supplemented by the topographical survey, was executed
as 01‘iginua,1 survey, as 1t was considered inadvisable to allow the plane-tablers access to the
old ma‘tps, seeing that they were under instruction. This area has not been mapped but th'e
work will be incorporated at some future date when the supplementary survey of these sheets is
being undertaken. .

With regard to the anticipated delay in the publication of the Bengal sheets, it should be
stated that the physiographical changes in the country have heen so great that the district boun-
daries, as defined and mapped from surveys executed between 1853 to 1870, cannot now be
delineated on the ground. The matter has been referved to the Collectors of distriets concerned.

Inspections —The Superintendent, Eastern Cirele inspected a portion of the party in the
field in Jannary 1917, and on several occasions during recess.

No. 10 PARTY (UPPER BURMA).
By M. C. Perrers.
This party continued detail survey in Myitkyina and Putao distriets, the area
surveved extending over sheets 92 ¢

PERBONNEL, 7,10, 11,12, 16°

Inperial Qffcer. 92 R‘\\_s_\\l\ﬂTB and 92 1’,(‘;5 with small areas of

Mujor . T. Rich, I T, in charge to 23rd revision in sheets 92,5, and 92% The triangulation

October 1916, m advance for survey on the one-inch and half-inch

Drovineial Officers. scales embraced sheets 92 11',A‘15" 92 I‘sz’l's',‘i: and 92 %b

Mr. M. C. Petters in charge from 5th Novem- The country under survey ranged in altitude
ber 1916,

from 600 feet in the valley of the Mali Hka to

V. G. Jarho, i h ¥ 24t ctobe . -
» W.G.Jarbo, in charge from \ October 11,300 feet above sea-level in the Kumon Bum,

to 4th November 1916,

IL M. Creed, from 11th October 1916, which here forms the watershed between the Mali
" A V. Dickson, Hka and Chindwin rivers and the boundary between
. D.N. Banerjce, L. . E. Putao distriet and the rich uradministered tract of

Upper Subordinate Scrvice, the Hukawng valley. Below 7,000 feet the area is

Mr. Tayat Mahammad, K. §. 00\'01:0(1 with dense forest growth, and heavy jungle

Manng Kyaw Nyein. clearing was necessary at suitable sites to allow of

» Dhirendra Nath Saha, surveyors fixing the positions and heights of sur-
» Ram Prasad, R. 3, rounding detail.  Work was retarded in the early
Lower Subordinate Service, months of the season by a heavy mist which ob-

93 Snrveyors, cte. seured trigonometrical points and made plane-table

fixings by interpolation impossible before 10 A.M.
ansport of equipment and rations over large areas on the
eastern slopes of the Kumon Bum which are uninhabited and without communications.

Kachin coolies were employed for tr:
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The field season opened on 26th October 1916 and closed on different dates between
21st May and 10th June 1917. The field head-quarters was at Myitkyina.

The health of the party was only fair. A large number of men suffered from malaria
and uleers due to leech-bites and the stings of a variety of poisonous flies. Pupil surveyor
Maung Hla Pe was drowned while bathing in the Mogaung chaung. Two surveyors, as a
result of malaria, had to stop their field work and proceed on long leave. The head clerk
who had been suffering from asthma from the commencement of the field season also proceed-
ed on medical leave before the close of field work. Three khalasis died in the field, one of
whom was killed by a tiger.

Plane-tabling.— The programme of detail survey was completed and an area of 94
square miles, in addition, was surveyed on the one-inch scale. The work was divided into 3
eamps under Messrs. M. C. Petters, W. G. Jarbo and D. N. Banerjee, whilst Mr. Maung
Kyaw Nyein was in charge of a camp of instruction.

No. I Camp.— Under Mr. M. C. Petters with 3 surveyors completed an area of
322 square miles on the one-inch scale in sheets 92 . This camp also revised 8 square

miles of faulty work in sheet 92 %. An escort of 12 rifles was provided by the military
police for the survey of a portion of the Sana tract lying in the southern half of sheet 92 %,

No. 2 Camp.—Under Mr. W. G. Jarbo completed an area of 44 square miles on the

one-inch scale in sheet 92 ;g_ and 2,140 square miles on the half-inch scale in sheets
P

®WINE, S, SE
A.V. Dickson and 8 surveyors. Two surveyors, however, developed a severe type of malaria
early in the season and were obliged to proceed on long leave; their departure necessitated a
re-adjustment of work to complete the season’s programme, one surveyor was transferred
from No. | Camp and another from No. 3 Camp. Messrs. Hayat Muhammad, K.S. and Ram
Prasad, R.S., on finishing their triangulation also helped to complete the detail survey. As the
average distance of this camp was 12 marches from Myitkyina a good deal of time was spent
on the road by surveyors despatched to reinforce it. Heavy and continuous rain in April also
delayed the completion of the work. The camp returned to Myitkyind between the lst and
8th June 1917. The survey was confined to the administered tract Iying between the Mali
ITka on the east and the Kumon range on the west. Messrs. Creed and Dickson, in addition
to plane-tabling on the one-inch and half-inch scales, assisted the officers in charge of Nos.
1 and 2 Camps in testing the work of surveyors.

The camp was originally composed of Messrs. H. H. Creed and

.
o

No. 3 Camp.—Under Mr. D. N. Banerjee with 8 surveyors completed an area of 60

square miles of reserved forest on the two-inch scale in sheets 92 11C12’ 702 square miles on the

one-inch scale in sheets 92 53 @nd a revision of 8 square miles on the one-inch scale of
’ s 19

country surveyed durinc the previous season in sheet 92 €.
- - B

Mr. Maungz Kyaw Nyein in addition to plane-tabling himself was in charge of a camp
of instruetion eomposed of 10 pupils of whom I were attached from No. 13 Party for training.
The pupils had acquired sufficient experience for independent work by the end of March and
were given small areas to survey in the valley of the Namkawng chaung which is waterlogged
for 9 months in the vear, April and May being the only months in which this tract can be
conveniently and accurately surveyed. Mr. Maung Kyaw Nyein personally surveyed an area
of 76 square miles in sheet 92 & on the one-inch scale and the pupils 94 square miles on the
same scale in sheet 92 _ﬁ_J

Out-turns and cost-rates are as follows :—

§-inch original survey, 2,140 square miles at Rs. 19°6 per square mile.

l-inech ” 1,068 do. Rs. 39:0 do.
1-inch revision ,, 16 do. Rs. 212 do.
2-inch orizinal 60 do. Rs. 101:0 do.

The out-turn and cost-rate of survey on the one-inch scale by the instruction camp ave
not included in the above.

Triangulation.—Mr. Hayat Muhammad, K. 8., triangulated an area of 1,080 square

miles for detail survey on the one-inch seale in sheets 92 - -

Mr. Ram Prasad, R. 3., triangulated an area of 3,672 square miles for plane-table
survey on the half-inch scale in sheets 92 _A_ and 92 F_. Great credit is due to Mu.

Ram Prasad, whose work lay at an average distance of 20 marches from Myitkyina. There




Vol. XI.] TOPOGRAPHICAL SURVEY. 25

are few roads in the area he triangulated and his arrangements for coolie transport and
provisions for his squad were made entirely by himself,

Out-turns and cost-rates are as given below :—

Priangulation for half-inch original survey, 3,672 square miles at Rs. 2-2 per
square mile.

Triangulation for one-inch original survey, 1,080 square miles at Rs. G-4 per
square mile.

The cost-rate for half-inch triangulation is Rs. 4-0 less than that of last year.

Recess Duties.—(a) The fair-mapping of the season’s detail survey, consisting of four
half-inch sheets, five one-inch sheets and two sheets containing small areas of revision on the
one-inch scale, has progressed very satisfactorily. All the sheets will be submitted for
publication. before the party moves into the field.

The system of direct-mapping, which appears particularly suitable for parties recessing
in Burma, was tried this year with success. Plane-table sections of complete sheets were
despatched from the field to the Superintendent of Map Publication for enlarzement to the
scale of drawing. A copy of each of these enlargements on Hollingworth paper was then cut
and pasted together in position, in Calentta, on sheets projected to the scale of drawing, all
distortion in graticule being eliminated by sub-dividing the enlargements, when necessary, nto
5 minute or 10 minute squares. These compiled sheets were then treated as originals and
reproduced by photography and 2 drawing blue prints obtained, one for the outline and the
other for the contour original. By this method, not only was the time saved, which is usually
spent in the middle of the recess season when fair outline sheets are sent to Caleutta for
vandyke prints for contour originals but, it enabled work on the fair outline and contour sheets
to be carried out concurrently and the heavier sheets to be drawn in double shifts from the
beginning of the recess season.

The fair-mapping was divided into 3 sections as follows :—

No. 1 Section.—Under Mr. W.G. Jarbo, sheets 92 T‘T“’Ei' . and Y2 &,
ER 1

No. 2 Section.—Under Mr. H.H. Creed, sheets 92 ¢ and the outline of sheet

L 15

9 _T .
AV

'z

No. 3 Section.—Under Mr. A.V. Dickson, sheet 92 _‘5’_ and the contours of sheet
92 J"v"_' In addition, Mr. Dickson personally drew the greater portion of the arcas in sheets
92 %and 92 % whiclh were resurveyed on the two-inch and revised on the one-inch seales
respectively.

The areas of fair-mapping in square miles on the half-inch and one-inch seales were
2,340 and 1,141 and their cost-rates per square mile Rs. 3-8 and Rs. 76 respectively.

() The computation of the season’s triangulation was completed by Mr. Ram Prasad
assisted by three computers. )

Inspeetions.—The Superintendent, Eastern Cirele mspected the party in the field in
February 1917,
No. 11 PARTY.
By J.0O. Greirr.
During field season 1916-17 the party was employed in the distriet of Mergui, Lower
Burma, and the districts of Mandalay and Kyankse,

PERSONNEL. ]
and the Northern Shan States, Upper Burma. The
Provincial Officers. classes of survey were original and revision on the
M. 3.0 Greift in charge. I-inch scale, and original 2-inch of part of the
w C..0. French from 25th October 1916, Teserved forest of Yeyaman.

w OJH. Hart.
w T.P. Dewar from 9th February 1917,
.+ C.0, Picard,

The total area surveyed was 2,709 square miles,
distributed as follows :—

Original 1-inch, 2,213 square miles in sheets
) ,

90 o= 5 sl
1 (partyy 99 6, 7, 11, 12, %,3 (purt), 14 (part), 15 (part), 16 (part)
oo _
and 95 1 (part), 2 (part), 3 (part), 4 (part), 6 (part), 7

Upper Subordinale Service.

Mr. Lachman Daji Jadn, IR,
w Dalbir Rai from 17th October 1916,

» D.C. Scn Gupta, B. Sc. Revision 1l-inch, 71 square miles in sheets
95 <, 95 5% and 244 iles § B
Lower Subordinate Service. 9 167 J9 37 an -l S(uare miles in sheets 93 ;2

. . v 8'12.
Original 2-inch, 178 square miles in sheets

30 Surveyors, etc. B C
93 15 and 93 T
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The recess office was closed at Maymyo on the 25th October 19186, and the field office
opened at Mergui on the 6th November 1916.

The field office was closed at Mergui on the 5th June 1917, and the recess office opened
at Maymyo on the 11th June 1917, where it remained for the rest of the year.

The country surveyed in Upper Burma was densely wooded with a heavy undergrowth
of grass jungle. The area enclosed by the Yeyaman forest reserve is known as the “ Yeyaman
Hill Tract”. The main watershed, rising to over 5,000 feet, and limiting the eastern
boundary of the forest reserve, is also the boundary between the district of Kyaukse and the
Southern Shan States. A single, and fairly good, mule track runs through the reserve from
Yeyaman village in the south-west to Kyawkku in the north-east, in the Southern Shan
States. In Mergui the survey extended over parts of the valleys of the Tenasserim and the
Little Tenasserim rivers, the seaboard area enclosed by the mouths of the former, and King
Island, the largest island in the Mergui Archipelago. Inland the country consists of a sue-
cession of rugged steep hills and valleys running north and south almost parallel to the
Tenasserim, and rising to elevations of over 4,000 feet on the main watershed, which forms
the administrative boundary between the district and Siam. The almost primeval forest
growth, the size and height of the trees, and the undergrowth of cane and bamboo, with
which these hills are covered was again a serious obstacle to progress. An attempt was made
to work from platforms raised several feet above the ground, but even from these the view
was so contined, that the idea had to be abandoned, and plane-table and prismatic compass
traversing resorted to. Sheet 95 _37'. is practically unknown land, borne out by the fact, that

within the whole area not a single local name was available for any of the main streams and
hills. In the early mornings, until dried by the sun, the whole country 1s enveloped in fog,
the vegetation dripping with moisture, as though it had just ceased to rain. The thick
vegetable matter under foct harbours all kinds of objectionable insects, and during this season,
in addition to leeches and ticks, swarms of bees and large horseflies had to be contended
against. The state of some of the kZaldsis at the close of the field season was pitiable. The
seaboard area consisted of low hills fringed with broad stretches of mangrove swamps, broken
up by numerous creeks and inlets. The sea coast of the main land, and even of the islands
in the Archipelago have hardly any beach to speak of, the foreshore consisting of soft mud
flats or rock and shingle.

As regards roads they were conspicuous by their absence; communications except by
boat do not exist. Mule-tracks and paths had to be cut and cleared to all camps, some of
which were six to eight days’ march from the nearest village.

Local supplies were altogether wanting. Four supply depéts were established through-
out the area. The main depdt was at Mergui, from where supplies were regularly sent up to
the sub-depots, whence they were conveyed by mules or coolies to the several camps. Coolie
transport, always a disadvantage, was particularly so this year, from the inability of the men
to carry much more food than they required for themselves over long marches.

The party was divided into four camps as follows :—

No. I Camp,—Four surveyors, under the personal supervision of the executive officer,
completed the survey of sheets 99 (ﬁn' In March the charge of the camp was transferred to
Mr. Lachman Daji Jadu, R.B.

No, 2 Camp.—DMr. Lachma.n Daji Jadu, R.B. in charge, and eight surveyors, completed

the survey of sheets 95 ,—m and 95 “p:ﬂ, Mr. French took charge of the camp at
the end of February.

No. 3 Camp.—Mr. Picard in charge with Mr. Gupta and seven surveyors, completed

- _L P
the survey of sheets 95 Gipart) and 95 3parn, 6 tpare) 7"
No. 4 (,amp —Mr. Dewar in charge and 3 suneyors, completed the revision survey

in sheets 93 + u' and the 2-inch forest survey in sheets 93 10 and 93 i 13' Mr. French wasin
charge till the end of January.

The cost-rates for the different classes of survey are, original 1-inch Rs. 47-3 per
gquare mile, revision 1-inch Re. 188 per square mile, and original 2-inch Rs. 52°7 per square
mile. They show an appreciable decrease on those of last year.

Trianjulation.—New triangulation was completed over an area of 4,075 square miles

. . 4 1 M
in sheets 93 7 i3> 96 (3 migar, 56,7 Gare), v, v, il (part), 13, 14, 15 (part)’ 96 1,3,3 (part), 5, 8 (part), 7 (part), 9 (pard)

The triangulation in the Mergui Archipelago was carried out by Mr. Dalbir Rai, that inland
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by surveyor Muhammad Yusuf Khan. The country was difficult to triangulate owing to the
density of the forest growth, and the almost entire Jack of habitations and con?mumcatlons.
The supply of labour for hill clearing was a constant source of trouble and anxlet:,y. In the
Archipelago the conditions were even worse; the islands, but for a few fishing villages, are
uninhabited except by Salons, an aboriginal tribe of sea gipsies, said to be of Malay descent,
but whose language is said to be akin to the Cham of Cambodia. They are in a very low
state of civilization, and on the islands go about in an almost nude condition. They are
expert divers and weather prophets, and live by bartering shells, fish, bdche-de-mer, wax, honey,
ete. with traders. They are extremely timid, and on the approach of strangers disappear and
hide, until confidence is restored. When I visited the Pickwick group of islands, a whole
family on the beach disappeared, and defied all my efforts to trace and photograph the group.
The consequence was that progress in the Archipelago was extremely trying and slow,
Another source of endless delay was the use of a sea-going boat instead of a launch. The
Archipelago is frequently subject to rough weather and contrary winds, and sailing boats are
consequently held up days at a time. The difficulties for a triangulator and his helio-men
under such conditions are easier imagined than described. 1In addition, the haze over the
Archipelago during the early part of the season was so dense, that a 6-inch helio would not
show up at a distance of - 15 miles. The results of the triangulation in the Archipelago are
not very good, but considering all the circumstances under which the work was carried out,
it would be unfair to find fault.

The cost-rate for triangulation is Rx, 5-0 per square mile.

The Mergui Archipelago is extremely pretty, and the Tell Passage along the east coast
of King Island is said to be one of tlie prettiest sights in the Archipelago. Itis a rich
pearling ground, and its islands are the home of the esculent swift, whose nests are
extremely valuable and are exported in large quantities for the delectation of the Chinese.
The nest is pure white in the shape of the half of a small cup, and is built up of the
saliva of the bird.

Recess Duties—(a) During recess the party was divided into four sections :—

No. 1 Section.—Under Mr. C. X, C. French completed the fair-mapping of sheets
95 E"w and 95 _F . At the beginning of the year Mr. French was attached to the drawing

office, to dispose of the final examination and despatch of the half-inch and quarter-inch

“sheets.  Half-inch sheets 84 ﬁs‘}:_’ 92 §%, 92 SW,LSE, and 93 \LE and quarter-inch

sheets 64 N and 93 I were completed and seut for publication by the end of January 1917.

No. 2 Section—The Maymyo drawing office under Mr. O. J. H. Hart completed the
fair-mapping of one-inch sheets 93 — 5_05, 95 .F., 05 1,95 Ll (contour sheet
, ’ : 6 1 :

only), 95 and 95_‘;“, also 2,000 square miles of mapping in quarter-inch sheets

L
7,10,13 (part), 14
93 Eand 93 J and 1,100 square miles of half-inch mapping in sheets 93 o5 and 93_L_
ww -

The out-turn of fair-mapping completed by this section is most creditable, considering
the strength of the staff and the troublesome nature of the work. The original surve;
of most of these sheets was carried out in bits, thereby permitting of very little direct
mapping and necessitating a vast amount of adjustments, corrections, ete. The maps of
Maymyo and environs were particularly troublesome ; large areas in them had to be compiled
from original surveys done on the 2-inch, 4-inch and 16-ineh scales. Moreover, owing
to serious discrepancies between the different classes of survey, a large area of the revisio:
survey done in the recess of 1913-14 had to be re-checked on the ground. The mapping
had practically been completed when the errors were discovered, and consequently about 303
square miles of mapping had to be serapped.

No. 3 Section—Under Mr. Dewar completed the fair-mapping of sheets 95 __L

and 95 _. ", G, 11, 16
2 (part)

(h) No. 4 Section.—In charge of Mr. Picard was employed on the computations of the

’rriangu]ation.. Owing to the smal] staff available, it has not been possible to complete all
the computations, or to take in hand the preparation of any of the fair degree charts

The total amount of one-inch mapping completed by the end of the survey year was

3,550 square miles, at a cost of Rs. 6 per square mile, showing a decrease of Rs. 2°6 on that
of last year.

Mi.qce.llaneoua.—.A]] mangrove swamps were surveyed by means of prismatic compass
traverses, being the quickest and most economical method of surveying large valueless areas
©of ground, featureless but for creeks and inlets. In running these traverses three boats were
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used, one for the surveyor and back chain man, one for the forward chain man, and one for
the flagman. Cane or fishing line lengths, on account of their buoyaney, of five to twenty
chains, with detachable plumbs, were used for measurements. Each traverse was started
from and closed on a fixed or interpolated point. The procedure was as follows :—The flag-
man went out in the direction the traverse was to run, and anchored on the spot he was
ordered to. The bearing to his flag was then read and recorded, and the forward chain man
went out the full length of his chain, cast anchor at the spot arrived at and dropped his
plumb. He was followed by the third boat, the chain being reeled in as the boat proceeded.
On arriving at the spot where the plumb had been dropped the third Dhoat cast anchor, and
on went the forward chain man on his second lap, the process being repeated, till the
forward station was reached. All readings and distances were recorded in the ordinary field
traverse book form, in which was also kept up a rough sketch of the banks, as well as bearings
to important features, and check bearings to any known fixed points that were visible. At
the close of the day’s work, these traverses were plotted on a bank post sheet of form 28 Trav.,
on which the graticule of the plane-table and the known fixed points had been pricked off ;
the detail was then entered and inked up. If the traverse closed fairly well between its
starting and closing point, the materal was transferred on to the plane-table, otherwise it
was adjusted between its limits on the principle for adjusting a plane-table traverse. The
nrethod may appear to be a rough and ready one, but it was the most suitable for the ground
to be covered.

The work of the party during the year under report was very heavy and trving. There
was only one clerk in the party, and fora month and a half, towards the eni, he was on leave;
the consequence being prolonged office hours for the executive officer throughout the year.

The experiences of the party with the local inhabitants of Mergui can be said to have
been anything but pleasant. The people appear to be an independent fractious lot, not amenable
to orders and, living as they are in a fair state of competence, were strongly averse to leaving
their homes and submitting to the hardships and discomforts of survey life. Surveyor Abdul
Majid was eruelly done to death by a villager from a cut with a d7 on the head. The case
has been committed to the Sessions, and is to be tried next November. From the evidence to
hand there appears to have been no reasonable provocation for so grave an act, and it ecan only
be attributed to the instinetive propensity of the Burman to use his /¢ for little or no cause.
The surveyor's death was a great loss to the party, he was an all round good man and a most
promising lad. Four survevors were also robbed of their belongings and of Re. 272 odd
Government money. It is difficult to understand how aets of this nature are possible, in and
around villages, and the perpetrators able to escape the penalty of the law and leave no clue
behind. There was a great deal of sickness in the way of fever and dysentery, of which two
khalisis died. One was also killed by a falling tree.

The district of Mergui is full of interest and presents a surprising variety of most
pleasing scenery. The landscape of parts of the Tenasserim valley is pretty and impressive
and the harbour quite picturesque. The main part of the town is on a ridge that commands
a lovely view of the Archipelago. The modern town of Mergni and the village of Tenasserim,
built on the ruins of the old fort at the confluence of the Tenasserim and the Little Tenasserim
rivers, are of ancient and historical interest; particularly the latter, which was the more important
of the two and, as far back as the 13th century, the prineipal port on the west coast of the
Siamese kingdom. It derived its great importance from the circumstance, that it was the
starting point of a good overland route to the capital of Siam and a port at which vessels
of lizht draft could discharge their cargoes and so avoid the long and dangerous passage round
the limits of the peninsula. The larger and more commodious harbour of Mergui affords anchor-
age for large vessels. The Survey Camp at Tenasserim was pitched on the site of the old
elephant mart. Dr. J. Anderson in his book *“ English Intercourse with Siam in the XVII
Century” Trubner’s Oriental Series, speaks of three overland routes to Siam and places the starting
point at Jelinga seventy miles up the big Tenasserim. From the map accompanying his book,
the position of Jelinga was plotted on to the old 1-inch map and every endeavour was made to
locate it and the route across to Siam, but withont success. The oldest inhabitants having no
knowledge of such a route, it is more likely that the main route was up the Little Tenasserim,
the starting point being somewhere near the present village of Thein-I(hwon. At this place,
it is said, there still exist relics of ancient buildings on a large scale, and through it passes a
well recognised bridle-path to Siam from Tenasserim. This is the route along which Mr. Leal,
interpreter to Captain Burney’s Mission to Bangkok, travelled in 1825-26 and the Jesuit
Bishop of Trabaca from Siam also speaks of having travelled along this route in 1761 in
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chaviots. It is certain that such a route did exist and was a good military road. The route
falls in sheets 96 1—‘%9—, and it would be most interesting, when the survey of these sheets is
undertaken for an endeavour to be made to verify the identity of the route. It isa pity, ae Dr.
Anderson remarks, that during our occupation of the ancient province of Tenasserim no effort
has been made to re-establish and maintain these ancient and valuable routes of commerce with
the rich kingdom of Siam. In the village of Tenasserim stands a covered-over stone obelisk,
erected by the Burman king Alaungpaya to celebrate his victory over Siam in 1759. The
story conuected with it is, that it was erected over the grave of a woman who was buried alive
in a state of pregnaney as a sacrifice. To this day, on certain days of the year, the obelisk is
visited by the women of the village and covered over with gold leaf. Still standing on the
ruins of old Tenasserim is the ottsheng pagoda, built in 1380, in 2 wonderful state of preser-
vation as also are the baked bricks in the wall of the old fort, which are of a very large size mea-
suring 16” x 83” and unaffected by time. In front of the main jetty at Mergui stands a
solid stone pillar set up in concrete, recording the death of Samuel White, the Siahbander or
Principal Port Officer of the Province of Tenasserim under the Siamese Government. He
escaped to England in the massacre of the English that took place at Mergui in i€87. Dr.
Anderson has recovded, that he traced the death of Samuel White, from one of the parish regis-
ters in England, to have taken place in England in 1689. It is now generally helieved that
the stone commemorates the death of his wife, who is said to have died in 1682 at Mergui.
But the inscription on the stone begins ” Ego resurgam”; it may be that Samuel White particular-
ly fancied this epitaph and anticipated the manufacture of his own tombstone, for it is hardly
likely that such an inscription would have been adopted by him for his wife’s grave. In a
certain sense the prediction may be said to have been fulfilled, for the stone stands at the
entrance to the town, and, by the researches of Dr. Anderson, he has been called forth from
the mists of the forgotten past. The stone was found only in 1905 at the Kangyi lake and
was being used by the dhobies of the town to beat out old rags on.  Sic transit gloria mundi.

Inspections.— The Superintendent, Eastern Civele inspected the party in the field in
January 1917.

No. 12 PARTY (ASSAM).
By H. W. Bigaie.
The party continued topographical operations in the Lalkhimpur and Sibsagar distriets
and North-East Frontier Tract, Central and Eastern

PERSONNEL. P s

Scetions, which included a streteh of the Brahma-
Imperial Officer. putra river and the conntry to the south, the northern
Lientenant-Colonel A. Mears, I. A.. bank of the former being the limit of the season’s
in charge up to 14th April 1917. operationsinsheets 83! and 83 _ M, In these sheets

) 811, 1a
Provincial Officers. a narrow strip about 2 miles in width was surveyed
Mr. H. W. Biggie in charge from beyond the high bank to ensure a satisfactory com-
16th April 1917, mon margin when the balance of these sheets come
Mr. B. G. Hardinge. under survey, the banks of the Brahmaputra Leing
Pramadaranjan Ray, R. S, biect t y ider ; d -
"B M. Kenny, s:: ject to consi erable erosion. An area of about
. D.C.Mitra, B. A.. during the field 55 square miles on the north bank of the river in
scason only. 83 oL was also surveyed to complete these sheets.
Upper Subordinate Service. The field season extended over a period of five
Mr. Girlja Sonker Bagebi, months, from November to April, with the party

head-quarter: ibrugar
Lower Subordinate Service. ead quarters at lelllgm h.

The surveyors and menials working to the
. south of the Disang river in No. 1 Camp suffered
a good deal from malarial fever ; the health of the vest of the party was on the whole satisfactory.

35 Surveyors, ete.

Plane-tabling.— A great portion of the country that eame under survey is covered with
very dense forest, consisting of trees with an under-growth of cane and thom); creepers. It is
generally ﬂat with the exception of a range of hills rising to 1,800 feet, lying within and a].oncr the
southern limit of the area of survey, and low hills rising to 800 feet wiliel?are the main fea:ures
of the A'blmipur reserved forest. In the vicinity of the tea gardens, which are numerous there ar
good winter roads, and second class roads maintained by Government agency traversej the more
open parts .of the area at convenient intervals. Besides the Brahmaputra.n which flows in a southe
fvesterly direction, the Burhi Dihing, Dibru and Disang are the onlly other rivers of a‘ .
Importance; their general direction is east to west and they are navigable by small eount[g'
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boats. A broad belt of jungle parallel to the Brahmaputra lies in the centre of the area and
extends across the south bank of the Burhi Dihing river; here villages are scarce and means of
communication very poor and labour could not be obtained at all. Generally speaking little
or no labour for line-clearing could be obtained locally. Another difficulty was means of
transport; carts were procurable only in the vicinity of police stations. The party’s elephants
were invaluable in enabling inspecting officers to visit and thoroughly check the work of the
surveyors in the jungle-clad country.

The detail work in the field was divided into three camps as follows:—No. 1 Camp
under Mr. Pramadaranjan Ray, R. 8., with one Sub-Assistant Superintendent for two months,
eight surveyors and one pupil surveyor surveyed 542 square miles on the one-inch scale and 49

square miles on the two-inch scale in sheets 83% , TJs‘ , 1\71 and —;i ; No. 2 Camp under Mr.
E. M. Kenny, with one Provincial Officer for two months, six surveyors and one pupil surveyor

surveved 52¢ square miles on the one-inch scale in sheets 83 2.1.;(4 , and 16 square miles on the

two-inch scale in sheet 83 h_,g ; No. 3 Camp under Mr. P. C. Mitra, with nine surveyors and

one pupil survevor surveyed 676 square miles on the one-inch scale and 67 square miles on

the two-inch scale in sheets 83 ____ 1 the total results thus achieved being 1,747 square’
ENTRPATWH

miles on the one-inch seale and 132 square miles on the two-inch scale, the latter area consist-
ing of reserved forests only.

The cost-rates per sqnare mile for one-inch and two-inch plane-tabling are Rs. 258
and Rs. 971 respeetively. The combined cost-rate per square mile for both scales of survey
is Rs. 30-8.

Triangulation .—A little supplementary triangulation was carried out by Mr. Prama-
daranjan Ray, R. 8. to provide points for the connection of traverses. Six stations were observ-
ed at and four new stations fixed. No area can be given. The cost is Rs. 1,722.

Traversing .—More than three-fourths of the area traversed is low-lying and very
densely wooded, the remaining portion consisting of cultivation and tea gardens. The work
was under Mr. E. G. Hardinge with one Sub-Assistant Superintendent, for three months,
seven traversers and covered an area of 1, 111 square miles in sheets 83“% and portions
of sheets 83 D—T—‘, in which detail survey will be carried out in the winter of 1917-18. A
total of 466 linear miles was traversed of which 38 linear miles consisted of the traversing
of artiticial boundaries of reserved forests. 4,680 traverse stations were fixed of which 86
selected stations such as bench-marks, bridges, mile and revenue stones were permanently
marked, in addition 175 zine cylinders were embedded. The cost-rate per linear mile for 428
linear miles of traversing for one-ineh survey and 38 linear miles of traversing of artificial
Doundaries is Rs. 73-8 and Rs. 647 respectively. The combined cost-rate per linear mile is
Rs. 73-1. These abnormal cost-rates are due to the nature of the country traversed and to
the fact that a senior Provinecial officer was in charge of the traverse and computing sections.
The cost-rate per sqnare mile for 1, 111 square miles traversed is Rs. 30-7.

Recess Duties —(a) The fair-mapping was divided into three sections as follows :—
No. 1 Section under Mr. Pramadaranjan Ray, R. S., with one Sub-Assistant Superintendent,
for three months, seven surveyvors and one pupil surveyor carried out the fair-mapping of
W L3 M
sheets 85 v 10 =
for publication on the half-inch scale; No. 2 Section under Mr. I3. M. Kenny with six survey-

and X for publication on the one-inch scale and of a portion of sheet 83 —%ﬁ

. . o M g . . .
ors and one pupil surveyor fair-mapped sheets 83 . for publication on the one-inch scale

and portions of sheets §4 I\'.’\W%IT for publication on the half-inch scale; the work of this
section was taken over by Mr. E. G. Hardinge on the 1st September 1917, when Mr. E. M.
Kenny proceeded on privilege leave for 21 days on the expiration of which he was transferred
to the oltice of the Superintendent, Eastern Cirele for recruitment duty at Hazaribagh; No. 3
Section under Mr. P. C. Mitra with four surveyors and one pupil surveyor was allotted the
fair-mapping of sheets 83 ﬁ_{ﬂ;_ for publication on the one-inch scale, but, owing to the

necessity of his having to proceed on privilege leave very early in the recess season, the work
of this section was taken over in April and supervised by Mr. Pramadaranjan Ray, R. S. in
addition to his own duties. Mr. P. C. Mitra was again with the party for one weelk after
hie return from privilege leave, and was then transferred to No. 5 Drawing Office where he
remained until the end of the survey year.
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With the exception of 21 square miles surveyed on the one-inch scale in sheet 83 li ’

and 132 square miles surveyed on the two-inch scale which were transferred to the fair sheets
from enlarged and reduced traces on the scale of 14 inches to 1 mile, the fair-drawing was
done on blue prints for direct mapping. :

The out-turn of fair-mapping for publication on the one-inch seale comprises sheets

§_I 3 _ M . of these, sheets 83 _1_ , M were submitted for publication before the
12,15, 16° 18’ %34 5,16 ' %
close of the survey year and the remaining sheets will be completed before the party takes the

field. In addition to the above, sheets 83 ﬁ'fe_o of the previous season have been submitted

for publication during the year under report.

For publication on the half-inch scale the fair-mapping of portions of sheets 83 _F_,
84 0 is in hand at the end of the survey year and of which a proportion has been

N W, N.E
estimated for purposes of out-turn in square miles. The total area fair-mapped is 4,253 square

miles, consisting of 2,731 square miles for publication on the one-inch scale and 1,522 square
miles for publication on the half-inch scale at a cost per square mile of Rs. 8:7 and Rs. 16
respectively. The combined cost-rate of fair-mapping per square mile for both scales is
Rs. 6-2,

Sheets 83 &_]‘L_“, which were only surveyed in part during the year under report were
not fair-drawn during this recess. The survey of these three sheets will be completed in the
winter of 1918-19, and the fair-mapping taken up during the following recess.

(6). M. E. G. Hardinge with one Sub-Assistant Superintendent, for three months,
and six traversers and computers completed the computations of advance traversing for detail
survey in 1917-18 and the preparation of four-inch plots of traverses of artificial boundaries
of reserved forests which have been supplied to the Forest Department.

Miscellancous.—A. question affecting the fair-mapping of the recess season was the
unsettled condition of most of the administrative boundaries dealt with during the year under
report. These are under reference to the local authorities and decisions are expected in all
cases at an early date. Existing notifications and rulings are often conflicting and cannot be
Tollowed out as against the detail given in modern surveys due to their having been based on
older surveys and maps. Owing {o the difficulty referred to, steps are being taken to have all
boundaries coming under survey in the future finally settled in the field. This will save delay
and trouble in recess in dealing with the boundaries when they are being fair-drawn.

Inspections.—  The Superintendent, Eastern Circle inspected the party in the field in
Mareh 1917 and several times during recess.
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TABLE 1.
OUT-TURNS OF PLANE-TABLING 1916-17.

Out-tury, square l:ivg;';‘;ep';:':(}’::r‘;f
mile,
A
Scale. Clnass of Survey Circle, Party. Locality. p:re ’JIE?, In #ite (Ly|Plane-table
Total, |per month|resection).| traverse,
of 24
working
dnya,
}-inch .| Original _
Survey . N No. 2| Rajputana .. 1,622 840 60
No. 6| Hyderabad «.| 5,045 | 74°3 52
E No. 10 | Upper Burma .| 2,140 { 399 1'6 1:3
1-inch .| Original
Survey N No. 1{Jammu and Chamba
States | 2,677 | 28-3 70

N | No. 2| Punjab & Rajputana| 1,092 | 42'0| 130
N |Tonk Det.| Waziristin 297 | 930 52

N No. 5| Berair and Central
Provinces 274 | 280 9'6

S No. 6| Bommbay and Hydera-
bad .| 1,857 | 26°9 10°1

S No. 7 Madras ... | 3,108 28-9 84 27
S No. 8| Madras 293 | 12'8 41 9-2

Bengal .. 1,362 | 304 | 10-2 80
E No. 9 { o ) v

Bihar and Orissa 319 | 10°5| 178 60
B No.10 | Upper Burma ... | 1,238 | 13-9 2'6| 12'8
E No 11| Lower Burma .| 2213 | 20-2 2-2 80
E No.12 | Assam v | 1,747 22-3 0-4 17:0
N No. 1| Punjab .| L,056 | 29-1 160

l.inch . i Resurvey

| N |No. 3| United Provinces
and Punjab .| 2619 ) 28:1| 160

N No. 4| United Provinees ... | 1,329 | 25:6 98 161

1-inch .i Revision
Survey .| N No.

[

Punjab & Rajputana 199 | 32:0| 140

8 |No. 5] Berir o1 o557 | 4371 32

E No.10 | Upper Burma ... 16 | 19°2 1'3

[=]
~3

E No.11 | Lower and Upper

Burma 318 | 251 31 7

[

l-inch .i‘:Supplementary

. Survey | N |No. 1] Punjab 278 | 25'5| 100
i S | No. 7| Madras 24 | 48'3 6'8
13-inch.! Original

' Survey .| N |No. 2| Rajputdna 4( 120} 260

li-inch.!Resurvey . 8 No. 6| Hyderabad 431 | 136 150 24
|
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TABLE 1.—Concluded.
OUT-TURNS OF PLANE-TABLING 1916-17.—Concluded.
v f
Outrt\'lnrﬂ . :'q\mre Aﬂ;i:‘i:ﬁ%a [:qb::r:
i L it Average
Scale, Class of Burvey. Circle, Party. ocnlity, otal. pg:l;n %:lt]h In situ (by | Plane-tablg
of 24 resection).| traverse.
working
days.
2-inch .| Original .
Survey N No. 3| United Provinces ... 11 82| 140
8 No. 7| Madras 65| 12'4| 29'5
E No.10 | Upper Burma 60 55 3'9| 19°8
E No. 11 | Upper Burma 178 | 140 91 74
E No. 12 | Assam 132 63 58°3
3-inch .| Original
Survey N No. 3| Punjab 56 67| 67°0
8-inch .(Supplementary
Survey N No. 3| Punjab 56| 39:4| 100
4-inch .| Original
Survey S No. 7| Madras 116 35| 19°3| 771
4-inch .| Original Sur- North-west Frontier
vey (Military)] N No. 1| Province 208 67| 630
4-inch .| Original Sur-
vey (Special
Forest) N No. 3| United Provinces... 118 36| 650
4-inch .| Revision
Survey N | No. 2| Delhi Province 64 60| 750
4-inch .[Supplementary
Survey (Spe-f N | No. 3| United Provinces ... 3 60| 390
cial Forest) .
16-inch.| Original
Survey 8 No 20 | Chitral, Drosh, Ghai- |
rat, Chaman, Deoli,
Draginda, Jandola,
Jatta and Zam
Cantonments
. acres| acres.
16-inch.| Resurvey S No. 20 | Rawalpindi, Jhelum, 23,859 295°9
Sialkot, Topa,
Dharmsala, Jhansi,
Neemuch, Naslra-
bid and - Ahmad-
nagar Cantonment
64-inch .| Original & e
Survey 8 No. 20 | Deoli Cantonment |
G4-inch.| Resurvey S No.20 Rawalpindi, Jhelum, )
Sialkot, Topa, )
Jhiinsi, Neemush, r 630 216
Narsirabad and
Ahmadnagar Can-
tonments )
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TABLE 11.—Concluded.
DETAILS OF TRIANGULATION AND TRAVERSING, 1916-17.—Concluded.
TRIANGULATION. TRAVERSING.
% 3 .'% :;5.) ’é STATIONS. 1 IN'{)};}::‘ig:u:D i ' _;j : % ‘E g
P 3500 5 |8z L T T T g 2 : | &2 2s | %
Scale. Class of Survey. E Party. Locality. 25 @ gg% é-% *E E . o . EE ot g [ 2"§ EE =
3" £ | ESE | EE |Eg | Bg| &f g Ezs | eF £ 5 | 3z | 2% .
2 g g% g% 82| €2 | 2% ‘ég& B g | 2 EER 5 3
A z z* & 7~ ZE | &5 | 3% | ne@ SF 4 | A &R <= A
T ‘ |
-inch, | Original Survey S |No. 6| Bombay, Hyderabad and | 5& 6;113,280| (4) | (b) | (6)| (&) (&) | (6) | (&)
l-inch and Madras.
13-inch.
l-inch and Ditto S |No. 7| Madras 6 6,994] (5) (6) |180{7-2|0-17 | (b) Q) 132 911 35 1-2
2-inch.
l-inch Ditto S [No. 8{ Do. 6 1,630(8-3(a){ 8- 3(a)] 47|5-7| 0-10 | 150 | 0-40 | 928 258 867 42 1-0
16-inch Original Survey and | 8 |No. 20 | Rawalpindi,Chitral,Drosh,| 6 518 23-6 | 23-6 | 18!9:0| 0281 4 | 0-40 31 | 294 | 2,626 75 | 1-0
Resurvey Ghairat, Dharmsala, Jhan-
si, Deoli, Nasiribad, Ah-
nadnagar, Drazinda, Jan-
dola, Jatta and Zam Can-
tonments.
$-inch Original Survey E |No. 10| Upper Burma 6 3,672 12-0 | 12-2 | 13{7-3| 0-16 | 341 | 0-48
l-inch Ditto E |No. 10 Ditto 6 1,080 9-2 93 8180 '0'11L 109 | 0-41
1-inch Ditto E |No. 11} Lower Burma 6 4,075 7:6 | 791 24]19-6/ 0-29 | 511 | 0-72
not
l-inch and | Triangulation E [No. 12 | Assam 6 avail- 4| 6 -03
2-inch able
l-inch and | Traversing E |No. 12| Ditto 2&6 | ... 1,111 | 466 | 4,680, 24 [ 1-9
2-inch.

(a) Additional points, previously tixed, will also be used in this area,
(%) Computations not completed,
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TABLE TII

COST-RATES OF SURVEY 1916-17.

L)
rty. Locality. ?, % 5 2
3 El 2 Z
q | = 2
; %@ 2 =
z k] 5 3
< =] =3 -
= a a =
=3 o < <9
k] g 3 3
9.1 | Kashmir, Jammu and 235 56
Chamba States, Punjnb
and N.W.F. Proviace.
0. 2 | Punjab and Rijputana 6-5| 104 14-0
0.3 | United Provinces and 13-8
Punjab,
o. 4 | Uniled Proviuces 11-9
‘ink | Waziristan 22:7
lett.
‘0. 5| Berar, Central India 13-4 1241
and Central Provinces, .
fo. 6 | Bombay, Hyderabid 44 110°3
and Madras

1-inch supplementary

survey.

!
l

—
v

-1

COST-RATES, RUPEES, PLANE.-TABLING, PER SQUARE MILE. COST-RATES, HUPEE~. P
=3
. i-; é’ “ 2 TRAVERSING 5 Eé
w . o . = K P - a PER LINEAR + o
: g |z 5|z A wrcE. S 25 | Tolulcostel
8 Z 25 4 = i ] E o —— 5 £
A u:. S 5% a 2 H 2 2 g, & 2 54 BEMARKS,
| g 5 | =51 2 | 55| 3 3 £ <k : 24
2 5 2 £ z ga 2 2 2 H 3 3 3 23
£ &8 | & Sz =2 53 f 2 F |2 4] %% 53
5 2 3 ¥ z £ S s o 4 2 3 s £z
e E A a3 a a3 A 3 3 Ee & o = =a
2 E 2 ES 3 EE i 2 E X 2 5 £E £5
= |2 ]afs |33 |§d 1212 |é& | &l&|a | & | B
i
62 9 . 271 | 15-5 6-0(a)| 4,219 [1,02/7¢C0(b) | () Represents average on all
scales,
() Excludes Rs. 158 debited to
. Tharoch State.
13:0 1086 5:7122-3 203(c)|5-4(a)| 2981 | 67,568(d)| (c) Work done on Imperinl Delhi
4" boundary.
(d) Excludes Rs. B5 debited to thz
Executive Engineer Lower Bari
Doab Canal.
140 | 141 806 14-4(e)| 178 | 37°9 {16'8(a)| 2,863 | 84,020(f| (¢) Additional points ﬁreviously
fixed will also be used.
(f) Excludes a sum of Rs. 25,170
debited to Forest Department and
Rs. 1,969 debited to the Settle-
ment Officer, Gorakhpur.,
2 4(g)| 1,329 43,987 | (g) Based on maoping for pablica-
Lion on 1” and 4" scales and on
compilation of villuge boundary
editions.
. 297 6,745
3-2(e) 1-2(k)) 831 39,082 | (k) For i-inch.
3-3(¢) (¢) For 1-inch.
306 | 28 1-8(j)| 7.333 | 1,08,784 | () For }-incn,
2-0(k) (%) For 1-inch.
S-0(1) (7) For 2-inch.
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PART II.—GEODETIC AND SCIENTIFIC

OPERATIONS.
TRIGONOMETRICAL SURVEY.

ASTRONOMICAL LATITUDES

PersovNEL of No. 13 PARTY.
Imperial Officers,
Major H. H. Turner, R. E., in charge lst October
to 9th November 1916.
Major H, McC. Cowie, R. E,,in charge 10th Novem-

ber 1916 to 23rd February 1917 and 18th Angust
to 30th September 1917,

From 24th February to 17th August 1917, the Super-
intendent of the Trigonometrical Survey held
charge in addition to his other duties,

Lower Subordinats Service,
2 Computers.

As war conditions still prevailed during the
vear under report, no Latitude operations were
undertaken and the personnel of the party was
employed in the Head Quarters Offices.

The work of marking the Longitude Stations
by inseribed tablets, which had been commenced
in the previons year, was continued. Up to date,
tablets have been placed in position at Agra,
Akyab, Amritsar, Bangalore, Bellary, Bombay,
Chittagong, Deesa, Fyzabad, Jalpaiguri, Jubbul-
pore, Kariachi, Mangalore, Multin and Nagar-
koil,

PENDULUM OPERATIONS.

PensoN¥EL of No. 14 PARTY.
Imperial Qfficers.

Major H, MceC. Cowie. R. E., in charge 10th Novem-
ber 1916 to 23rd Febroary 1917 and 18th Awngost
to 30th September 1917,

From 1st October to 9th November 1916 and 24th
Febroary to 17th August 1917, the Superintendent
of the Trigonometrical Survey held charge in
addition to his other duties,

Lower Subordinate Service,
3 Computers,

As no officer was available during the year,
pendulum operations were in abeyance and the

personnel of the party was employed in the Head
Quarters Offices.
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By H. G. SHaw.

The programme of field work, (vide Index

Pensoxxet. of No. 15 PARTY. Map No.14), during season 1916-17 consisted of:—

Imperial Officer.

J. de Graaff Hunter, Esq.. M. A, in charge till 3lst \1) The completion of the observations of
August 1917, : adura Series.
& Provincial Officers. the M. ) brilding ! ob.
Mr. H. @ Shaw, in charge from lst September 1917. (2) The reconnaissance, bullding and
» L. Willams. cervation of a new series called the Bagalkot
R. B. Mathur, B. A. Seri
" : eries.
Upper Subordinate Service. . .
Mr. Jugal Belﬁ]l‘i Lal. (3) The reconnaissance and building of
Lower Subordinate Service. secondary stations of a new series cal.le(l the
9 Computers, etc. Sind-Sagar Doab Series. The observations of

. -
the Madura Series were carried out by the officer in charge of the party and Mri,L'_“ 1lha.r:1‘5,
and it was arranged that Mr. Jugal Behari Lal, with a small detachment ShOl'I d 1econx;01‘ re
and build the Bagalkot Series, while the observations of the Madura Series were being
completed.

PARTICULARS OF TRIANGULATION OUT-TURN DURING THE YEAR.

Madura Bagalkot
Series. Series.
Number of stations observed at ... 12 14
" ’ 5  newly fixed B 8 10
’ " ' » bult . 10
Length of triangulation completed in miles = ... 68 102
PR ’ remaining to be done
Area of triangulation in square miles 781 1400
» .
Number of triangles observed 10 13
" ,, astronomical azimuths observed
Maximum triangular error 4768 2717
Average ' » 17-53 17-02
Y in latitude +0°-01 | —07-06
» longitude —-0”-09 —-07-09
Mean errors in closing on the South-East | ” !:::ilhutth +5; ) —_Olgiio?t
Coast Series and the Naldrug Series res- > ” ‘]0‘0‘ cide
pectively. the unit being
the seventh place
J of decimals. —205 —68
Value of m* 1-148 0-701
, of M 153 0-83
Theodolite used T. and 8. T. and S.
8-inch §-inch
Micr. Nos. Mier. No.
1055 & 1311 1311

The Madura Series (96).—The reconnaissance and building of this series, which conneets
the Great Are and the South-East Coast Scries, a little north of parallel of latitude 10°, had
been completed in season 1911-12 (vide “Records” for that year).

The observations could not be taken up earlier as the stations at the eastern end of the
series had to be built in the low-lying country near the coast and the whole area was covered
with groves of palms and other large trees, which necessitated the use of special apparatus for

raising the theodolite and also for signals over the station marks before the obse

rvations could
be secured.

* I'ide * Records of the Survey of India”, Vol. IX, p. 137,
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Thie apparatus, which consisted of a trestle by means of which the theodolite could be
raised to a height of 65 feet, and four masts, each 100 feet high, was designed by
Mr. J. de Graaff Hunter. The trestle and one mast had been made in anticipation of the
present work. They are illustrated in ¢ Records of the Survey of India” Volumes VII and V
respectively. Another illustration showing the trestle and one mast in use at Kulamangalam
station will be found facing page 47. Four masts were needed and the remaining three were
constructed last year in the Trigonometrical Survey workshops at Dehra. The following
account of the work in connection with the trestle and masts is taken verdatim from a report
by Mr. J. de Graaff Hunter :—

It was intended to make all observations at night on lamps, as opaque signals are not
satisfactory at ranges over five miles: and for this purpose incandescent petrol lamps, nomi-
nally 70 C. P., were obtained, and arrangements made for hauling these up to the top of the
masts. The possibility of fairly high winds had been overlooked in the preliminary trials at
Dehra, where there is usually very little wind; and where the lamps were found to be suffi-
ciently powerful to be picked up from ten miles distance with the unaided eye. The case,
however, was very different at all the mast stations of the Madura Sertes, and very great
difficulty was encountered in seeing the lamps even with the theodolite. Wind up to 30 miles
an hour was the rnle, and the lamps, which were not specially meant for outside work in the
first place became extinguished : and later, with such protecting covers as could be contrived
at short notice in the held, only showed a feeble light. As time progressed matters hecame
worse rather than better, and it was found that ordinary hurricane lanterns gave better
visibility during the later work. These were not nearly so bright as was desirable and
difficulties of seeing were throughout verv great. The masts themselves were found visible
at times during daylight, but a good deal depended on the relative position of the sun, some
showing up better in the evening and some Dbetter in the morning. One of the most
important additions to the equipment is a lamp of some 30 C. P. which will burn satisfactorily
in all weather likely to be experienced. An electric lamp would offer many advantages, as
being reliable in these respects : but this would involve accumulators and a charging dynamo.

The stability of the masts in the wind was satisfactory and no serious changes of posi-
tion were dctected, though several cheek measurements were made in cach case. The actual
measurements of the relative positions of mast, lamp an& station were troublesome, and
indicate the desirability of (1) a satisfactory lamp which will not usually necessitate any day
observations, (2) a fine adjustment for bringing the lamp precisely over the station mark—the
only means available in the apparatus under discussion being the slacking of the several drums
on the central main drum, which would not admit of a setting to ncarer than a couple of
inches; (3) an arrangement for the lamp to he on the axis of the mast, so that the mast
would also Le central over the station, in case ohservations were made to it. This would
easily be managed with an electric lamp which would be fixed to the topmost section. An
attempt was made to swing the petrol lamps inte position vertically ahove the mast: but the
swinging yard employed was difticult to manipulate—impossible for an ordinary lampman—and
had to be abandoned in the feld : and (1) some suitable attachment for day observations of
vertical angles.

The winl also zave some trouble and anxiety as regards the trestle. As a result of
this it was first deemed inadvisable to put up the kanats of the ohservatory tent because of
the surface they would present to the wind. Later on confidence in the strength of the tresile
to resist this pressure was established. It was found that the wind acting on the kanats cansed
less disturhbance to the instrument than when the kanafs were removed and the wind had
access to the instrument and observer though the trestle was subjected to less disturbance.
The stabilising arrangements proved on the whole satisfactory and the level of the instrument
way fairly well maintained. A gust of wind would canse the whole trestle and with it the
instrument to shudder but the instrument rapidly returned to rest and proved by its readings
that it had not been disturbed. It would be quite easy to choose a time of frecedom from
tremor and make a good intersection if a clearly visible ~ignal was ohserved. In the actual
case, often the signal was changing from what could be just seen to what was too faint to sce :
and between the two observation was extremely difficult, and the illumination of the field had
to be constantly varied. This latter was arranged by an electric torch held by the observer
at varying distances from the transit axis of the instrument. Vertical angles can be ohserved
satisfactorily by using the bent evepiece, when the level readings can be made without chang-
ing position, immediately after the observation. The maste however were not suitable objects
for intersection and were rarely visible at midday.
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As regards the mechanical questions of erecting masts and trestle, no difficulties arose.
Mr. Williams witnessed and assisted at the erection of the first mast at Pallathivayal and then
proceeded to the other stations and erected the masts at each without any mishap. The erec-
tion of the trestle is a larger business, but with practice the khalasis got to know their work
and at the end of the time a mast could be erected to 100 feet in three hours from reaching
the site and taken down and packed up in one and a half hours. The trestle took some six
or seven hours to erect and three or four hours to take down and pack up. On one occasion

it was successfully taken down at night: but it iy much harder to keep an eye on all that

needs attention at night.

For the work of erecting and dismantling masts and trestle one fitter and three
carpenters were taken with the detachment: and a carpenter was usually left at each mast
station when neither Mr. Williams nor myself was there.

No attempt was made to centre the masts or trestle precisely over the station marks.
It would be undoubtedly convenient to have the mast over the station mark but no means of
accurately doing so were available. It is probably best to set up the trestle at any convenient-
ly adjacent point and so not to have to remove the mast and reerect after finishing observa-
tions. The correction for satellite stations is easy enough to make, though the details of the
necessary measurements might be improved. It is to be observed that when one is on the
trestle, points near the base of the trestle cannot conveniently be viewed by the telescope as
the structure of the trestle and the observatory tent block the view. Something was done by
removing some of the floor hoards and looking through these spaces. Again when observing
on ground level no station from which to take the azimuth is visible. The plan generally
adopted was to put in two pegs on the direction of each of the stations, these pegs being
upwards of 100 feet distant from the trestle on both sides, and so visible without much preli-
minary difliculty from the instrument. The length of the perpendiculars from the station
mark on the lines joining the two pegs was then measured by tape.

The masts and lamps were transferred to ground level by means of 3-inch theodolites
set up in two positions nearly at right angles.  This was found to be a tedious business: and
though perfectly straightforward, was often made troublesome owing to rays near the ground
being obscured by small bushes ete.

The original trestle wasx made for a 12-inch theodolite, and to adapt it for an 8-inch
theodolite the table had to be raised. This was done by placing on it the top of a theodolite
stand fitted with three short feet, making the height some I inches greater. Little thought
was given to this, which was done at the last moment before leavin;g; for the fiell. When
the results of the measnrements of the angles in the field were obtaiined, and three triangles
as well as measures of compound angles became available, it was found tha.tasystem;tic
neg‘:.Ltive error existed in all the angles.  Luckily this was noticed before the work at the last
station was completed : and its cause was attributed to this rather unsatisfactory means of
raising the instrument.  Accordingly the theodolite table and this addition were set up at
ground level and a sct of measarements made to determine whether there was any vieldine in
this member. The results showed that there undoubtedly was, and gave a measure ofoits
amount. This can casily be avoided in future work and eertainly shouldbbe. 7

Owing to the difliculties of observation it was customary to observe as follows :—

(1). Interscct first station A with tangent screw.

(2). Unclamp and swing round. :

(3).  Clamp and use slow motion to interseet B.

(4). Without unclamping make a second settine on B.
(5).  Unclamp and swing round. )

(6). Clamp and interseet A.

. It will be seen that in processes (2) and (5) some force was applied (depending on tl
stnffness of the instrument on its vertical axis) which tended to pull the stand round s U dle
this foree it would swing by say a” of are. Process (3) would not interfere with-tl';' :l o
the angle (1) (3) would be too small by a”. Similarly the angle (4) (6), for th lsfan P
:}]\Yays in the direction to reduce the angle. 1If, however, a seconl:l angle B ’C wa eastn clis
it is pl.'esumed that no further twist will take place. But on swintrin: back the ::‘easureki
oceur in CB but not in BA. Accordingly the correction for all a.:wl:s measured i :'vlou'
ta and for all angles measured in pairs the mean correction is o and so o ';‘ll‘:'a ror.
rection was duly applied. In addition the angles had to be correctzd.for the di:t:a. lsfc:l:.
masts and trestle from the stations. Finally the following results were obtained '—nces e
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. Final value of Prob. £ Tri 1
Trange S saseat | ook oot Trisngr
i o ’ ” ” ”
Puram Tre. 8. | 58 34 29-27 +0-70 - 154
Annavasal H. s.| 3 18 38:85 +0-58
Chettyapatty Trs. S.| 8 6 5118 | 11-39
Puram Trs. 8. | 68 39 58-21 +0-95 —4-68
Chettyapatty Trs. S. | 61 52 16-10| +1-:30
Kulamangalam Trs. 8. | 49 27 41-63 +1:63
Puram Trs. S. | 42 40 45-70 +0:66 +2-15
Knlamangalam Trs. S. 79 11 8-14 +1-27
Pallathivayal Trs. S.| 58 8 893 +0-62 ’

The probable errors were worked out for each angle and are given above. They lead
to probable triangular errors less than those actually obtained, and perhaps some further
mechanical source of systematic error is still undetected. The experience gained encourages
confidence in the stability of the masts. In the light of the experience gained in the five
woeks of observation, several simple improvements in the system can be made. The closing
errors of the circuits have already been given”.

During the month of December Mr. Williams was employed in helping with the erec-
tion of the masts at the various slations. As soon as the four eastern stations, at which the
trestle and masts were used, were observed, Mr. Williams continued the observations at the
remaining stations of the Series. Owing to a good deal of rainy weather which interfered
with the helios, resort had to be made in many cases to observation on lamps but the work
was carried on expeditiously to its junction with the Great Are by the first week of February
1917.

The fina! conncetion proved very satisfactory and the triangular and linear errors of
the work, inclwling that done at the stations where the trestle and masts were used, proved
no larger than the avernge for this class of work. A satisfactory connection for the heights
was not, however, made, as the observations of the vertical angles at two or three of the
eastern stations of the series gave diserepant results, due, most probably, to the indistinctness
of the masts during the hours at which vertical angles are observed. It has been proposed
that some supplementaryv levelling between Pallathivayal and Puram Stations should be
carried out at a future date to establish the connection for the heights and throw some light
on the discrepancies found. .

The Bigalkot Series (97).— This series connects the Mangalore Meridional with the
Naldrug Series and is on the parallel 16°.

The building of the stations had been completed early in February. Mr. Williams
reached Basalkot, from Madura, by the 15th of that month, but owing to the unavoidable
delay in getting up the equipment by rail, he was not able to start work before the 22nd
February. [From this date, however, the ohservations were pushed on rapidly and the series
carried to its junction with the Naldrng Series by the 3vd April 1917.

The tinal conncetion and the general accuracy of the work proved very satisfactory.
The mean triangular errors of this series and of that portion of the Madura Series which was
indepenident of 1he trestle stations were 17-03 and 0”99 respectively : proving the observation
work in hoth cases to be of a high order of excellence, in consideration of the facts that an
8-inch theodolite was used and that the programme was arranged as for secondary triangu-
lation, and the work carried out with corresponding despateh. The values of M obtained
place the series between 38 and 3! in order of merit in the series of the Indian triangulations.

Astronomical Latiinde of Robal.—During the recess the observations for Latitude
taken at Robat S. of the Kal/it Longitudinal Series in 1907-08 were reduced. The observa-
tions were carricr] ont with T. and S. 12-ineh theodolite No. IT and the latitude was computed
from the observed cirenm-meridian zenith distances.

The results proved very satisfactory, the probable error of the mean being 0°°142 and
that of a single observation 2718. The final value of the latitude shows a southerly

deflection of 10741, The result is of especial value owing to the fact that no other
values of the deflection in the meridian in this neighbourhood have been determined. This is
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an example of the value of astronomical observations by the triangulation party in
outlying districts where the astronomical party is unlikely to follow fo.r many years. Su.ch
results, while slightly inferior in probable accuracy to those Obta,l?]ed with th.e zenith
telescope using the Talcott method, are accurate enough for most geodetl'c uses to which they
can at present be put. Observations of this kind, even with a curtailed programme, may
be most useful and it is much to be regretted that they have not been made more frequently.

The Sind-Sigar Doib Series.— Mr. Mathur was in charge of No. 1 and Mr. Abdul

Karim of No. 2 detachment.

The detachments left for the field on the 13th January 1917 and started work on the
23rd of that month from Bhalkar, a faksi/ in Mianwili district. s the time at disposal was
very limited, no observations were undertaken and the work was confined to reconnaissa'nce
and pillar-building. Fifty-one secondary stations were prepared, and 6 tower stations, having
connection with the extension of the work, were thoroughly repaired. The side Ahmad Sindi
7. S. — Miani T. S. of the Great Indus Series was made the starting point of the triangu-
lation. From this base the series was run for a distance of about 30 miles towards the east,
whence it branched off into two arms one running towards Miinwiali and the other towards
Khushab. The portion to Mianwali traversed a distance of about 50 miles and the one to
Khushab about 45 miles. After the completion of these two portions, the work was conti-
nued S. W. towards Leial, and joined on to the base Muhammad Shah T.S. — Shahpur T.S.
of the Great Indus Series. The length of this extended portion is about 70 miles.

The work kept the detachment engaged till the 17th April 1917, when it closed field
work at Leiah and returned to Dehra Dan. The work was greatly hampered by sudden and
violent sand storms. .

The secondary stations arve built of pakka brick masonry, they are 3 feet 4 inches
square, and from 1} to 3 feet deep, only G inches being above the ground surface. Brick
slabs 9 inches square, and bearing the inseription G'g’" , which were specially made before
the detachments left Dehra Din, have been embedded in each of these pillars, one at the
bottom and the other at the top. The stations are about 7 miles apart on an average, and
as the tract 1s almost flat, it will be necessary next year to use sufficiently tall signals
while observations are being taken.

The area within the above reconnaissance is sandy, thinly populated, with scanty
supplies, gram being its chief product. Its climate is fairly good. It is almost treeless
except near the railway line in the 8. W, where wells are numerous. Portions of the tract
interspersed with groups of such wells are locally termed daggar. Owing to the abundance
of high trees near these wells, great difficulty was experienced in effecting a connection to the
tower stations, otherwise very little ray-clearing had to be vesorted to. The main transport is
by camels, but oceasionally donkeys and bullocks are available. The people generally are
willing and helpful. The water is brackish to a certain extent.

No. 19 Party was also employed on triangulation. Particulars will be found on p. 85.
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Kulamangalam Station, Madura Series, 1916-17.
Height of instrument 67 feet. Height of signal 100 feet.

TFrom a photograph taken by J.de Graaff Hunter, M.A.
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TIDAL OPERATIONS.
By Syep ZitLe Hasnaln.

During the year under report. the registra-
PRRSONNEL OF No. 16 PARTT. tion of the tides by self-registering tide-gauges waa
carried out at the portsof Aden, Karachi, Appollo
Bandar (Bombay), Prince’s Dock (Bombay), Madras,
Mr. Syed Aulad Hoseein, K. B., in charge till Kidderpore, Rangoon, Moulmein and Port Blair*.
o 8':; Ngﬁ:?::;,lg::' charge from 9th These operations were conducted under the direction
‘November 1916 to 10th September 1917, of this department, the immediate control of all the
Syed Zille Hasnain, in charge from 11th tidal observatories being entrusted to the local officers
September 1917. of the ports concerned.

Lower Subordinate Service. In addition to the above work, the predictiona
of the high and low water for the year 1916 at
Bhaunagar, Chittagong and Akyab were compared
against actual readings of the high and low water supplied by the Port Officers concerned.
These readings were taken during day-lizht on tide-poles throughout the year. The object
of the above comparisons was to see whether the predictions which were based on tidal
observations taken some years ago still maintained the required degree of accuracy.

Provincial Officers.

"

20 Computers, etc.

TIDAL OBSERVATIONS AT BASRAH.

An ordinary wooden tide-gauge was erected by the military authorities on the Shatt-
al-Arab river at Basrah in connection with their own requirements. During the year 1915
readings of high and low water taken on this gauge daily, were supplied to this department
by the General Staff, Basrah. The observations consisted of the heights of high and low
water only, the times at which they were observed were not recorded. It was also not known
whether the observations were taken during day-light only, or whether theyv were the highest
and the lowest readings for the 24 hours. The observations, as they stood, were not of any
practical use to this department. The matter was brought to the notice of the Chief of the
General Staff, Basrak and it was suggested that if hourly 1eadings of the tide-gauge were
taken day and night continuously, it might be possible to discover something of the law of
the tides at Basrah. This proposal was accepted and, in compliance therewith, hourly
readings of the tide-gauge were regularly supplied to this department by the Director of Inland
Water Transport, Basrah from the beginning of March 1916.

As soon as the readings for a whole year were available, they were reduced in the
office of 16 Party (Tidal) at Dehra Din by the method of harmonic analysis and the constants
thus deduced were used in the computation of data for a set of tide-tables for Basrah for
1917-18. These data were forwarded in April 1917 to the National Physical Laboratory
Teddington, England, where tidal predictions were made from them with the aid of the tide-
predicting machine lodged there. A set of the predictions were received from the Laboratory
-on 6th August 1917. With this material, tide-tables for Basrah from lst September 1917
to end of December 1918 were printed at the office of the Trigonometrical Survey, Dehra

Diin and a supply of the same was despatched to the Director, Inland Water Transport,
Basrah on 3rd Scptember 1917.

List or TiparL STaTIONS.

. The following is a complete list of the ports at which tidal observations have been
-carried out from the commencement of the tidal operations in 1874 up to the present time.

The permanent stations are shown in italics ; the others are ®hinor stations which were closed
-on the completion of the requisite registrations.

¥ Vide Index Map No, 14,
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List of Tidal Stations.

. L] a
= Automatio or Date of Date of ; e % !
ic] Stations. Personal |commencevienl closing o & > |REMARKS.
5 observations. | of observations.| of observations. EV' 2
L] Z ;‘é
[=]
1 | Suez ... | Automatie 1897 1903 7
2 | Perim . 1898 1902 5
3 | Aden ” 1879 Still Working | 38
4 | Maskat .. ” 1893 1898 5
5 | Bushire ... » 1892 1901 81
. 1868 1880 *13 * Small
G | Kardchi ... ” 1881 | Still Working | 87 J O0|tide-gauge
working. J
7 | Hanstal ... » 1874 1875 1 Tide tables
8 | Navanar .. » 1874 1875 1 pub’;;tiled,
1874 1875 1 Year
9 | Okha Point ’ Restarted 2 11904-05 is
1904k 1906 1 | excluded.
10 | Porbandar... ... | Personal 1893 1894 2
10A | Porbandar... ... | Automatic 1898 1902 2 Years
1898, 1899
&1902are
- excluded.
11 | Port Albert Vietor ... | Personal 1881 1882 1
(Kathiawar).
11A | Port Albert Victor Automatic 1900 1903 4
(Kathiawar).
12 | Bhaunagar » 1889 1894 5
13 | Bombay (Apollo Bandar) » 1878 Still Working | 39
14 Bombay (Prince’s Dock) " 1888 » 29
15 ' Marmagao (Goa) " 1881 1889 5
16 | Karwar ... » 1878 1883 5
17 | Beypore ... » 1878 1884: 6
18 | Cochin ... »” 1886 1892 6
19 | Tuticorin ... ” 1888 1893 5
20 | Minicoy ... » 1891 1896 5
21 Galle » 1884 1890 6
23 | Colombo . . 1884 1890 6
23 . Trincomalee ’ 1890 1896 6
24 | Pamban Pass ’ 1878 1882 4
25 | Negapatam » 1881 1888 5 ffl";;sliig
f excluded
1880 1890 10
26 ' Madras ... » Restarted Still 32
i 1895 Working | 22
27 Cocanada ... » 1586 1891 5
25 | Vizagapatam ’ 1879 1885 6
29 . False Point » 1881 1885 4
30  Dublat (Sagar Island)... ” 1881t 1886 5
31 | Diamond Harbour ” 1881 1886 5
39 | Kidderpore ” 1881 Still Working | 36
33 ' Chittagong ’ 1886 1891 5
34 | Akyab ... . 1887 1892 5
35 | Diamond Island e ’ 1895 1899 5
36 | Bassein (Burma) v 1902 1903 2
1880 1 1881} 5 Year
37 | Llephant Point ” Restarted - o,
‘ { 1886 | 1888 s
38 i Rangoon ... ” 1880 Still Working | 37
39 | Amherst ... ” 1880 1886 6
1880 1886 6
40 | Moulmein ... ’ Restarted 14
1909 Still Working | 8
41 | Mergui ... . 1889 1894 5
42 | Port Blatr ” 1880 Still Working | 37
1
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WORKING OF THE OBSERVATORIES.

The tidal observatories at Kidderpore, Rangoon, Moulmein, Port Blair and Madras were
“inspected by Mr. O. C. Ollenbach.

Mr. Syed Zille Hasnain inspected the Observatories at Ka.ré.ehi, Bombay (Apollo Bandm:),
Bombay (Prince’s Dock) and Aden. He also inspected the Kidderpore Observatory again
when he went there to transfer the tide-gauge to the new observatory.

The inspection of each observatory was carried out rigorously, special attention being
paid to the following points:—

(¢) Checking the working zero of the tide-gauge and comparison of the same
with the true zero.

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

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

(d) Thovonghly cleaning and overhanling all the instruments and putting them
in perfect working order.

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

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

7g) General examination of the observatory cabin with the object of getting any
repairs done, if necessary.

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

Aden.—The working of this observatory has been far from satisfactory during the year
under report. The tidal registrations were interrupted 25 times, for a few hours each time,
owing to the stoppage of the driving clock, chiefly during bad weather.

The observatory clerks have been changed no less than five times during the year and
on this account the work of the observatory has suffered a good deal. There have been frequent
delays in the despatch of the tidal diagrams and daily reports to she office of the Tidal Party
at Dehra Din.  On one oceasion no reports of any kind were received from the observatory
for nearly three months and the enquiries made from the Chief Engineer of the port elicited
no satisfactory explanation. WWhen the inspecting oflicer visited the observatory in the
middle of February 1917, he found all the tidal diagrams and reports from 16th November
1916 onwards lying there in an incomplete state. The matter was brought to the notice of
the Chief Engineer who promised to malke better arrangements for the working of the observatory
in future. Detailed instructions to the observatory clerk regarding the completion and
despateh of the reports and diagrams to Dehra Din were drawn up by the inspecting officer
in consultation with the Chief Ingineer. These documents have since been received with fair
regularity, but ervors and omissions have been found every now and again in the tidal diagrams,

the correction and completion of which have thrown a good deal of extra work on the office
of the Tidal Party.

Karach?.—The tidal registrations of this observatory have been frequently disturbed
during the past vear owing to the communication between the sea and the tide-gauge well
being wholly or partially blocked. These disturbances were very frequent between the beginning
of December 1916 and the end of February 1917, having occurred 35 times during this period.

The inspecting officer visited the observatory early in March 1917 and on Investigating
the cause of the above defect, he found that a great deal of mud had accumulated both outside
and inside of the well and this, combined with the small size of the inlet hole ( 4 inch in dia-
meter), was the main cause of the trouble. The mud outside the well had come up to within
an inch or two of the inlet hole, while inside the well it was more than G inches deep. The
matter was at once reported to the Chief Engineer of the port who had the well thoroughly
cleared of mud both from the inside and outside. The size of the inlet hole was increased
from 1 to § inch in diameter, Arrangements were also made to have the mud from outside
of the well removed by a diver every two months in future, so that a clearance of about 3 feet
between the bed of the sea and the level of the inlet hole may be constantly maintained. It
wag also arranged that the inlet hole should be examined and cleaned at least twice a week to

guard against anything temporarily sticking in it. The tide-gauge has worked satisfactorily
since the last inspection.
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Bombay (Apollo Bandar).—This observatory has worked very well and no break hag
oceurred in the registration of the tides during the past year.

Rombay (Prince’s Dock).—During the past year there has been a marked improvement
in the working of this observatory. The tidal registrations were stopped only twice, for a
few hours each time, owing to the recording pencil having stuck in its slide. The improve-
ment appears to be chiefly due to the care and attention paid to the tide-gange by the new
clerk who took charge of this observatory in October 1916.

Madras.—The tide-gauge at this observatory has worked well during the vear under
1'el)ort.. At the time of the inspection of the observatory it was found that water had got
into the float. Similar defects were found in this float on previous inspections. It was there-
fore rejected and a new float of the old pattern was put in its place. The inlet hole in the
cylinder was found to have been enlarged by action of the sea. It was reduced to its 61‘iginal
size.

Kidderpore.—The work at this observatory has been carried out very satisfactorily
during the past year. As mentioned in last year's report, the port authorities had decided to
abandon the old observatory and build a new one in deeper water. The new observatory was
expected to be ready in January 1917, but when the inspecting officer passed through Caleutta
on his return from Rangoon on the 20th of that month, the building had hardly been commen-
ced. The Deputy Conservator of the port reported in the middle of April 1917 that the
new observatory was ready and he proposed that the tide-gauge should be shifted to it as
soon as possible, owing {o the possibility of a collapse of the old observatory during the com-
ing freshets. Mr. Syed Zille Hasnain therefore went to Calcutta at once. He arrived there
on 21st April 1917 and found that the new observatory was practically ready, but the float
eylinder from the old observatory had to be removed and fixed in the new one before the tide-
gauge could be installed. This was done and the tidal vegistrations were started in the new
observatory on the afternoon of 24th April 1917,

The new observatory has been built about 30 feet N.E. of the old observatory, along-
side of the iron jetty, 21 feet away from the jetty and connected with it by means of a swing
gangway. It is larger and in every way much better than the old building.

The new graduated staff has been fixed on one of the iron piles of the jetty on the east
side of the observatory in such a position that it can be easily read from inside the cabin.

Rangoon.—The tide-gauge at this observatory has, as usual, worked very satisfactorily
during the past vear. At the time of the inspection the supporting piles on the south side
of the cabin were found to need attention and the chain on either side of the bridge required
to be lifted up. The Deputy Conservator of the port was requested to do the needful.

Mouimein.—There have been six minor interruptions of a few hours each in the tidal
registration at this observatory owing to the stoppage of the recording pencil. The tidal
diagrams of this observatory showed signs of carelessness on the part of the observatory clerk:
the curves were badly inked, the colouring was faulty and the general appearance of the
diagrams was untidy. The clerk was warned by the inspecting officer to be more careful in
the discharge of his duties in future.

Port Blair.—No breaks have occurred in the tidal registrations at this observatory
and all details of the work have been carefully and satisfactorily carried out.

CospuTaTioNs aAND REDUCTION OF OBSERVATIONS.

All the computations pertaining to the past vear’s work have been completed and there
are no arrears. The tidal observations at the nine working stations for the year 1916 have
been reduced by harmonic analysis. In addition, the readings taken at Basrah from March
1916 to March 1917, on a tide-gauge erected by the military authorities which were supplied
to this department have been similarly treated.

The tidal constants deduced from the above reductions are shown in the attached
tables.

These tables give the amplitudes (R ) and the epochs ( £) at the various stations; they
also give the values of H and K which are connected with R and £ through the various astro-
nomical quantities involved in the positions of the sun and the moon, in such a way that if
the tidal observations were consistent from year to year H and K would come out the same:
from each year’s reductions. I
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1916
—_ ADEN KARACHI BOMBAY (Apollo Bandar)
Q J—
’n <
g A,= 5904 Ay=T7-374 A=101345
/0 - |
= 2 ¢ | u | on ¢ H . K ¢ H .
Short o
Period ) ; ’ y 18; 90{0-097{181-90
4900 s7-49l0-1 -93]0-116|181-93{0-097/181- 900 :
R e R L T WS L L R
S, |0-004(295-41]0-004(295-41]0-005|344-06|0- 005|344 060+ 023|211+ 05/0- 023 211-05
. .005!217 - . -6010-008!289-60]0-006(145-24(0-006|145-24
g“ 8:88§ 353.22 8-88? iié-ﬂi 8-88? 233-22 0-001| 32-47/0-002|352-5710-002]352-57
M, [0-098[111-81[0-071| 23-36/0-098[129-21(0-072| 41-99]0-094/137.64/0-068 50-62
30 107 la- .4113-924]231-49)3-998|331-32
M, [1-525{182-51(1554(230-46{2-570(194-97|2-618/294-4]1]3 924231 -4 :
M, [0-020] 61-58}0-020(208-50[0#036(177-88|0-037|327-03[0-061|235-64(0-063] 25-39
M, |0-007(106-78|0-007|302-68]0-023131 48|0-024|330-35{0-095|114-98/0-098|314- 64
M, [0-007| 64-20(0-008|358-05]0-0421265-90/0-044(204-21]0-019/107-68|0-020| 47-18
M, {0-001{238-00{0-001}269-79]0-006 |234-21]0-007{271-95}0-009|311-26/0-010)350 - 59
O, |0-783]140-56{0-663| 38:-75{0-745|147-01{0° (72| 46-74|0-731|148:75/0-659| 48-90
K, [1-392]199-83111-304| 36-09]1-420 209-3011-330| 46-11[1-492]200-21{1-398] 4591
K, |0-198] 26-01{0-170{242-14]0-281|103-00;0- 244317020 453139140 38935312
P, ]0-404]218-14]0-404] 28-45]0-400]229-39 0-400] 39+75{0-412[230-73/0-412/411-12
J, ]0-147(255-48/0-133] G1-53J0-139]267-72]0-126| 72-91]0-157|269°45)0-143| 7441
Q, [0-191{108:19]0-172| 40-09]0.185|114-04{0-170| 48-28[0-186/118-82(0-168| 53-69
L, ]0-049(331-75]0-042|227-78[0- 084, 35-16[0-072{291-85]0-118, 43-36(0-100]30027
N, [0-412{ 94-8110-419{226-46/0-585|145°400-596]279-34]0-916|152-66|0- 934,317 -22
v, 0-049]135:76]0-050|296-08}0- 065|173+ 28|0-066 335 75]0.098(224-2110-100| 27-29
py (00069 6-4910-0721202-39[0-074] 66°79/0-077|265-66[0-212/106-16]0-220/305-83
Ty 10-049]202-40]0-049(204-21{0-017|261-19{0- 047|263 05[0- 063(327-71{0-063/329- 59
(MS), 0-003| 65-23)0-0031163-17]0-032(219-88|0-033]319-310+087|294-01|0-089 3384
(2SM),0-028/209-36(0-028{111-41[0-023|185-38{0-023| 85-95|0-035/198.75/0-036] 98-92
2N, 0-100] 36-92|0-102|202-28]0-127| 74-61]0-130{243-05]0-171]101-16{0-174(270- 44
(M,N),[0-012) 12-64/0-012(242-25[0-025|121-00(8- 026|354 38{0- 005 13-74{0-005 24812
(M,K;){0+034) 46-36(0-032|341-09|0-061[100-46|0-058| 36-61]0-044]168-43|0-042/104-96
(2M:K,),|0-012| 13-68/0-012| 12-80[0-013| 28-93(0-013| 31-08|0-045/ 79-30/0-044 82-26
Long
Period o o o . . o
Mm {0-028] 36-52/0-030| 2-81{0-015317-68(0-048(283-18]0+057|276-46/0-061|241 - 74
Mf ]0:055{248-0610-044] 9-63]0-038;214-430-030(334-39[0- 032|224 82(0-026 34435
MSE 10-024|267-06/0-024{169-11]0-061|286-37|0-062 |186-94]0-044(222.87/0-045!123 - 04
Sa  10-433| 65-92|0-433)345-61J0-157|195-22(0-157114-85]0-032(294-62/0- 032|214 - 24
Ssa 10-160/292°2110-160(131-60[0-1421349-16{0-142{188-43|0-161| 11-70[0-161/210-93
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19186.
_’§ BOMBAY (Prince’s Dock) MADRAS KIDDERPORE
B I
p A,= 8404 Ay= 2401 A,= 10804
=
B R ¢ ‘ H x R ¢ H x R ¢ H x
|
Short
Period o -] ] [ (] [}

S, |0-111]185-31/0-111|185-31|0-035| 81-32|0-035| 81:32|0-106|196-39]/0-106|196-39
S, |1-604| 4-82(1:604| 4-82]0-457{26712(0-457(267-12]1:591| 95-5311°591| 95-53
S, 0-024{208-870-024(208-87]0-003{145-18|0-003(145-18]0-095|110-86(0-095|110-86

S, |0:006{201-99/0:006;201-99|0-003|119-25(0-003(119:25]0-005| 22-01{0-005| 22.0)
S, 10-0021125-22i0-002|125-22|0-002| 93-58(0-002} 93-58|0-007|304-92|0-007 |304.- 92
M, |0:0951187-65{0-069, 50-63]0-016] 90-37|0:011] 3-60]0-041|225-60/0-030(139-10

M, +-010i231'4-9 1-086(331-32]1-081(137-30{1-102|237-6413-777(313-20(3-848| 54-08
M, 10:059:232:45|0-061 | 22-20]0-003{292-62{0-003| 83-13}0-037|120-18|0°038|271-50

M, |0 107139-410-111{339-07]0-007!342-70(0-007|183-38]0-721|186-89|0-749| 2865

M, |0:008222-6110-008!162-12]0-006,159-44|0°006}100:46]0-155| 9:06|0-163|311-70
M, |0-003" 45-00(0-003! 84-34]0-002(241-70|0-002(283-05}0-063|223-52|0-068|267-05
O, |0-734+.147:7610-662| 47-91]0-104| 65°56|0-094|326-23]0°-226)118-99{0-203| 20-24
i
!
K, 1'1«96:209'0() 1'»}025 45-70]0-3201139-29|0-299{335-97]0-436|R16-86|0-409| 53-52
K, |0-436 139-85])-374'353-86]0:133! 48:45|0-114/262-39]0-522|233-19/0-448| 87-08
P, §0:408,230:25(0-408! 40:63]0-097!166-24/0:097(336-64]0-142|R34-34|0-142| 44-77
4 ,

1 !
! |

T10150269-520- 141 74-48]0-022[170-45(0:020(335-12|0- 017 |245:42|0-015| 49-77
(3, [0-159 113-421)-170" 53-20J0-00%|231-55|0-004]167-22}0-030| 58-36|0-027|354- 88
23|0-016{239-37]0-1901166-69(0-163| 6408

L, Jo-1k1¢ -LT'OMO'I‘J\’)iBOS'S)S 0-019|342-:

N, 10015 183-5511:932,318-10J0-236] 98-77({0-210(234-10]0°649{269-63|0-662| 45-80

v f0-005 225-311)-10) 31-43J0-0221125-100-022 288-93]0 - 138|221-56]0-141| 2618
. 0221 111-91)-220 311-61)0 03333655 (0° 085|177 23}0-295 {337 33{0-306/179-10

~

i
T, 0033 311-85 :035 343-74[0-026 212-13]0-026|214-03]0-036{132-40 0-036(134-33
(M), |0-122 333:23:0-124 43:06]0-004+:133-88:0-004!234-22]0-679|328-34 0692 69-26
{23\ o035 203:70,)-9545:103- 86 ):013:308-45{0-0131208" 12 0-072| 73:64|0-073(332-76
4 i ?

AN, [0-176 96-2610-139,265-53]0-030] 50-31(0-051{220-63]0-234215-60/0-238| 2704
AN J0-01E 170419 0-015; 44:58[0-001] 95-19{0-001 |330-86{0- 281|141 -38|0-292| 18-43
(MK, [0-057 178:78 0-064 115:32{0-016| 51-16{0-015|318-18/0-102|107-26|0-098) 4480

(2K, |0-058: 89:70:0-056| 92:66]0-003|289-18|0-002|293-17{0-037|336-18 0-036(341-28

L)l_]-_t | i
Perinl o ! a o o ° °

Min 0060 QSL'ORIO-()G# 230-21{0-032 (30203 [0- 034|267 -04]0-377] 31-19|0-403{355-91
Mt O'Ol‘v0i2l-}'-l-210'01-8| 3.91]0-045[240-33]0-036 |359-31]0 300/259-05|0-240| 17-45

MSF

(=1

05+ 214-47,0-055 )14-63]0-021 [295-72|0-021 {195 38|0-907| 14628 |0-924 45-40

I 1
‘112 333-91/0-112/253-53]0-404 27132 |0 404 (190-92[2 - 78221100 | 2782 | 16057

-1921356-75
|

Sa

S ©

Ssa

0-192/195-99 0'354'280-01- 0-354{119-23]0-963!165-4510-963| 560
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1916
= RANGOON MOULMEIN PORT BLAIR
S -
g A,= 10294 A,= 8232 A,= 4-895
Q
E R ¢ H K R ¢ H . R ¢ H ‘ "
Short
Period o ) o o [ o
s, |0-111]135-980-111|135-98[0-097|139-21/0-007)139-2110 032) 98-61) 0032 98-61
S, |2-187/166+16]2-187|166-161-545|144-15/1-545144-15[0-973|314-46)0-973|314-46
s, 0-084(263-41[0-084263-41[0-067|221-80/0-067|221°80/0-001143-13|0-001 14313
s, |0-015| 29-51/0-015 29-51}0-007|197-61]0-007 197 -61{0-002352 880~ 002 35288
s. [0-001|345-96{0-001 |345:96]0-004|157 -89 0004157 -89[0-004| 77-1810-004| 77-13
M, 0-039]249-30[0- 028163 06{0- 037|227 +10|0-027|140-90f0- 014/ 65-39|0-011 339-03
M, |5-820| 27-7415-929|120-16]4-257| 7-394-337|108-901-9701178-89|2-007:280-07
M, 0-015| 96-78/0-015]248-90]0-026(104-15/0-026|256-42]0-007|212+35/0-008 4-12
M, [0-475(319-49(0-493{162-32]0- 948|317+ 270-984/160-29]0-008|270-80)0-008/113-16
M, [0-248]144+87]0-262| 89-11[0-050/225-98,0-053|170-52[0-002| 92-60|0-003| 36-15
M, |0-077 54-58 0-082:100-2310-050| 46:28/0-054 92-33]0-002|327-53/0-002| 12-26
0, [o-327]122-12 0-2951 23-92{0-2791138-5G!0-251| 40-46{0-172| 42-63{0-155(304-19
K, [0°725]196-4910-679] 33-13[0-498199:79 0466, 3642|0-427|130-17|0-400|326 - 52
K, [0-720311-05[0-618(164-93]0-466290-19 0-400|1+k-04]0-202) 95-56/0-251 309 41
P, 0-1621245-3010-162! 55-74]0-131(245°59/0-131] 56-04]0-140({150-71/0-140;321-15
I 0-068,267-64|0-062] 71:69]0-042:278-81:0-038| 82-80J0-040,158 9% 0'036;323'13
Q, [0°035] 80-46/0-032] 17-52]0-040{111-14{0-036| 48-66[0-021309-21|0-0191246-21
L, [0-289251-51/0-247/149-15]0- 245 234-70/0-209|132-38]0-062| 1050|0053 265-03
] |
N, 0-973‘339-42\0-991@16-4-] 0:6921320-05/0-705| 97-18|0-383|139-88 0'390\;276'50
v, [0-148 313-45,0-1511118-85J0-119/284-7110-121] 90-25)0-033/173 040034133870
iy 0-541 89-36|0-561[292-19{0-408} G6-19{0-424{269-22]0-086| 95-04|0-090{297 -41
’1‘2 0-165/109-95 0-168[1]1'89 0-132| 99-72(0-132(101-67]0-056{271-25{0-056{27319
(;\gb), 0'44}9 105-75|0-4471207-17]0-77Y 98-4210-793|199- 930 -007| 63:02]/0-007|164-20
(2SM),[0-158:152-27|0-162; 50-86[0-151]124-04/0-154| 22-53]0-021|239-23]0-021]1385° 04
2N, 0-360‘303-54‘ 0:367;11G-09]0-263(276-07{0-2068| 88:82]0:080| 69-65/0-081|2.41-75
(MQN)_i 0-183(281-58{0-189(159-98]0-362|267-61{0-376[146°2610-004123-69{0004 ) 1;‘:6
(M,K,),]0-089|145-500-085 83-56]0-160152-41/0-152| 90-56]0-023| 79-29{0-022| 17-12
(WK, o-ml 43:7710-125) 49-96]0-129] 43-51|0-125| 49-90]0-012]201-2810- 012|206 99
Long
Period o
=] ] o [*] o
Mm [0-182) 56:79/0-141| 21-22|0-453| 45-8910-485| 10-27|0-020| 26-49]0-021(351 04
Mf ]0-101|291-16|0-081| 48-98|0-331|285-57|0-264| 43-28)0-076/248-31/0-061| 6-38
MSt 10-470147-80/0-479| 46-39]1-209|144-20|1-232| 42-690-010| 77-72|0-010|336- 54
Sa  ]1:2231232-58(1-223 152'1{! 2:045{228-45(2-045|148-00]0-244(239-91|0- 24415947
Ssa 10-158/204-91/0-158| 44-02 0-37% 112°40{0-372{311-600-096(311-74|0-096| 150" 87
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The following data were prepared and supplied to the Director, National Physical
Laboratory, Teddington, England during the year under report :—

(a)

for use for the tide-predicting machine.

Values of the tidal constants for 40 ports for the tide-tables for 1920, ready

Values of the tidal constants for the tide-tables for Basrah from 1st Septem-
ber 1917 to 31st December 1918.

Actnal values of high and low water during 1915 at 12 stations. These

include nine stations at which regular tidal observations by self-registering
tide-gauges were carried out and three stations at which high and low water
readings were taken during day-light on tide-poles.

()

Comparison of the above with predicted values for 1915, the errors being

tabulated in such a form as to be of use in improving the predietions, if
possible.

Errors 1N PrEDICTIONS.

The predicted times and heights of high and low water for the year 1916, as given in
the tide-tables, have been compared against the actual values obtained from tidal observations
at the nine stations now working and at three other stations where tidal registrations by self-
registering tide-gauges have ceased but where the times and heights of high and low water are
still read on the tide-poles.

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

appended.

No. 1.

Percentages and amounts of the errors in the predicted times of high water

at the various tidal stations for the year 1916.

. Nuwbher of
Automatic |comparisons| Errors of Errora over | Errors over | Errora over
STATIONS. .or between 5 minuntes 5 minutes | I5 minutes | 20 minutes [ Errors over
hde-po_le actunl and | and under, | and under and under and under | 30 minutes.
observations.,| predicted 15 minutes. | 20 minutes. | 30 minutes. ’
values,
Percent | I'ercent | Percent | Per cent Per cent
Aden Aulo. 667 32 46 11 8 3
Karachi " 696 30 43 12 10 5
Bhaunagar T.r, ac6 67 33 0 o 0
(Apollo Bandnr Auto. 705
Bombay { ) 705 48 42 B 4 1
(Prince’s Dock) " 697 40 41 9 8 2
Madras . " 707 33 45 11 9 2
Kidderpore " 707 30 42 12 10 6
Chittagong T.P. 366 35 45 9 6 5
Akyab “ 365 94 4 1 1 0
Rangoon Auto. 708 56 30 [ 4 4
Moulmein " 706 42 42 9 [ 2
Port Blair ' 707 406 42 8 4 o]
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Percentages and amounts of the errors in the predicted times of low water

at the various tidal stations for the year 1916.

Number of
Automatic |comparisons| Errors of | Errors over | Errors over | Errors over
s or between 5 minutes 5 minutes 15 minutes | 20 minutes | Errors over
83TaTroNs. tide-pole actual ant | and under. | wud vnder | and under | and under | 30 minutes.
observations.| predictea 16 minutes. | 20 minutes. | 30 minutes.
values.
Per cenv | Per cent | Per cent | Per cent | Per cent

Aden Auto, 660 33 44 1l ) 4
Karield » 707 35 37 10 13 5
Bhannagar T.P. 306 70 30 0 0 0

(Apollo Bandar) Auto. 706 41 48 6 4 1
Bombny

(Prince’s Dock)} " G696 35 42 11 9 3
Madrus N " Y07 42 45 7 4 2
Kidderpore “e ' 77 30 40 11 11 8
Chittagong T.P. 306 33 40 9 12 6
Aksab 1 366 96 2 1 1 0
Ranvoon . Auto. 707 29 41 10 12 3
Moulmein O 706 23 42 13 1l 11
Purt Blair »” 700 50 41 4 3 2

No. 3.

Percentages and amounts of the errors in the predicted heights of high water

at the various tidal stations for the year 1916.

' I

1 Nwmher of

! Automatic | comparisons | Mean runge Errors of Errors over | Errors over

s ¥s i or hetween at sprinze 4 inches 4 inches 8 inches Errors over
TATIONS. | tide-pale netual and in feet. and under. [ aund nnder and under 12 inches.
.observations.! predicted 8 inches. 12 inches,
1‘ values.
Per cent Per cent | "Per cent | Per cent
Aden Auto, ir) 6.7 92 8 0 0
Kurachi o 696 93 b5 40 b 0
Bhanpaga- T. P 366 314 67 30 3 0
(Apollo Bandar) Auto. 705 13°9 71 25 4 Y
Bombhiay
(Prince’s Dock) 697 13-9 56 33 9 2

Madras 707 35 74 24 2 Y
Kidderpore \ 707 117 47 25 11 17
Chittagong T. F. 366 13-3 48 26 10 16
Akyab " 365 8-3 83 15 1 1
Rar goon Anto. 708 16-4 52 30 12 6
Moulmein " 706 12°7 38 26 17 19
Port Blair 707 66 87 13 0 Y
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Percentages and amounts of the errors in the predicted Leights of low water
. at the various tidal stations for the year 1916,

Number of v
' Automatic | compurisons | Monn runge || Errors of | Eirels 000 | N ehes | Brrors over
STATIONS. tide-pole petual nnd in feet. and under. | and under | and under | 12 inches.
obpervutions, pl;zt}.lig:d 8 inches. 12 inches.

Per cent | Per cent | Per cent | Percent
Aden Auto 660 67 92 8 0 0
Karichi " 707 9-3 79 19 2 0
Bhaunagar e T, P. 366 314 65 30 b 0
(Apollo Bandar)|  Auto 706 13-9 64 31 5 0
Bombay g(Prince's Dock) " 696 13-9 60 3l 8 1
Madras » 707 35 01 9 0 0
Kidderpore s 707 117 4 G_ 24 14 ‘ 16
Chittagong T, P. 366 133 30 28 18 24
Akyab " 366 8-3 S2 16 2 0
Rangoon Auto 707 16-4 32 27 22 19
Moulmein " 706 12-7 36 21 13 30
Port Blair " 706 66 93 7 0 0

No. 5.

Table of average errors in the predicted times and heights of high and
low water at the several tidal stations for the near 1916.

Avorage Errors
Autamaticor | M rowee |~ et .
obsersutions. in feet. in mites. "tlhtc“:l::gocf in n‘x(;llil:

Open Coast. MW, [ Low LW, L. W. H. W, L. W,

Aden Aulo. 67 11 11 0025 0:025 2 2
Knrichi .., e " 9-3 12 12 -0306 1027 4 3
Bhaunagar T.pP. 34 5 5 *011 011 4 4
Bomag { (Apollo Bandar) Auto. 13-9 l 7 8 -018 024 3 4
1 (Prince’s Doch) , 13:9 9 10 F02 4 C24 4 4

Mudras " 3-5 10 9 ‘071 048 3 2
Akynb T.r. 83 1 1 - 030 C30 } 3
Port Blair.., Auto. . 66 8 7 1038 025 3 2
Goneral Meun 8 8 -032 027 3 3

Riverain.

Kiddevpore Auto. 117 12 13 +050 050 7 7
Chitingong T.P. 133 10 12 <044 069 7 11
Rangoon .., Auto. 16-4 8 13 025 041 5 8
Moulmein... ) 12 7 9 15 +046 072 7 11
General Mean 10 13 041 058 7 g
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Summary for 1916.

PEBCENTAGE OF PREDICTIONS, AT HIGH AND LOW WATEB WITHIN
Number of stations, P"djcﬁg;' tested 15 minutea of actuals, 8 inches of ectuals, one-tenth of mean range
7_‘l;~{ixh. Low, High. Lew. High. Low.
6 Open coast 8.R. Tide-gange 81 82 96 97 06 99
2 " Tide-pole 99 99 98 97 100 100
3 Riverain 8.R. Tide-gaunge 81 68 73 62 93 87
1 " Tide-pole 80 73 74 58 92 82

CoMPARISONS OF THE PREDICTIONS FOR THE YEAR 1916 WITH THOSE FOR THE
PREVIOUS YEAR.

The predictions of the heights of high and low water for the year 1916 were practi-
cally of the same degree of accuracy as those for the previous year for all the nine working
stations. The predictions of times for 1916 were worse for Aden and Madras and better
for Karichi, Bombay (Apollo Bandar), Moulmein and Port Blair than the predictions for
1915.

The greatest differences between the actual and predicted heights of low water for 1916
at the riverain ports were as follows :—

Kidderpore ... -k feet 1 inch on 6th October 1916, actuals being higher.
Rangoon ... 2 feet 3 inches on $rd September 1916, actuals being lower.
Moulmein ... 3 feet 8 inches on 28th July 1916, actuals being lower.

Tipe-TaBLEs.

The tide-tables for the vear 1918 were despatched from England in two consignments
on 23th June and 25th July 1917. The first lot arrived at Dehra Dian on the 19th of Sep-
tember. No intimation of the arrival of the second consignment at Karichi had been received
up to 30th September. They will be distributed to the various oflicers concerned as soon as
the whole supply is received. 'The tide-tables for Basrah from 1lst September 1917 to 31st
December 19418 were printed at the office of the Trigonometrical Survey at Dehra Din and a
supply of the same was despatehed to the Director, Inland Water Transport, Basrah on 3rd
September 1917,

The amonnt realized on the sale of tide-tables during the year ending 30th September
1917 was Rs. 1, 179-3.

ProcravME ror season 1917-18.

Tidal observations during the coming yvear will be continued at the 9 observatories
now working.
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Veol. XI1.]
LEVELLING
By H. G. Snaw.
Four detachments were employed on levelling
PERsONNEL of No. 17 PARTY. operations during the past field season (vide Index
Provincial Officers. Map No. 14), The out-turn amounted to 540 miles
A H. G. 8haw incharge. Retired: in temporary ©F “fore and back double levte]ling' of precision” in
employ from 21st February 1917, Bengal, and in Bibar and Orissa, in course of which
» D. H. Lura. the heights of 4 principal stations of triangulation,
» R.B. Mathur, B. 4. 9 primary and 627 secondary bench-marks swere
,» G.A. Norman. Lo X v,
Abdul Karim, B. A, determined. Full details of this out-turn of work
., F.J. Grice. are given in Table I attached.
» N.N.Chuckerbutty, L. O. E. The health of the detachments was on the
Upper Subordinate Service. whole not good during the field season, as there were

nuinerous cases of malaria and dysentery. One

Mr. Satish Chandra Mukerji. i
khalasi died of eolie.

Lower Subordinate Service. B
The country through which the lines of levels

4 Computers, X . i A
were carried was varied in nature, flat in Bengal,

7 Recorders. .
1 Clerk. and undulating and hilly in Bihar and Orissa.

Levelling operations.—The work was divided among the four detachments as follows;

each detachment consisted of one levelling officer, 2 recorders and 19 menials:—
Nos. 1 (A) axp 1 (B) DETACHMENTS.

M. Chuckerbutty was in charge of No. 1 (A) and Mr. Mukerji of No. 1 (B) detach-
ment. These two detachments working in opposite directions levelled («) from Aurangabad
via Daltongan] to Ranchi along the main roads, and (&) from Barhi vie Hazaribagh to Ranchi
along the P. W. D. road. These are new lines of levels and complete the cirenit Aurangabad-
Ranchi-Barhi-Aurangabad, the closing error being —0-089 of a foot in a distance of 321
miles as shown below:—

Circuit A.
LINES, ;
18 Distance in d Un'nd]unted
miles. ynamic difference YEar.
From To of height in feet.
Embedded B. M. Standard B. M. 163-8 4-1779-307 1916-17
at Aurangabad. at Ranehi.
Standard B. M. Embedded B. M. 83-8 — 920-191 1916-17
at Ranchi. near Barhi.
Embedded B. M. Embedded B. M. 73-1 — §59-203 1914-15
near Barhi. at Aurangabad.
Torar ... 3207 - 0-089

Nos. 2 AND 3 DETACHMENTS.

Mr. Luxa was .in charge of No. 2 and Mr. Norman of No. 3 detachment. These two
detachments worked in opposite directions. Levelled (a) from Barakar to Burdwan alone
5

the Grand Trunk Road, and (8) from Ranchi via Purilia to Barakar along the main road
These are new lines. ) .

Revised from Champdani to Burdwan along the G ; is li
criginally 1evellad o LoamD ng the Grand Trunk Road. This line was

The line Rimciﬂ via Purilia to Barakar clos ircui anchi
~Th ses the circuit Ranchi-Barakar-Barhi-
Ranchi with an error of —0-989 of a foot in a distance of 312 miles as shown below:— i
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Circuit B.
Lines. Unadjusted
Distance dynamic
in miles, diﬁergnce Year.
From To Dsnhlef::‘t
Standard B.M., Embedded B.M. 1225 —1774-060 1916-17
at Ranechi. at Barakar.
Embedded B.M. Embedded B.M. 106-0. + 852-880 1914-15
at Barakar. near Barhi.
Embedded B.M. Standard B.M. 838 + 920-191 1916-17
near Barhi. at Ranchi.
Total 3123 —  0-989

The difference between the published dynamic heights of the Standard bench-mark at
Benares, B.;:I—k%, and Barbani T.S., B—;;%l'-g—'i, and also that between Howrah Botanical Gardens,
B‘:g';“, and Nial T.S,, B,':T, agree with the unadjusted differences of the dynamic heights
obtained by the new levelling; but there is a discrepancy of —1:619 feet between Barhani
T.S. and Nial T.S. vie Aurangabad, Barhi and Barakar, a distance of 363 miles, (vide
diagram). This large diserepancy is difficult to explain as all the precautions, necessary to
guard against ervors in levelling of precision, were taken when these lines were levelled;
moreover the difference between the two levellers from Barhani T.S. to Nial T.S. amounts to
0-180 of a foot, which is very small in comparison with the large diserepancy mentioned
above.

The portions from Karamnasi (the point from which the branch-line to Barhini 1. 8.
emanated in 1914-15) to Aurangabad, a distance of 73 miles, and from Barikar to Nial T. S,,
a distance of 106 miles, cannot at present be discussed because they do not form part of the
Cireuits A and B; and if there be any diserepancy in either of these portions it will be
disclosed on the revision of one or both.

Again the discrepaney between Barhant T.S. and Nial T. 8. wia Aurangabad, Ranchi
and Barikar is —2-0697 feet in a distance of 470 miles, i.e., a further increase of —1:078 feet.

Since Circuit A closes well, it may be taken for granted that the lines forming it, of
which Aurangibad to Ranchi is one, are probably above suspicion; also there being an error
of —10:989 of a foot in Circuit B, the evidence is strong that the line Raunehi to Barikar,
which forms part of Cirenit B, is probably burdened with a large ervor. The revision of
this line will elear all donbts on this portion.

GexNERAL NOTES.

Standard Sfeel Tapes.—During the past field season standard steel tapes were intro-
duced and used for determining week by week, the changes in the lengths of the staves
These tapes were compared at a tension of 10 Ibs. with a Base Line Standard Bar, and the
length of theit edges A and B determined, at the Head Quarters of the Trigonometrical
Sarver. Delin Dan.  All these tapes are of the same pattern, so that the following deserip-
tion of Tape No. 2 will apply to all :—

Field Standard Tape No. 2 consists of a }-inch wide Chesterman steel band, and is
10 feet 3% inches in length. The zero and 10-foot points-are marked by fine lines having the
fizures 0 and 10 engraved at their centres, a finely graduated scale, each division being 0:002
of a foot, is engraved at both edaes of the tape for a distauce of 0-3 of an inch on either side
of the 0 and 10-foot lines. The intermediate feet are shown by fine lines, but without
numbers.

The tape is wound round a metal reel and packed in a wooden box to proteet it from
injury in transit. The number on the tape is engraved on it and the two edges are marked
A and B.  These tapes were manufactured in the M.I.O., Calcutta.

The tape when used for the comparison of a staff is unwound, stretched along the
centre of the graduated face of the staff, and fixed at the zero end by means of a screw which
fits into the brase shoe of the staff : a wire attached to the 10-foot end of the tape is stretched
over a pulley by means of a 10 Ibs. weight suspended from it.
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Hitherto Field Standard Steel Bars were used, but have now been discontinued as the
tapes are far more convenient to carry about.

A description of one of the Standard Bars, which will practically answer for all others,
is given below for future reference in case they are used again.

Field Standard Bar No. - is made of steel and is 10 feet 1 inch in length, 14 inches in
width, and %th inch in thickness. It is bevelled at the two edges for the first foot at both
ends. The 10-foot length is marked by dots on silver let into the bar at each end. Through
these dots crosses or zero lines are cut to the extreme edges of the bar: the ends of these lines
are marked by arrows. A finely graduated scale, of which each division is 0-002 of a foot, is
engraved at both edges of the bar for about half an inch on either side of the zero lines. A
detachable slow-motion screw is provided with the bar to facilitate the zero lines on the bar
being made to coincide with the zero line on a levelling staff when compared with the bar in
the field. The bar is usually carried on a wooden support, rectangular in section, aund is held
on it by means of screws passing through holes made in the bar at a distance of 1 foot apart.
These holes are a little too large for the serews, so that the bar is just held on the wooden
support withont being strained. The bar with the wooden support is packed in a wooden box,
which is well padded and lined with cloth, to protect it from injury in transit.

The number of the bar is engraved on it and the two edges are marked A and B.

Identity of bench-marks.—On vevisionary levelling, in order to decide when a difference
between two values of the height of a bench-mark should be looked on as real and when as a
mere error of observation, the following formula will serve as a useful guide. Let
2= /1604 + y")M + (0- 003)°M?, where y is the probable accidental error per mile in the old

levelling, »* is the probable accidental error per mile in the revision, and M the distance in
miles from the last undisturbed conmon point.

If the difference between the heights as oltained in the old and new works exceeds r,
the bench-marks should be considered to have been disturbed and new values assicned to them,
otherwise the difference may be ascribed to ervor of observation and the old values retained.

’ A detachment working under the Officer in charge No. 17 Party (Levelling) went to
the Smd-.Sagar Doab for reconnaissance work and building of secondary triangulation stations.
Full details of the work done are given under the heading “Triangulation” in this volume.
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LEVELLING.

TABLE II—CHuEcK-LEVELLING.

Discrepancies between the old and new keights of bench-marks.

63

{
2 ( ow (=) | i en
Bovenuis ov s onetnts wetie, R SRS | e |
— | +denqtcs that
Distance [ g:a:":;?:ntd'a:a
st Original Check Jeveling, | 3914.17 than
Number, | DeEree Description, hench. | eeliing. Date. 1916.17. | when origimally
|
Miles. Feet, Feet, E Feet.
Check-Levelling at Aurangabid. .
106* | 72 D | Embedded, Aurangibad 00 0-000 | 1914-15 0'900 0+000
107* Bridge No. 211 v | 07| 416409 ” +16:373 | — 0°036
” i 9 11 + 14-087 , +14°101 | + 0°014
108% | , Mile-stone No. 320 , ‘10 ;0
105%] Tree 06| — 1940 " 1:967 | — O‘O..7
Check-Levelling at Barki.

176* | 72 H | Embedded, Barhi 00 0-000 | 1914-15 0 ~090 ' 0°000
2/176* | ,, | Barakur bridge 07| + 8835 " + 8-830 ) ~ 0°005
1/176% | ,, | Rock in situ 09 - 7608 » - ?'9‘16 | — 0°008

177*| ,, | Mile-stone No. 249 1'5) + 45754 " + 45°768 | + 0'01:1-

178%| Subdivisional office 31| + 69-523 " + 69546 I + 0°023

179*%| |, { Inspection bungalow 36! + 87391 ” + 87-404 | + 0°013
Check- Levelling at Champdand.
32t { 79 B | Embedded, Chimpdani ... | 00 0000 | 1913-14 ‘ 0-000 } 0000
34t | , | Bridge No.15BB. ...| 01| — 2462 o | — 2469 | — 0007 |
35t| ,, | Tree 002 4+ 2:057 " + 2047 | — 0-010
36+| , |BridgeNo.13BB. ..| 03| + 2830 » l + 2-821L | — 0-009
Okeck=Levelling at Burdwan.
11 |73 M| Standard bench-mark,
Burdwan ..| 00 0-000 | 1909-10 07000 0000
Gt “ Pillar Lo 0d| + 20513 " + 2:543 | + 0-030
141 | 79 A | Wheel-guard stone o (1581 — 33522 " — 33562 | — 0-040
158 » Memari Railway Station | 16-4 | — 26962 " — 26978 | — 0-016

163 " Mile-stone v | 1874 | — 34°186 " — 34194 | — 0-028

18 | , | Bridge e | 22:0| —41-300 " — 41°385 | — 0°035

198 (| Tank e | 22°6] — 43-292 " — 43356 | — 0°064

PAR “ Well e |25°7 1 — 47765 " — 47°792 1 — 0-027

1} |73 M| Temple el 570 + 14684 ’ + 14733 | + 0°054
Check-Levelling at Barikar.

270* | 731 | Embedded, Barakar 00 0-000 | 1914-15 0000 0000

269* | ,, | Bridge over Barakar river| 01| + 3-033 " + 3022 | — 0-011

268* h) " " ” 1 06 + 7547 " + 7°558 + 0011

267% |, | Rock 1-8| + 30378 , +30°384 | + 0-006

271*| | Stone pillar 0°0| + 5:998 » + 6017 | + 0-019

272% | Zinc plate 00| + 2-963 . + 2°971| 4+ 0°-008

274* ), | Rock 1:0] + 42°762 " + 42801 | + 0°039

275% | Pillar 1-2] 4+ 12-827 " +12:857 | + 0°030

* Temporary line form numbers, not published, of Line 70 A (Benares-Barakar).

1

" " ” »

" " " »

of revision (Howrah-Chimpdani).
in connection of Burdwin Standerd bench-mark,
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TABLE _III.—REVISION LEVELLING.

Discrepancies belween the old and new heights of bench-marks.

BENCH-MARES OF THE ORIGINAL LEVFLLING THAT WERE DIFFERENCE OF ORTBONETRIC HEIGITS, ABOVE (+) (Ralzi’gzﬁeff)"ﬂ_
CONNECTED DURING THR REVISIONANY OPERATIONS.  (Digtnncel Ol RELOW (—~) TIE STARTING BENCH-MARK, ginul). The sign+
from denotes that the
ey o, TS

Number.| DogTee Deacription. mork. | From published I:::'tie'?asxl Fm;‘;l?‘l,;s‘on' —lessin lglgl};‘
sheut. hoights. lovelling. (unadjusted). | than when ori.

ginnlly levelled,

Miles Feot. Foet. Feet.
Revision of part of line No. 75 B ( Howrak-Nadia).
1881-82
264 | 79 B | Botanical gardens o { 00 0-000 & 0000 0°000
| . 1882.83 '

337 " Platform .. 125°1] +11-651 | 1887-88 | + 11-708 + 0-057
34+ | ,, | Embedded, Chinsura 31°1| +12:399 " +12-431 + 0°032
342 |, Step .1 3L°3| +13:767 " + 13°740 — 0027
346 " Plinth .. 1824 413611 " + 13-452 — 0 159%
347 | ., | Plinth .| 82°G| + 15-877 " + 15931 + 0034
48, Step .. | 929 +18°805 ” + 18:820 + 0015
352 . Fmbedded, Tribeni .. {408 +11-721 " + 11-869 + 0-148
351 " Step .| 2100 + 22-837 " + 22°910 + 0073
350 1, | Tablet (stone) vo | 42°4| + 17582 v + 17-676 + 0-094
3t 79 A | Nial 1. 8. (ground mark)|56-5| + 22197 | 1862-63 | + 22-375 + 0178

® Worn out, inscription newly cut
+ This bench-murk is in line No. 74.
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Vol. XIL]
MAGNETIC SURVEY.
By E. C. J. Bonp.
Persowner of No, 18 PARTY. The present report on the work of the magnetic
Provineial Qfficers. party in 1916-17 comprises:— |
Mr. E.C,J. Bond, in charge. L—An account of the work during the field
. g. : ll::iuidﬁ; and recess seasons.

w NI : .

T B, Mathur, 8. 4. 1I.—A note on each of the observatories™.
e S o 1II.—Tables of the mean values of the mag-

st Octobe —lables the )
w ﬁ)lﬁx Dre, B - stinched from st Deieber netic elements, dates of magnetic distur-
B. B. Shome. bances and hourly means and diurnal
Lower Subordinate Service. inequality of the magnetic elements at

2 Magnetic observers.
12 Computers, etc.

observatories in 1916.

I.—WoORK DURING THE FIELD AND RECESS SEASONS.

1. Work during the field season.—The observatories at Dehra Din and Toungoo
were inspected by the officer in charge during two months of the field season and a complete
set of observations were taken at each for the comparison of instruments.

The Alibag and Kodaikinal observatories, under the Meteorological Department, were
also visited for the same purpose.

No field work was nndertaken during the year. When observations are taken again at
the repeat stations in the ficld season of 1919-20 for determining the secu]a'r clmn:g;e for the
period 1915 to 1920, the magnetic elements and the isomagnetic charts which will l.)e pub-
lished shortly for the epoch 1909 will be rvevised for 1920. The revision will be particularly
needed in the case of the Declination which is given in all the published maps of the Survey
of India.

The staft of the party was chicfly cmploved on the reduction of the final results of the
magnetic elements at ficld stations to the selected epoch, 1st January 1909.

The officer in charge, in addition to his duties in the magnetic party held charge of
No. 19 Party which he visited in the field when it was emploved on triangulation in Delhi and
its vieinity.

2. IWork during the recess.—The computation of the comparative observations taken
at the observatories, and the computation aud tabulation of the Declination, Dip, Horizontal
TForee and Vertical Foree for the three observatories (Dehra Din, Toungoo and Kodaikanal)
for 1916 have been completed. The mean values of these elements for the yvear 1916 derived
from measurement of traces of all available days, excluding those of great disturbance, ave
given in the table at the end of the report.

The reduetion of the magnetie elements to the selected epoch, at the 7. repeat stations in
India and Burma and the 1351 field stations in India, Burma and Ceylon will very shortly be
completed.  The Declination and Horizontal Force data are ready for publication but as the
reduction of the Dip is very near completion it is considered desirable to publish it with the
other two clements and also to include the reetangular components of the force so that the
publication may form a complete record of the results of the magnetic survey of Indin from
1901 o 1915, With the published values of thesc elements will be given the average annual
change of cach element at the field and repeat stations for cach of the two periods 1901 to
19090 and 1909 -0 to 1911, There will also be issued the monthly mean values of the elements at
the observatories and a sct of isomagnetic charts, as well as a set of charts showing graphically the
monthly mean values and annual change of each element at the observatories from 1901 to
19090 and 19090 to 1914, i. e., the average annnal change will he given separately for each
of the periods preceding and following the beginning of January 1904, the selected epoch of
the survey, which is the date nearest to the point where an appreciable change is indicated in the
curve of secular variation: the sections of the curve, appertaining respectively to the two

periods 1901 to 19090 and 19090 to 1014, are approximately straight lines, representing
an almost uniform change. :

® Vide Index Map No, 16,
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The 50 field stations, selected in 1910 as repeat stations and permanently marked in
1915, have now been numbered in Roman numerals on the magnetic chart in this report, in
continuation of the nnmbers of the former 23 repeat stations.

The thin phosphor-bronze ribbon which was used formerly for the suspension in the
Declination magnetograph and the galvanometer are not procurable now and fine tungsten
wires, +03 and ‘015 millimetres in thickness, were recommended by the Director General of
Stores as substitutes. Samples of the wires were received and an experiment was made with the
finer of the two for the suspension of a galvanometer magnet. The wire was found to be very
suitable for the galvanometer suspension. There is every hope that the thicker of the two
wires, which is finer and as strong as the phosphor-bronze ribbon, will prove quite successful
should the necessity arise for renewing the suspension in any of the Declination or the
Horizontal Force magnetographs. '

3. Programme for 1917-18.—The three base stations (Dehra Dun, Toungoo and
Kodaikanal) will continue in operation. These observatories will be visited by the officer in
charge during the field season for the comparison of instruments.

Two or three of the field stations will also be visited and will be permanently marked
with a view of using them as extra repeat stations: this is desirable for obtaining further
data for the determination of the true course of the lines of secular change to the south of
Lower Burma and in Ceylon.

II.—Tue OpservaToRIES IN 1916-17.
Dehra Dun Observatory.

1. The Declination, Horizontal Force and Vertical Force magnetographs worked
satisfactorily during the year, except that the magnet system of the latter, for a short time,
was not moving freely. The photographic trace showed almost a straight line instead of a
curve : this defect was probably due to some obstruction, such as the presence of tiny insects.
The magnet system was removed, the agate plane cleaned and the magnet replaced and its
balance adjusted.

During the rainy season last year when the underground observatory was inundated
it was noticed that there was an outflow of water from the pipe leading from the obser-
vatory passage to the masonry well, although the mouth of the pipe at the passage was closed:
from this it appeared that the earthenware pipe was broken and that the subsoil water was
entering it and flowing into the well. It was then decided to excavate and expose the pipe,
from the wall of the observatory up to the well, before the rains commenced this
season, to ascertain whether the pipe was broken and also whether the boulder trench
served its purpose in collecting the subsoil water. The surmise regarding the pipe was
correct, and during the rains this season the subsoil water was found to trickle from
the exposed portions of the boulder trench at the excavation. The conelusion arrived
at was that the undersoil water entered the pit and boulder trench at the shme time
and from the latter percolated through the outer walls of the observatory into the pas-
sage. The water level in the passage was found by spirit-levelling to be slightly higher
than that in the pit; this is probably due to the fact that the natural slope of the ground is
from the observatory to the pit. The average rate of accwmulation of water in the passage
was about 20 cnbic feet per hour when the water in the pit was 2 fect above the level of the
passage Hoor, but this rate increased if the water in the pit continued to rise. At the
suggestion of the Superintendent of the Trigonometrical Survey a metal pipe was fitted to
connect the passage in the observatory to a pump at ground level outside the observatory, any
water that entered the passage could be discharged by this pump at a rate of 100 cubic fect per
hour or from four to five times as fast as it collected in the passage, so that the passage can
always be emptied before too much water accumulates and there is now less risk of the mag-
netograph room being flooded.

The base line values of the Declination and Horizontal Force magnetographs have been
affected slightly by the introduction of the galvanized iron pipe although the mouth of the
pipe is some distance away from the instruments.

2. Mean rvalues of the Declination and H. F. constants.—The table below gives the
mean monthly values of magnetic collimation, the distribution constants P,., and Py.;, and the
accepted values of p and q used in determining the values of the revised distribution factor
(vide the last para in page 61 of “Records”, Volume X). The values of m are also given, as deter-
mined with the revised distribution factor and moment of inertia used for the computations in
1915. The values of m in the table are all derived from the vibration observations as deter-
mined with the chronograph.
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Mean values of the constants of magnet No. 17 in 1916,
DECLINATION H. F. CONSTANTS,
CONSTANTS,
MonTHs. DisTRIBUTION Facross, l MEAN TALUEB OF m,
Menn
colﬂ?rgr?;‘:ﬂ;. ’ Accepted values. Monthly Accepted
P1.2 Pz.g mesans, m.
P | 4
, " 1
January - G 58 5:92 G562 8087
February - 6 55 5-89 6-50 808-71 +808-63
March .- - G 06 5-8Y 630 808 72
4
April -7 & 5-97 5+99 80653 |3
May - 7 12 602 6:15 80689
o o
June - 7 8 5-98 648 : & 80680
July - 7 5 5-98 G20
August - 7 8 G-09 609 806 50 $80G- 80
September - 7 4 G-10 6-16 BOG-7°
October - 7 7 6-03 631 8068
November - 7 5 609 G4l 806 96
December - 7 5 615 G-29 R06°79

3. Mean base line values.—The table below gives the mean monthly observed and
accepted values of the Declination and Horizontal Force base lines: the accepted values have

been nsed to compute the values of these elements for 1916.

The H. I*. base line values have

been derived from H as determined with the revised values of the moment of inertia and
distribution coefticient used in the computations for 1915.

Base line values of magnetographs in 1916.

DrcLiNATION, HontzoxTaL ForcE.
MoxTus. Mean Buee tine Mennt | Rase line
e e C.G. 5. |C.G. %,
January e [ 13009 |1 50 9 -32792 -32792;
February 13091309 -32792 - 32792
March 1309|1309 -32792 32792
April 131-1]131'1 32791 32791
May 131:0{1310 +32701 -32791
June .| 1306|1305 32792 32792
July we | 18007 |1 307 32791 | -32791
Aungast 1 30-7 11307 | Up to12h. on 28th Angust | "32787 { ;3;:2 gfoz(n) };%’l %‘;28:]1 A"f"st'
Beptember ... | 1 25:6 | 1 23-G | From 13 h, on 28th August | *32783 Po32783
October 1288|1288 32777 | € - 32779 Up to 20th October,
L +82777) From 2tst

November 1285|1285 +32766 | 32766
December ... 1 28-3|1 28-3 : 32761 {23;2; g&s llfttl:};‘ Dec":f’-"b"-

1. Mecan scale values and temperature range.
an ordinate of 1/25 inch are:— Horizontal Force

The mean temperature throughout the y

reduction is 27°-0 C.

Declination
Vertical Force

—The mean scale values for 1916 for
4-42 gammas,
1:03 minutes.
5:138 to 7:92 gammas.

ear was 27°°0 C. The temperature of
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5. Mean monthly values and annual changes.—The following table shows the monthly
mean values of the magnetic elements for 1915 and 1916 and the annual changes for that
period : these annual changes are deduced from the values of H as corrected for the moment
of inertia and the revised distribution factor used in the computations for 1915,

Annual changes at Dehra Din in 1915-16.

HonizoxnrtaL Forck DECLINATION Dir VerticaL Fonce

— -33000 C. G. 8. + E.2° 4. N4+ -32000 C. G. 8. +
1915, | 1o1a, 31‘;;‘:;1 1915, | 1916, :h'l‘l';"';'gl_ 1915. | 1916, ;‘ﬁ:{;‘;‘;‘_ 1016, | 101, c‘})::::;:.l

v v |y ’ ! ’ ’ ’ ! y v v

January 105 63 —42 [ 171 [13-2 -39 |26 8] 349 +8-1 471 583 +112
February .| 103 72 —311]16-9 | 12'8 —4+1 | 276G | 347 +7:1 484, | 589 +105
March .| 101 52 ~49 [ 16°7 | 12°7 —4:0| 282|363 +86°1 493 | 599 +109
April 97 61 —-36 | 16 4 | 122 —-4-2 | 288|362 +7°4 ] 501 606 +105
May .| 93| &7 -36 (158 11.8| —4-0{298|3690| +76| 507| 616| +169
June 80 G4 =16 | 15-7 | 10-9 —4:8 | 304 | 37°0 +G6-6 | 515 | 625 +110
July 86 53 -33 (153|109 —44 (309|380 +7°1 531 632 +101
August 89 48 -32 150|106 —4°4 | 316 | 385 +6-9 | 538 | 637 + 99
September ... 72 38 —34 | 147100 —4:7 321 | 394 +7-3 540 644 + 104
October 63 34 -29 | 145 | 97 -4'8|33'1]40'3 +7-2 | 549 | 658 +109
November ... 52 28 —-24 lé'f—’ 9.0 —4-9 | 34-4 | 411 +06-7 563 G666 +103
December ... 63 25 —38 (135 8-6 —4 0| 344 | 41-3 +6G°9 574 667 + 93
Means 83 50 —-33 155|110 -4'5 130G | 379 +7-3 522 627 +105

Toungoo Observatory.

1. The Declination, H. F. and V. F. magnetographs bave worked well throughout
the year.

2. Mean values of the Declination and H. F. constants.—The table below gives the
mean monthly values of magnetic collimation, revised distribution constants and moment “m”
as determined with the revised distribution factor and moment of inertia used for the compuia-
tions in 1915.

Mean values of the constants of magnet No. 194 in 1916,

i DECLINATION . .
i oNaTANTS, H. F. CONSTANTS,
|
DigtnietTioN FAacTORS. MEAN VALUES OF m.
MoxTtas. Mean REMARES.
magnetic Accepted values - | A 1
colli H th ted
! collimation, Pl .2 Pz.s "?(‘n“m'y cc]?]p
| p q
| o %7505 875°95 | To 15th Jan,
January ‘ -10 0 8-25 8-85
875.79 8756°79 | From 18th Jan. to
February -10 6 10th Feb,
] 8 80 875'5H 875°54 | From 15th Feb,
—-11 24
March =11 2] 8-46 872 875°51| 87551 [ 1et to 11th Mar.
April -11 21 853 890 55-38! 375:38 | From 14th Mar. to
cud of Apr,
May -11 20 8-48 8 85 875 15! Bi5-15
=) ©
June -1 31 8:39 8-84 - =
S | §87’)'04 875 04
July el =11 20 | 843 | 801
Auguet —-11 26 843 8 84 B74-86| 874'86
Rep'ember -11 39 8 38 8-89 3
|
October -11 33 847 8:93 r874'77 87477
November -11 23 848 8-83 )
December L] =11 A 8-37 879 874-29] 874-29
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S. Mean base line values.—The following table gives the mean monthly observed and
accepted base line values of the Declination and H. I. magnetographs : the accepted values
have been used to compute the values of these elements for 1916.

The H. F. base lines are derived from H as determined with the revised values of the
moment of inertia and distribution coefficient used in the computations for 1915.

Buse line values of magnetographs in 1916.

DECLINATION, HorizoNTAL FORCE.
MoONTHS. .

i M value Base line
onfr‘%ln“sev?il::. rﬁ:ﬂcseepltglde. Reaanms. of E:io line, wceepted.
! ‘ C. G. 8, C G. 8
Junuary 0 530 |) 38611 38611
0 528 I ° ’ hom 38603 38606

Februry + 0 530 1o 0-12 on 1st May
Murch 0 53-1 I +38G01 38601
April 0 532 ) 38603 * 38603

b om

Muy 0 51'6 0 516 From 0-13 on 1st 38599 +38599

May
June 0 51°5 0 515 38597 - 38597
July 0 61'9 0 ol1'9 38599 - 38599
August 0 52:0 0 520 +38597 +38597
September U 52°'1 0 52-1 +38592 + 38592
October 0 521 0 52-1 38591 +38591
November 0 52-3 0 523 *38504 +38594
December 0 31'9 0 519 35534 +38584

4. Mean scale values and (temperature range.—The mean scale values for 1916 for an
ordinate of 1/25 inch are :—
Horizontal Force 5
Declination 104 minutes.
Vertical Foree 5:72 to 6-13 gammas.
The mean temperature for the year was 89°-2 Fahr. with maximum and minimum
monthly values of 8977 Fahr, and 89°+0 Fahr. The temperature of reduction is 89°+0 Fahr.

10 gammas.

5. Mean monthly values and annnal changes.—The table below gives the mean month-
ly values of the magnetic elements for 1915 and 1916 and the annual changes for that period :
these annual change values are deduced from the values of H as corrected for changes in the
nmoment of inertia and the revised distribution factor used in the computations for 1915.

Annual changes at Toungoo in 1915-16,

1or12ONTAL FoncE DECLINATION e VYERTICAL FORCE
N i 38000 c_i, b_;— ) W.0 + N. 230 + <1800 C. G, 8. +
|
Annual . N A 1 N
s | amte | Q0N | 105 | et | gl pars | ogews | Auel g | e (\h'l'x).:tl
—_— - = ,‘ —_——

v v |y ’ ’ ’ ! ’ oy v e
Jannary ... { 1000 | 1013 +13 0-5 63 +5°8 () 73 +0 6 644 658 +14
February ... | 1003 { 1022 10 140 6-6 5 68 il 09 G47 667 20
March .. | 1004 | 1004 U 1-3 ' G0 50 G-9 86 1.7 648 671 23
April ... | 1002 | 1021 19 1°6 75 69 R 53 1-3 (48 675 27
May o | 1009 | 1015 G 21 80 59 G- 86 18 G40 676 27
June ... | 10038 | 1026 23 2-4 §:2 58 7T 8:5 08 G569 G679 20
Inly ... | 1005 | 1021 16 30 88 58 72 9-0 1-8 €53 684 31
August ... | 1005 | 1020 15 391 9.0 5 72| 90 18| 653 084 31
September .. | 1010 | 1014 4 4:5 a5 5-0 Tl 9-2 21 654 684 30
October .| 1006 | 1017 1 6.1 97 46 76 86 1'0 669 677 18
November .| 999 | 1025 26 541103 4 81 1 0-G | 0663 681 18
December ... | 1010 | 1019 4 60105 4 T 8-8 1-1 662 681 19
Means - | 1005 | 1018 +13 31 8-4 +63| 72| 85 +1-3| 653 | 676 +23
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Kodaikanal Observatory.

1. The Kodaikanal observatory is now under the control of the Meteorological
Department (vide *“ Records ”’, Volume X), but the absolute observations and the records of
the self-registering instruments are forwarded periodically by the Director of the Kodaikanal
observatory for computation and for record in the party.

Thanks are due to the Director for cordial assistance in all matters connected with
the magnetic work.

2. Mean values of Declination and H. F. constants.—The table below gives the
mean monthly values of the magnetic collimation, revised distribution constants and moment
“m” as determined with the revised distribution factor and moment of inertia used for the
computations in 1915. The values of m in the table are all derived from the vibration
observation as determined with the chronograph.

Mean values of the constants of magnet No. 16 in 1916.

DECLINATION o
pirirbing H. F. CONSTANTS.
MoNTHS. DISTRIBUTION FACTORS. MEAN VALUES OF m,
Mean
‘;}“K“etﬁc Accepted values, -
imation. thl A ted
timation. | Py, | Py fonly | decpte
p q
¢ w
January -3 26 586 8-49 883-18
February -3 27 5-84 8:67 883-08
March - 3 26 5 83 866 88304
April - 3 27 5-78 8:60 §883-10
May -3 23 583 8:34 883-01
Juce -3 25 577 861 2 3 88298 [
. - = 7 3
July -3 23 579 8-63 883-01 2
August -3 24 5-89 831 882 93
September -3 23 5:95 829 882-97
October -3 23 5 89 8 66 882.92
November -3 22 588 8-49 882-93
December e -3 24 5 97 8-18 883-07

3.  Mean base line values.— The following table gives the mean monthly observed
and accepted values ot tlte Declination and Horizontal Force base lines: the accepted values
have been used to compute the values of these elements for 1916. The H.F. base line values
have been derived from H as determined with the revised values of the moment of inertia and
distribution coeficients used in the computations for 1915.

Base line values of magnelographs in 1916.

DECLINATION, } HoRizZoNTAL FORCE, : DEcLINATION, i HORIZONTAL FORCE.
‘ P - |
MowTRHS, M 1 : ; ! MoxTHS, ‘M‘ 1 ™M val
4 eann'vn ne Base line ‘Menn( r\'.\]IIG' Base line . I[\l'lo virlie| TRase line l?ﬂnﬂf\ﬂ ne Pase line
Base line, ‘ accepted. | Buse, line, accepted. ) Base line. accepted. Basc line. accepted.
i
i T ; T
! e [ C.GS. | C.as. R C.G.B. | C.GS.
Japuary ... 1 574 1574 -87357 37337 | July 2337 1 2 337 -37359 +37359
) ;
| .
February 1572 1572 37356 237356 | August ... 0 2 340 2340 ERYRAL < 37358
March ... <37361 -379061 September 2339 2339 +37349 +37349
i -
April 2335, 2335 “37A63 37363 | Orctoher ... 2340, 2340 *37348 -37348
May 2342 2 342 137363 27363 | November | 2 338 ! 2 338 *3T348 *37348
i | g
June o] 23401 2340 +37358 37358 | December | 2340 2340} -37343 37343
L ; !
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4. Mean scale values and temperature range.—The mean scale values for 1916 for

an ordinate of 1/25 inch are :~—

Horizontal Force 5-90 gammas.
Declination 1'03 minutes.
Vertical Force 5-14 to 6°46 cammas.

The mean temperature for the year was 18°:1 C. with maximum and minimum
monthly values of 18°-9 C. and 17°:4 C. The temperature of reduetion is 19°-0 C.

5. Mean monthly values and amnual changes.—The table below gives the mean
monthly values of the magnetic elements for 1915 and 1916 and the annual changes for that
period : these annual ehange values are deduced from the values of H as corrected for the
moment of inertia and the revised distribution factor used in the computations for 1915.

Annual changes at Kodaikinal in 1915-16.

HonizoNTAL Fonrce DECLINATION Dip VERTICAL FoRck,
+37000C.G.S. + w10+ N4+ +02000 C.G.8. +
MonTHS,

1015, | 1916, c‘ﬁ;‘;‘;‘e‘ 1915, | 1916, :ﬂ:::‘éil 915, | 1016, :h';‘;‘fg‘;l_ 1015, | 1916, :h‘;':]‘;ﬂ
y , ” ¢ ¢ ’ ‘ ‘ ! g 4 Y
January ...| 608 623 + 151198255 + 57| 137|190 + 53] 781 839 + 68
Februnry ...| 606 630 + 24| 20°3 56| + 5'3]150(20:4| + 5-4 794 858 + 61
March W) 611 622 + I1 ) 206 15-8 [ 206 | + 4°8 S04 858 + b4
April 617 637 + 20({21'0 {264 | + 5'4[15°9|21'0| + 5°1 805 8c2 + 57
May ..} G18 634 + 16 | 216G | 269 r 53(16'7T)21'7T] + 50 814 871 + 57
June 610 638 + 28 (22:2 (272 | + 50| 172|224 + 52 818 879 + 61
July ., 610 635 + 25226 275 + 40/17°9]229]| + 60| 827 884 + 57
August 619 635 + 16 | 23-0 | 284 | + 54| 17:2 | 235 | + 63 820 890 + 70
September ... | 623 630 + 7123.4(289" + 55179 ,283| + 5.4 827 888 + C1
October .. 620 | 636 + 16| 23-8 | 295 + 57 |18:1| 238 + 57 829 894 + G5
November ... 609 637 + 28 | 24:212090 |4 57 (19°2[ 246 + 54 S41 903 + 62
December ... 620 636 + 16 [ 250 [30:6 | + 5G|19°1)25:1| + 6:0 841 908 + €7
Means .| 6 (;33{ + 19 0122:3 1 . |+ 54170224 + 5.4 817 | 878 + 61

III.—TaBLEs oF RESULTS.

Mean values of the magnetic elements at observatories in 1976.

Latitude and

Observatory. Tongitude Dip. Declination, |  H.F. V.F.
S - e o o C.G.S. | C.G.5,
ehra Din ... ?g 1!3) ;2 LI:T N.44 379 |E. 2110 -33050 32627
Toungoo Slig g? 42 DI:T N.23 85 {W.0 84| -39018 *16677
Kodaikanal ... %(7) %? Z)g ]IET N. 4224 |W.127-9| -37633 +02878
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— =Trace lost.

M =Moderate, G = Great, V.G.=Very Great.

8 = Slight.

C=Calm.



MAGNETIC SURVEY.

E. 2+ tabular quanlily.

]
Declination

Nork,~—~Whea the sign is + the msguet points to the Eust, and when = to the Wesk of the mesn position.

Hourly Means of the Declination at Dehra Dun in 1976, determined from all availadle days.
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[Vel. XI,

RECORDS OF THE SURVEY OF INDIA, 1916-17.
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Hourly Means of the Dip «t Dohra Dunin 1916, determined from all availadle days. Dip=N. A +{abular quantity.

. | l ! ) [
Hours Mid. 1 'i 2 i 3 4 | 6 . ¢ 7008 2 1o ‘ 11 ‘ Noon | 13 14 15 16 17 18 19 20 21 22 23 | Mid. iMoans
| ! )
(Jan. asio b s D aso ! safo L asis | au's | oasie | 347 | ae's | 35t a5 3sr | s1’s| 844 | 34%6 | 3476 | 3476 | 34’8 | 3570 3571 | 852 | a5z | 3572 | 3571 | 351 | s4’e
Feb. 3544 3i-2] 332 352) 3501 350 348 ) 347 346 344 30-0) 338 337337 | 841 345] 948 349) 350) 35-1 | 85-2| 36°2] 352 ] 352 35-3) 347
| Mar | 97 86071 367 i 65| 366 | 37| 367|370 s69| 361 355 348|345 348 35:2( 35-7) 36-2| 36:5| 36:8| 367 | 67| 368|369 368 367 363
- J
;\ Oct. T 405 l\ 407 | 40.6 ] 406 | 40°6 | 40°6 ] 40-7 | 407 | 40°5; 40°1 | 39°4 | 390 | 383-9 | 39-3 | 400 40-3 | 40-7| 406 ) 40°6 | 405 | 40-S; 407 | 406 | 405 40'3
Nov. | gl 1] 4111 41:2] #1-1] 410 | 41-0 | 41:0] 41°0| 40°8 | 4)- 4] 403 | 40°1 | 40.1) 40-4 | 41-0| 41°2] 416 | 418 | 41 6 ) 41-7 | 41'7 | 41°6 | 41°5| 41-4 | 41-2 | 41-)
\_Dec. s1°5 ) 415 414 41-4] 414 | 413 | 41-2 | 41°0 41-1‘ 40°9 | 40-8 | 40°5 | 40-5 | 40°7 | 410 | 41-3) 41°6-| 41-6 [ 41-7 | 41°6 | 416 | 416 | 41°6 | 41.5 | 41-4] 41'3
Means 334 | sy-s ) 384! 383)] 38210 332 3s.2)] 382 352 | 37-9’ 37.6 | 37°2|37.0) 37-2| 375 | 37'9)] 38-2| 33-4| 335 38'5| 385|395 ] 385 | 334 s8-4] 381
(April | 36-8 ] 368 i 3n-9] 368| 357 366 36:7] 369 | 3u-5 ! 36°1] 35°3 ] 345|342 34°3| 338 355 362 | 366 | 36:7| 367|369 36:7) 36-7| 367 36.7] 352
.| May 37-2 | 373 724 372|372 373 | 374 375 37-3| 358 36-1 | 35°5|35-2) 35:4) 360 | 36:5) 37-1 | 374! 87.6]| 376 374 375 47 | 37-4| 373 369
S |June | 37°3] 37-4| 373 373 373| 37°4| 376 374 | 37°3| 369 363 358| 3576355 | 358 361 368 37°4| 376|877 | 375 376} 74| 37-4| 374 370
ER
8 )July ; 381§ 3s-2| 381 382) 382! 382 38-4) 384, 384, 881|376 37°1| 3691268369 37-4)379| 38413851 38:4]| 384, 38-4| 38-2 382 382 380
@ [ Aug. { 38-8] s8-8 33-7) 388} 337 | 338 39-0] 390/ 389/ 385} 380/ 276|373} 37-3| 37-8| 38-3) 386 388/ 39°0]390]| 390 389) 338/ 186/ 86] 185
(Sop. | 39'4| 39°3 | 393 392 30-3| 393 396 399|401 | 398 39°3| 3383393) 384|388 392|396 397|397 3968|309|398]|396/(396] 397] 3934
Means 37°9) 380 | 37°9| 37-9| 37°9} 379 | 38-1| 38-2| 381 | 3717|371 366 |36-2] 363 | 36-7| 37°2| 37°7| 88-0( 38-2|38-2 | 38-2| 38-2)| 38-0 38-0| 380 377
Diurnal Inequality of the Dip at Dehra Dun in 1916, deduced from the above Table.
(I |+0°1|+01| 00| ool-01[-01|-0's]-0"2]-0"1{+01]+071|-02]-07]|-0'|-03]|-0'3)-03]|-01|+01]+02]|+03|+0'3]+03]+0"2|+0%
Feb. | +07}+05!+0'5[+0:5]+0'3|+03|+0"1 0-0}-01|-03}-07|-09--140|-10|-06|-021+401}|+40'2|+03]|+04|+0-5,+0-5]+05|+05|+086
E' Mar, | +0°4]|+04)+0°4|+0-2]+0.3|+04|+04)+07|+06|-02]-08!~15—1'8)—=1'5|-1"2|-06]—-01]|+02]|+05]+0'4|+0'4]|+0501+06|+05)+04
a<
£ |oct. |+04l+02|+0414+031403]+403)+03]+0°4+04|+02]-02]|-09|-1-3]~14(-1.0|-03| 00|+04[+03]+03|+02]|+06]+04(+03 +02
Nov. 00} 00|+01] 00]-01|[=-01|-01]-01}=03}-07]-08|-10|-10]-07)-0-1]|+01]|]+04|+0%7|+05]+0'6|+06]|+05]+0-4]|+03]|+0°1
{Dec. {+0-2]+0-2 | +01|+01}+0-1 00)—01)-03)-02(-04}-05 -08|-08]-06,-03]| 00)+02]/+03}+04]+03]|+03]|+03]+03,+02{+0°1
Means | +0°3 | +0-2 [ +0-3 | +0-2]+01|+01|+0-1}+0-1(40'1}|~-02]-06|-09|—-11]-09|-06|-02]|+01|+0-3|+04)+04]|+04|+04a]+04;+03]|4+03
i 1
(April | +0:6 | +0'6 +06 | +0-6|+05)+04|+05]+07|+06]-01]-09|-17[-20]-10]|-14]|-07 0'0]+40'3(+0'5]|+06}|+0-7{+0'5]+056|+05]|+0656
.| Msy |+0-3]}+04|+03|+03]+03|+0.4|+05]|+06|+0-4(-01)-08]|-1'4([-17]-1.5|-09(—0-4{+0'2]|+05|+07]+07]|+05|+06}]+06|+05]|+04
s June | +0°3 ]| +0.4 | +0'3 | +03}+0'3|+04|+05]+0-¢4|(+03|{-01]~07|-12|~-14)-15|~-12|-09]—-02]|+0:4]+06]+07|+05|+06]+04|+04]+04
E*July +0°1 1 +02|+0'1)+0.2]+02/+0°2+04)]+04|+04]|+01]-04;-09)-1'1]|-1-2{~1-1)|-06]-01]+04|+0B5V+04;+04|+04]|+0-2[+02!+0-2
@ | Aug. | +03]+0:31+402]+03f+02|4+03|+05)+06|+04| 00)-05]|-09|-1'3|-12([-07]|=02]|+01[+0-3[+05]+05|+05]|+04]+03[+01][+01
{Sep. 00|-~01}-01|-02]-01|-01[+0-1}+05|+07|+0-4]-01|{—-06]|—11]-1.0(-06|-02)+01|+03|+03|+04]|+05[{+04]+02]+02|+03
Means | +0:2|+0'3{+0-2|+02]+02|+02)+0'4]+0.5|[+04y 00|-06{~11|-15]-1'4;-10(-05]|] 00(+03]|+05]+05|+05|+05]|+03(+03]+03

NOTE,—When the sign is_+ the Dip is greater, snd when = it is Jess than the mean,
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Declination=W. 0° 4 tabular quantity.

Hourly Means of the Declination at Toungoo in 1916, determined from all available days.
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Norg,—When the sign is + the mugnet points to the East, aud when — to Lthe West of the mean pusition.
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N. 42 + tabular quantity.

Dip

1916, determined from all availabdle days.

n

NoTE,— When the sign is + the Dip is grealer, and when = it i3 less thau the mean,

Hourly Means of the Dip at Kodaikanal
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BASE LINE.
By E. C. J. Boxb.
PERsONNEL OF No. 19 PaRTY. No base-line work was practicable during the

year, owing to the deficiency of officers.

The detachment of 19 Party formed in the pre-
vious season to run the traverse of the Imperial Delhi
Area was employed this season in carrying out a net-
work of minor triangulation to provide points for the
8 Gomputers, etc. revision of the 4-inch maps of Delhi and its Vicinity.

Provincial Officers.

J. Bond in charge.

Mr. E. C.
0. N, Pushong.

»

Lower Subordinate Service,

The area embraced by the triangulation includes the ecity and old cantonments of
Delhi in the centre, Imperial Delhi to the south of the city, and the New Cantorlment
3 miles south-west of the city. The country is open and undulating and is well cultivated.
A sandstone ridge runs north-east and south-west through the middle of the area, Yarying
in height from 50 ta 100 feet above the general level of the country. Many isolated
hillocks and mounds are interspersed over the area. In the north-western portion of the
work a good part is covered with large trees which caused some difficulty with the
extension of the triangulation in that divection. The Jumna River enters the area 4 miles
due north of Delhi, skirts the city on the east and flows in a south-easterly direction.

The triangulation covers an area of 324 square miles within Latitudes 28° 30" and
28° 47’ and Longitudes 77° 0" and 77°20". It is based on the side Pirghaib T.S.—Talkatora h.s.
of the Great Arc Meridional Series. The sides of the triangles are from 3 to 5 miles in length.

The rectangular co-ordinates of the stations and points were computed in chains from
the meridian of origin Nigdhu s. (Latitude 29° 50° 23"+ 50, Longitude 76° 44' 19" 34) of the
Réhan Meridional Series : this was necessary for the revisionary survey of Delhi and its
Vicinity, as the 4-inch maps of the area were originally constructed on the system of
rectangular co-ordinates in chains in terms of the origin Nigdhu s.

Computations were carried on in the field as the work advanced. When a sufficient
number of observations became available these were computed and the values of successive
groups of stations and intersected points were supplied during the progress of the triangulation
to the Officer in charge of No. 2 Party to enable his plane-tablers to proceed with the
revisionary survey-.

The stations of the triangulation executed in season 1915-16 to fix points for the
control of the boundary traverse of the Imperial Delhi Area were connected and now form
part of the present triangulation.

The resuits of the triangulation, and also of the traverse of the Imperial Delhi Area
boundary executed last season by the party, will be published in an addendum to “Triangulation
of India and Adjacent Countries—Sheet No. 53 H”.

Detail of triangulation in Delki and ils Vicinity.

Theodolite used . Troughten and Simms 6” Vernier, No. 1397.
Area in square miles ee 3324
Square miles to each point fixed .., e 13
Square miles to each height o 103
Stations fixed 36
Number of triangles 52
Average triangular error in seconds ... : s D702
Maximum  do. do. ... 16"
Linear error per mile in feet «. 0:30
Intersected points: number of points fixed .. e 215

Tutersected points: linear error per mile in feet ... 0-58
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THE COMPUTING OFFICE.
By Masor H. McC. Cowig, R. E.

PERSONNEL. Adjustment of triangulation.—The simul-
Imperial Officers. taneous reduction of the Burma Quadrilatera),
3. do Granf Hunter, Eeq., M. A, in charge commenf:ed laitst year, was completed. It m_cluded
(till 17¢h Septr. 1917) » the consideration of the Burma Coast Series, the

| 3 ) - .
Major H. MeC, Couio, B. B, 1]Ia.n\dIa,la') I\’Feq&llopall, the Manda]ax L‘ongltudma.l,
(from 18th Septr. 1917) the Manipur Meridional and the Manipur Longi-

tudinal Series.
Provincial Officer.

The quadrilateral provided three cireuits
giving twelve equations of condition involving
Computing Office. twenty unknowns. Other series dependent on this
Rai Sahib Ishan Chinndra Deva, B, A., and 11 Com- quadrilateral, viz :—the Assam Valley, the Kohima,

puters; 4 Computers attached (7 Computers the Cachar, the Naga Hills, the Garo Hills, and the

from field parties worked for a portion of the Khasi & Jaintia Hills Series, were afterwards finally
year in Computing Office) and 11 book-binders.

Mr, Hunuman Prasad.

adjusted.
Printing Office. The Great Salween and the Upper Irra-
Mr. Sarat Kumar Mukerji, Sub- Asstt. Supds. waddy Series being still incomplete, no final adjust-
21 Compositors & + DPrinters. ment is yet possible. A preliminary adjustment,
Workshops. however, has been made by means of empirical

formulke derived from the results given by the

1 Head Artificer, titters and carpenters. . § .
P reduction of the Burma Quadrilateral.

Miscellaneous computations.—For the purposes of Professional Paper No. 16,— The
Earth’s Azes and Triangulation, fairly heavy computations had to be dealt with in deducing
the probable errors of circuit, base-line, and Laplace closures of the Indian Triangulation.
Summaries of all Plumb-line deflections, referred to the Helmert spheroid have been com-
piled. Deflections observed in Turkistin by Russian officers and originally referred to the
Bessel spheroid and to the Tashkent vertical have been reduced to terms of the Helmert
spheroid and the Kalianpur vertical.

Levelling.—The dynamic and orthometric heights of bench-marks on the four lines
Benares to Barikar, Bagalkot to Bijapur, Howrah to Champdani and Bankipore to Bihta, were
computed. In compliance with Trigonometrical Survey Office Order No. 214 of 23vd July
1917, computations in connection with lines of levelling will in future be carried out by No.
17 Party, the Computing Office giving assistance only in cases of emergency.

The heights of bench-marks on lines of levelling in Burma have been revised and
reduced to the new datum of mean sea-level at Amherst and the publication of a new edition
of the levelling pamphlets is in hand and well advanced. One-half of the complete edition
has been published and it is hoped that the other half will be accomplished in the course of
the next year.

Triangulation Pamphlets.—Great progress has been made in the collection of
G.T. data for the triangulation pamphlets, 121 of which were compiled and compared during
the vear.

Printing Section.—The year’s work included the publication of 90 Triangulation pam-
phlets, Volume X of the Records of the Survey of India, Tide Tables for the Port of Basrah
and Levelling pamphlets. Professional Paper No. 16 and Part IT of the new edition of the
Auxiliary Tables are now in hand and it is hoped will soon be published. The efficiency of
the section has been increased by the provision of new furniture in the Composing room.
New frames and cases have assisted Jargely towards the attainment of cleanliness and method.

The strength of the section will shortly be increased by the addition of two machines
for the accommodation of which the building has been slightly extended.

In the hook-binding section the work dealt with comprised 350 copies of Volume X
of the Records of the Survey of India, 4100 copies of Triangulation and Levelling pamphlets,
900 volumes of old Triangulation records, 200 copies of the Basrah Tide Tables and 1760
miscellaneous volumes,

Workshops.—The main work of the year consisted in the making of equipment for the
Sind-Sagar Party and additions and alterations to the office buildings. A light pattern of
telescope designed for the observation of ®roplanes was made experimentally but has not yet
been put through any field tests.
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Miscellaneous.—The Omori Seismograph has been in operation throughout .the year
and the usual meteorological observations continued as in past years. The following state-
ments show the earthquakes recorded and the number of days on which Solar photographe

were taken.
List of earthquakes, 1916-17.
Time of beginning Distance of Epicentre
(corrected) in miles.
o. S -
: Month and Date, . Dnrathn Simla Tntensity
E Dehra. (Fr:Kn\lI:.R.) Debra  I(rrom W.R.)
Hrs. Mts.|Hrs. Mts.| Minutes.| Miles. | Miles.
slight

1 2-10-16 0 4 0 4| .. Vlodal whogk)

2 15-10-16 1 173} 1 19 16 210 [200t0300 slight

3 22-10-16 1 1 1 1 19 1,820 2,000 moderate

4 1-11-16 21 12 |21 12 10 | 5,320 6,000 o

5 1-12-16 13 45 8 350 slight

6 4-12-16 14 9 114 8 1] 175 150

7 25-12-16 13 244113 24 30 140 150

8 21- 1-17 4 50 4 50 67 3,290 5,000 great intensity

9 30- 1-17 8 2841 8 206 99 4,340 4,000 very great
10 21- 2-17 1 28 90 8,890 moderate
11 21- 1-17 6 22 6 22 36 630 350

12 2- 5-17 0 16 0 13 155 2,800 2,500 considerable
13 9- 517 21 354121 35 75 | 4,200 6,000 great
14 10- 5-17 3 164| 3 16 32 350 120 slight
15 1- 6-17 14 27 {14 29 80 | 4,790 7,500 moderate
16 26- 6-17 11 384| 12 39 130 | 5,320 9,500 great
17 4- 717 6 14 6 16 34 | 2,800 3,500 moderate

SoLir PHOTOGRAPHY.

Statement showing the number of days on which Solar Photographs were taken
during the year 1916-17.

Month, S’uf;so.f > Nente -15,1 et dg%i;o:n Month, ]:{::' of o este et dg;is-i:!]):u

Good.| Bad. | Good. | maa, | e mas ™ | Goon. | Bua. Good.‘ﬁad- visibie.
October 1916 29 | b2 5 2 April 1917 27 42 3 2 3
November ,, 30| 55 4 3 1 May " 25 | 42 3 1 6
December ,, 31| b7 4 3| June ” 28 | 43 4 3 2
January 1917 | 23 { 51 3 2 3 July " 25| 35 2 6
Fobruary ,, 26 | 47 3 3 2 | August 24| 37 4 2 7
March s 30 54 4 3 1 September ,, 19 30 2 11
Totals 322 | 545 41 22 1 43
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PART IIL—SPECIAL REPORTS.

PHOTO.-LITHO. OFFICE, CALCUTTA.
By Capraivy F. J. M. King, R.E.

No special report on the work of the Photo.-Litho. Office has appeared in the Records
Volume since 1913-14.

The most noteworthy feature of the year under report is the large increase in out-tlzlrn
as compared with previous years. Departmental work showed a considerable. decrease owing
to survey operations being curtailed- on account of the war. The decrease in depa'rtmental
work is however much more than counterbalanced by the phenomenal increase in extra-
departmental work due to great demands for maps for the various field forces and for Otlu?:l'
military purposes. In consequence of the large and urgent demands by the military aut.horl-
ties the publication of some of our ordinary departmental maps has had to be delayed at times:
this delay was purely of a temporary nature and the office has always been able to work off
the arrears thus caused and so keep its head above water. To cope with the great increase of
work it has been necessary to employ a good deal of overtime, which, if continued for long
periods without a break, undoubtedly causes a good deal of strain on the staff.

During the latter part of the period under report the Stores Section has been
reorganised owing to the anything but satistactory way in which it was working. This section
is still very cramped for room, but it is hoped that this defect can be remedied to some extent
by getting rid of stocks of old paper, which, though still serviceable, is not now used for
our work,

Mr. Vandyke proceeded to Mesopotamia in October 1916 returning to Caleutta in
December 1916. While in Mesopotamia Mr. Vandyke visited Basvab and the Tigris Corps
Head Quarters and put the Vandyke Printing Section of the Basrah Survey Party on a
sound working footing, and was able to overcome the difficulties which this section had
previously experienced.

Fizing of Stump Shaded Originals.—All stump shaded orviginals on receipt in the
Photo.-Litho. office are now “fixed’”’ by spraying a solution of gelatine over them. This, it is
hoped, will prevent these originals from having the chalk rubbed off them and so losing their
depth of tone, and will obviate the necessity of touching them up in case a reprint is called for.

Levy Acid-Blast Etching Machine.—The etching machine mentioned in the Records
Volume of 1913-14 as having been ordered went down in a ship which was sunk by the
Emden and a new one was ordered. The new one arrived here towards the end of 1916 but
with parts of it badly broken. Temporary vepairs were effected here and the machine was
taken into use for etching line-blocks. It is not used for etching half-tone hlocks owing to
the time necessary to empty out the acid used for etching the line blocks and re-filling with
the perchloride of iron with which half-tone blocks are etehed. It is therefore recommended
that another machine of the same type but of a smaller size be ordered as soon as possible

after the war so as to enable one machine always to be used vwith acid and the other with
perchloride of iron.

' Sp{zcial Lens for correcting distortion.—No further experiments have been carried out
10 connection with this lens since Captain Hamilton left the office in 1914 owing to the diffi-
culty of getting any apparatus made since the war broke out.

The Powder Process.—It seems likely that there will be oceasion to take up again the
use of what is known as the “ Powder Process” by means of which any number of reversed
duplicates can be made of a negative. If this process were taken into use it would only be
necessary to make one negative in the camera of the outline of every sheet, as many reversed
duplicates as required being made of this negative in a printing frame by this “ Powder
Process’.  The process would also be useful for making the negatives for the layer plates of
Jayered maps. The advantages of this method are its cheapness and the fact that no prism
need be used in making the original negative in the camera, a shorter exposure being
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therefore necessary. The adoption of this process would lighten the work of the negative
section enormously and would do away with the present congestion of the studio. 4
considerable saving in the cost of chemicals would also result. This process was used ip
former years for the purpose of making reversed negatives for preparing the “ dust on” blye
prints used for hill shading before the present method of preparing these blue prints wag
worked out. Experiments have been made during 1916-17 to determine the feasibility of
adopting this process, and the results obtained seem to be in no way inferior to results
obtained by the ordinary method. The only thing against using the process at present is
lack of space: it is hoped that by re-arranging the accommodation used for storing negatives
and glass, that room will be found in which to work the process.

New Formule.—The use of gall nuts obtained from England for etching helio plates
has been discontinued, and a local nut, Myrobolans, (Hindi :—Bara Harre) is now being used
instead at a considerable saving of expense.

The use of Photopake for duffing will be discontinued on the exhaustion of our present
stock firstly on account of the difficulty of obtaining stores from England and secondly
because it does not appear to be superior in lasting quality to the duffing medium made up
here, the formula for which is:—

Indian ink ... 16 cakes.
Carbolic acid veo. 1oz
Decoction of ox-gall 4 oz.
Water up to 80 oz.

NEW METHODS AND PROCESSES.

l. A new method of preparing Layer Plates.

1. The principle in use in the printing of layers for Survey of India
maps is with the exception of the yellow plate, to prepare each layer plate to
print three different tints of the same colour, namely a light tint, a medium
tint and a solid tint. The yellow plate, however, is only made up to print two tints, a light
tint and a medium tint. A reference to the diagram will make the matter clear.

014 method.

2. The method which has been in use up to date, of preparing these various layer
plates, is both laborious and not particularly satisfactory. To get an idea of the amount of
labour expended on the preparation of a full set of layer plates, it will be sufficient to consider
the labour involved in the preparation of one plate, and imagine that multiplied by the
pumber of layer plates. A fair example will be to consider the labour and time formerly
expended on a plate such as the ““first brown” plate in the diagram. It may be noted that
the light brown extends from 2,000 to 2,500 feet, the medium from 2,500 to 3,000 feet and
the whole area above 3,000 feet will be printed solid brown, vide column 8 which will in its
turn receive further graduatel tints of brown and red.

3. First of all an off-set (or image in black powder) of the detail and contowrs
combined, had to be laid down on a clean grained zine plate. The whole of the plate below
that part which was to receive the light tint now had to be carefully gummed out by hand with
a brush. In addition, all areas above the lower limit of the light tint, which were not to
receive a layer tint such as lakes and double lined streams, were also gummed out. The
upper limits of both the light and medium tints then had to be marked on the plate by means
of a line scratched into the plate with a sharp point. A tint transfer from a copper plate
consisting of fine engraved lines was then laid down on the plate, passed several times through
a hand press, and finally washed, leaving the tint on the ungummed portion of the plate.
The whole of the area of the plate which had to print either a light, a medium or a solid tint
was by this method covered with fine parallel lines which formed the light tint.

4. The whole of the plate now had to be painted out with gum again, only leaving
exposed those portions which were to print the medium and the solid tint, the lower of the
two lines already scratched on to the plate forming the guide for the draughtsman. The
portion of the plate which is required to print the light tint was thus protected by gum from
receiving any further transfers. Another tint transfer was now laid down with the lines of
the tint crossing at right angles the lines of the tint which was first laid down. After
washing off the second transfer, the light and the medium tints were complete. The portion
of the plate which was to print the solid tint was however still covered with the eross lines
forming the medium tint; this portion, therefore had then to be painted in solid with litho.
ink by hand down to the higher of the two lines previously scratched -into the plate. ‘
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5. It will be seen from the above that even if all went well it was a laborious process.
It was, however, the exception rather than the rule for everything to work satisfactorily ; for
instance, it often happened that a transfer did not go down satisfactorily ; in which case the
whole of the work already done on the plate was wasted and had to be done over again. Even
if a plate appeared to be satisfactorily prepared it was very often spoilt in printing, as plates
with these fine tints fransferred on to them are very delicate and will not stand as much
rough usage as when the tint has been put on to the plate pZotographically.

When it is realised that the above labour was necessary for the preparation of one
plate, some idea can be gathered of the amount of time and labour involved in the preparation
of a full set of such plates.

6. The first stage of the new method is the preparation of what is
New method.  4ormed the « Layer Original ”.  For this purpose a blue print of the detail and
contours combined is made on a piece of any good quality smooth surfaced
paper which has been previously mounted on zine. The portions of this blue print correspond-
ing to the black portions of the layer original in column (1) of the diagram are then painted
in solid with opaque Indian Ink using the layer guide which has been prepared by the Circle
or Drawing office as an assistance to the draughtsman. Certain of the contours also have to
be inked up with a fine black line. Again referring to column (1) of the diagram it will be
seen that the 1,000, 3,500, 6,000 and 12,500 feet contours have to be inked up to show the
limits between contiguous portions which are left white on the layer original. 1In the case of
maps in which every contour bounds a layer as is the case with our msheets (4.e. on which
there are no intermediate contours) the inking in of the contours by hand can be saved by
printing the contowrs in black instead of in blue on the print on which the layer original is
prepared. Any areas such as lakes, double-lined streams and perpetual snow areas which should
not receive a layer tint, are, it they fall within the blackened areas, left white; if they fall in
the areas left white they are outlined by a fine black line.

7. The layer original having been completed, it is sent to the Photo. Branch where
as many negatives as there are to be layer plates are made of it, the negatives, however being
made through a half-tone screen using a special “ X"’ shaped stop in the Lens, The exposure
for these negatives 1s so regulated that the black portions of the layer original come out on the
negatives as clear glass covered with small opaque dots, while the white portions come out as
an opaque ground covered with small transparent dots. The inked-up contours and areas
which are to receive no layers such as lakes, double-lined streams and snow areas of course
appear clearly on the negatives. An idea of what each negative looks like can be got by
reference to column (2) of the diagram.

8.  One negative is now selected for each layer plate and the negatives are sent to the
Retouching Section for duffing. Considering the first brown plate [vide column (7) of dia-
gram] :—This negative is duffed from the 2,000 feet contour downwards; above this no
dufling is necessary except to duff out lakes, double-lined streams and perpetual snow areas.
The second brown negative is similarly treated except that it is duffed from 3,500 feet down-
wards, and likewise with the first and sccond red negatives which are duffed from 6,000 feet
and 12,500 feet downwards respectively. The yellow negative, however, (vide column (5) of
the diagram) is duffed from 2,000 feet upwards and from 1,000 feet downwards, while all sea
areas and areas above 1,000 feet are duffed out from the green negative [diagram column (3)].
Register marks are cut in at the corners of all the negatives, and helio plates are made from
all the negatives. These helios now appear as in eolumus (3), (5), (7), (9), (11) and (13) of
the diagram.

9. Each helio plate has now had two tints (the light tint and the medium tint)
produced on it photographically, out of the three tints which it has to print. It now only
remains to paint in on the helios with litho. ink those portions of each plate which are to print
solid, still leaving blank those portions such as lakes, double-lined streams and snow areas
which have no layers on them. This completes the preparation of the layer plates. The
plates having had the solid portions painted in and having been inked up in their appropriate
colours will now give prints as in columns (4), (6), (8), (10), (12) and (14) of the diagram
while the combined result of printing all the plates is shown in column (15). )

10. The advantages of the new method are as follows :—

(a) A saving of time and labour is effected.

(6) The results are as good as, and even superior to, those achieved by the old
method.
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(¢) If by any mischance a plate is spoiled in the printing a new helio can be
obtained in half an hour which only has to have the solid portion painted
on. In other words a new plate could, on an average map, be prepared in
a day. This would have taken about a week by the old method.

(d) There is less liability for a plate to be spoiled in the printing, as an image
produced photographically on a plate is more durable than one produced by
the transfer method.

(¢e) In a very difficult or complicated sheet it is almost impossible for the
draughtsman to follow the contour lines on an off-set. By the new method
this trouble is overcome during the preparation of the layer original where
the draughtsman works on a clear blue print which is much easier to follow
than an off-set.

() Owing to the fact that no transferring has to be done, the time of the hand
presses is not taken up on this work; hand presses are thus free to do their
legitimate work which is proving.

(9) The relative depths of the light, medium, and dark shades are absolutely
under control and can be varied at will as required by giving suitable
exposures in the camera when the layer original is photographed.

(k) Two-thirds of what was hand work by the old method is produced photo-
graphically on the plate by the new method.

11. This method has been used in the preparation of the layer plates of numerous
sheets. The results prove conclusively that there is a great saving of time by the new methad
and that the cost incurred is no more than by the old. The saving of time is noteworthy as
the duffing is of an entirely new description to the men employed on it and considerable time
had to be spent in explaining to the duffers the work that had to be done. As the duffers
get better accustomed to this work the saving of time should be even more marked.

ll. Description of some Developments and Improvements
in Methods of preparing Tint Plates.

1. The methods in use in the Photo.-Litho. Office for the reproduction of line work
such as is used for maps are as up to date and as satisfactory as the modern methods of Photo.-
Lithography will allow : the reproduction of the necessary tints on our maps has however in
the past entailed a very great deal of labour, though in the main the results have been fairly
satisfactory., It is on account of the vast amount of manual labour expended on producing
these tints that a great deal of time and thought have been devoted of late in the Photo.-
Litho. Office towards the simplification of this work.

2. In the past if a tint had to be laid down on a zine plate the portion which was
not to receive the tint had to be protected with a film of gum:a print in transfer ink had
then to be obtained from the necessary engraved copper tint plate in the Engraving Office
and this transfer had to be laid down on the portions of the zine left unprotected by gum.
This ‘“ gamming out’’ of the zine plate was a laborious enough task when it only had to be done
once, but it often happened that the tint did not transfer properly from the transfer paper to
the zine, in which case the zine plate was spoilt and all the work of “ gumming out” had to be
done again on a fresh zine plate.

3. The causes of failure in transferring tints to zine from transfers from engraved
copper plates are numerous and it will he sufficient if a few of the causes are enumerated.
Firstly the copper plates themselves are apt to get damaged when in constant use and any
scratches are apt to cause flaws in the transfers. Again if the transfers are kept any length
of time they become useless. A third cause of trouble is that on a print from a copper plate
the ink on the lines or dots forming the tint is actually projecting above the surface of the
transfer paper in the form of ridges or small mounds: this projecting ink is apt to get squeez-
ed out flat during the act of transferring the tint to the zinc thus causing a thickening of
the lines or dots and spoiling the tint and entailing rejection of the zine plate. In general
it may be said that the laying down on zine of transfers from engraved copper tint plates is
an uncertain business involving great risk of spoiling a plate, a matter which becomes serious
if the zinc plate has had much labour expended on its preparation prior to receiving the tint.
The above, however, is not the end of the trouble for a tint transferred as described requires
very delicate handling both during preparation for the machine and in the machine itself and
is very liable to be spoiled at both those stages.
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4. Mr. Vandyke directed his attention to trying to overcome one of the great difficul-
ties mentioned in para. 3 which is caused by the ink on a transfer from a copper pln_te being
raised above the surface of the paper and consequently liable to spread when eub')ected'to
pressure during transferring. This difficulty was finally overcome by preparing large size
zine tint plates from transfers from the engraved copper tint plates by means of tmnsf,arl.
Many transfers are of course wasted and spoiled in order to produce one'good transfer on zine.
The zinc plate is then etched in relief by biting with nitric acid when it can be rolled up and
prints on to transfer paper be made from it. The ink on transfers thus made does not sta‘nd
up above the surface of the paper, and when these transfers are laid down on to other zine
plates prepared to receive them there is no tendency for the ink to spread.

5. Mr. Vandyke while working on the above discovered that the use of transfer paper
of any kind was not necessary. Having prepared a zine plate with the tint all over it. and
having etched it in relief he found that by inking it up and placing it face to face with a
clean zinc plate the tint could be transferred from one plate to the other by passing the two
plates together through a press. It is doubtful if there is any advantage in this direct *“ plate
to plate” transferring as it would seem that there is bound to be a tendeney to wear down
the relief of the zinc tint plate by continual use in this way owing to the contact under
pressure of the hard surfaces of the two zine plates. IFurthermore the transfers prepared
as described in para. 1 appear to be so satisfactory and avoid wearing out the zine tint plates,
that they are perhaps to be preferred to transferring from plate to plate, though some workers
prefer the latter method.

6. Concurrently with what has already been described a great deal of improvement
has been effected towards the same end by a different method. It was noticed that the half-
tone plates made by Mr. Taylor’s ““ high light”’ method such as are used in the Photo-Litho.
Office for hill shade and which are in effect plates with dotted tints (stipples) on them would
stand rougher usage during preparation for the machine and in the machine than plates which
had stipples transferred to them. These half-tone plates are prepared by the ordinary helio
process, This led to the fact being realised that if tints could also be got on to the zine plate
by the helio process they would be much easier to worle with than tints laid down by means
of transfers. Mr. Vandyke from this evolved the plan of making an artificial negative by
band on which the portions to be covered with tint were clear glass and the remainder opaque.
If this artificial negative be placed face to face with a sensitised helio plate but with a thin
film or piece of tracing paper, on which a suitable “tint " or stipple is printed in some opaque
medium, between the negative and the helio plate, and an exposare to light made, the tint or
stipple will appear on the helio plate on development only on those portions falling directly
underneath the clear glass of the artificial negative. It will be scen that this method depends
on the interposed film being sufficiently thin to prevent the action of licht spreading to these
portions of the helio plate underneath the opaque parts of the negative. This method gives
very perfect results and is suitable for such tints as the blue of sea areas, ete., cultivation and
Forest areas. It is not suitable for such tints as the red stipple on roads and villages as these
tints have to be put on to plates on which there is existing work in the form of the lines form-
ing the roads and the out-lines of sites which cannot be protected from harm during the
inking up of the stipple prior to development. There isalso the difficulty of gettin:g' the
artificial negative to register accurately with the existing work on the zine when placing it in
the printing frame.

.7.- The next development was made when it was realised that the work of preparing
the artificial negative deseribed in para. 6 was practically doing over again work which had
already been done once by the Circle or Drawing office which prepared the yellow and green
colour guides. The question then arose as to whether the work already done on these colour
guides could not be utilised to produce without any further hand work a negative to take the
place of the artificial negative. Experiments were tried and it was found that if a blue print
instead of a black was used on which to prepare the colour guides and if a sufficiently strong
gamboge and Hooker’s green No. 2 were employed in their preparation, the colour guides
themselves could be photographed to produce negatives to replace the artificial negatives.

This procedure has consequently been adopted and is now in general use throughout the depart-
ment.

.8. A large amount of thought and many experiments have been devoted towards

¥roducxng the thin transparent screens with stipples or tints on them, referred to in para. 6,

or use .between the negative and the helio plate, and it is by improving the methods of
production of these that better results will be obtained.
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An ideal screen for this purpose would be one of celluloid with the tint composed of
cross lines cut into it and the lines filled up with some opaque medium. Endeavours have
been made to rule such a sereen but the irregular structure of the celluloid seems to be against
it and results in some parts of the lines cutting quite clean while other parts cut with jagged
edges. ’

Another method which has given a fair amcunt of success is to coat a glass with an
opaque “ ground ” or varnish and rule through this ¢ ground ”’ by means of a ruling machine.
This ruled glass is then used as a negative and a helio is made from it and the helio used for
making prints on tracing paper or other transparent medium, these prints being used as
screens for interposing between negative and helio. The difficulty in this method has been
to prepare a suitable ¢ ground " with which to coat the glass and which will not chip while in
the ruling machine.

9. The most successful results so far obtained in making these screens have been
photographie reproductions in one form or another of the ruled screens used in half-tone
work. A positive of the half-tone screen is made in a camera by the wet plate or collodion
process, the glass being French chalked before sensitising in order to facilitate the subsequent
stripping of the collodion film from the glass. When this positive is dry it is accurately
levelled and coated with gelatine. If a thick coating of gelatine is put on, the collodion
film with the gelatine adhering to it, can, when dry, be stripped from the glass and forms a
good though rather destructible screen for interposing as deseribed in para. 6.

A more durable screen though a less transparent one can however be made by only
laying a thin coating of gelatine on the collodion film: on to this a sheet of tracing paper,
which has been coated thinly with gelatine and chrome alnm, is squeegeed down : when dry the
whole is cut round the edges and pulled off the glass. This method right through is a very
delicate one, the making of the positive reproduction of the half-tone secreen being a most
difficalt matter as any dust spots, irregularities of the collodion coating or bath marks make
the result useless. The final stripping from the glass also is fraught with difficulty.

10. Some very fairly successful screens have been made on tracing paper as follows:—

A negative is made from a half-tone screen in the camera and from this a helio is
made on a polished zine plate. This helio is etched with nitric acid until the cross lines stand
slightly up in relief after which the cross lines are inked up with an ink mixed with very
stiff varnish, The tacky ink is then black-leaded and a print made on to varnished tracing
paper the image on which is formed by the black lead adhering to the varnish on the tracing
paper.

By means of varying the shape of the stop in the camera lens when the negative is
being made it is possible not only to reproduce the half-tone sereen in its  cross lined” form
but it is also possible to produce a negative consisting of parallel diagonal lines or of dots:
thus, given a large half-tone screen of the ordinary type, it is possible to produce thin sereens of
all varieties of tints for interposing between negative and helio. Many other methods have been
tried but the screens we use to most advantage are prepared by one of the above methods.
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‘REPORT ON THE LEVELLING CARRIED OUT TO WATCH THE BEHAVIOUR
OF BENCH-MARKS FIXED TO TREES IN THE COMPOUND OF THE
TRIGONOMETRICAL SURVEY OFFICE, DEHRA DUN, DURING
THE PERIOD APRIL 1914 TO APRIL 1917.

By Corover G. P. Lenox ConyneHaM, R. E.

The line of levels formed a small circuit starting from and closing upon the G. T. 8.
Standard Bench-mark in the above compound. The levelling was done twice yearly, once in
April and once in October, before and after the monsoons, i. ¢. just before and after the period
of greatest vegetative activity.

Teén trees of different kinds and ages were selected on which bench-marks consisting

G.T.S.
of zine plates bearing the inscription —BeM_ were nailed, the horizontal line through the circle

being the point of reference.

The Bench-marks were numbered serially from 1 to 24 and the numbers were stamp-
d on the zine plates. 18 of these zinc-plate-bench-marks were fixed vertically on the trunks
of the trees at heights varying from 9 inches to G feet above ground, some on the bark and
some on the sapwood after removing the bark. Three were fixed horizontally to the heartwood
in large nicks cut in buttresses near the base of the trunk; two were fixed horizontally on the roat
of a rubber tree, and one on that of a teak tree.

The ten trees to which bench-marks have been fixed are :—

(a) Large Tun tree ... Bench-marks 10, 11 and 23

(0) Small Tun tree do. 19 and 20

(¢) Large Shisham tree ... do. 17 and 18

(@) Small Shisham tree ... do. 3

(e) Large Chir tree do. 5, 6 and 21

(f) Small Chir tree do. 4

(9) Large Gambhar tree (Gmelina Arborea) do. 7,8and 9

(k) Large Teak tree . do. 12, 13, 14 and 24

() Large Rubber tree (Ficus Elastica) do. 1 and 2
(/) Small Silver Oak (Grevillea Robusta) do. 15 and 16

These levelling operations have been carried out at the request of the Forest Depart-
ment in order to decide whether the stems of trees rise bodily during the process of growth.

From the results given in the table attached it will be seen that during this ‘period
there has been no appreciable change in the constancy of the elevation of the bench-marks in
question. From the effects on and the conditions of the bench-marks nailed to the bark or to the
sapwood of the trees there is evidence of the growth in the wirth of the trees, for several of the
zine plates were actually forced over the heads of the nails and were found lying on the ground
and rhost of the remainder have become distorted, owing to strain caused by this growth.b

Those bench-marks which are fixed vertically eannot be connected by direct levelling
that is to say the levelling staff cannot be placed directly on the bench-mark. In such cas:s,
a peg was driven into the ground as near the bench-mark as possible and the staff was placed on
that, then the vertical distance from the top of the peg to the horizontal line on the zine plate
was measured with a tape.

The small discrepancies shown in the table may be in part due to errors in the tape
measurements which were in some instances rather difficult to make. The results of the

levelling to the horizontal bench-marks, on whieh the staff could be erected, show scarcely an
changes at all during the three years that the work has been going on. Y
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DESCRIPTION OF BENCH-MARE

How Fixed

Height in feet ubove (+) or lelow (~) the Stundurd Bench-mark near

the Office of the Supcrintendent of the Trigonomectrical Survey

DatE

Height above ground

April October April Qctober May

October April

1914 1914 1915 1915 1016 1916 1917

BEMizxs
(May 1017)

Vertically on sapwood,

Horizontally to heurtwood,

Vertically on bark,
Large Tun tree {

Vertically on bark,
Large Gamhar tree ) Vertically on sapwood,
(Gmelinag drborea)

Horizontally to heartwood,

Vertically un bark,
Large Chir tree Vertically on sapwood,

Horizon!ally to heartwood,

Small Chir tree Vertically on sapwood,

Small Shisham tree Verlically on bark,

Large Rubber troe

Horizontally on sapwood of root,
(Ficus Elustica)

Horizontally on bark of root,

Vertically on bark,
Small Tun tree i
Vertically on sapwood,

Horizontally to heartwood,
Vertically on bark,

Large Shisham tree Vertically on sapwood,

Small Bilver Oak

(Qrevillea Robusta) Vertically on sapwood,

Horizontally on bark of root,
Horizontally to heartwood,
Vertically on bark,
Vertically on sapwood,

Large Teak tree

{Verticully on bark,
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Forced over the heads of the nails,
Do. do. do.
In good condition, Connected by direct levelling,

Bent and being forced out. Connected by tape measurements,

Growth of bark on right edge of plate, otherwise in good condition.
Connected by tape measurements,

In good condition. Connected by direct levelling.

In good condition. Connected by tape measuroments.

@rowth of bark on right edge of plate, otherwise in good condition.
Connected by tape measuremsnte.

In good condition. Connecled by direct levelling.

This tree was removed in 1916,

Growth of bark on both edges of plate, which is bent. Connected
by tape measurements.

Growth of bark on sll sides of the plate, which is bent and not
horizontal. Connected by direct levelling.
Do. 0. do- do.

The plate, which is bent, is stickine only } inch out of the tree at its
right edge and the nail on this side has been forced out, Connec-
ted by tape measurements.

Forced over the hends of the nails.

In good condition. Connected by direet levelling.
Do. do. Connected by tape measurements.
Bent and being forced out particularly at the left edge which is not
quite against the tree. Connected by tape measurements.

Growth of bark on both edges of plate, which is bent. Connected

by tape measurements.
Do. do. do. do.

Forced out.

In good condition. Connected by direct levelling.

Bent a little, Connected by tape messurements.
Do. do. do. do.
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APPENDIX L

NOTE ON BASEVI’S PENDULUM OBSERVATIONS AT MORE.
By Coroxzr G. P. Lexox Conyncuam, R.E., F.R.S.

In the geographical journal for September, 1916 there is a paper “On the accuracy
of Basevi’s determinations of the value of gravity in India” by R. D. Oldham, F.R.S.

The object of the paper is to arrive at a value of ¢ for Moré, Captain Basevi’s last
station, and to estimate the probable error of the value adopted.

This question was dealt with in the Report of the International Geodetic Conference
of 1909 by Prof. Borrass of the Prussian Geodetic Institute.

Taking all the pendulum stations visited by Basevi aud Heaviside in the vears 1865-
1873, at whi(;h observations with modern apparatus have since been made, and using Kew
as the base station, Prof. Borrass computes the value of g at each station from the “ vibration
numbers” given in Vol. V of the  dccount of the Operations of the G.T. Survey ”. Then
taking the values of gy obtained from the modern observations, he finds the corrections
which the earlier results require. The errors of the old observations are unquestionably
principally due to the absence of means for measuring flexure in the old apparatus.

Prof. Borrass finds that at the majority of the stations the eorrection is tolerably
uniform, but that Dehra Dun and Mian Mir are in a class by themselves. He points out
that a special light stand was used at Mian Mir and says that “in all probability the same
was used at Dehra Dun”. In this he was mistaken. The light stand was made for the
expedition to Moré and was used only at Mian Mir which place Captain Basevi visited just
before starting on the expedition. At Dehra the ordinary stand was used but it was erected on
four masonry pillars, so as to raise it above the flues used for heating the room during the
determination of the temperature correction.

To reduce to the Potsdam system, in which g at Kew iz 981-201, Prof. Borrass
finds that for the Indian stations at which the ordinary stand was used Basevi’s values
of g, computed from the differences from Kew, require a correction of +0-036 +0-003.
For Delira Dun he finds the correction + 0-103 and for Mian Mir + (-112. Taking the
mean of Dehra Dun and Mian Mir, he adopts + 0-107+ 0-004 for Moré. As explained
above, Prof. Borrass was mistaken in thinking that the conditions at Dehra Dun were similar
to those at Moré. The value 0107 therefore is based on a misconception and must be
reconsidered.

The fact is that with regard to Moré, we have no evidence at all except the Mian Mir
result, and if we wish to make use of the Moré observations the only possible course is to
assume that the flexure of the stand was the same at Moré as it was at Mian Mir, but we
have no evidence as to whether the light stand used at Mian Mir and at Moré was equally
rigid wherever it was erected. '

This point will be returned to, but before proceeding further it is important to state to
what the correction + 0-112 is to be applied. This correction is necessary in order to remove
the error caused by the difference between the Hlexure at Moré and that at the dase station.
At Kew-the way in which the pendulums were erected was quite different from the plan
ﬁ.tdopted in India, and the corrections given by Prof. Borrass are only applicable when Kew
8 .ma;de ”lti base station. Prof. Borrass alludes to this, but Mr. Oldham does not and the
omission might possibly lead readers who are not familiar with the methods of pendulum
observations into error.

‘ Since the arrangements at Kew werc not at all similar to those made in India, and
since we now hfwe tr.ustworth_v values of ¢ at a good many Indian stations it will somewhat
simplify the d.lscusswn of. Capt. Basevi’s observations if Kew is altogether omitted and if
one of the Indian stations is made the base.

Dehra Dun would have been the most natural station to choose, since it is the base
of t'he l'nodern work, but, as has already been said, Basevi’s pendulum stand was erected at thi
station in a special way so that Dehra has the same disadvantage as Kew. °
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Kaliana will be the best station to choose as the base. It was visited three times by
Capt. Basevi and the conditions of work seem to have been normal and satisfactory. The
modern Indian operations give the following results based on g at Kew =981 -200.
g at Dehra Dun =979-063%
g at Kaliana =979-154%
Making Kaliana the base and using the value 979°154, the results of Basevi’s obser-
vations at stations which have since been visited with the modern apparatus, and at Moré, are
shown in the table, and alongside of these are given the results of the modern determinations,

| e | s

!
Bangalore o] 978044 | 978-025 [ —0-019
Madras ‘: 978284 | 978-279 | —0:005
Celaba | 078:652 | 978:631 | —0-021
Kalianpur .| 978-770 | 978-777 | + 0-007
Nojh .| 979-163 | 979-143 | —0-020
Dehra Dun <. 1 979:009 | 979-063 | +0:051
Mussoorie .| 978-798 | 978:793 | —0-005
Mian Mir c | 979321 | 979-383 | +0-062
Moré ... | 978°184

We sce that Bangalore, Colaba and Nojli resemble each other very closely, that Madras,
Kalianpur and Mussoorie agree fairly well with one another, and that Dehra and Mian Mir
while agreeing with each other differ widely from the rest. The mean correction for the
six normal stations is—0-010.

The effect of Hexure is to increase the time of vibration; if the time of vibration is too
large the resulting value of g is too small. If therefore a result uncorrected for flexure is
too large it means that the flexure at the station concerned was less than at the base station.
It appears therefore that the flexure at Kaliana was greater than that at any of the other
normal stations (¢. ¢. omitting Dehra and Mian Mir) except Kalianpnr.

Also that the correction necessary to reduce to a flexare equal to that at Kaliana
varies from +0-007 to —0-021. We do not know what the flexure correction at Kaliana,
or at any other station, was and we therefore cannot say whether this variation is a larce
proportion of the whole or not ; it would be quite incorrect to say, for instance, that the flexure
at Nojli was four times as great as that at Mussoorie. Our position is similar to that of a
person who is told that the thermometer reads 50° at one place and 30° at another and is not
told what kind of thermometer was used, whether C., F. or R. He knows that one place was
hotter than the other but not how much hotter.

Mr. Oldham finds that the mean correction to the normal stations is + 0-039 with an
uncertainty of 0-01, and that at Mian Mir the correction is +0-109. He proceeds, “ From
this it seems that thg use of the licht stand introduces a correction of about twice as mueh as
in the case of the heavier and probably an uncertainty in the same proportion.”

The corresponding figures when Kaliana is used as the base are:—

Mean correction to normal station —0-010 +0-01,
Correction to Mian Mir +0-062.

Tt is not possible to make any deduction with regard to the uncertainty of the Moré
correction. e know that the heavy stand, which was taken to pieces at the conclusion of the
observations at each station and re-erected at the next was sometimes more rigid than at
Kaliana and sometimes less; we know nothing at all about the behaviour of the light stand,
but it is natural to suppose that it would he liable to greater variations.

* Prof. Borrnes prefers 979:065 and 979°156 hat as all the recent Indian resnits have been based on
970+063 st Debra it s prefernble to adhere to this valne antil it is confirmed or modified by a fresh expedition
with the pendulums to Kew and back again.
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As has been said above, the only way of deriving a valueof gat Moré from Capt.
Basevi’s observations is to assume that the correction found at Mian Mir, namely + 0062, applies
equally to Moré. As to the uncertainty the present writer can merely say that he would be sur-
prised if the correction was to prove less than +0°030 or greater than +0°120; in his opi-
nion therefore g at Moré will probably be found to lie between 978:214 and 978304 or in
round numbers between 978-2 and 978-3.

The latitude of Moré is 33° 15” 39" and the height 15427 feet.

Hence vo =979-584%
Correction for height = ~1-446%

ya =978-138
Bouguer correction =+0-519%

Y8 = 978 657

The Hayford, or compensation, correction has recently been computed by Major Cowie.
The topography of the surroundings is not accurately known and therefore the result is
liable to some uncertainty. The value obtained was +0:081 and the probable error may be
estimated at about 4 0-003.

Hence ye¢ = va + Hayford correction.
=978-219.
Retaining two places of decimals only, and even the second is very uncertain, we have:—
g —vyp = 97825 — 978:66 = — 0-41,

g —yc = 978:25 — 978-22 = + 0°03.

So far attention has only been drawn to the uncertainty at Moré due to the light
stand. There were, however, other special sources of error. In India the pendulum stand was
always erected on a masonry floor; if none existed a floor was constructed for the occasion.
At Moré there was no such floor.

At all the Indian stations the apparatus was set up in a room which gave tolerable
protection from changes of temperature. At Moré a tent had to be used. A speeially thick
tent was employed and Capt. Basevi was well pleased with the amount of protection it afforded,
but its use must have introduced some additional uncertainty. For these reasons the view has
been held in the Survey of India that the Moré observations are too uncertain for any argu-
ment to be based on them. °

But for the war we should long ere this have had the results of the pendulum observa-
tions made by the members of the de Filippi expedition of 1913-14. Commander Alessio
of the Royal Italian Navy made a great effort to take a set of observations at Moré, but
unfortunately he was only able to spare time for this expedition in the early part of
1914 and snowy weather frustrated his plans. Observations were however made at Leh and
at several other places inthose regions and, when the results are published, much light will
be thrown on the state of isostatic compensation underlying them., )

* Computed by Helmert's formula yo=978-030 (1 + 0:005302 sin® ¢ — 0-000007 sin? 2¢)

t Correction for height = — 2oh o 2x 97?;5&17_’.‘_]_5427 = =1
’ K 20900000~ — 140
1 Bouguer correction for mmnes = + i x i X 29k
4+ A I
3 2
-+ B 26T 1446 = 40519
4 75676

L]
In I'rof. Borraes's Report. the corrections for heigh i
- a TTaeS ) ] E ght and mass are given the values 1°449 and 0-542
respeclively. The difference of 0-003 in the correction for Leight seems to be due to a difference in the ndopzl),ed
Tr:lno of IR, the meoan radius of the carth. ’I‘!\e difference in the Bouguer correction it due to difference in tho
adopted values of the surfaco and mean density, 28 and 552 having been employed instead of 2°67 and 5-576
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A—HISTORY AND GENERAL REPORTS.

(Obtainable from the Superintendent, Map Pullication, 13, Wood Street, Calcutta).

MEMOIRS.
1. A Memoir on the Indian Surveys. By C. K. Markham . India Office, London, 1871.
Price Rs. 5 or 6°-5%,
2. Ditto (second edition). By C.R. Markkam, C.B., FRS,
India Office, London, 1878. Price Rs. 5-8 or 7+-4.
3. Abstractof the Reports of the Surveys and of other
Geographical Operations in India, 1869-78. By C. R.
Markham and C. E. D. Black, India Office, London.
Published annually between 1871 and 1879. (Out
of print).

4. A Memoir on the Indian Surveys, 1875-1890. By C.E.D. Black,
India Office, London 1891, Price Rs. 5-8 or 7s-41.
ANNUAL REPORTS.

Reports of the Revenue Branch . 1851.1877. —(1551-67 and 1869-70, out of print).
‘ Price Rs. 3 or 4.
Ditto Topographical Branch . 1860-1877.—(Out of print).
Ditto Trigonometrical Branch . 1861.1878.—(1861-71, out of print).
Price Rs. 2 or 2.8,
In 1878 the three branches were amalgamated, and from that date onwards annual reports
in single volumes for the whole department, are available as follows: —
Sfrom 1877-1900 (1877-79, 1587-88, 1895-96 and 1897-98, out of print).
General Reports at Rs. 8 or 4' per volume.

(trom 1900-1917 (1902-04 and 1906.08, out of print) at Rs. 2or 2:-8¢
per volume.

From 1900 onwards the Report has been issued annually in the form of a condensed
statement known as the “General Report” supplemented by fuller reports, which were
called “Bxtracts from Narrative Reports’ up to 1909, and since then have been styled
“ Records of the Survey of India.” 'Thesc fuller reports are available ax follows —_

(v) “Bxtracts” Volumes at Rs. 1.8 or 2 per volume.

1900-01—Recent Improvements in Photo-Zincography. G. T. Triangulation in Upper
Burma. Latitude Operations. Experimental Base Messurement with Jiderin Apparatus.
Magnetic Survey. Tidal and Levelling. Topography in Upper Burma. Calcutta, 1903,
(Out of print).

1901-02—G. T Triangulation in Upper Burma. Latitude Operations. Magnetic Survey.
Tidal and Levelling. Topography in Upper Burma. Topography in Sind. Topography in the
Punjab. Caleutta, 1904 (Out of print.)

1902-03—Principal Triangulation in Upper Burma. Topography in Upper Burma.
Topography in Shan States. Survey of Simbhar Lake. Latitude Operations. Tidal and Levelling.
Magnetic Survey. Introduction of the Contract System of Payment in Traverse Surveys.
']l‘mversing with the Subtense Bar. Compilation and Reproduction of Thina Maps. Calcutta,

905.

1903-04— Magnetic Survey. Pendulum. Tidal and Levelling. Astronomical Azimuths.
Utilization of old Traverse Data for Modern Surveys in the United Provinces. . Identification
of Snow Peaks in Nepial. Topographical Surveys in Sind. Notes on town and Municipal Surveys
Notes on Riverain Surveys in the Punjab. Calcutta, 1906. .

1904-05—Magnetic Survey. Pendulum Operations. Tidal and Levelling. Triangula-
tion in Baluchistin. Survey Operations with the Somalilald Yield Force. Calcutta, 1907,

1905-08—Magnetic Survey. Pendulum Operations. Tidal and Levelling.

graphy in Shan States. Calcutta, 1908, Tope-

. .1906-07.—Mngnetic Survey. Pendulum Operations. 'tidal and Levelling. Triangu-
lation in Baluchistan. Astronomical Latitudes. Topography in Shan States. Calcutta, 1909
. , .

.1907-08—Mngnctic Survey. Tidnl and Levelling. Astronomical Latitudes. Pendulum
Operations. Topography in Shan States. Calcutta, 1910,

1908-09—Magnetic Survey. Tidal and Levelling. Pendulum Operations.

tion. Calcutta, 1911. Triangula-
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ANNUAL REPORTS—(Continued).

(5) “Records of the Survey of India” ot Rs. 4 or 5.4 per volume, except where
otherwise stated.

Vol. I—1909-10—Annual reports of parties and offices ... Calcutta, 1912,
11—1910-11—Aunual reports of parties and offices ... Calcutta, 1912,
T11—1911-12—Annual reports of parties and offices ... Calcutta, 1913,
1V—1911-13--Erplorations on the North-East Frontier ... Calcutta, 1914,

V—1912-183—Annual reports of parties and offices ... Calcutta, 1914,
VI—1912-13— Link connecting the Triangulations of India and Russia  Dehra Dun, 1914,

VII—1913-14—Annunl reports of parties and offices ... Calcutta, 1915.
VII— { 18685-79—Part 1) Explorations in Tibet and { . Dehra Dan, 1915.
1879-92—Part 11 ) neighbouring regions Price of each Part Bs. 4 or 5°.44,
I1X—1914-15— Annual reports of purties and offices ... Calcutta, 1916.
X —1915-16—Annual reports of parties and offices Dehra Din, 1917,
XI1—1916-17—Annual reports of parties and offices Debra Dan, 1918.

SPECIAL REPORTS.

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal, Ranikhet and Kosi
Valley Surveys extended to Peshawar and Khigin Triangulation during 1869-70 By Major
T. G. Montgomerie, R.E. (Out of print).

2, *Account of the Survey Operations in connection with the Mission to Yarkand and
Kashghar in 1873.74. By Captain Henry Trotter, R.E. Calcutta, 1875.

3. Reporton the Trans-Himilayan Explorations during 1869. (Out of print).

4. Report on the Trans.Himilayan Explorations during 1870. Dehra Dun, 187L.
(Out of print).

5. Report on the Trans-Himilayan Fxplorations during 1878, Caleutta, 188C. (Out
of print).
“Notes of the Survey of India” are issued monthly. (Stociced in the Surveyor General's
Office, Calculta). Price as. 2 or 24,

B—GEODETIC WORKS OF REFERENCE.
(Obtainable from the Superintendent of the Trigonometrical. Survey, Dehra Din, U.P.)

EVEREST’S GREAT ARC BOOK.

1. An account of the Measurement of an Arc of the Meridian between the parallels of
18° 3" and 24° 7. By Cupt. George Everest, East India Company, London, 1830. (Out of print)

2. An account of the Measurement of two Sections of the Meridional Arc of Tndia,
bounded by the parallels of 18° 3’ 15", 24° 7' 117, and 29° 30' 48". By Lt.-Col. G, Everest,
F. R. 8. East India Company, London, 1847. (Out of print.)

3. Engravings to illustrate the above. London, 1847. (Out of print.)
G.T.S. VOLUMES—describing the Operations of the Grent Trizonometrical Survey.

Price Bs. 10-8 or 14* per volume, except where otherwise stated.

Vol. I—Standards of Measure and Base-Lines, also an Introductory Account of
the early Operations of the Survey, during the period of 1800-1830.
Dehra Dun, 1870.  (Out of priut,)

Appendiz No. 1. Description of the method of comparing, and the apparatus employed.

Appendix No. 2. Comparisons of the Lengths of 10-feet Standnrds A nnd B, and determina-
tione of the Difference of their Expunsions.

Appendix No, 3. Comparisons between tho 10-feet Standurds Ip lg and A,

Appendix No. 4. Comparisons of the 6-inch Brass Scales of the Compensated Microscopes.

Appendix No. 5. Determination of (he Length of the Inch [7.8] on Cary’s 3-foot Brues Scale,

Appendix No. 6. Comparisons belween the 10-feet Standord Burs s und A for delermining

the Expansion of har A,
Appendix No. 7, Finol defermination of the Differencesin Length between the 10-[cet Stana
dnrds Ip lsand A,
Appendix No. 8, On the Thermomelers employed with the Standards of Length.
Appendix No. 9. Determination of the Lengths of the Sub-divisions of the Inch [a.b).
Appendix No. 10. Report on the Practical Errors of the Mensurement of the Cape Cowmorin

Baso.
II—A History and General Description of the Reduction of the
Prineipal Triangulatjon. Dehra Din, 1879 (Out of print.)

Appendix No.
Appendix No,
Appendix No.

Investigations applying to the Indian Geodesy.

The Micrometer Microscope Theodolites.

On Observations of Terrestrial Refraction at certain stations situated on
the plains of the Punjab,

On the Periodic Errors of Graduated Circles, &c.

On certain Modifications of Colonel Everest's System of Observing intro-
duced to mcet the specialities of particular instruments.

On Tidal Observations at Kurrachee in 1855,

An alternative Method of obtaining the Formule in Chapters VIII and
XV employed in the Reduction of Triangulation,—Additional Formul®
and Demonstrations,

Appendix No,
Appendix No.

Appendix No.
Appendix No.

NSH J N

* For Departmental use only.
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Appendix No. 8. On the Dispersion of Circuit Errors of Triapgulation after the Angles
bave been corrected for Figural conditions.

Appendix No. 9. Corrections to azimuthal Observations for imperfect Instrumental Ade
justments,

Appendix No. 10. Reduction of the N.W. Quadrilateral—the Non-Circait Triangles and

, their Final Figural Adjustments.

Appendix No. 11. '.l'hxla 'I'he(lireticnl Errors of the Triangnlation of the North-West Quadri«
ateral.

Appendix No. 12. Simultaneous Reduction of the N.W. Quadrilateral—the Computations.

Vol. IIT—North-West Quadrilateral,—1"he Principal Triangulation, the Base-Line
Figures, the Karachi Longitudinal, N. W. Himalaya, and the Great Indus
Series. Dehra Dun, 1873. (Out of print.)

1V—North-West QuadrllateraI—The I'rincipal Triangulation, the Great Arc—
Section 24°-30°, Rahimn, Gurhigarh and Jogi-Tila Meridional Series and the
Sutlej Series. ... Dehra Din, 1876.

1VA—North-West Quadrila teral—'l‘he Pnnclpal Triangulation, the Jodhpore
and the Eastern Sind Meridional Series with the details of their Reduction and
the Final Results. Dehra Diun, 1886.

V—Pendulum Operatlons of Captams J. P. Basevi and W. J. Heaviside,
and their Reduction. Dehra Din and Calcutta, 1879,

Appendix No. 1. Account of the Remensurement of the Length of Kater’s Pendulum at
the Ordnance Survey Office, Southampton.

Appendix No. 2. On the Relation between the Indian Pendulum Operations. and those
which have been conducted elsewhere,
Appendix No. On the Theory, Use and History of the Convertible Pendulum,

Dnow existing,

A Bibliographical List of Works relating to Pendulum Operations in
conuection with the Problem of the Figure of the Earth.
VI—South-East Quadrilateral—The Principal Triapgulation and Simultaneous

Reduction of the following Series:—Great Arc—Section 18° to 24° the East
Coast, the Calcutta and the Bider Longitudinal, the Jabalpur and the Bilaspur
Meridionals. . Dehra Dan, 1880. (Out of print.)
VII—North-East Q,uadrlla,teral-—General Description and Simultaneous Redue-
tion. Also details of the following five series:—North-East Longitudinal, the
Budhon Meridional, the Rangir Meridional, the Amua Meridional, and the
Karara Meridional. Dehra Dun, 1882.

Appezdix No. 1. The Details of the Sepr.rate Redmtlon of the Budhon Meridional Series
or Series J of the North-East Quadrilateral,

Appendix Ko. 2. Reduction of the North-East Quadriiateral. The Non-circuit Triangles
and their Final Figural Adjustments.

On the Theoretical Errors Generated Respectively in Side, Azimuth,
Latitnde and Longitude in a Chain of Lriangles.

3
Appendix No. 4. On the Dispersion of the Residual Errors of a Simultaneons Reduction
of Several Chains of Lriangles.

VIII—North-East Quadrilateral—Details of the following eleven series:—
Gurwani Meridional, Gora Meridional, Huriliong Meridional, Chendwar Meri-
dional, North Parasnath Meridional, North Malincha Meridional, Calcutta
Meridional, East Calcutta Longitudinal, Brahmaputra Meridional, Eastern Fron-
tier—Section 23°-26° and Assam Longitudinal. ... Dehra Diin, 1882,

IX—Telegraphic Longitudes—during the years 1875-77 and 1880-81.
Dehra Dan, 1883.

Appendix to Part 1. 1, Determination of the Geodetic Elements of Longitude Statlons

2. Deseriptions of Points used for Longitude Stations,

3. Comwparison of Geodetic with Electro-Telegraphic Arcsof Longitude,

4. Circuit Errors of Observed Arcs of Longitude.

5. Results of Idiometer Observations made during Season 1880-81,
Appendix to Part IL. 1. Bitnations of the Longitude Stations at Bombay, Aden and Suez.

2, Survey Operations at Aden.

3. Results of the Iriangulation

4. Right Ascensions of Clock Stars,

X—Telegraphic Longitudes—during the years 1881.82, 1882-83, and 1883-84.
Dehra Din, 1887,

Appendix to Part 1. 1, Determination of the Geodetic Elements of the Longitude Stations,
2. Descriptions of Stations of the Connecting Triangulation and of
those at which the Longitude Observations were taken,
3. On the Errors in AL caused by Armature-time and the Retardation
of the Electric Current.
4. On the Rejection of some doubtfol Ares of Season 1881-82,
6. Oo the probable Causes of the Errcrs of Arc-measurements, and on

the Nature of the Defects in theTrnnsxt Instruments which
might produce them,

3.
Appendiz No. 4. Onthe Length of the Seconds Pendulum determinable from Materials
b

Appendix  No,

Appendix No.
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G.T.S. VOLUMES—(Continued),
Vol. XI—Astronomical Latitudes—during the period 1805-1885. Dehra Diin, 1890,
XII—Southern Trigon—General Description nnd Simultaneous Reduction. Also
details of the following two series:—Great Arc—=Section 8°-18°, and Bombay
Lonegitudinal, Dehra Dan, 1890,
XI1I—Southern Trlgon—-Detalls ef the followmt' five series :—South Konkan Coast,
Mangnlore Meridional, Madras Meridional and Coast, South-East Coast, and

Madras Longitudinal. - " Dehra Diin, 1890,
XIV—South-West QuadrllateraI—Detmls of Prlnmpnl Tringulation and Simul.
taneous Reduction of its component series. . Delira Din, 1890,

XV—Telegraphic Longitudes—from 1885 to ]892 and the Revised Results of
Volumes IX and X: aleo the Simultaneous Reduction and Final Results of the
whole Operations. Dehra Diin, 1893,
Appendix No. 1, Determination of the Geodehc Elements of the Longitnde Stations.

Appendix No, 2. On Retardution (n numerical mistake wuas made in this uppendix in the
conversion of n formuls from kilometres to miles: the conclusions drawn
vannot therefore be upheld).

XVI—Tidal observations—from 15873 to 1892, and the Methods of Reduction.
Dehra Din, 1901.
XVII—Telegraphic Longitudes—during the years 1894-95.96. The Indo-European
Arcs from Karachi to Greenwich. .. Dehra Din, 1901
Appendix No. 1. Descriptions of Points used for Longitude Stations.
Avpendix No, 2. The Longitude of Madras.
XVIII—Astronomical Latitudes from 1885 to 1905 and the Deduced Values of
Plumb-line Deflections. Dehra Dun, 1906.
Appendix No. On Deflections of the Plumb hne in India.

1
Appendix No. 2. Defermination of the Geodetic Elements of the Latitude Stations of
Bajamars, Bahak, Lambatach and Kidarkuania.

On the (N—3) Difference exhibited by Zenith Kector No. 1,

On the Value of the Micronieter of the Zenith Telescope.

On the Azimuth Observations of the Grent Trigonometrical Survey of India,
Appendix No. A Catnlogue of the Publications of the Great Trigonometrical Survey of India,
Appendix No. On the combination weights employed.

XIX—Levelling of Preclsmn in India from 1858 to 1909. Dehra Dun, 1910,

Appendix No. 1. Experiment to test the chonges, due to Moisture and Temperature, in the
Length of a Levelling Staff.

Appendix No. 2. On the erection of Standard Bench-Marks in India during the years
1904-1910.

Appendix No. 3. Memorandnm on the steps taken in 1905-1910 to enable movements of the
Earth’s crust to be detected,

Appendix No, 4. Dypamic and Orthometric corrections to the Himalayan levelling lines
and circuit: and a consideration of the order of magnitude of possible
refracfion errors.

Appendix No. 5. The passage of rivers by the Levelling Operations,

Appendix No. 6. The Jrrors of the Trigonomectrical values of Heights of stations of the
priocipal triangulation,

Appendix No. 7. The effect on the spheroidal correction of employing Theoretical instead
of Observed values of 3ravity and a discussion of different formula
giving variation of Gravity with Latitude and Height.

Appendix No. 8. On the discrepancy between the Trigonometrical and spirit.level valnes of

’ the difference of leight between Dehra Din and Mussooree,

Apvendix No.
Appendix No,
Appendix No.

e

XIXA—Bench-Marks oo the Southern Lines of Levelling. Dehra Din, 1910,
Price Rs. 5 or 6484 ] . :
XIXB—Bench-Marks on the Northern Lines of Levelling. Dehra Dian, 1910.

Price R«. 5 or 6.8
SYNOPTICAL VOLUMES-—giving charts, descriptions of stations, and full synopses of

coordinates and heights of all stations and points fixed by Principal and Secondary Trian-
gulation.*

Price Rs. 2 or 287 per volume unless otherwise stated.
Ttalic figures are in chronological order and refer to the Index Chart of the @, T. Survey.
North-West Quadrilateral
Vol. I—The Great Indus Series (32). Dehra Din, 1874.
II—The Great Arc—S8ection 24°-30° (6).  Dehra Diin, 1874.
II1—The Karachi Longitudinal Series (25). Dehra Dun, 1874.
1V—The Gurhagarh Meridional Series (23). Dehra Din, 1875,
—The Rahin Meridional Series (33). Dehra Din, 1875.
VI—The Jogi-Tila Meridional Series (37). and the Sutlej Meridional Series (45).
Dehra Dun, 1875.
VII—The N. W. Himalaya Series (22) and the Triangulation of Kashmir (36). Dehra
Dn, 1879.
VIIA—The Jodhpore Meridional Series (62) and the Eastern Sind Meridional Series
(64). Dehra Dun, 1687,

* Special charta can be supplied of those series for which no Synoptical Volumes are available, wir. :— all
Burma. Chittagong and Baluchistan triangulation, the Assam Longitudinal, the Sambalpur Meridional. and the
Qilgit Series, with a few recent secondary series in India,
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SYNOPTICAL VOLUMES—(Continued)
Soutb-East Quadrilateral
Vol. VIII—The Great Are—Section 18°-24° (8). Debra Din, 1878.
1X—The Jabalpur Meridional Series (53). Dehra Dun, 1878.
X—Tle Bider Longitudinal Series (43). Debra Dun, 1880.
XI—The Bilaspur Meridional Series (55). Dehra Dan, 1880.
XII—The Caleutta Longitudinal Series (5). Dehra Dun, 1880.
XIII—The East Coast Series (24). Dehra Ditn, 1880.
X1IIA—The South Parasnith (I) and the South Malincha Meridional Series (17)
Dehra Dan, 1885.
North-East Quadrilateral
Vol. X1V—The Budhon Meridional Series (2). Dehra Dan, 1883.
XV—The Rangir Meridional Series (4¢). Dehra Diin, 1883.
XVI]—The Amua Meridional Series (3) and the Karara Meridional Series (12). Dehra
Dan, 1883.
XVII—The Gurwani Meridional Series (19) and the Gora Meridional Series (I5).
Delra Dun, 1883,
XVI1IT—The Hurilaong Meridional Series (21) and the Chendwar Meridional Series (14).
Dehra Dun, 1883,
XIX—The North Parasnith (27) and the North Malincha Meridional Series (13).
Dehra Dan, 1883.
XX—The Calcutta Meridional (16) and the Brahmapitra Meridional Series (56).
Dehra Dun, 1883.
XXI—The Fast Caleutta Longitudinal (48) and the Eastern Frontier Series—
Section 23°-26° (44). Dehra Din, 1883.
XXII—The Assam Valley Triangulation, E. of Meridian 92° (55). Dehra Dan, 1891,
(Out of print.)
XXX V—The North-East Longitudinal Series (¢0) with the volume of charts. Dehra Din,
1909,  Price Rs. 5 or 6°-84,
Southern Trigon
Vol. XXIIT—The South Konkan Coast Series (11), Dehra Duan, 1891.
XXIV—The Mangalore Meridional Series (£9). Dehra Dun, 1891.
XXV —Tle South-East Coast Series (63). Dehra Dun, 1891,
XXVI—The Bombay Longitudinal Series (7). Dehra Dun, 1892.
XXVII—The Madras Longitudinal Series (54). Dehra Dun, 1892,
XXYVI11—The Madras Meridional and Coast Series (46). Dehra Dan, 1892.
XX1X—The Great Arc Meridional Series—Section 8° to 18° (9). Dehra Dun, 1899.

South-West Quadrilateral
Vol. XXX.—The Abu Meridional Series (26) and the Gujarat Longitudinal Series (29).
Dehra Duan, 1892,
XXXI —The Khanpisura Meridional Series (18). Dehra Dun, 1893,
XXXII—The Singi Meridional Series (10). Debra Dun, 1893.
XXXIII—The Cutch Coast Series (35). Dehra Dun, 1893.
Addendum to the Cuteb Coast Series, (Indus delta) (separate pamphlet).
Dehva Dan, 1902.
XXXI1V—The Kathiawar Meridional Series (28). Dehra Din, 1894.
TRIANGULATION PAMPHLETS with charts, are now being issued for every
square degree, giving the results of all minor triangulation, as well as that shown in Synop-
tical Volumes. Price Re. 1 or 147 per pamphlet. Vide page 115,

LEVELLING PAMPHLETS—giving heights and descriptions of all Bench-marks,

fixed by levelling of Precision in India and Burma. Each pamphlet embraces an area of
4° x 4° and the numbering is the same as that of the corresponding sheets of the 1/M map
of Indin. Each is illustrated by a map of the area. Price Rs. 2 or 2-8¢ per pamphlet
except where ot herwise stated.

Pamphlet Nos. Latitude. Longitude, I'ublished Pamphlet Nos. Latitude. Longitude Published,

Indin 34 28°-32° 64°—68° Dehra Din, 1916, India 44 28°-32° 72°-%6° Dehra Din, 1912,
" 35 247-vp° G4° ~68°

" 1911, " 45 24°-28° 72°-76° " 1911,
" 88 32°-3¢° 68° =~ 72° o 1912, " 46 20°-24" 72°-76° " 1912,
" 39 28°-ag 68°~72° " 1913, 47 16°—20° 72°-76° " 1912,
" . Addendnm 1916. " »*  Addendum " 1915
" 40 21°-28° 68 ~72° " 1911, " 48 12°-16> 72°-%6° . 1912'
" 41 20°-2¢4° 68°~72° , 1913, » 49* 8°—12° 72°-76° ' 1911'
" 48 32°-36° 72°~7¢° “ 1913. . 52 32°-~86° 76°-80° ,,I, 1912..
" w Addendum " 1916, " 53 28°-32° 76°—80° " 1912,

* Price Re. 1 or 1%44,
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LEVELLING PAMPHLETS—(Continued)

Pamphlet Nos. Latitude. Longitude. Published,  Pamphlet Nos. Latitode.
India 54 24°-28° 76°—80° Delra Din, 1914.* India 78 24°-28°
" 56 20°—21 76°—80° . 1912.

Longitude.  Published.
88°~92° Dehra Din, 1919.

, " 1 Addendum " 1916,
. b6 16°—20°  76°-80° . 912, 79 20°-24° 88°—92° . 192,
. BT 1216 76> —80° " 912, .+ Addendum . 1916
. B8 g—12° 76°—80° N 1914, 83 20°-28° 95°—9¢° . 1012,
. 63 24°—28° 80 —84° " 1911. Burma 84 20°-24> 92°-96° " 1911,
" 64 20°-24° 80° - 84° " 1912, “ ,  Addendum " 1914,
W 6B 10°~20° 80° - 84° " 1913, . 85 16°-20° 92°—9¢° . 1918
" 66 12°-16° 80°—84° " 1912, 92 24°-28°  96°-100° . 1911
. 712 2809 84 — 8% . 1912, 93 20°-24°  96°~)00° . 1917
” 3 20°-24° 84°-838° " 1913, (94 16°=20°  96°-100° 1916
. T4 16°—20°  S4°-88° . 1913, . 95 12°—15° o —1000 " 10T

* 2nd Edition (enlarged). t Price Re. 1 or 1*.49,

1 Heigbts revised.

TIDE TABLES—

Since 1881 Tidal predictions based on the observations of the Survey of India have
been published annually by the India Office, London. The tables give the time and height of
high and low water for every day in the year at each port, and are published early in the
previous year. Current tables are available for the following 40 ports :—

Western Ports—

Suez (Egypt)—Perim—Aden—Maskat—Buashire—Karachi—Okbha Point and Bet Harbour
(Gulf of Cutch)—Porbandar—Port Albert Vietor (Kathiawdr)—Bhaunagar—Bombay (Apollo
Bandar)—Bombay (Prince’s Dock)—Mormugao (Goa)—Karwir—Beypore (near Calicut)—
Cochin—Minicoy (Indian Ocean) —Tuticorin—Pamban Pass (Island of Rimeswaram).
Eastern Ports—

Galle (Ceylon)—Trincomalee (Ceylon)—Colombo {Ceylon)—Negapatam—Madras—
Cocanida— Vizagapatnm—False-Point—Dublat (Saugor Tsland)—Diamond Harbour- - Kidderpaore

(Calcutta)—Chittagong—Akyab—Diamond Tsland (Burma)—Bassein—Elephant Point (Burma)
—Rangoon—Amherst—Moulmein—Merguni—Port Blair.

The Tide Tables are issued in the following forms :—

(i) Combined Volume—including all the above ports— Price Rs. 4 or 544,
(ii) Part I and Part IT—including Western and Eastern ports respectively—
Kack part Rs. 2 or 2:-8¢,
(iii) Pamphlets—giving separately the tables for individual ports or for small
local groups of ports—Price varying from As. 8 or 8 to Rs. 1-8 or 25 per
pemphlet.

C—CATALOGUES AND INSTRUCTIONS.
(Olbtainable from the Superintendent, Map Publication, 13, Wood Street, Calcuttn).

DEPARTMENTAL ORDERS.
From 1878 to 1885 the Surveyor General’s orders were all issued as “ Circular
Orders.” Since then they have been classified as follows :—
(1—Goverment of India Orders (called “ Cirenlar Orders™
From 1885 to 1904 as z up to 1898,)

2—Departmental Orders (Administrative).
3—Departmental Orders (Professional). -

In 1904 the various orders issued since 1878 were reclassified as follows :—
Number to date.

1.—Government of India Orders.— 690
2.—Circular Orders (Administrative) — 378
38.—Circular Orders (Professional).— 194

4.—Departmental Orders. (appointments, promotions, transfers, etc.)
These are numbered serially and had reached the above numbers by September 1917.
Government of India Orders and Circular Orders (Administrative) are bound up in volumes
from time to time, as shown below, while Circular Ovders (Professional) are gradually incor-
porated in the Survey Hand-books. Besides the above, temporary orders have been issued
since 1910 in the form of “Circular Memos.” These either lapse or become incorporated
in some more permanent form, and are therefore only numbered gerially for each year. Bound
yolumes of orders are available as follows:—
1. *Government of Indin Orders (Departmental) 1878.1903.—Calcutta, 1904,
Ditto ditto 1904-1908,— Calcutta, 1909. (Out of print),
Ditto ditto 1909-1913.—Calcutta, 1916.

® For Deparmental use only.
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DEPARTMENTAL ORDERS—(Continued)
2. *Circular Orders (Administrative) ~ 1878-1903. —Calcutta, 1904.
Ditto ditto 1904-1908,—Calcutta, 1909.
Ditto ditto 1909-1913.—Calcutta, 1915.
3. *Regulations on the subject of Language Examinations for Officers of the Survey of

India. Calcutta, 1914, n
4. *Map Publication Orders 1908-1914 (Superintendent, Map Publication’s Orders.)—

Calcutta, 1914, . . )
5. Specimens of papers set at Esaminations for the Provineial Service.—Dehra Ditn,

1903.—(Out of print).
CATALOGUES AND LISTS.
1. Catalogue of Maps published by the Survey of India. Second edition. Caleutta,
1915. Price Re. 1 or 1s-44.
NOTE.—Lists are issued quarterly of new maps published during each quarter,
and similar lists for each month appear in the monthly NOTES OF
THE SURVEY OF INDIA.
2. Catalogue of Maps of the Bombay Presidency, Calcutta, 1913.  Price 4s. 4 or 44,
3. List of the publications of the Survey of India (published annually)—Dehra
Din. Gatis,
4. Price List of Mathematical Instrument Office. Calcutta, 1913. Gratis.
5. Catalogue of Books in the Head-Quarters Library, Calcutta, 1901. (Out of print).
6. Catalogue of Scientific Books and Subjects in the Library of the Trigonometrical Survey
Office. Dehra Dan, 1908. Price Re. 1 or 1°-4¢.
7. Catalogue of Books in the Library of the Trigonometrical Survey Office. Dehra Duan,.
1911. (Out of print.)
8. Green Lists—PART I—List of officers in the Survey (kalf yearly to dates 1st January
and 1st July)—Cualcutta. Price As. 6 or 6.
PART [I—History of Services of Officers of the Survey of India
(annually to date 1st July)—Calcutta. Price As. S or 84,
Blue Lists—DMinisterial and Subordinate Establishments of the Survey of India.
PARYT I—Head guarters and Dehra Dan offices (published annually to date 1st
April)—Caleuttn. Price Re. 1 or 1°-44,
PART II—Circles and parties (published annually to date 1st January).—Calcutta.
Price Rs. 1-8 or 2s.
(Nos. 8 and 9 are stocked in the Surveyor General's Office, Calcutta).

TABLES AND STAR CHARTS.

1. Auxiliary Tables—to facilitate the calculations of the Surver of India. TFourth
Edition, revised. Dehra Dan, 1906. Price Rs. 4 or 5544 in cloth and calf, or Rs. 2 or 2.8 in paper
and boards.

2. Auxiliary Tables—ot the Survey of India. Fifth Edition, revised and extended by

J. de Graafl 1Tunter, M.A. In parts—
PART TI—Graticules of Maps. Dehra Dun, 1916. Price Re. 1 or 1:.44,
PART IT—Mathematical Tables (at press)

3. Tables for Graticules of Maps. Extracts for the use of Explorers. Dehra Dan,
1910. Price As. 4 or 44,

4. *Metric Weights and measures and other Tables, Photo-Litho Office. Caleutta,
1889. (Out of print.)

5. Logarithmic Sines and Cosines to 5 places of decimals. Dehra Din, 1886, Price As. 4 or 44,

6. Logarithmic Sines, Cosines, I'angents and Cotangents to 5 places of decimals. Dehra Din,
1915. . Price Re. 1 or I=-4¢,

7. Common Logarithms to 5 places of decimals. Price As. 4 or 47,

8. Table for determining Heights in Traversing. Dehra Dan, 1898. Price As. 8 or .

9. Tables of distances in Chains and Links corresponding to a subtense of 20 feet. Dehra
Dun, 1889. Price As. 4 or 47,

10. * Ditto ditto 10 feet. Calcutta, 1915.
11. * Ditto ditto 8 feet. Ditto.
12, Star Charts for Iatitude 20° N. By Colonel J. R. Hobday, 1.8.0. Calcutta, 1900.
Price Rs. 1.8 or 2.
13. Star Charts for latitude 30° N, By Lt.-Col. Burrard, R.E., F.B.S. Dehra Din, 1908
Price Rs. 1-8 or 2. , ‘

14. *Catalogue of 249 Stars for epoch Jan. 1, 1892, from observati by t
Dehra Dan, 1893. ions by the Survey.

15 * Rainfall from 1868 to 1903, measured at the G. T. Survey Office, Debra Din. (Out
of print.) .

o
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OLD MANUALS.

1. .A Manuual of Surveying for India, detailing the mode of operations on the Revenue
Surveys in Bengal and the North-Western Provinces. Compiled by Captains R, Smyth and H. L,
Thuillier. Caleutta 1851. (Out of print.)

2. Ditto ditto ditto. Second Edition. London, 1855
Price Rs. 4 or 5°-4¢, .

. 3. A Manual of Surveying for India, detailing the mode of operations on the Trigonomet-
rical, Topographical and Revenue Surveys of India. Compiled by Colonel H. L. Thuillier, CS.I,
F.R.S, and Lieutenant-Colonel R. Smyth.  Third Edition, revised and enlarged. Calcutta, 1875,
(Out of print.)

4. Hand-book, Revenue Branch. Calcutta, 1893. Price Rs. 2-8 or 35-41.

SURVEY OF INDIA HAND-BOOKS.

1. Hand-book of General Instructions, Fourth Edition. Calcutta, 1914. Price
Rs. 3 or 4.

2. Hand-book, Trigonometrical Branch, Second Edition. Calcutta,
(Out of print.)

3. Hand-book, Topographical Branch, Third Edition. Calcutta, 1905. (Out of
print.)

4. Hand-book of Topography.—Yourth Edition. Calcutta 1911. Chapters of, in
pamphlet forms—

Chapter I—Introductory.—reprinted with additions, 1917. Price 4s. 4 or 4.

’ 1I—Constitation and Organization of a Survey Party.—reprinted, 1913,
Price As, 4 or 4.

. T1I—Triangulation and its Computation.—reprinted, 1914, Price 4s.8 or 8¢,
" IV—Traversing and ite Computation.—reprinted, 1917.  Price As. 8 or 8¢,
’ V—Plane-tabling.—reprinted 1915. Price ds. 8 or 84,

. VI—Fair Mapping,—reprinted 1917. Price ds. 8 or 8¢

" VII—Trans-frontier Reconnaissance.—reprinted 1914, Price ds. 4 or 47,
., VIIT—Surveys in time of war (not ready).

- IX—Forest Surveys and Maps.—reprinted 1914. Price As. 4 or 47,

X—XReproduction of the Sheets of the one-inch Map.—reprinted 1913,
Price ds. 4 or. 4,

" XI—Geographical maps.—under preparation.
5. *Photo-Litho Office, Notes on Organization, Methods and Processes. By AMujor
W. C. Hedley R. E. Revised and amplified by Capt. 8. W 8. Hamilton. R. E. Calcutta, 1914,
6. The Reproduction (for the guidance of other Departments), of Maps,
Plans, Photographs, Diagrams, and Line Illustrations. Calcutta, 1914.  Price Rs. 3 or 42,

NOTES AND INSTRUCTIONS.
Drawing and Paper.

1. *Notes on the Drawing of New Standard Maps, By Major W, M, Coldstream, R, E.
Calcutta, 1908. _

2. *Notes on Printing Papers suitable for Maps, and on Whatman Drawing Paper. By
Major W. AL Coldstream, R, E. Calcutta, 1911.

Printing and Field Litho processes.

3. *Report on Rubber Offset Printing for Maps. By Major W. M. Coldstream, B. E,
Calcutta, 1911.

4. *Notes on the “Vandyke” or Direct Zinc Printing Process, with details of Apparatus
and Chemicals required for a small section. Cowmpiled in the Photo and Litho Office, Survey of
India. Calcutta, 1913.

5. *Report on the Working of the Light Field Litho Press (experimental) in November
and December 1910 with Appendices. By Lieutenant 4. A, Chase, B. E., Calcutta, 1911.

(1) Notes on some of the Methods of Reproduction suitable for the Field.
(2) Suggested Equipment ‘I'ables for the Light Field Litho Press (experimen-
tal).

6. *Report on a trial of the equipment of the lst (Prince of Wales’ Own) Sappers and
Miners for reproducing maps in the field. By Lieutenant A. A. Chase, R. E. Calcutta, 1912.

Base Lines and Magnetic.

7. ®*Notes on use of the Jiderin Base-line Apparatus. Dehra Dun. 1904.

8. *Miscellaneous Papers relating to the Measurement of Geodetic Bases by Jiderin Invar
Apparatus. Dehra Dun, 1912.

1
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NOTES AND INSTRUCTI0 NS.—(Continued).
9. *Instructions for taking Maguetic Observations. By J. Eecles, AL. 4. Dehra Din, 1896G.

10. Rectangular Coordinates.—On a Simplification of the Computations relating to-
By J. Eecles, M. A. Dehra Din, 1911. Price Re 1 or 1°-4%

11. *For Explorers.—Notes on the use of Thermometers, Burometers and Hypsométers
with Tables for the Computation of Heights. By J. de Graaff Hunter, M. A. Dehra Din, 1911.

D—MISCELLANEOUS PAPERS.
(Obtainable from the Superintendent, Map Publication, 13, Wood Street, Calcutta).

UNCLASSIFIED PAPERS.

Geography.

1. A Sketch of the Geography and Geology of the Himilaya Mountains and Tibet (in four
puris). By Colonel 8. G. Burrard, R.E., F. R 8., Supdt., Trigonometrical Surveys, and Mr. H H.
Hoyden, B. A, F. G. 8., Supdt, Geological Survey of India. Calcutta, 1907-08.

Part I.—The High Peaks of Asia.
,,  TL.—The Principal Mountain Ranges of Asia. Price Rs. 2 or 2.8¢ per
111.—The Rivers of the Himilaya and Tibet. part.
1V.—The Geology of the Himalaya.

2. *Report on the Identification and Nomenclature of the Himalayan Peaks as seen from
Katmandu, Nepal. By Capt. H. Wood, R. E. Calcutta, 1904.

3. Routes in the Western Himalaya, Kashmir, etc. By Lieut.-Colonel T. Q. Montgomerie,
R E,F R 8.,F R G S. Third Edition. Revised and corrected. Dehra Dun, 1909. (Out
of print.)
Special Reports.

4. Report on the Recent Determination of the Lougitude of Madras. By Capt. 8. @,
Burrard, R. E. Calcutta, 1897. (Out of print).

5. *Report on the Observation of the Total Solar Eclipse of 6th April 1875 at Camorta,
Nicobar Islands. By Colonel J. Wuterhouse. Calcutta, 1875. (Out of print).

6. *The Total Solar Eclipse, January 22, 1898. Dehra Din, 1898.
(1) Report on the observations at Dumraon.
(2) Report on the observations at Pulgaon.
(3) Report on the observations at Sahdol,
7. *Report on Local Attraction in India, 1893-94. By Cuvtarn S. Q. Burrard, R.E.
Calcutta, 1895. (Out of print.)
8. *Report on the Trigonometrical Results of the Earthquake in Assam. By Captain S. G.
Burrard. Calcutta, 1898. (Out of print.)
9. *Not.es on the Topographical Survey of the 50‘{}0—0 Sheets of Algeria by the Topographical
Section of the “Service Geographique de I'Armée”. By Captain W.AML. Coldstream
R, Caleutta, 1906. '

10. *The Simla Estates Boundary Survey on the reale of 50 feet to 1 ineh.
A Dandy, R.E. Caleutta, 1906.

Geodesy.

11. Notes on the Theory of Errors of Observation. By J. Eccles, B[.A. Dehra Din, 1903

Price 45, 8 or 8. ' ’
12, *Note on a Change of the Axes of the Terrestrinl Spheroid in relation to the I'rian-
gFllﬂti()ll of the G.T. Survey of Indin. By J. de Graaff Hunter, A.A. Delra Din
(Out of print.) Now incorporated in Professional Paper No. 16. .

By Captain

13. Report on the Treatment and use of Invar in mensurine Ge i
s g Geodetic Bases. By Capt.
H. H. Turner, R. E. London, 1907. Price ds. 8 or 8, y cept
Projections.
14. On the projection used for the General Maps of India. Dehra Dan, 1903 (Out of
print). ’ - |

15. *On the deformation resulting from the method of constructing the International
Atlas of the World on the scale of one to one million. By Ch. Lal?emand Tl'ansllo?ad
by J. Eccles, A1.4., together with tables for the proi;action of 1/M .Maps ouatle),e
International system. Dehra Diw, 1912, (Out of priui:).

* For Departmental use only,
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UNCLASSIFIED PAPERS—(Continusd),
Mapping. '
16. *A Note on the different methods by which hills can be represented upon maps,
By Colonel S.Q. Burrard, CS.1., R.E., F.R.S., Surveyor General of India. Simla, 1912,

"17. ®*A Note on the representation of hills. By Major C. L. Robertson, C.M.G., R.E.
Dehra Dun, 1912,

18. *A Note on the representation of hills on the Maps of Indin. By Major F. W. Pirrie,
I.4. Dehra Din, 1912,

19. ®A consideration of the Contour intervals and Colour Scales best suited to Indian
1/M maps. By Captain M. O'C. Tandy, B.E. Calcutta, 1913.

PROFESSIONAL PAPERS-—Price Rupee 1 or 1°-4* per volume, except where otherwise
stated.

No. 1—Projection—0On the Projection for a Map of India and adjacent Countries on
the seale of 1:1,000,000. By Colorel St. G.C. Gore, R.E. Second Edition,
Dehra Dun, 1903.

No. 2 *Base Lines—Method of measuring Geodetic Bases by means of Metallic
Wires. By M. Jiderin. (Translated from Mimoires Présentés par Divers
Savants @ U Académie des Sciences de I'Institut de France). Dehra Dun, 1899,
(Out of print.)

No. 3—Base Lines—Method of measuring Geodetic Bases by means of Colby's
Compensated Bars. Compiled by Lieutenant H. McC. Cowie, R. E. Dehra
Dun, 1900. (Out of print.)

No. 4—Spirit-levels—Notes on the Calibration of Levels. By Lieutenant E. A.
Zandy, R. E. Dehra Duan, 1900. (Out of print.)

No. 5—Geodesy—The Attraction of the Himalaya Mountains upon the Plumb-Line
in India. Considerations of .recent data. By Major S. G. Burrard, R. E.
Second Edition. Dehra Dan, 1901. Price Rs. 2 or 2:-8¢.

No. 6—Base Lines—Account of a Determination of the Co-efficients of Kxpansion
of the Wires of the Jiderin Base-Line Apparatus, By Captain G. P. Lenog-
Conyngham, R. E. Dehra Duan, 1902, (Out of print.)

No. 7 *Miscellaneous. Calcutta, 1903.

(1) On the values of Longitude employed in maps of the Survey of India.
(2) Levelling across the Ganges at Damukdia.
(3) Experiment to test the increase in the length of a Levelling Staff due to
moisture and temperature.
(4) Description of a Sun-dial designed for use with tide gauges.
5) Nickel-steel alloys and their application to Geodesy. (Tronslated jrom
the French.)
(6) 'Theory of electric projectors. (Translated fron the French.)

No. S—Magnetic—Experiments made to determine the temperature co-efficients of
Watson’s Magnetographs. By Caplain H. 4. Denlolm Fraser, R. I, Calcutta
1905.

No. 9—Geodesy—An Account of the Scientific work of the Survey of India and a
Comparison of its progress with that of Yoreign Surveys. Prepared for the
use of the Survey Committes, 1905. By Lieutenant-Colonel 8. G. Burrard, R. E.,
F. R S. Calcutta, 1905.

No. 10—Pendulums—The Pendulum Operations in TIndia, 1903-1907. By Majer
G. P. Lenox-Conyngham, R, E, Dehra Dun, 1908. Price Rs. 2-8 or 3s.41,

No. 11—Refraction—Obrervations of Atmospheric Refraction, 1905-09. By H. G.
Shaw, Suroey of India. Dehra Din, 1911. (Out of print.)

No. 12—@eodesy—On the Origin of the Himalayan Mountains. By Colonel S. G.
Burrard, C. S. 1., R, k., F. R. S. Calcutta, 1912.

No. 13—Is08tasy—Investigation of the Theory of Isostasy in India. By Major H. L.
Crosthwait, R.E. Dehra Duan, 1912. (Out of print.)

No. I+—Refraction—Formule for Atmoshpheric Refraction and their application to
Terrestrial Refraction and Geodesy. By J. de Graaff Hunter, M. A. Dehra
Dun, 1913.  Price Rs. 2 or 2°.84.

No. 15—Pendulums—The Pendulum Operations in India and Burma, 1908.13,
By Captain H. J. Couchman, R. E. Dehra Diin, 1915. Price Rs. 2-8 or 3*-4,

No. 16—@eodesy—The Earth’s Axes and Triangulation. By J.de Graaff Hunter, M.A4.
Dehra Dun, 1918. Price Rs. 4 or 5*-44.

* For Departmental use only.
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DEPARTMENTAL PAPERS SERIES. (For departmental use only.)
No. I—Type—A consideration of the mosf suitable forms of type for use on maps.
By Captain M. O'C. Tandy, B. E. Dehra Din, 1913.
No. 2—Symbols—A review of the Boundary Sywbols used on the maps of various
countries. By Captain M. O'C. Tandy, R. £. Dehra Dun, 1913.
No. 3—Maps— Extract from “The New Map of Iialy, Scale 1:100,000.” By Luigi
Giannitraponi. Translated from the Italian by Major W. AL Coldstream, R.E.
Dehra Dun, 1913.
No. 4—Town Surveys—A reporl on the practice of Town Surveys in the United
Kingdom and its application to India. By Major C. L. Robertson, C M.G., R.E.
Dehra Dan, 1913,
No. 5 Stereo-plotter— ke Thompson Sterco-plotter and its use, with notes on the
Jield work. By Lieutenant K. Aason, B. E. Dehra Dan 1913.
No. 6—Levelling—Levelling of High Precision. By Chk. Lallemand. Translated
Srom the French by J. de Gragff Hunter, Ml.4. Dehra Dun, 1914.
"No. 7—Standard Bars—Bar Cowmparisons of 1907 and 1908. By M«jor H. McC.
Cowie, R.E. Dehra Dan, 1915.
No. 8—Helio-zincography—Iteport on Rubber Off-set Flat bed Machine Printing.
By Captain 8 1. Sackville Hamilton, RB.E. Calcutta, 1915,

PROFESSIONAL FORMS.

A large number of forms for the record and reduction of Survey Operations are stocked
at Debra. A list of these can be obtained from the Superintendent of the Trigonometrical
Survey, Dehra Dan, U. P,

PUBLICATIONS OF THE ROYAL SOCIETY.

(Obtainable from Messrs. Dulan & Co., 37, Soho Square, London, W., or Messrs.
Harrison & Sous, St. Martin’s Lane, London, or the Royal Society at Bzu'lhzgton House,
London.)

1. Philosophical Transactions, Series A, Volume 186, 1895. India’s Contribution to
Geodesy, by Qeneral J. T. Walker, R.E., C.B., F.R.S., LL.D.

2. Philosophical Transactions, Series A, Volume 205, pages 289-318, 1905. On the Inten-
sity and Direction of the TForce of Gravity in India, by Lieutenant-Colonel
8.@. Burrwrd, R.E., FR.S.

8. Proceedings, Series A, Volume 90, pages 32-10, 1914.  On the effect of the Gangetic
Alluvium on the Plumb-Line in Northern 1ndia, by B. D. Oldham, F.R.S.

4. Proceedings, Series A, Volume 91, pages 220.238, 1015. On the origin of the Indo-
Gangetic trough, commonly called the Himalayan Foredeep, by Colonel Sir S. G.
Burrard, K,08.1, B.E., F.R.9.
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AGENTS FOR THE SALE OF INDIAN OFFICIAL PUBLICATIONS.

LONDON.
A, ConstasLr & Co., 10, Orange Street, Leices-
ter Square, W.C.

P. 8. Kine & Sox, 2 and 4, Great Smith Street,
Westminster, S. W,

Keeaxn Pavi, Trevcre, TrusNer & Co.,
68, Carter Lane, E.C,

B. Quarirch, 11, Grafton Street, New Bond
Street, W.

Hexay 8. Kixe & Co., 65, Cornhill, EC
Grypray & Co., 54, Parliament Street, S.W.

T. Fisaer UnwiN, Lrp., 1, Adelphi Terrace,
W.C.

W. Taacker & Co., 2, Creed Lane, Ludgate
Hill, B.C.

Lvuzac & Co., 46, Great Russell Street, W.C.

Epwarp StaNForp, Lo, (for maps only),
12.14, Long Acre, W.C.

EDINBURGH.

Ovrivie AND Boyp, Twoeeddale Court.

DUBLIN,
E. Povsonsy, L1p, 116, Grafton Street.

OXFORD.
B. H. BrackwEerr, 50 and 51, Broad Street.

CAMBRIDGE.
Deranron, Berr & Co., Lrp., Trinity Street.

ON THE CONTINENT,

Erngsr Leroux, Rue Bonaparte, Paris, France.
MarnTiNus Nisuorr, The Hague, Holland.

INDIA.

Trackeg, SeiNk & Co., No. 3, Esplanade, East,
Calcuttn, and Simla.

Newman & Co.,, No. 4, Dalhousie Square,
Calcutta.

Lar CaaNDp & Sons, No. 76, Lower Circular
Road, Caleutta.

MawnscER, THE INDIAN ScHooL SureLy DEror,
No. 309, Bow Bazar Street, Calcutta, and
Dacca.

Ra1 Samie M, Guras SiveH & Sons, Lahore,
Tuacker & Co., Lrp., Bombay,

D. B. TararorEvaLA, Soxns & Co., Bombay.
Hrger~veoreams Lrp., Madras.

Proprieror, Marsasrrite PrinTine Wogks,
Mussoorie.

CugraToR, GoVERNMENT Boox DEepéT, BUBMa,
Rangoon.

Cockpuens AeExcy, Srinagar.
Busuman & Co., Muzaffarpur.
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