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Colonel Sir Gerald Ponsonby Lenox-Conyngham, whose portrait
faces this page, joined the Survey of India in 1889 and most of
hisservice was spent in the Trigonometrical—now called the Geodetic—
Branch.

Durinz the years 1891-36 he was associated with Captain S. G.
Burrard in a determination of the fundamental longitude for India by
means of several electro-telegraphic ares extending from Greenwich to
Karachi, where connection was made with the longitude-arc system of
India. Originally Indian longitudes depended on the value found for
Madras by purely astronomical means. In 1877 a somewhat imperfect
electro-telegraphic connection with Europe had been made via Suez,
Aden and Bombay: Burrard and Conyngham’s results were very superior
and their determinaticn is closely supported by observations made in
1926 by means of wireless telegraphy. It has been used for Survey of
India maps since 1900.

For eleven years Captain Lenox-Conyngham was in charge of the
Latitude Party and observed by the Talcott method at numerous stations
over India. He also observed for latitude and azimuth at a group of
stations round Kalianpur, the origin of the Indian Survey, to determine
the local anomalies of deflection.

In 1902 Captain Lenox-Conyngham published Professional Paper 6
in which are described certain experimental base line measures made by
the then new Jiderin method of lhanging wires. For this work special
arrangements had to be made for determining the coeflicients of expan-
sion with temperature.

About this time it was decided to make a gravimetric survey of
India. Between 1864 aud 1871 a small number of gravity stations on
the Great Arc had been oceupied with the object of determining the
ellipticity of the earth. Unfortunately the results were vitiated by
eglect to correct the observations for flexure of the pendulum stand—
a source of error not recognised at the time. Major Lenox-Conyngham
took part in the acquisition and standardisation in Europe of the new
pendulum apparatus by von Sterneck which had been selected. e
brought the apparatus out to India and formed the Pendulum Party.

Trouble was experienced in determining the temperature of the
pendulums, and Major Lenox-Conyngham overcame this by the intro-
duction of g dummy pendulum, simtlar to the swinging pendulum, in
the stem of which was placed a thermometer. He toured India for four
years with the new apparatus and published the results of his work in
Professional Paper 10 in 1908.

. He went to Calcutta as Superintendent of Map Publication, after
which he was placed in charge of the Levelling Party for two years.
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In 1912 he succeeded Mr. Eccles as Superintendent of the Trigono.
metrical Survey holding the post until his retirement in August 1921,
except for a short perlod during which he officiated as vaeyor General,
In 1918 he visited \Iesopotamla, to advise on levelling in that country.

He was elected a Fellow of the Royal Society in 1918 and received
the honour of Knighthood in 1919. On retirement he was appointed
Reader in Geodesy at Cambridge and elected a fellow of Trinity College.

The honorary degree of M.A. was conferred on him shortly afterwards
by Cambridge University.
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CHAPTER 1

INTRODUCTION AND SUMMARY

The present volume is the first of a new series of publications, styled
the Geodetic Reports. Until 1921-22 geodetic work of the Survey of
India was dealt with in the series of Record Volumes which contained
also reports of topographical work and were published annually, there
being occasional additional volumes. In this first volume a period of
three seasons, 1922-25 is covered ; but future volumes will contain an
account of only one season’s work.

The Geodetic Reports will deseribe the work of the Geodetic
Branch of the Survey of India, excluding the work of the Drawing Office,
Publication Office, ete., some account of which may be found in the
Annual General Reports or Map Publication Reports.

On Ist April 1923, No. 16 (Tidal Party) was amalgamated with
the Computing Office, the combined party being designated the Comput-
ing and Tidal Party. During the previous few years the tidal observatories
had been maintained, but harmonic analysis of the tidal diagrams had
been discontinued where adequate values of the harmonic constants had
been obtained. On the other hand tidal prediction, formerly done in
England, was taken up and ‘ Tide-Tables for Indian Ports”’ have been
prepared in this party, commencing with those for 1923.

In 1923, on the score of economy, magnetic work, until then
carried out by No. 18 Party, was much cut down and no field work has
been done since then. Poungoo Observatory was closed on 22nd
October 1923 and Kodaikanal Observatory on 1st October 1923. Dehra
Din Observatory has been maintained in operation by the Computing
and Tidal Party (§ 61). An account of the work is given in §§ 60-103.

. _Solar Photography, inaugurated in 1878 in collaboration with
Sir Norman Lockyer, was discontinued with effect from 30th June 1925.
Between the dates mentioned, photographs of the sun had been taken
daily, weather permitting ; and prints and plates were despatched week
byl week to the Director, Science Museum, South Kensington, London
(ride § 54).

Dr. de Graaff Hunter was nominated a British Empire delegate to
the Tnternational Union of Geodesy and Geophysies at Rome, May 1922,
and represented the Government of India.  In addition he attended all
the mectings of the Committee of Tidal Prediction. He was appointed
Rel"")l'f’(‘:‘ fo the Section of Geodesy on the ¢ Deviation of the vertical
Bme ™’ wnd also to serve on the International Committee of Longitudes,
and on a seleet committee with Captain Buchwaldt (Denmark, since
docergsod) to report on certain questions relating to the reduction of
gravity results.  His report (1912-1922) on the deviation of the vertical

was submitted during 1923 to the Secretary, Section of Geodesy ;
and a second report (1923-25) during 1925.
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While on leave in 1922 Dr. Hunter studied Dr. Doodson’s methe:
of tidal analysis, spending a month at the Tidal Institute, Liverpul
Certain modifications in tidal prediction procedure are indicated bels
(vide §§ 49,50). He also visited Edinburgh Observatory and was shon
the clock installation and time service arrangements by Profes
Sampson, F.r.S., Astronomer Royal for Scotland. Professor Samps
had very kindly undertaken a test on a new Riefler clock, No. 450, fu
Dehra Dan, which was completed shortly afterwards. The clock k
subsequently been received (15th Aug. 1923). Dr. Hunter also mat
comparative observations with Indian Magnetometer No. 10, both ¢
Kew and at Val Joyveux (10 km. west of Versailles).

Dr. Hunter attended the meeting of the International Union ¢
Astronomy at Cambridge in July 1925, in connection with the mix:
Longitude Commission. He was also concerned in discussing at
selecting suitable wireless 1ecept10n and other equipment with a vis
to the participation of the Survey of India at Dehra Din in the Inte
national Longitude scheme, fixed ‘for October and November 1926.

A new tidal observatory was opened at Bassein in October 19
Those at Moulmein and Port Blair were closed in November 1924 u
April 1925 respectively (ride § 41).

A special observatory for time determination was designed and cor
tructed (vide § 59). T le instrumental side of this work “has also be
improved by the acquisition of a high grade clock, Riefler No. 4
(vide § 56)and by the fitting of moving wire micrometer to the telescs
eyepieces (vide § 57).

Progress has been made in the revision of professional forms s
tables (vide § 27) and in the compilation and publication of triang
lation data (vide § 30).

Tidal observa.tor1e< were inspected as shown in (§ 40). Comparis:
of predlcted and actual times and heights of high and low water ats
tidal stations where observations were made ha,ve been tabulated on:
new form and in some cases corrections to future prediction are bas
on these (wvide § 18). Meteorological and Seismograph observatio:
have been continued as usual (ride §§ 51, 5R).

The results of all latitude, longitude and azimuth observations *
India have been employed to determine the form of the geoid. Thisw
be utilised for a redetermination of the Earth’s Figure and for a genes
consideration of the hypothesis of isostasy (vide § 25).  An inquiry ®
also made into the variation of the geold ‘with regard to the menn Wl
level of the ocean, with negative results I‘rom certain observations’
the U.S.A. it had been smpected that such variation occurs.  (r/de §2

A new method of graphical adjustment of triangulation !as b¥
introduced (vide § 31).
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A considerable amount of work was done in attempting to improve
the accuracy of tidal predictions at riverain ports. It often happens,
as in the case of Kidderpore (Calcutta) that important ports are situated
at a considerable distance up an estuary: and at such places tidal predic-
tion is far more intricate and less precise. Some progress was made but
not sufficient as yet to be practically useful (vide §§ 46, 47).

Mechanical additions have been made to the Tide Predicting Machine
which assisted in the above inquiry and also facilitates the work of
ordinary harmonie tidal prediction (vede § 49).

A lecture delivered in Madras in January 1922 at the meeting of
the Indian Science Congress, entitled “The Aeight of Mount Everes!
and other peaks”, is reproduced at the end of this volume (vide § 240).

Latitude observations by the Talcott method had been in abeyance
since 1915 until 1921 when Major Mason observed at four stations in
Kashmir. Observations were made next in season 1923-24 when No.
13 Party visited Bihar and Orissa. In the following season the party
went to Assam. Values of plumb-line deflection at twenty-seven stations
were obtained in the two seasons. Major Thompson’s conclusion (vide
¥ 116,117, is that the results in these areas are not fully accounted for
by the Hayford theory of isostasy. Further latitude results were
obtained from the prismatic astrolabe observations made in Kashmir in
conjunction with the pendulum work.

~ Two prismatic astrolabes—large and small models—were obtained
in 1921.  Observations with these instruments yield both time and
latitude, and results of very high precision may be obtained with the larger
(geodetic) model. Though some differences of opinion exist as to the
degree of this precision, it was considered that there would be a distinet
gam in usine this instrument in conjunction with pendulum observations,
for which clock rate has to be accurately determined. For rate, the
question of personality does not arise and so the astrolabe should be
suitable for pendulum observations. In addition, good values of lati-
tude—also impersonal—are derived simultaneously ; so it was considered
that if e detic positions of pendulum stations were adequately fixed,
useful values of deflection in meridian would also be arrived at. The
90m_plete project of determining also the deflection in longitude, requir-
Ing in addition the reception of wireless time signals, was deferred until
a suitabl. wireless set had been obtained.

_ Tha V‘Im'ger prismatic astrolabe was used in Kashmir in 1925
(vide §§ 140, 145, 146).

In the past it has been an invariable rule to observe pendulnms in a
room rather than a tent because the temperature variations are usually
much less. To extend the work to Himalayan areas, very interesting
trom the point of view of isostasy, it was necessary to break away from
this practice ; for in such regions houses are not to be found. Tt was
hoped that, this would be rendered possible by the use of the quartz
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pendulums which had been obtained just before the war, but had new
been used (vide § 126). Accordingly in 1924 a beginning was madet
standardise these two pendulums. Unhappily both were broken in tax
port between Mussoorie and Dehra Dan  While this was very mu
regretted, it showed conclusively that these quartz pendulums weret
fragile to withstand the rough transport conditions which are met wi:
in the Himalayas. Captain Glennie went fully into the question
temperature effects and evolved a working method of dealing with tk
larger temperature changes unavoidable with observations in a tent: th:
clearing the way for observations in any locality. The first trials wa
made In the summer of 19256 when pendulums were swung in Kashn:
(§ 139).  As the old von Sterneck pendulums were then in Europe fi
standardisation, Captain Glennie also designed and supervised the con
truction of three brass pendulums (vide § 128) which were used wi
success in the Punjab and Kashmir. Time and also astronomic latitu!
were derived from astrolabe observations.

The sites of the pendulum stations did not coincide with poin
fixed by triangulation and so it was necessary to determine the geodel:
position of each with fairly high precision, for deduction of the Tatitu
deviation. This was done by theodolite resection from points fixedt
triangulation.  Captain E. A. Glennie and Lieut. G. H. Osmast
carried out the astrolabe as well as the resection observations, and saff
factory and valuable results were thereby obtained. Positions probat
correct to 5 feet were deduced in this way (vide § 148).

The four von Sterneck pendulums, used in India between 1907 &
1915, were taken to England in the spring of 1924 by Lt.-Colonel H. Md
Cow1e for re- standardlsatlon Colonel Cowie was not in good health at tt
time and so this work was somewhat delayed. Howevel he made t
necessary observations at Kew in June 1925 and some months lat
he also swung the pendulums at Cambridge (vide § 127). Colonel Cow:
was bringing these pendulums back to India in September 1925 ar
had reached Marseilles when he became seriously ill and died on boar
P.&O. S.8. “Rawalpindi” on 25th September, 1925.

The levelling policy has been under consideration and the vie
arrived at is that the Survey of India should fix and maintain ben
marks at regular intervals: while intermediate bench marks, who
height has been determined with the same precision would pass into th
custody of local authorities to maintain as they find convenient.

The lines of levelling in India and Burma are as yet uncounected
but some steps have been taken towards a reconnaissance of a roit
whereby the connection might be effected (v7de § 206).

A report was submitted to the International Union of Goodesﬂ
Geophysies 1924 giving a brief history of Indian levelling of hig
precision since its introduction just before the war (ride § 206)
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The new level net was begun in 1914. Since then 3638 miles of
levelling have been completed in both directions and 949 miles in one
direction only.

Eight new lines have been added to the original net.

A new departure has been made since 1922 in the carrying out of
levelling for engineering projects with no other scientific object. For
in some cases a lower order of precision is adequate, which can be
conveniently covered by the designation tertiary levelling. Details will
be found in § 156.

Lieut. J. B. P. Angwin Rr.e. and Lieut. D.R. Crone R.E. were
under instruction from 28th October and 22nd October 1924 respectively
until 10th September 1925 and 22nd May 1925 respectively.

Mr. H. B. Simons held charge of the Training School from Ist
January to 14th April 1924 and Mr. S. F. Norman from 15th April 1924
to 30th September 1925. Four probationers of class II and fourteen
probationers of upper subordinate service passed through the School.

20
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PERSONNEL* OF THE GEODETIC BRANCH, 1922.%

Director, Geodetic Brancht
Lv.-CoLoNeL H. McC. CowiIEg, R.R, from 1st Oot. 1922 to 30th March 1924,
Da. J. DE GRAAFF HUNTER, M.A,, Sc. D., F, Inst. P., from 31st March to 27th Aprlll“;
LT.-CoLONBL R, H. THOMAS, D.8.0., R.E,, from 28th April 1924 to 20th September W‘p

COMPUTING AND TIDAL PARTY
Class 1 Officers.

Dr. J. de Granff Hunter, M.A, Sc.D,,
F. Inst. P, in charge from 27th Novem-
ber 1922 to 20th March 1925,

Major C.M. Thompson, 1.4, in charge from
18t October 1922 to 26th November 1922
and from 21st March 1925 to 30th Sep-
tember 1926.

Class II Officers. .

Mr. D.H. Luxa, Tidal Assistant from lst

October 1922 to 23rd March 1925,

Mr. R.B. Mathur, B.A., Tidal Assistant from
24th March 1925 to 30th September
1925.

Upper Subordinate Service.

Mr. K.K. Das, B.A., from 1st May 1924 to
30th September 1925.

COMPUTING SECTION.

Mr. Mukundananda Acharya, Head Com-
puter and 11 Geodetic computers.

TIDAL SECTION,

16 computers in 1922-23.
10 compaters from 1923-24.
MAGNETIC OBSERVATORY.

Mr. K.N. Mukerjee, M.A. Magnetic Obser-
ver & 1 computer.

13 PARTY (ASTRONOMICAL)
Class I Officers.
Captain H.E. Roome, M.C., R.E., in charge

from 1st October 1922 to 30th Septem-
ber 1923.

Major C.M. Thompson, 1.A., from lst Oc-
tober 1923 to 31st March 1925.

Captain G.H. Osmaston, ¥.C..R.E., io charge
from 1st April 1925 to 30th September
1925.

14 PARTY (PENDULUMS)
Class I Officers.

Major W.E. Perry, M.C, R.B., in charge
from let October 1922 up to 14th October
1933.

Major H.J. Couchman, D.8.0., M.C., R&,
charge from 15th to 22nd Ootober I
Captain E A. Glennie, D.8.0.,R.E., 1nchan§
from 23rd October 1923 to '!Oth Septe:‘
ber 1925, ;
Class 11 Officers.
Mr. R.B. Mathur, n.A., 1923-25.

Lower Subordinate Service,

P T

3 Computers.

15 PARTY (TRIANGULA'IIOM

Class I Officers, :
Capt. E.A. Glennie. D.8.0., 1.E., from’
October to 23rd October 1922, :

Major H.T. Morshead, D.8.0., R.B., I
24th October 1922 to 18th Februaryl'§

Major C.M. Thompson, IA.. from #
February to 7th October 1923.

Mr. Hanuman Prasad, Rai Sahib, in chg
from 8th October 1923 to 16th Julyk

Major W.E. Perry, M.C,, B.E., in charge
17th July to 14th August 1924.

Captain O. Slater. M.C.. R.E.,in chargef§
15th August 1924 to 31st October I'§

Captain W.J. Norman, M.C., R.E., in ch¥
from 1st November to 7thDecember1

Captain O. Slater, M.c., R.R.. from 8th
cember 1924 to 30th September 195

Class II Officers.
Mr. G.J.8. Rae, up to November 1¢24
Lower Subordinate Service.
6 computers in 1922-24.

4 .\ ,, 1924-25,
16 PARTY (TIDAL)
Class 1 Officers g
Dr. J. de Graaff Hunter, M.A., 8¢.D,

F. Inst. P., in charge from 19th Fcf'g
ary to 31st March 1923.

Major C.M. Thompson, I.A., in chargeh?
27th November 1922 to 18th Fein
1923.

Rai S8ahib Henuman Prasad, in
from 1st October 1922 to 26t n Noves™
1922,

_/‘

* Excluding No.2D.0.. Pablication and Stores, F.M.O. and Cantonment Partf

t The designation of the Superintendent Trlgonomatrlcal Survey was chang]
Director of Geodetic Branch from 10th July 1924.
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Class I1I Officers.
Mr. D.H. Luxa,
Lower Subordinate Service.
16 Qomputers etc. '
17 PARTY (LEVELLING)
Class I Officers.

Major A.H. Gwyn, LA, in charge from
19th March 1923 to 30th Sept. 1925.

Bt.-Major K. Mason, M.C.. R.E., in charge
from 1st October 1922 to 18th March
1923,

Captain E.A. Glennie, D.8.0,, R.E., from

24th October 1922 to 18th April 1923.

Class IT Officers.

J. 8. Rae, 1922-23.

N. Pushong, 1922-24.

B. Mathur, .., 1922-23,

S. Gopalachari, B.A,, 1922-24,
N. Chukerbutty, L.C.E. 1922.23.
Jiya Lal Sahgal, 1923-25.

.. N.R. Mazumdar, 1923-25

» D.N. Banerjee 1923-25

Upper Subordinate Service,

#Jr. K.K. Das, B.A., from Ist Oct. 1922 to
30th April 1924,

» S.C. Mukerjee, 1922-25.

. P.B. Roy, 1022.25,

» A.A.S. Matlub Ahmad, 1922-25.

" ‘Abdul Majid, 1022-25.

» H.C. Banerjen, 1923-25,
H. K. Kar, 192 °-25,

Lower Subordinate Service.

B2 Computers in 1022-24.
R5 Computers in 1921-25.
A1 Purely temporary levellers 1922-23,
B4, , “ 1923-24,
wo 1924-25,
18 PARTY (MAGNETIC)
Class I Officers.

Mr. E.C.J. Bond, v.n., in charge from 1sl
October 1122 to 30th September 1923.

Class [T Officers.

Mr. N.R. Mazamdar,
w diya Lal Sahual,

. G,
0.
. R.
K.
N.

Deura Div, 1
July 1927.

Upper Subordinate Service.

Mr. B. B. Shome.
» H.C. Banerjea, B. A.

Lower Subordinate Service.

1 Magnetic Observer.
10 Computers etc.

19 PARTY (BASK)
Class I Officers.

Major A.H, Gwyn, I.A., from 27th October
1922 to 20th April 1923.

Lt.-Colonel A.A. MeHnrg, D.B.0., B.E., from
218t to 30th April 1923,

Capt. H.E. Roome, M.c., R.E., in charge from
1st to 21st October 1923.

Lt.-Colonel H. McC. Ccwie, R.E., in charge
from 1st October 1922 to 26th October
1922, 1et May 1923 to 30th September
1923 snd 23nd October 1923 to 30th
March 1924,

Dr.J.deGraaff Hunter,M.A.,8c.D..F.1nst.I,,
in charge from 31st March to 11th April
1924.

Captain O. Slater, M.C.. R.E,, in charge from
12th April 1924 to 7th December 1924,

Captain W.J. Norman, M.C., R.E., in charge
from 8th December 1924 to 10th Septem-
ber 1925. .

Lieut. J.B.P. Angwin, R.E., in charge from
11th September to 30th September 1925,

TRAINING
Class I Officers undey instruction,

Lieut. J.B.P. Angwin, r.E,, from 28th Qct.
1924 to 10th September 1925.

Iieut. D.1X. Crone, R.E , from 22nd Oct. 1924
to 22nd May 1926.

TRAINING SCHOOL

Mr. H.B. Simona Instruetor from Ist
January 1924 to 144h April 1924,

8. . Norman Instructor from
April to 30th Scpt. 1925,

15th

"

J. pE Graarr HUNTER,

Offg. Director of the Geodetic Branch.

23.
(Contd )
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COMPUTING AND TIDAL PARTY

BY J. pE Graarr HuntER, M.A., Se.D., F. Inst. P.

There are three sections of the Computing and Tidal Party :—

(1) Computing Section.
(1) Tidal Section.
(i1)  Observatory Section.

(i) Computing Section

The reduction of the Talcott observations for latitude made in 192
by Major K. Mason R.E., at Gogipatri, Poshkar, Zebanwan and Rebm
in Kashmir was completed. Observations made in 1860 at Poshkar an
Gogipatri had yielded results which were open to doubt : but the 19%
observations gave results almost identical. . The deduced latitudes un
corrected for motion of pole are :—

. Value by
Astronomical value triangulation
Station : De_ﬂec-
tion
1922 1860 1856-6 ;
o ’ " o ’ " o ’ " »
Gogipatri 33 51 46-90 33 b1 46-56 33 51 43-87 | + 30
Poshkar 34 2 2:78 34 2 3-38 34 1 48-98 | +138
Zebanwan ...| 3¢ 3 33-50 34 3 59-14 | —256
\
Rebnn 33 45 1774 33 45 25:76 | - B0 |

Times of sunrise and sunset for Calcutta were computed for inelusior
in Tide-Tables of 1925 as well as of 1926. They were also computel
for other latitudes for non-departmental purposes.

Sun’s bearings for every 5 degrees of latitude, and also for Ahmsd-
nagar and Saharanpur for winter months, were computed taking refrac
tion, parallax and semidiameter into consideration in compliarce with
extra departmental requisitions.

All the plumb-line deflections derived from upwards of f®
hundred latitude, longitude, and azimuth stations were utilized to pr
duce charts on 1/6 M scale showing the lines of equal deflections 1
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meridian or prime vertical over India. From these curves, the average
deflections along one degree of meridian or prime vertical were estimated
whence the separation of geoid and spheroid was computed. This sepa-
ration was found for corners of all degree squares, and a final chart was
drawn showing the geoidal contours with relation to Everest spheroid.
A copy of this chart reduced to 4 scale is given opposite to page 9. Later
on, the contours were redrawn on the Helmert-Hayford spheroid. The
desirability of such representation of the geoid has been pointed out by
the International Geodetic Association.

Following on from this chart a beginning has been made in an
investigation of the Iigure of the Earth in India: at the same time an
attempt is being made to estimate the degree of isostatic compensation
in India and adjacent regions. The geoidal charts were sent to the
British Empire Exhibition, Wembley, 1923.

Hayford isostatic corrections were computed for sixty-two gravity
stations, completing the work begun by Captain Couchman, in
Professional Paper No. 15.

~ Mr. R. L. Faris of the United States Coast and Geodetic Survey
informed Mons. C. Lallemand, Reporter for Precise Levelling to the
International Union of Geodesy and Geophysies, that in two cases of
trans-continental levelling mean water level of the Atlantic and Pacific
oceans at the American coasts differed by an amount much greater than
could be accounted for by the usual accidental and systematic errors of
levelling. Monsieur Lallemand asked for the matter to be investigated

n India, which was done, the results being communicated to him.

In the first place it was necessary to compute out values of
7-and oy (probable accidental and systematic errors) for the inland
levelling cirenits of India. For this the formulw given in the Resolution
concerning Levelling of Precision® adopted at the meeting of the 17th
General Conference of the International Geodetic Association on 25th
September 1912, were employed. The values found were :—

7, = + 0-0040 foot-mile units
orp=+ 0 -00071 i) i3] ”»

These. values were entered in the following formula to find the
expected diserepaney between mean water levels (3. w.1.) as determined
at two adjacent observatories :—

(Expected discrepaney)? = 2,2 L+ a-}iL2 + E;* + E?, where L 1s the
length of levelling line in miles ; E,, B, are the probablekerrors (p.e.)of
the mean of annual determinations of ar. w. 1. from tidal observatories.

Table T. exhibits all quantitics concerned and gives the ratio of the
actual evror to the cxpected ervor.  In eight cases this ratio is less than
::)1_8]:}1121'111 onec only it is grt.‘,ate‘r than one ilildicatin_g that f/lci'e 18 20

wence at all that 3. 8.1, 78 different at adjacent tidal stations.

neete’}{‘}':‘l‘f]‘ro:r% also certain other ti(_lal observatories which have been con-

will wu-{v ;f t;ng. I.“ these tll_el‘tilS every reason to expect that ».w.L.

Such je i1 as the stations are situated up a narrow gulf or on a river.
S bhe case actually found. Details are given in table 1I.

. s I
Reprodueed in Departmental Paper No, 6, Survey of India, 1914

25.
(Contd.)

26.
Elevation of
mean sea
jevel above
the geoid in
general nil.
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Tables were prepared for computation of barometric heights I
the International Formula as well as for humidity and other relate]
quantities. '

A new set of traverse tables (41 Sur.) has been designed and eon.
puted; and a new form ( 14A. Trav.) introduced for use with the:
tables. The method is alternative to the use of such traverse tablesa:
Shortrede’s or Boileau’s.

All these barometer and traverse tables are included in Part lll.-;f
Auxiliary Tables, 5th edition, 1923. :

R.A. and N.P.D. tables for star constants were arranged for redu
tion of star places in connection with astronomic latitude com putatio
for inclusion in Part 1V, Auxiliary Tables, 5th edition.  These m
modifications of the tables for facilitating the Computations of star con
tants by H. H. Turner, M.a.

Full editions of Part II and Part III, Auxiliary Tables, 5th editic
have been printed.

The professional forms of the department are being gradul
revised and reduced to uniform foolscap size. Twenty-four " forms hay
been remodelled up to 1925.

Graticules were computed for a map of the world on the Zenith
Azimuth Projection, in which all distances and azimuths from a centn
point—in this case Agra—are correct. The map was drawn in No!
Drawing Office, Dehra Din. This was carried out at the requeste
the Director of Wireless Telegraphy.

Other computations were made for a two-centred and multi-centr
Azimuthal Projection for Army Head Quarters.

The coordinates of ten thousand points were converted from spher
cal to rectangular on behalf of Major General, Royal Artillery, Simh

Several positions fixed by theodolite resection, were computed i
Western Command, Quetta.

The observations of Captain Haycraft of the Aden Brigade!
determine ranges and bearings of two forts were scrutinised.

A considerable amount of triangulation data was compiled for tt:
Anglo-Persian Oil Company, Muhamarah Persia.

Some triangulation computations of Commander C. M. L. Scott &5
Rangoon Port Trust were examined.

The triangulation pamphlets have undergone a few modificatior
since 1920. An introduction giving a brief account of the to-»ooraph(
of the area has been added to some pamphlets. A layered map ov
small scale is given at the end of the last pamphlet of each 1/M she

Work of different observers is kept separate to facilitate futy
adjustment, if necessary. This is done by grouping all minor siations-
both G.T. and topo—-and intersected points according to party, sewt
and observer, in l5-minute squares by decxeaqmo latitudes.
descriptions of stations are given together at the end.
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Azimuths and log sides are no longer given for minor stations, G.T.
or topo. At geodetic stations only, the azimuths and log sides of
Geodetic and minor G.T. stations and such peaks as are above 24,000
feet in height are given.

The publication of topo data has been restricted to areas in the
vicinity of frontiers. Ior areas, for which no topo data will be printed,
the existence of topographical or traverse data is indicated in the chart
accompanying the triangulation pamphlet by stipples and dotted boun-
dary lines.

The Kashmir series 1855-60 was adjusted in 1921 on the Gilgit
series 1909-11, and the Russian triangulation (joining up with the Indo-
Russian Connection), which was computed on the Bessel spheroid with an
origin at Oche (Osh), was expressed in terms of the Indian triangulation
and published.

Data for triangulation pamphlets were compiled and recompiled
for one hundred and sixty-two degree sheets, including Mesopotamian
triangulation and Turco-Persian Boundary Commission work. Ninety-
three degree sheets have been published in pamphlet form during the
period under report.

Twenty-one charts showing adjustment corrections by means of
graphs to be applied to topo triangulation falling in 1/M sheets 92, 94,
95, 96, 102 and 103 were prepared and supplied to the Director, Burma
Circle. The topo triangulation had been based on preliminary values
of the Eastern Frontier series which was adjusted in 1915-18 along
with the rest of the geodetic triangulation in Burma, and accordingly
required adjustment to the final values of the geodetic work.

As mentioned in Records Vol. VII, page 149, a crinoline traverse
from Dehra Diin to Rajpur was executed by Lieuts. Almond and McKay
i 1913-14, to fix carefully a number of stations in the vicinity of
Rajpur for observation of plumb-line deflection. Triangulation connec-
ted the traverse to the side Kalanga-Gujrara, fixed by Mr. Bond in
1911-12.  As this traverse was carefully executed, the discrepancy found
was attributed to accumulated errors in the minor triangulation. More
recent triangnlation based on Kalanga-Gujrara base, as also Mr. Bond’s
triangulation of 1911-12, has justified this view as indicated below.

. 1. Correction to triangulation based on Kalanga-Gujrara ray as
indicated by the traverse of 1913-14.

Traverse stati - . )

nected by tri;g;ﬁl:&%n Traverse — Triangulation Correction to
Northing | Easting Latitude Longitude

Chs. | Chs. P ”

IT Chnreh ..| =0-137 N. ‘ —0-041 E. - 0°090 - 0-031

TIT Bodyguara —-0-125 N. | -0-066 E. — 0-082 - 0°050

TVV -0-128 N. | —0-058 E. — 0-084 - 0040

v | -0-101N. | ~0-047E, — 0066 | - 0036

—_—

Menn — 0-080 — 0-040

30.
(Contd.)
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32.
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(Dehra Dun)
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ii. Correction to Kalanga deduced from triangulation b
Lieuts. Angwin and Crone (1924-25) and by Mr. Simons 1924-25).

Observer ’ Latitude Longitude
{(Angwin and Crone) - 0-100 - 0-068
Simouns - 007 0-00

Mean ‘ - 0-085 - 0:03¢%

These agree very closely with the mean corrections derived from
4 ) Y
the traverse.

Mr. Bond based his value of Kalanga on Timli and Satikadands.

"Timli was fixed again by Angwin and Crone’s triangulation of 1924-2

based on Banog-Top Tibba ray.

Station Latitude . Longitude
) o ’ /" i o} ' /"
Timli ‘ l
(Aogwin and Crone, 1924-25) 30 22 19-602 l 78 7 44939
— e —
Timli : |
(Bond, 1911-12) 30 221966 ’ "8 T 44-96
(Angwin and Crone)— Bonrl -0-06 1 —-0-02

The necessary corrections to local triangulation are collected below:
they will be incorporated in the triangulation pamphlet 53 J when 1
published.

Station \ Latitude Loncitude
J B L
i " “
1 | Kalunea lus. . -0C8 —0-04
2 {Gujrara how —-0-08 -0-04
3 - Rtations [ te IX of the verifieatory
| triangulation - 008 -0:04
{
|
4 I Satikadandn -0-04 0-00
5 I nekadinds b, —0-03 —o0-01
i | Timlv hs.o .. -6-06 —-0-02
|
H i Dwarn b, . — 0.7 —~0-03
] . Rajpur has - — 006 -0-02
9 CChauki o bes . B —0- (4 000
i
1
10 S Anuaiia Noo 1 hoa . -0 0l 0-00
1l Cangaila No, 2 h.s, . — 0 0-00
12 survevor Gieneral’s old ollice s, 0-07 -0-03
i
13 2 Dehrn Din e B -0 07 -0'02
i e
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Magnetic declinations with annual changes for London, Paris, Berlin
and 16 Indian stations, to be incorporated in the{ Indian Military
Almanac 1925, were compiled in response to a requisition from the Chief
of the General Staff, Simla: also for 300 points for departmental use
and for 30 stations for non-departmental officials.

Magnetic declinations of more than 2,000 points were computed
for the Director Map Puablication, Calcutta, for entry on half-in¢h and
quarter-inch maps.

Heights of 200 stations were computed in 1923 .in connection with
a survey carried out by Waziristan detachment under Captain W.J.
Norman, R.E.

Sir A. Stein’s aneroid heights in Central Asia observed in 1915,

were reduced.  Results are published in Appendix B of Records of the
Survey of India, Vol. XVII.

The Cantonment Survey executed by Major Thuillier at Abbottabad
was completely reduced.

Six hundred and ninety-five requisitions for various data from depart-
mental and non-departmental officials were complied with during the
period. In some cases these requisitions were met by the supply of
printed publications, in others it was necessary to extract the required
information from manuseript records.

(i) 'Tidal Section

Tidal registrations by automatic tide-gauges were continued during
the period under report at Aden, Karachi, Bombay (Apollo Bandar),
Madras, Kidderpore and Rangoon ; and at Bombay (Prince’s Doek) to
May 1924, at Moulmein to November 192 and at Port Blair to April,
1925, The tidal observatories at these last three ports were dismantled,
further registration heing deemed unneeessary to this department. At
the request of the Basscin Port authoritics, a tide-gauge was installed at

assein 1 Noveniber 1923, since when tidal registrations have been
obtained,  Regular tidal registrations by an automatic tide-gauge have
aso been received from Basrah. The tide-gauge was not installed, nor
has it ever been inspected, by this party. o

Tidal registrations serve several purposes. In the first place they
provide data on which prediction of fulure tides is based. For this pur-
Eziioﬁl‘;e q,‘l’ea'rs .1'ecm‘d is desirable.  In the sccond place they enable
charts F:]r“n ors to reduce soundings, taken at any time, to datum  of
medicied v]:ll .‘Itl‘(‘_\' allow a reliable comparison to be made between
actual valu:: Ufi‘ls of times and heights of high and ]o.w water and folxe
need of modif; hercby econfirming the former orvo.oca,mmml]y' showing
of the tida] ification of p}'edlctlon constants. “.lnlc harmonie analysis

1dal observations is no longer carried out in the case of the long

33.
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34.
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35,
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36.
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37.
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tration.
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established observatories, comparison of predicted with actual value's
made (vide tables at pages 31-67).

Comparisons are also made in the case of the ports Bhavnaga,
Chittagong and Akyab, where tide-pole readings, during daylight
only, are taken by the Port authorities.

A complete list of the stations at which tidal registrations haw
been carried out by this department since 1874, when tidal observations
were inaugurated, 1s given below. Those now in operation are shown it
italics. In the case of Basrah, the Survey of India has so far bem
concerned only with predicting tides from tidal records supplied by
the Port authorities.

List of Tidal Stateons

=
= » a E gn @ @
. 4 =] L5 ot =] H
s eq2| =83 | B & | 0w
4 Station gsg | 2 ak ass | 288 EEMARKS
‘a o053 =R ° 3 285
(%] s 5w RHES 9 0 B L@
127} o .o go 52 z, e
4 © S o ] © °
L oo |
1 Suez Auto- 1897 1903
matic
2 | Perim " 1898 1902 b
3 | Aden ' 1879 Still 46
working
4 | Maskat " 1893 1898 51
5 | Bushire " ’ 1892 1901 8
L. 1868 1880 *13 * Small tide-
6 Kardachi " 11881 Still 44} 57 yauge working
working
7 | Hanstal " 1874 1875 1 Tide-Tables no
8 | Navanar " 1874 1875 1 } published
1874 1875 1 ,
9 | Okha Point N {Re-started 2 | Year 1904-05%
1904 1906 1 excluded
10 Porbandar Personal 1893 1894 2
10A | Porbandar Auto- 1898 1902 2 Years 1898,
matic 1899 & 1902 a1
. exclnded
11 Port Albert Victor Personal 18R1 1882 1
(Kathiawar)
11A Port Albert Victor Anto- 1900 1903 4
(Kathiawar) matic
12 Bhavnagar " 1889 1894 5
14 Bombay (Apolio " 1858 Still 47
Bandar) working
14 Bombay (Prince’s ’ 1888 1924 a7 Dismantied
Daock) May 1924
15 Marmagao (Goa) T 1884 1889 b ’
16 Karwar " 1878 1883 5
17 : Beypore - 1878 1884 6
18 . Cochin " 1R86 18902 6
19 . Tuticorin “ 1888 1893 5
20 : Minicoy “ 18901 1896 5
. e
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List of Tidal Stations (Conld.)

5 2| E8 | E 2 |u. @
s od8 | wasd 2 5 | 5w
Z 595 ©ow < B L O3
- . *ROow 0 Ouw i Qo
Station @ b o dE o 2 o8 S REMARKS
8 g8&E SRR o " g9 %
S 2&9 [=I=I3 o 9 R
2 - v
@ 35| B2 | & % |=E
o C
21 | Qalle . | Auto- 1884 1890 6
matic
22 | Colombo - “ 1884 1890 6
23 | Trincomalee " 1890 1896 6
24 | Pamban Pass " 1878 1882 4
25 | Negapatam .. " 1881 1888 5 Years 1883 to
1885 are ex-
cluded
( 1880 1890 - 10
26 | Madras " Re-started Still 30 ¢ 40
in 1895 | working
21 | Cocanada . " 1886 1891 5
28 | Vizagapatam . " 1879 1885 6
29 | False Point, " 1881 1885 4
30 | Dublat (Sagar " 1881 1886 5
Island) :
31 | Diamond Harbour .. " 1881 1886 5
32 | Kidderpore . " 1881 Still 44
working
33 | Chittagong " 1886 1891 5
34 | Akyab . . 1887 1892 5
35 | Diamond Island ... " 1895 1899 6
36 | Bassein ( 1902 1903 2 i .
assein (Burma,) " L 1923 still 2y 4 |Re-started 19231
working
1880 1881
37 | Elephant Point Re-started 5 ¥ear 1880-81
» in 1884 1888 is excluded
8| Rangoon . 1880 Still 45
working
39 | Amherst " 1880 1886 6
1880 1886 6
40 | Moulmein . Y ( Re-started § 22{ Dismantled
4 Mereus (in 1909 1924 16 November 1924
Lergul “ 1889 1894 5
42 | Port Blair " 1880 1925 45 Dismantled
Aprii 1925
ng g“mh ... |Personal 1916 1922 7 Tide Pole
asrah .. | Auto- 1922 Still 3 Automatic
matic working recorder

out, th till 1921 inspeeftions of tidal observatories were always carried
A tl er b}" the Officer in Charge of Tidal Operations or by the Tidal
ssistant.  For reasons of economy it was decided in 1922, that ins-
l::.Ctl'O"S should be made by any sunitable officer of the department who
reﬁ 1t be in the locality of a tidal observatory. During the period under
€W 1Inspections as detailed on page 18 were carried out.

39.
(Contd.)
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Station 1nspected by illl)s?)taiﬁfm ,
Aden Lieut-Col. S.W.8 Hamilton D.5.0., R.E, | Octcber 1924
Karachi Mr, E.CJ. Bound v.p, Februnary 1923
" Mr. D.H. Luxa December 1924 -
Bombay (Apollo )
Bandar) Mr. E.C.J. Bond v.D. February 1923
Mr. D.H. Luxa December 1924
Bombay (Prince’s

Dock)
Madras

Mr. E.C.J. Bond v b.

| Febroary 1923
. | Mr. Ii.C.J. Boud v D.

!

|

I

Febrouary 1923

i Mr. D. H. Luxa November 1924

Kidderpore ..} Mr. N. R. Mazumdar November 1922

| Mr. D. H. Luxa December 1923

Mr. D.H. Luxa November 1924

Langoon ... | Mr, N.IX, Mazumdar December 1922
Mr, D, H. Luxa December 1923 -

Mr D.H. Luxa November 1924

Moulmein ... | Mr. N. k. Mazumdar December 1922
Mr. D, H. Luoxa November 1924

Bassein .| Mr.D.H Luxa November 1924

Tort Blair .e.| Mr D.H. Luxa November 1923

Moulmein tidal observatory was closed in November 1924 and Port
Blair observatory, in April 1925. The tide-gauges were dismantled and
sent to Dehra Dan.

A new tidal observatory was erected at Bassein in October 192
by the Port Advisory Board, who were in favour of a resumptin
of tidal observations at this station after a lapse of 20 years. The selec
tion of the site and the construction of the observatorv was carried ot
by the Public Works Department, Bassein. Mr. D. H. Luxa, Tidd
Assistant, Survey of India, inspected the observatory and installeds
tile-cauge in it in November 1923. Midal registrations were resumel
at Bassein on 28th November 1923. 'The observatory was agait
inspeeted during November 1924, when the tide-gange was found
to have worked well: there had been no breaks in the tidal registr
tions.  The heights recorded had a tendency at times to remait
stationary, due to the counterpoise weight attached to the clock having
Loea too lieavy, and this was rectified during the inspection. A largt
quantity of mud and <ilt was found in the interior of the cylinder and
alsu avound its base, which was removed by divers who 1'ep0rfed that
the inlet holes were quite free, and that there was a clearance of at least
a foot between the bottom of the cylinder and the river bed.

The Basrah observations originally consisted of hourly reading
against a tide-pole of the height of the water taken throughout the day and
night, copies of which were supplied to this department weekly by th
Director, Inland Water Transport, Mesopotamia. This an"a,l”l;reme"t
was continued until the S1<t Mareh 1922. Thereafter an aufomatit
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tide recorder was erected at Ma’qil, and weekly diagrams, showing the
tidal registrations obtained by it, were received from the Port Director,
Basrah, until 30th April 1922, after which date, owing to the very
heavy silting during the floods, the tide recorder failed to function and
was put out of action temporarily. On 2nd November 1922 regis-
trations were resumed at I'anumah and the diagrams without any
serious breaks have been received regularly since then.

With effect from the end of 1921 harmonic analysis of tidal obser-
vations at Aden, Karachi, Bombay, Madras, Kidderpore, Rangoon,
Moulmein and Port Blair was discontinued. This was decided on after
consultation with Professor Horace Lamb, r.r.s. and Dr. Doodson, v.sc.
of the Tidal Institute, Liverpool. The latter considered that more
useful results could be obtained by following his method, recently
worked out, of intensive analysis of short periods of observations in
preference to a continuance of the less comyplete harmonic analysis ordi-
narily used. No such intensive analysis las as yet been possible in
India.

~ Ordinary harmonic analysis has been carried out for Basrah obser-
vabions (in which a break in registration lasted from lst May to 2nd
November 1922) for the three yearly periods beginning 25th April 1921,
Ist January 1923 and 1st January 1924. The middle period was
analysed completely for 83 components and the other two periods
for 10 components only.  The results are given in tabular form on
page 20.

. Two adding machines made by Messis. Burroughs & Co. of Detroit,
Mlclngqn, U.S. America, were emploved for the first time in 1924 in
connection with the long summationé, resulting in considerable saving
Of‘tlme ang] labour.  The more complete analvsis of 1923 was carried out
with thol ntention »f attempting pre(licti()lfo{' a riverain port by means
of the Tide Predicting Machine in place of the usual empirical tables.
Reference to tlis ix made in § 45 et veq.

il IN}O‘hfu'nmnic analysis of the registrations of the newly installed
alobservatory at Bassein has been made so far.

42
(Contd )

43.
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TABLE I11.— Values of the Tidal constants for Basrah
1921-22 1923* 1924
S;‘xix?l‘:ol A,=6439 Ay=6-085 Ay=5-833
R| ¢ [u| o |R[ ¢ |H]«[R]¢|n]|
Seet Seet feet feet Seet Jeet
S oo 336’-38‘0-062 1338 Jo-121| 21218 |0-121| 21218 [0-116 | 19729 |0-115| 19729
S, loms«" 135-36%0.313 185-36 J0-287| 169-02 | 0-287| 169-02 | 0-265| 161.22 |0-285| 16124
8, i * | 0-111| 307-28 [0-111| 3u7-28
8 i 0-004| 25-35 |0-004] 25.35
S I X 0:004| 137:01 |0-004( 137-91
M, \‘ 0-074] 113-64 |0-049 | 263.91
M, 3?1-2;’.6 174-33 | 1-183] 106-75 |1-109| 67-68 [1:070| 99-89 |1-077{ 929.83 | 1.044| 102:15
M, 0-074| 143-64 [ 0-040 | 263-01
M, | ; 0-152| 45-45 [0-141( 100-88
M, t 0-006| 11-8p [0-u06| L0854
My i ‘ 0-002| 275-71 | 0-002| 4458
0, §u~259 16-62 ln-317 1-41 f0-275| 158+54 |0-338| 5-05 |0-312( 47.32 |0-367 | 958:13
K, f!o‘sn 36-3910-616 32.9¢ J0-568| 201-72 [0-610| 28-98 J0-617| 205-15 |0-679| 29-W
K, i ' 0:090 | 322-01 [0-119| 157-(5
F, L0170 314-19!0-17(; 11.38 J0-203| 133-97 [v-203| 353-99 J0-185| 200-86 |0-185( 11l
T lo-oa us-osio-osa 231-05 f0-037| 230-98 | 0-045| 310-06 J0-040 | 348.94 |0-046 | 1518
@ ,0-020; 103-86 10-036| 323-11 |0-059) 48-20 0-072 1-33 Jo-085| 36.42 |0-100] 5D
I, ; o-110| 35-+8 |1-177 133-36
Ny \ 0-223| 284-99 (0-215| 63-83
’ ‘ [ 0-077| 88-95|0-075| 47-32
e : 0109 | 127-45 |0-102| 19189
T, 0-012] 300-32 | 0-012| 301-96
M=, i 0-105| 153-51 |0-101 | 185.73
EE O ! 1 0-032| 7186 |0-030| 30-64
oN, | I = 0:020{ 51-39 |0-019! 2p6-85
N, b ' 0-0R8| 26003 | 0-084| 71-09
(M.E )y [ 0-175] 170-623 |o-19n| 48-91 |0-207 | 18341 [0-225| 42-80 |0-163| 85.03 [0.174 422
(MK, |0-123] 93-02 [0-120] 11.p8 0144} 123.93 |0151| 1-10 [0-155( 282-87 |0-16! e
S - _ . N
_ ¥m ; 0-115' 15652 |9-129| 49-89
2 Mt \ 0021 | 331-44 [0-033] 13063
& Mst ! 0-2400 93.62 |0-240| @1.40
§ Sa | 1-953) 140-07 |1-853| 6005
S8 l 1-853| 206-29 | 1-853| 136-26
! | R
*The port was worked as an oven sca port in 1923 only
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Predictions of tides for the years 1924 and 1925, were made for the
following ports :—Suez, Perim, Aden, Maskat, Basrah, Bushire, Karachi,
Okha Point and Bet Harbour, Porbandar, Port Albert Victor, Bhavnagar,
Bombay, Marmaguo, Karwar, Beypore, Cochin, Tuticorin, Minicoy,
Pamban Pass, Colombo, Galle, Trincomalee, Negapatam, Madras, Coca.-
nida, Vizagapatam, False Point, Dublat, Diamond Harbour, Kidderpore,
Chittagong, Akyab, Diamond Island, Bassein, Elephant Point, Rangoon,
Ambherst, Moulmein, Mergui and Port Blair.

Predictions for the year 1926 were made for the same ports excep-
ting Perim, Maskat and Minicoy ; these ports being omitted as the
demand for Tide-Tables for them was too small tojustify the expenditure
involved in prediction and publication.

The amounts realised by the sale of Tide-Tables were as follows : —

Rs. 10172- 7-0 in 1922-23
Rs. 12395-13-0 in 1923-24
Rs. 11241- 9-6 in 1924-25

These amounts are exclusive of the commission allowed to the
Agents and the cost of Tide-Tables which are supplied gratis under Govern-
ment orders. Advance copies in manuseript or proot stage of the Tide-
Tables for the years 1924, 1925 and 1926 for Suez, Aden, Bushire,
Karicln, Bombay, Madras, Dublat (Sagar Island), Diamond Harbour,
Kidderpore (Caleutta), Chittagong, Rangoon, Elephant Point, Mergui,
Marmagao, Trincomalee, Colombo, and Bhavnagar were despatched to
the Hydrographer to the Admiralty by about April of preceeding year
for inclusion in the Admiralty Tide-Tables.

Similarly advance copies of the Hooghly River Tide-Tables were
supplied to the Deputy Conservator of the Port of Caleutta and to the
Port Officer, Caleutta, by about June. Additional advance information
regarding the Hooghly tides during the months February to April 1925,
1926and 1927 were supplied to Messrs. Thomas Cook and Son, Calcutta,
in connection with tleiradvance shipping American Tourist programme.

. The tidal jredictions are ordinarily carried out on the Tide Predict-
ing Machine; Lut in the case of the riverain ports Dublat, Diamond
Harbour, Kidderpore, Chittagong, Rangoon, Elephant Point, Amherst,
Moulmein an( Basrah, the machine is used only for the diurnal compo-
nents whereby a corveetion is derived and applied to the times and
h.ﬂght.s given by empivical charts. This process of tidal prediction for
rverain ports is about twice as laborious as that used for open sea ports
and the results obtained are less precise. Considerable endeavour has
been made to reduce this labour and to improve accuracy—so far without
d?ﬁmt_e result; but it is still hoped that progress will be made in this
direction. ~ Some aceount of the work done is now given.

| From consileration of the hydrodynamical equations of motion in
A channel of smal] depth it was anticipated that in a river—

(1) t]m.]miQMR of high and low water would be predictable by or-
dinary machine methods.

44.
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(2) the times of these events would differ from those shown by

the tide machine curve by amounts depending on the height
of the tide.

Trials were made in the case of Kidderpore ( Caleutta ) which lie
about 120 miles from the mouth of the Hooghly and where the averag
depth of water at low tide is only about 3 fathoms. Harmonic analysi
of the observations of 40 years had been made for 33 components follow.
ing the ordinary method for open sea ports.

It was recognised that as the process of analysis does not conside
many tides “hl(‘h though small 1n open seaports, are liable to be con
sidernble in an estuary and more so in a shallow channel, the result
could not be wholly trustworthy. Still it was hoped in consideration d
the large period analysed that they would be adequate for a preliminary
enquiry. Accordingly the 24 components of the Tide Predicting Machine
were set to the values piven by the analysis and the curves for a yeu
were run off on the scale of 6” =1 day. In the first place the mean water
levels were made to coincide and the differences of times of high and lo
water as given by the curves from those actually given by the tlde-oauf'e
records were determined and classified with respect to height of water.

Records for a month were dealt with and an empirical correction
table was formed. This seemed to promise some satisfactory result:
for the machine curves when corrected by the tabular amount in term:
of the height were of about the same precision as those given by the
ordinary empirical method for riverain ports. It was found howe
that the time scale of 6” = 1 day was too small to admit of ver
satisfactory readings.  Accordingly certain modifications were made o
tl e Tide Predicting Machine enabling curves to be run on scale of 24=

! dav. These were corrected for the mean water level as deduced fron
the actual daily means cleared from the effects of short period tides anl
n and 27 only: and were then compared with actuals at every foot of

ercht, and |e=ulte classified. Here difficulty was expenenced in thet
the mean water level was not truly predicted. Further the time corre
tion deduced for various heights differed according as the water we
nsing or falling. A mean value of those found for rising and falling

water was deemed to be applicable to high or low waters oceurring ¥
the particular height.
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Average
Height & | 7| &) o] |12]|13 14|15 i;lﬁae?gft
per hour
© Actual minus Predicted in minutes Sevt
EQI Falling water | 61 45) 39 27| 29| 32 33 35 36 33 ‘15
ie Rising water |-3 |—13 —171=-20{—20| - 14| —14{- 15|~ 18; - 25 3
:

Mean 29 160 8 4 5 9 100 10, 9 4

Falling water | 56 | 45| 36] 28| 24| 25 32| 35 35 35 1-

[

Rising water 2 |-18; —30({—37|-39 —37| -~ 33|26 - 23|—23 4

Mean 29 14 3~ 4- T|— 6/—1 4 6 6

July 1st to 16
1920

!

General Mean .1 29 )5 6 (R 1‘ 2 4 "7 8 b5

No explanation for the differences between results for rising and
falli.ng water was found. An attempt to explain this in terms of rate
of rise or fall of water was unsuccessful.-

Actual and harmonically predicted times of high and low water
for the complete year 1920 were taken out afterwards, and their differ-

ences (A.-P) classified according to predicted heights of high and low
water with the result :—

. | ,
Meight | 20 \ vislele] s ol 13"14' 15|16 1y

18" 19’

I \ i
+97+32/ 427 423 470 + 14410+ Gi+ 2
i [

| +43

AP ems +77l+ €0 4 62| 4 55| +49
|

Wi'th these tabular values the predicted times as obtained from the
harmonic enrves were corrected, and (A-P) computed out for the month
ﬂf_March. The errors were found to be ahout the same as in the rive-
rain method in wee now, but the predicted heights from the harmonic
eurves, even if corrected for the difference in the mean water level as

obtained fr.om the aetnal daily means eleared for short and long period
tides, are slightly iy, ferior.

Time : Height
Method S
Ao Fo E, / E,
) HW. \ LW, H.W, ‘ L.W. 1LW. LW, nw. | 1.w.
Hatmanic | wonsfes | monnfos minntes | minules Vif,l;; TN TSt T T et et
m
Jmethod un | yns L a2 | s | o401 | 201 | 408 008
Ri\'n]'nin T e e e —_— e —
method =77 — 10 124 0-] 00 +0-1 07 0.3
e ———
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. g, = T+
n n

where # is the number of high or low waters and T, is the total of
positive ( + ) errors, and T, is the total of negative (—) errors.

An investigation of the mean water level at Kidderpore, which was
in extreme cases as far as 3 feet in error by prediction (whethe
harmonic or by the ordinary rivetain empirical method) was next take
up, as it was impossible to apply the time correction just considere
unless the height could be predicted more accurately.

The actual daily means of Kidderpore were cleared from the effect
of the usual short and long period tides, and then submitted to harmoni
analysis to detect the presence of any other long period tides. Fou
years’ observations 1916-19 were dealt with and the residual value
plotted. No similarity in the curves for the several years existel
Irregular discrepancies lay within 1 foot for the first 84 months but
from September 15 to November 15, the discrepancies were larger: in
October the curves of 1916 and 1917 were about 2 feet above the
observed mean water level line and the other two curves of 1918 an
1919, 2 feet below.

Similar discrepancies which occur between actuals and values pre
dicted by the old method are as follows :—

1916 3rd Oct. AP +2° 7”7 H.W. 2nd Nov. A-P 42" 9” HW
” + 2 87 L.w. . + 92 5" LW
1917 13th Oct. ,, +2° 11”7 HW. 9pd Nov. ,, +2° 5" Hw
. +3 3 Lw, ” +2 87 LW
1918 ®th Oct. ,. —1 9”7 HW. 23rd Oct. ,, —2° 5" HW
’ . ]/ 6” L.W. " —20 3” LW
1919 3:d Oct. ,, —1° 07 HW. 25:d Qet. ,, -1’ 11”7 bW
. _ ] ’ 3!/ LW . _ 1/ 0;/ LW

liese irregularities seem {o follow the rainfall in Bengal in
October.
October 1916 1165 inches
' 1917 13-57
1 1918 1:08
. 1919 369
but in other months greater variations in rainfall have no corresponding
change of mean water level.

b2}

”

Water levels on the Ganges from Allahibad downwards to Raf
mahal were taken out; but no connection with mean water level 2
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Kidderpore could be established. ~Should subsequent investigation clear
up these points, it is possible that the empirical method of time correc-
tion sketched above may become useful.

At all stations at which self registering tide-gauges are maintained,
atd at Bhavnagar Chittagong and Akyab where tide-pole readings are
taken by day, predicted values are compared with the actual observed
times and heights of high and low waters. These comparisons are
abstracted in an improved form, with a view not only to indicate that
satisfactory results are being obtained when such is the case, but also
to indicate whether improvement in prediction is possible. These abstract
comparisons are given at pages 31-67 and in the next Geodetic Report,
certain corrections to predictions which have been deduced by their
means will be mentioned.

For the purpose of continuity with the past, the comparison of
actual and predicted values have also been taken out in the old manner.

Abstract of average errors in tvme and hesght

Average errors

Automalic
Station or
tide-pole of time in minutes of height in feet
1922 1923 1924 1922 1923 1924
H.W.‘L.W. H.W.lL.W. H.W.’L.“’. H.W [L.W. H.\V.‘L.W. H.W.lL.W.

Open coast
Aden | Auto, jrpf{1t]10{12| 7| 7|0-2|0-2|0-2|0.2]0-1(01
Karichi . 9|11|{13|13] 9| 9o0-8/0-3[0-3/0-3]02]|02
Bhivnagar .| T.p 9| 2] 5| 6| 5| 50-2/0-2/0-3{0-3]0-4/04
Bombay
(Apollo Bandar)|  Auto 9li12| 91w 8| 70-3[03)0-3|/0-4/0-30-3
Madras . 1|15 18|17 | 7| 8fos|onsjos]os|o2]02
Akyab .| TP 51 5l a| 54 7] 6llo-sfo.4|0-3]0.-3|0-3|0-3
Port Blair | | Auto, 1 6li1e| of 6] sllo-2lo2lo-2|o-2]01{0-2
"

Riverain | = 7% s vwesm oo me o 2 o T T E T e T T
Kidderpore .., Auto. wlii1zl1zlt12]10]12loclonlos 810 5(0-5
Chittagoug .. | 1 | 16|17 |17 |17 14|15 [0 slosjosloslos|oa
Rangoon .| Auto. |14 |12 | 17| 13|10 |13 [o-slos|otfo o406
Moulmein " 1113|212 14o6los|o6loT)uall9
Basrah T.P. 1922

Auto 1023 T
&1924 [ 54| 73| 45|56 |51 | 57 09]06T0:9/0-7(0-5/0-7
Derein LCITT VO R A R BUR T [t fosjoy
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From comparisons made between the actual and predicted time
and heights of high and low waters for the years 1922, 1923 and 19%4,
the predictions for each of the above years were found to be as accurat
as those for the preceding years with the following exceptions:—

(1) Basrah predictions for 1922 had deteriorated as regards time.

(2) The 1923 predictions for Karichi, Bhavnagar, Port Blai,
Kidderpore, Rangoon and Moulmein were not as good as those for the
previous year (1922) as regards time, and to a lesser extent as regard

height. A distinet improvement however had taken place as regard
the predicted times of high and low waters at Basrah.

(3) The 1924 predictions showed a marked improvement &
regards both time and height at all the stations, except at Alkyab
Rangoon and Basrah where a slight deterioration in time had take
place, and at Moulmein as regards the heights of low waters.

The greatest differences between the actual and predicted heights

of low water for the years 1922, 1923 and 1924 at the under mentione

riverain ports where automatic tide-gauges were at work, were &
follows :—

Kidderpore, 2 feet 8 inches, on 21st September 1923.
Rangoon, 2 feet 11 inches, on 5th August 1924.
Moulmein, 4 feet 8 inches, on 14th February 1923.
Basrah, 3 feet 8 inches, on 4th and 5th February 1924.
Bassein, 5 feet 0 inch, on 3rd August 1924.

The predicted heights were higher in the case of Kidderpore anl
Moulmein and lower in that of others.

Certain additions have been made to the Tide Predicting Machin
by Dr. Hunter which have led to some changes in procedure as com
pared with that followed in England. The height curve is now m

on one fifth of the time scale formerly used and the times are read of
on a separate chronograph sheet.

The following is an account of the new arrangement (reprinte
from the Journal of Scientific Instruments for 1924).

‘The Tide Predicting Machine, designed by Lord Kelvin and
Mr. Edward Roberts and built for the India Office, was for many years
the National Physical Laboratory, where it has been seen by matj
necple.  In 1922 it was sent to India, and is now employed by the
Survey of India at Dehra Dan. The machine traces a height-timt
curve on a roll of paper some 22 inches wide, by means of a pen catried
by a wire which passes over and under the wheels of the 24  comp
nents ”.  The time scale generally employed was 6 inches = 24 hours
It was found troublesome to the personnel available to read off {imes of
high and low water from the curve with sufficient precision. 'There ¥
naturally some vagueness as to the precise moment of maximum o
minimum ; but though this does not necessarily cause any serious flaw
in the resulting Tide-Tables, it renders the ordinary system of checking




1925, first half year Chart T1

How § ] z

Mowr - - - e R =
.]\’ 'A L] 20
L]
b OIS Mo 0 rr-gs Hings on charts Halin 5 1 0. Nehra Oun
ey " . Qapdatic Report 192¢-25
Bach horisonta) ¥ ho water height be 10 feet an Feb 10 To sccomonry c Rep
he vertioai i 4 reprevantal ., 10 thero . seen te oveur— at N8% 127 nn felling tile.
The horitemtal lmeg e e W1 rmg
va notol .
Vhen the noteien. are upwards __'1 1422 falling .,

Talling. The, - et -0 rimng .

.N:in ty I.P:: ;: ‘P"" the horingy, |, ., and heaght of fieal high *ater on Jan. 30 . .

htt of P i.'g y;tl“b:’""' the printel figute 1o be 19:9 feet and mensurement (or estimation by eye) nf the poaition of
LIy J‘m o the l'f: ﬂ'v:h:':j that this ccenre at 0312,










11 COMPUTING AND TIDAL PARTY 27

proofs (and the measurements and copy from which they have resulted),
by the method of reading the differences of times of alternate high
waters, much more troublesome On this account it was at first
thought desirable to run off a second curve—the differential with regard
to time of the height-time curve— whose ordinate vanishes at the time
of high or low water. This was soon made more convenient by dispen-
sing with tracing the curve, and causing the pen to break an electric
contact when crossing the zero line, this event being recorded on a
chronograph drum actuated by the §; component. It was then seen
that a similar arrangement with multiple contacts corresponding to
successive values of ordinate could conveniently be made to record the
main character of the ordinary height-time curve. This arrangement
indicates the times the predicted height of water reaches the various
selected heights, e.¢. with a tide range of 15 feet it may be conveniently
antanged to show the times of the water reaching every whole foot of
height above datum throughout the whole range. It was thought that
this information would be of greater value to mariners than the bare
statement of height and time of high and low waters, with no informa-
tion regarding water heights at intervening times.’

~ ‘The arrangenient now to be deseribed was made with this object in
view. As will be seen from Chart* II given opposite to page 27 the
time of water reaching each foot is shown by a notch in the day line.
The notches are upwards for ascending water, and downwards for des-
cending water ; while a level near to mean water level is indicated by
a break in the line.’

‘The chief difficulties encountered were in making the contacts
certain in action, while keeping friction forces very small, especially for
those curves where the duration of contact was very small owing to
1apid fall or rise of the curve. In this connection it may be noted that
the wire which actuates the tide-curve pen is essentially of small dia-
”‘et_““.('OO.ﬁ inch was generally used) and is 32 feet long. A small
variation in tension of this wire extends it visibly, while if a thicker
Wire be used inaccuracy arises owing to this not being sufficiently
ﬂe“b?t‘ to {it close to nll the wheels over which it passes. As regards
dwration of contuct it is to be mentioned that the chrono-paper passes
at the rate of about 28 mm. per second, and that a whole year’s predie-
fon 15 dealt with in about 24 hours.’

A
This ehart, For Bomhay is redaced 1o § full size.
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“In Fig.1 A4 is a brass plate which is attached to the back of il
pen of the tide machine, with which it m oves up and down when th

0 1 2 Inches
llllllllLL!lLll'llJJI
Fig. 1 _

maciive is set in motion. BB is a bell-crank lever provided with a pive
b cavvied by the bracket (" and the plate 44. The horizoutal arm d
B I earries two platinum points P|, P, near its left end and the verti:
arm earvies at its lower extremity the wheel #,. There is a seco
wheel J}7, whose pivots are carried by the plate 44 and the bracket 1{
These two wheels V. I, roll on the edges of a fixed brass utiip 8
being maintained in contact by the pressure of a spring R.’

‘The strip 8§ is shown in dotted lines, being in front of the platt
44 and the horizontal arm B; it is of accurately uniform breadth, and
is slotted at intervals of an inch for the pieces %, 4. It is made ¢
T- section to secure rigidity, and the pieces £, £ are adjusted Jaterallybr
screws working in the vertical membcr of the T. The pieces ## 8t
slightly pointed as shown, and can be made to project a small amou™
(actually about 0-3 mm.) beyond the right edge of the strip S8, M
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the plate 44 is carried up and down with the pen, the wheel 7, rides
over the points of the pieces #, £ and rocks the bell-crank lever, causing
the platinum points P;, Py to move slightly up and down.’

‘The part EE bears two platinum points @, @, in its upper and
lower jaws, @, being adjustable in the direction of its length. This
part has a pivot ¢ with insulating bush, and is balanced by the counter-
weight m. . Its motion is restricted by the insulators I, I, mounted
excentrically on the two screws G,, G,. These screws are sufficiently
tight-fitting to maintain their position, and by turning them to suitable
positions the rotation of EE is regulated as desired. EE is actnated by
the friction of the fixed wire FZF, which lies in a groove cut in EZF and
also bears on the two pallets H|, H,. These pallets are borne on arms
which can be rotated, and by this means the drag of the wire on EE
can be adjusted; this can also be done by modifying the tension of the
wire FF. 'The wire FF is attached to the frame of the machine at the
top of the pen slide by means of an insulator and passes through another
insulator at the lower end of the slide, being kept in tension by an
attached weight. It makes metallic contact with EE and forms a
portion of the chronograph electric circuit.’

‘It will be seen that when the plate 44 is ascending the upper jaw
is pressed against the insulator I, by virtue of the drag of the wire FF,
while when 4.4 is descending the lower jaw of EE presses against I,.
The following events occur when 44 is set in motion :

(1) A4 ascending; Z is pressed against I,. Platinum points P,,
@, and Py, Q, are not in contact until wheel #, rides over one of the
projections £, &, when P, makes contact with Q,.

(2) 44 descending; k is pressed towards I,, but is held slightly
away from 1t by the platinum point @, bearing on P,. When W rides
;ve,r one of the projections 4, £, P, separates from @, and E presses on

“The terminals of the chronograph pen circuit are joined to the strip
§8 and the wire FF respectively. It is obvious that the effect of W,
nding over a projection k is to make circust in the case of 44 rising ;
and to break rircwit in the case of A4 falling. This is represented on
the chart by 7l and =j_i— respectively. A change of direction
of motﬁn of 4, which corresponds to high or low water, is indicated
b."' 1 and ! _; but owing to variation in tension, and hence
i length, of wire, the actual time of this event is somewhat displaced.
In order to provide a reference point, frequently repeated on the chrono-
sheet, an additional electromagnet has been introduced, which lifts the
f‘.hl'.onotpen from the paper when contact is established, making the
indication —_ on the sheet. This is arranged for by the provi-
stlhon of a springy contact placed near mean water level, against which

e wheel | presses in passing.’
oo ]‘ '(Ii‘he chronograph is of the drum variety, and _its shaft can be
Hitll)\eet tohthe square shanks of any one of the 24 tidal components.
chont r o.t e component used has been S, so that the lines of chroro-
correspond to 24 hours.’

49.
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‘It may be of interest to state that a ‘ Research Fountain Pen*"
has been used with excellent results for the chronog:aph. This is,
very light pen and has a very steady and ready flow of ink. Inking
begins with very light pressure and there is no blotting or leaking,
Oldman fountain pen ink has been used; when photoonaohxc reproduc-
tion is intended a little lamp black is mixed with the ink.’

In the case of predictions for riverain ports the empirical table
supplied from England have been used to prepare charts, which have bea
found more convenient in use than the tables. The monthly mem
values of heights and times, corresponding to the apparent times
moon’s transit are first brouoht in terms of mean times of transi,
The values for height are p]otted without alteration. In the case of th
times however, the curves are drawn with the monthly mean value
somewhat modified, so as to give the curves an easier gradient and
enable the values to be read with more precision. TFor this purpose th
monthly mean values relating to the mean times of transit are subtract
ed from the times of moon’s transit in the case of low waters and vice vers
in the case of high waters. With these residual values, after applying
the correction to standard time, when necessary, the plotting of the
curves is carried out. These residuals have been taken to represent the
values for the 15th day of each particular month, so that no smoothing
is required between the values obtained, for the end of one month
aud the beginning of the next. Two sets ‘of charts are prepared, o
for high water comprising 8 separate charts for heights and times
high waters and another similar 8 charts, for heights and times of lov
waters.  Fach chart exhibits 4 curves in 4 diﬂ"erent inks covering
period of three months, and one set covers a whole year of heightso
times of hizh or low waters.

As a further saving of labour, times of moon’s transit cte. hav

only been worked out for alternate transits. This led to saving of 30,
in preparation of Tide-Tables.

* Surpiied by Mr. A, Munro 65 Preston Road Winson Green, Birmingham.
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TABLE IV.—Mean errors E, E, for 1922
BASRAH
MEAN ERRORS Number of
errors exceeding
E, is with regard to sign F, is without regard to sign
30 G
ERIOD minutes | foot ol
P E, E, o‘l"'tl;m; hocoii_?xt
1922 H W, L. W. LW, LW, T
Time Height Time Height Time Ht. Time Ht. | ¥ 3 ¥
minutes l( Seet minutes H Seet minutes | Secl fminutes| cet Rl R
+ - + - + - + -
Jan, 1.16] 138-5 0-7 26-8(/0-8 40-7(0-7] 62:6(0-9]18 | 2415 |14
17-31} 7.6 0-2 2:8 0-3 37-9/0-5)] 51-4|(05]18(|20] 8 | 7
Feb, 1-16] 109 0-6 18-4 03 31-3(0-8] 44-7/0°6114]18]18(13
17-28 3:8(0-3 2:3 0-1) 40-310-7] 43-9/0-7]14 10|10} 8
Mar. 1-16 85-2[1-1 66-3[0-0 68-6|1-1| 73-8|0-6]22123] 23|15
17-31 44-0((0-6 116-8 0-G6f 55-8|0-7Q116-810-G|17 [27]L> |13
Aprill-16 29-8(/1-4 77-110-4 38-2(1.4] 78.3]|0-4|14[24]30! 7
17-30 118-3 (14 113-1(0-4 120-2|1-4f113-1|0-4]25 |27 26| 7
May 1-16 I ——
17-31
June 1-16
17-30
July 1.16
17-31 No registrations were available owing to automatic tide recorder
A having failed to function necessitating its removal from Ma'qil
ne. 1-16 and its re-erection at Tanumah.
17-31
Sept, 1.16
17-30
Oct. 1-16
17-31
Nov. 1.16 22-1]/1.2 14111 PERE ] RECICIRENY EAREY B
17-30 44-110-9 45-1(11 52.311-0] 88.7({1-1]15{19]13]|20
D
ec, 1.16 249 1.4 35611 41-4]1-4] 53-0{1-3]19]18]28]| 28
17-31 23:6(1-5 40-9(1-4 473115 1:2-011-4 19(19]25)25
TOTALS. 32 ‘ - \) | ; - " . ! 3 B) A)l- "O—I_
M\ 0!34,1 8 11-3|0-O 23-5 .-)3.)-8“0-9!w0~7 01(1-0!12-4 801-8!9-(’ 212247242182
. IR N
aNs | 9.3 || +09 —42.7 “ +0.5 | si3li.0] 660'0-8
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TABLE V.—Mean errors Ey, Ey for 1923
BASRAH
MEAN HRROLRS Number of
Fy s with veanrd to eign | £, 1 withous regard s dlgn | T g
reaioo . o0 ]
1o H.W, L, W, H. W, L. W, . -
Time Heoight { Time Height Time Ht. | Time Ht, | 3 3 ;
- fost minutes " et |minutes| roet |uinutes) feet R EIE
+ - + | - + - + | -

Jan. 1-16 17-4{0-9 33:41 9.5 33-8{1-0} 66-2{0-6)15[16]2n
17-31 8-8/[0-9 20-3(0.5 26-2|1-0] 43-4(0-9} 8 [18]20n
Feb, 1-16] 0-7 10 18-4(06 19-8(1-0] 46-3]0-8{ 8 |19]2}1:
17-28] 21-9 1.3 1147 1.2 36.-5/1-3] 37-3|1-2]10]12]18i1;
Mar. 1-16 3.4|[1.1 12-3(0-8 32-8|1-1| 45-0(0-9] 8 |12}i71.
17-31 6:60-8 18:5)/0-4 42-5|0-9] 34-30-4]14]11 14‘65
April 1-16 15:0] 0.7 31-2(0:2 38.2]0-8| 37-4|0-4]13]11 19;:-
17-30 6-8/[0-8 ‘ 15-3[0-5 46-410-9] 23-1{o-5]i7| 7 for
May 1-16 27-2\1-0 38.4|/1-0 58-5|1-0] 46-3|1-0]25|18 27%9:‘
17-31 117 ;1-0 33.2(/0-9 43-5(1-01 45-5(0-9]17|16 :zu:?:;
Jupe 1.1d 24-0//0-6 34.0(0-8 53-910-6| 52-5]/0-6]24]19 |5§1::
17-30) 28:0 0-4 8-2 00 52.6/0-5| 51-4]0-5]23|20 71&'3
July 1-16] 13-9 04 5.4 0-1 47-2]|0-4] 65-2]0-4]24|29 Q;l-l
17-31] 32-6 0-8 23-6 0-4 37.9(0-8] 52.0|0-5]13|15 19y
Aug. 1-16 84-11-3 27.5( 12 42-5|1-3] 56-8|1-2]15|23 26%93
17-31 245 1.1 11-2{0-8 81-3[1-1] 33-0]0-0}11]13 24‘;'2'5‘3'
Sept. 1-16 35-8[ 11 34-1) 0.8 39-6|1.1| 45.3]0 8|17 18f% 1
17-30 49v0{o-5 57/ 08 65-4|0-6] 63-0\0-5]22117 11{1‘
Oct. 1-16 57-211.2 S25( 0.6 57-4(1-2] 82-8|0:6 21 28 'l
17-31 45-010-9 45-7(10-3 73-8|0-9| 80-5(0-5]23(23|20 /I
Nov. 1-16 59-8% 0-6 104 8 0-1] 69-3|0-7]109-2|0-5)28|3 5"
17-30 54-IE 0-% 87'71 0.7 55.0|0-7] s7-7lo-7holze]id 1"
Dec. 1-16 23'31‘ 0-6 510 01| 35-1|0-6| 60-8{0 5|17 20[2 ¥
17-a1 5"5} 0-8 54-0 \0-5 31-1|0-8] #3-0|0-7]11]22 ‘Jl‘v‘f-;l
Totats ... m-0|514.3i'20.5‘0.0 m.giSOs.gilg.oio.z 1069'3321.3’1328'0ls.f'w@

MEANS .. -17-3 +0:9 ~31-6 +0.5 | s25 lo—g - ‘0.7.
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TABLE VI.— Mean errors E,, L, for 1924
BASRAH
MEAN ERRORS Number of
E, is with regard to sign ¥, is without regard to sign errors oxeeading
: o | &
14 H W L.W. 2 W,
Time Height Time Height | Time Ht.| Time Ht, 3 B g
winuts " Seet minutes Joet  |minutes| foet minutes| Aee |5 | S |6 | 4
+ - + | - + - + | - B
Jen, 1-16 23.7 04 362 0-7] 32.4}0-5| 48-7(0-8]14{19]11 |16
16-81| 245 o-8| 21.7 1-0] 48-7|1-0( 47-4(1-3]19|19]23]24
Feb. 1.16] o0-7 07 164 1-8] 31-6|0-8| 40-0[1-8]|12]16]21 |27
16-29 47 0.5 187 1-1] 85-1(0 6| 37-7{1-1]12(14}13|22
Mar. 1-15] 13:6 0-6 0'5 1-1] 36:3l0-6} 30-7|1-1]12|11]13|21
16:31 0y 0-7 26-6 1-2] 38-1|0.7| 35-0(1-2]16|14]|19 28
April 1-16 7.9 0-2 16-4 05] 37-0{0-4| 31-5(0-6]15|12] 8 |11
16-80 23+9 0.0 481 0-1] 50-1|0-6| 53-1]0-5]11|10] 6 (10
May 1-15 25-9(0:6 22-410.7 60-3|0-7| 51-2{0-7|17|16]13 {15
16-31 29.800-4 41:7(0-8 40.-6|0-4| 50.8(0-8]12|15} 9 |18
Juze 1-16 103 0-6 161 0.7 45.0(0-5| 46.0|0-8|16|18]11[18
16-30| 06 0:2 14-4)0'5 41-1l0-4| 65-5(0-7]16|22] 5 |16
July 1-16 7.3/ 0-0 88:5(0-1 9-4l0.3| 59-8{0-4|15|21] 4|8
16-31 42.7(0'1 30402 50-7|0-8| 58-5|0-4]|18|23]5 |56
Aug. 1-15 38:5/0-0 18:0(10-1 41.910-3| 43-30-4|16|18] 4 |8
16-81 6562 0-1 32-9 0-3] 65-510-8| 33-4|0-4]23 15] 5|8
Sept. 1-15 78-6|(0-1 807 0-2] 78-6|0 4| 83-6{0-4|28|22] 6 |6
16-30 453 01 51-8 0-3] 58:7|0-3| 69-1|0°5]24|25]3 |13
Oct. 1-15 62:3(10-0 83-4 05| 63-0{0:3| 53:4|0-5]22|24] 4 |12
16-31 12-2 ) 0-1 211 0-7] 63:-¢|0-5| 65-1|0-7]27[25]12|18
Nov. 1.15 38-6 0-1 6o 7 0-3] ¢7-4l0.a| 77-5/0-5]22|231]9 |11
16-30 911/ 04 1100 0-2] 91-0|0-¢l113-8]|0-5]22 25] 13|10
Dec. 1-15 89-4(10-1 87-3] o1| s9-4lo-4! 94-6lon|23|s2he (7
16-31 29-5 0-2 37-4.i o%| 41-6lo-5| 62-5/0-0]17|20]1218
‘

EES\ 98 !7"’-“'4 i2-4}4 nl 217 [901-2 ;3-1‘10-81214-';"11-91377-2 17 51‘3944523;{349

Ems -] -2 | —01 - 268 !m—o-s 50-6|0-5 | 574 0%
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TABLE VII—Mean errors E|, E, for 1922
ADEN
MEAN ERRORBS Numberof
F,is with regard to sign E, is without regard to sign errars excoeing
rERIOD : . o |
1932 H. W, L. W, H. W. L. W, ] )
Time Height | Time Height | Time Ht. | Mime Ht. " REN EAL
ninuler fest minutes ” feet minutes| feet uinutes| feet AR EIE
+ - + =1 + - + | -
Jan, 1-16| o0-8 0-1 68 0-0 8-6lo-1y 12-1]0-1f01]0]0
17-31 0400 1-6 0.1 9.glozl 9-4(o-2)2|o]so
Feb. 1.6 2.5 o-1] .9 0-1} s-3;0-2] 9-6{o-2]ofofojo
17-28] 1.0 0-2 07 0.1} 7.z{o-2] 10-5(0-2}0|2]0]0
Mar. 1.16{ 3.2 0-1 16 0.1 v-1{o-1] 10-6(0-1] 1 [1]o0]0
17-31] 0.7 0-0 1-680-1 8'8|0-1] 10-8(0-1Jo({2]0f0
April1-16) 35 0-1] 2.4 0+0 8.4(0-1] 7-6[0-1Jo|0fo0|0
17-301 8-8 0:3 2.2 0'1] 12.4(|0-3] 10-3(01|3|uf0(0
May 1-16| 1.3 0-2] o8 o-1f 6.ulo-2f 60[0-2fulufofl
17.31] 2.0 0-2] 38 0-2§ 11-5(0-3] 10.0/0-2] 1|1 {0]0
June 1.16] 6:3 0-3] 86 v-2] 9:1(0-3) 10-8{0-2}uv|vio|0
17-30] 4-7 0.2] 9.3 0-0]1 7-6|0-2] 10.7/0:1]0;3]0(0
Juy 1.16] 6-1 01] 98 0-1 10-3/0-2] 12-6|0-1} 1 {1}0}|0
1731 &8 0-0] 114 0-2 11-3/0-1] 15.1]0-2) 1 3]0
Aug. 1-16] 10-8 0-2 10-4 03 12-9;0-2] 12-8]/0-3} 1] 4]0/
17-831] 68 0-1 9-¢ 0-2 10-5(0°1] 11-2|0-2)1|2]0|0
Sept. 1.16| 10-1 0-1 15-0 0.2 12-9|0-1] 17.6|0-2] 2| 2]0|"
17.30] 63 0-2] 5.4 0-1| 11-30-2| 9-3|o.1]2]0]ol0
Oct. 1161 8.3 0-1] 11 0-0] 11.0j0:1| 13-8|0-1f2 {50l
17.31] 9.2 0-1 3.8 |o 1 12:00-1) 7-8lo-1]2|1]0]|
Yov. 1.1i| 2.9 0-3 2.4 0-3 7-700-3) 7-4|0-8]0]0}0|?
1730 2.4 0-2 4-20-1 1-3l0-2] s2lo1f2|o}ol
Dec. 1-16 51,01 1.3 'i[o-z 10-2,0-1] s8-0fo-2]1|1]0f"
17.31 3.1 io-g 3.3 ?n-g 10-5[0-¢| 9-6|o.af1]1]0]0
ESA: 103-5|_iﬁ_§ 1‘.—,2_) 1u~3| q-7Hz-z'|0.9 23(;-9‘]4,-1 261-8]3-9]23 (30 2\1
Meaxs | 440 0-0 + 4.4 “—+ o1 | 99 [02] 10502
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TABLE VIII.—Mean errors E,, E, for 1923
ADEN
MEAN EREORS Number of
E, is with regard to sign E, 1s without regard to sign orrors excecding
remtoD E E, ’.ﬁ‘ﬂ,’é l)::%i%;dt
1929 H. W, L. W, . W, . W,
Time Height Time Height Time Ht,] Time Ht. B E B' B
minutes ” Feet minutes \| feet  |minutes| feet | minutes| reee |1 | A | | &
+ - + -] + -+ ]-
Jan. 1.16 5:0 0-0 3-3)0-1 g-9lo-1| s-6{o-1]Jo|ofofo
17-31 7.7 00 4:0)0-0 8-8l0-1} 14-3]o-1j1|1]0 |0
Feb. 1-16 4.7 0-2 77 oil 7.7|o-2] 11-3[0o-1]o|2]o]o
17-28 3.7]0-1 6:0 01 13.0(0-2] 11-0{0-1Jo|o]o (o
Mar. 1-16 5.2 01 5.5( 0.1 8-5/0-1] 11-0l0-1fo|1]o |0
17-81 5.2 01 51 0o-o] 9-5/o1] 11-8fo1]1{2]0]o0
aprit 116 0.2 01 4-4(00 9-5/0.2] 11.8{0-1]1|2]o0 0
17.30 0-0(0-1 3.9/0-2 g8lo2l s7lvz]ol1]o]o
May 1-16 41/0-1 11.6[/0-1 9-40-1] 13-5/0-2Jo[1]0]0
17:31 0401 1.0 0-1 5-8/0-1] %-1lo-1]Jof{ofo]o
June 1.16 3-2 01 10:7/0-0 g-2(0-1] 13.1]{0o-1Jo] 200
17-30 2-6 01 7.0l01 7.3[0-1} 9:3{0-1]o|ofo]oO
July 1.16 5.2/ 01 1.1 02 11-2|0-1] 10-3/0-2]2 |00 |0
17-81 0.7 01 3.4 0.1 g-2/0-1] 10-8[0-1]o|ofolo
Ang. 1.16 4602 4.3 0-3 9.1/0-2] 9-5/0-8J2|2]o]o
17:31 3.1 0.1 nulos 9-6/0-2] 10-0]03]lo|o]o]e
Sept. 1.16 7.1 0-1 85 ool 83jo2| 103/01]olo]olo
17-30 38 0-2 89 0-i] s-o0lo-2} 10-1{01)o|o]o|o0
Oct, 1.16 72 0-1 11:6[0-1 12.2(0-1] 1r9jo1f1|1fo]o
17.31 5101 11:1/0-1 100fo-1] 11-6{o-1fo|{1fo |0
Nov. 1.1 111 0-0 14-0 0.0 12-g|oif 16710.1]1]4]o]o
17-30 8:1/[0-2 13-40-2 10-4]0-%] 14-4|o2f0 3]0l o0
Dec, 1.16 13-7/0.2 17:.5(0-0 15-9/0.2§ 18-7/0.1J 25701
1731 10-7] 0.1 15.7( 0-1 15-1(0-1] 159]0-1§2|5)0 |0
mm 14|1-2 6.41176.0 2.20-5]256-6|3-4|280-2[3-2[ 13 [35] 0 | 1
e | <51 00| -71 +01 | 9-9fo-1] 117]01
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TABLE IX.— Mean errors E,, E, for 1924
ADEN
MEAN EZROBS Number of
E, 18 with regard to sign F, is without regard to sign |0 o
renton - 2 e
1934 H.W L. W, LW, L. W,
Time Height Time Height | Time Ht.|] Time Ht, B N £
minutes “ Seet minutes “ foot  |minutes| foot minutes | roet | = | < |61
+ - +[-1 + -+ |-

Jan, 1-15 10-1] 0-1 8-1({0-0 11.6[0-1| 14-4fo-1]1|2]0]|0
16-31 2-210'0 15 0.0 11:1/0.1 s.5{0-1|1[1]0i0
Feb. 1.15 5-0(0-0 4:0(0-0 8.6/0-1| 12-1{o-1]o|8]of0
16-29 2-3(0-0 3-5)01 8.1|0-1] 9-2/o-1]0|0]o|0
Mar. 1-15 2-8([0-1 0-1 0-0 8-7/0-1] s.3[0.1Jo|o0]of0
16-31 18 0-1] o-2 0.0 6-5/0.1| 7.0/0-1]0[O0]0]0
April 1-15 3-0{{0-0 03 0-0 7.910:1} 7-5]{0o-1joo0]olo
16-30 04 o-1] o-0 0.1} 7.0/0-1 %.8/0.1Jo0o (000
May 1-15 3-3 0-1] 0-4 0-1] 6-5[01| s5.8{0-1]Jof0]0f0
16-31 3.4 o] 13 0-1] 6.0{0:1| 4.9[0-1J0]0]0[0
June 1-15] 1.5 0-3] 5.2 0-4] e6.3[0-3| 7-1|o-4f1[1]0]f0
16-30] 18 0-2] 32 o-2] 6.5/0-2| 6-3/0-2]ojo0]of0
July 1-15] 0.0 02| 46 0-2] 5.5[0-2| 6-7|0-2|ojo]ofo
16-31] 2-1 0-1 -0 01 7-610.1| 6-2l0.1jojofo}o
Ang. 1-115] 4.5 0-1 71 0-0 6-1/0-1| s-6|0-1]0]o0]of0
16-31 0:6(0-0 3.9 0-0 4-4]0-1| p.9/o-1]0|0]0|0
Sept.1-15] 1-4 0-1] 21 0-1] 5-2/0-1| 4-s|o-1]0|0]o0]0
16-30 1-6 0-2] 4.7 0-3] 6-4(0-2] 7.0{0-3J0|0f0]0
Oct. 1-15] o©.3 00 1:2 0.0] 4-.9j0-1f 6.6]0-1J0|0)0O|0
16-31 2-7 0-0] 48 00 6-86{0-0 6-3{0-1]0|0]0/0
Nov. 1.15 4-4/0-2 2-9|0-1 7-0{0-2{ 6-9(0-1]0|0]0]0
16-30 1.2)0-2 3.5 01 5-4/0-2| 6.8/0-1]Jo|0]0f0
Dec. 1-15 4.5103 0-4(0-2 ¢-9(0-3| 8.3{0.2]J0o|0]0]0
16-31 4-510-0 41 o-1] 6-9{0-1| e6-9(o-1Jo|0]o0f0
ToTALS... 11-71 53-1] 1.1|1-4} 50:0| 20-1]l0-6]1-6]164-7]3-2]175-4[3-3] 3 | 7 E

Mrans .. -19 0-0 +1-2 00 | 69lo1 73 01
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TABLE X.=Mean errors B, E, for 1922

KARACHI
MEAN ERRORS Number of
errors exceeding
E, is with regard to sign E, is without regnrd to sign
80 09
PERIOD E E minutes | foot of
1 2 of time | height
1oz H W. L. W.. H W, L. W. )
Time Height Time Height Time Ht. | Time Ht | (& lE | &
minutes || Jeet minutes feet minufes| feet [ minutes| feet m | :ﬂ i
+ - + | -1 + - + | -
Jan, 1-16 60 0-1] 6.2 00 11-410-2] 16-7|0.1]J1|4]O|O
17-31] 1.5 06| 44 0-2] 10-8|0-5] 10-8|0-2]2|0]j0]|O
Feb. 1-16 3:4 0-3] 13-6 0.1} #7-8lo-3} 20-1|0-2Jo|B6]0]0O
17-28] 1.7 04 04 0-2] 11-6|0-4] 9-8fo-2]2]|0]0]O
Mar. 1-16 49 0-3] 96 00 9.4/0-3] 17:8|0-2]J0|5]010
17-31) 6.1 0-4] 6.2 0-1] 9.0|o0-4] 10-0{0.2J0|0]O]|O
Aprill-16] 3.3 0-4} 12.2 01| ¢6-5{o0-4} 17-1{0.2)1 |20 (0
17-30 3:6 0-6] 6-3 0-4] 10-4|0-6] 13:1{0-5J0(2¢1|0O
Msy 1-16] 0.7 0-2 8-3 06 6-1|0-2] 11.4|0-5}0([8}0]0
17-31 61 0:6] 4.6 0-4] 9-0|/0-6} 10-8lo.5610j0}7 1|6
June 1-16 1.0 0-6| 83 0-2] 8-4|0-5] 13.6{0.2]0]|1]0]|O
17-30 3.0 0-5] 7-8 0.3l 8.9|o6] 12-4|0-3]0|[1]0}0
July 1.16 2.1 0:5] 2.9 0-1] 9-6j{o.5] 9.3|0-2]2|1]0O]0O
17-31 1:8 0-3| 12.7 00 14.0|0-3] 14°8|0.2] 2] 4} 1|0
Aug. 1-16 3-3 0-4] 3.1 o-1] 7.6lo-4] 12-4|0.2]1]0]o0 |0
17-31 29 0:1] 13:0 041 9.1]0-2] 14-4j0-2Jo|38folo0
Sept. 1-16 13 04| 13 01| 8-7]0-4] 11-3{0-2]0|2]0o]|0
17-30] 2.5 0-2] 107 0-1 8902 14.9|02l1|1]o0]o0
b, 1-
Oct. 1-16] 1.9 0-1 60 ! 6:1|0.1] 10:9]0-a]o|2]o]|2
17311 3.3 01 41 01 g9.0lo0.2] 14-8lo.2]o1]o]0
Nev, 1. a.: .
)6 2.5 o-3] ¢-9 01 7.-410-4] 12.0|l0-n]o|o]o]o
17. -
30 P9 [0 371003 9.7|0.8] s8lod4)z2loe]olo
Dee, 1-1¢ .
16 6o 04 1-9 o-nf 100]lo4] 13.7i06]u|2]o]o0
17-31 .
1-3 23 o1l 2.9 0-1 ".3/0-1 7.0lo-2l1fo]olo
Torats .. | 90.3 | 1.~ : g
~.\w""|0'4|7'4 1605 6-0“]-7 a.8) 215.7]8-4)s08-5]6-6] 1o )51l 0| 7
M“st ~ | - N N e
i L - 0.3 + 60 o0 90foa| 12:0]0-3
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TABLE XI.—Mean errors E,, E, for 1923
KARACHI
MEAN ERRORS Nurmber of
E, is with regard to sign E, 18 without regard to sign |-
PesoD = . minu) s
108 ‘ . . . H.W, L.V, 1.1 T
Time Height Time Height Time Ht,| Time Ht, E BlE s
minutes ” Jeet minutes “ oot |minutes| geet | minueod feet | [ |E |4
+ - + | - + - + | -
Jan, 1-16 11-6 0-3| o-2 o-0| 13-2|0.3] ‘7-5/0.2] 0| @]}o}o
17-31 143 01} 47 01 15-8|0-2] 14.4]0-1] 3] 2] 00
Feb, 1-16 77 0-3] 1.0 0-1 11-5{0-3] s-0|0-2] o] 0]o]o
17-28 142 o] 2.9 0+2 15-2|0-2] 16-2]0.2] 2] 3]0 |0
Mar, 1-16 1.9 04| 4.6 0-1 9-0(0-4] 8-1|0-2] 0| ofo0f0
17-31 9:0 0-4] 94 0-2] 10.9|0-4] 11-7]|0.2] O] 2J0|0
April 1-16] 0.2 0-3] 30 0-0 7.6|0.3] s-5|0.2] o] ofofo
17-30 6:0(0:1 6:4 03 7-8l0.2] 13.8]0-3] of 1}0|0
May 1-16 6:1/0:4 4.1)06 9-9|0-4] 10-8|0-6] 0| 0]0|0
17-31 3.6/|0-0 61 0-3 n.6|0-2| 16.7]|0-3] 0| 8]0]0
June 1-16 2:0 0.0 5.0 0.3 8-6/0-1] 15-2|0.3] 0| 0] 0|0
1730 5.6 02 2:1 06 7-6|0-3] 15.7|0-6] o| 1]0]!
July 1-16 2.2 01 1.9(0-2 9-6|0-2] 16-2|0-2] 1| 3}o|¢
17-31 3.4 01| 4.4 03 9-810.2] 103 (0-3] of ofo|o
Ang. 1-16 103 04| &8 o-2| 12-8|0-4| 17-6|0:3] 2| 2|00
17-31 12:5 0-6 49 o-2| 14-0f0-6] 11:5[0-2] 3| 3]o|¢
3ept. 1-16 7.1 0-6| 10-8 0.3| 12-0{0-5] 13-8(0-3] 1| 1{3|0
17-30 0-1j0-1 2:9(0-4 7-710-1]1 9.0{0:4] o} 0]0|0
Oct. 1-16 4.910:2 9-3 04 10-0|0-2| 11-7|0-4| 2| 0]0{0
17-31 16:3 0] 7.2 0.2 15-80-3] 10-6j0-2] 1| 0] 0"
Nov, 1-16 17.1]0-2 5.2( 0.4 20-1{0-2| 18-5{0.4f 2| 2{o0|?
17-30 28-3(0.2 2150 0.5 28-3(0.2| 23.0/0.6]11[ 8] 0|0
Dec. 1-16 14:6(0:2 5.210.3 15-5{0.2] 11.8{0.8] 2{ 1]of?
. 1731 19:5/0-1 9:4/0-4 23-3(0-2| 14.5(0-4] 4| 5] 0|}
Tortaws ...} 0-2|218-1)|1-713.-7] 70 71 67-3)5-7]0-0]302-5|6-6|310-1|7-8]3¢]37] 3|"
_ — _—
MEANS .. -91 -01 + 0] + 0.2 12:6|0-3] 12:9|0:3
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TaBLE XII.—Mean errors L), E, for 1924
KARACHI
MEAN EREORS Number': of
E, is with regard to sign E, is without regard to sigy erxors exceeding
s : S f
1024 HW L.W. H. W, L. W,
Time Height Time Height Time Ht.| Time Ht. B B g B
minttes ” Sect minutes ” Jeet | minutes| et | minutes| feer B [ ] | S
- + | - + - + | -
Jan, 1.16] 8.6 0.3 9-9 0:5 6003|109 |0-5]0]|0]0{0O
16-81 1:6 (10'1 8:6 0-2 10-2/0-2} 11.8 |0:3jo0[1]O]0
Feb. 1-15 4.4 01| 5.3 0°1 9-6l0.2| 7.9lo1]1]|0]O]|0O
16-29 22 0-1] 6.7 03 5:8/0.2] 9-4|0.3Jo|oJoO]oO
Mar, 1.1 68 0-2] 68 0-0 g:110-3| s9foajoj1]o]o
16-31 2:6 0-4| 83 0:1] 6-0/0-4] 8.3|0:1Jof0]O|O
April 1-15 72 0.3] 81 o-0] %-8lo-3|11.7]|0-2]0]2]0]0
16-30 44 0-2] 74 0-1 6:3/0-2| 10-4 |0-2]J0[0]O|O
May 1-15 11-7 0-2 1'4 /|00 12-1|0-2| 9-4]0-1]J0|1]0]0
16-31 2:3 100 2.1 03 63lo2| 7.8|038]1{0]O]|O
June 1-15 71 0-2] 62 0:0] %7-6|0-2({10'4(0-2]J0|1]0(0
16-30 4.8 0-4 0'9 0:3] 6:4/0-4| 6-9]0-4]J0]0]O 0
July 1-15 47 0-3] 6-2 0:1] 7-2|/0-3|10-4|01]J0|0]O0 0
16-31 41 o-1} o3 o-0] 7.4]0-2| 66f01f1]0]O|0O
Aug, 1-15 40 03] 43 01| 7-6|0-3| 8-6|0-2Jf0|0]0 |0
16-31 3.6 |02 3.0 0.2 w.4|0.2| 7-9(02]o]jo]o]o
Sept. 1-16 6:9 0-1] 4.4 01 8-7]0-2| 6-9]0-2|1]|0fo]o0
16-30 10 o-1] 7.3 0-0] 6-6/0-1| 8601]J0|1]0]|0
Oct, 1.15 s ool 73 0-2 7.6/0-1| 8-2(0.2]Jo|ofo]o
16-31 49 o.0] 9:3 0-1 86/0:1|109|0-2]0]l2]o|0
Nov, 115 12.1 {01 4:1 02 13+6|0-2| 7-7(02]3|0]O0]|0
16-30 17.0 | 0-8 .o 0-2 18.2]0.4| 9-2|02]3|0o]z2]o0
Dec. 1-15 10+% 0-2] 1.1 0.1] 11.1|0-2| 7-9|0.211]0]0|0O
16-31 1-6 0-1] 9-4 00| 6-9/0-2|12:6]0-iJof1]o0]0
Torais.,.| 3.5 |127-7 1_1‘0|3-3 1::2-3‘ 2.3 ||2.5/0-7]202:8|5.6218-3 |4-8] 111100210
Means .| 5.2 } —~01 + 54 vo1 | ssloz| 91 o2
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TABLE XI1Il.— Mean errors K\, E; for 1922
BOMBAY
MEAN ERROKRS erﬂ:‘r’?‘em:c{mg
E, is with regnrd to sign E, is without regard to sign
PERIOD E, E, ’;fi?{?::f; {{ﬁﬁi
1022 uw. L. W, A L. W, .
Time Height Time Height Time Ht. | Time Ht. | | |g |3
minutes " yel minutes “ seet | minutes| feet |minutes| geet |5 | 3 | & |4
+ - + | - + - + | -
Jan, 1-16 7-4 [0-1 16-5(0-1 10-5(0-2}) 16-5{0:3]1|4]o0]0
17-31] 4.7 0-0 9-4[0-1 10-3|0-3] 10-9|0-3J0|0]0|0
Feb. 1-16 60 0.1 6-3][0-1 8.2|0-2] 8-0{o0-3}1j0jo0]0
17-28] 3-4 0-1 6-1]{0-1 §:3[0-2] 9:%|v-3Jo{o]o]o
Mar, 1-16 07 0.2 0-7]|0-0 6-4]0-3] 5-610-2]0|1]V|0
17-31 34 0-3 9.5 0-0 8-6(0-3] 14:1{0.2]0 |3 0
April1-16 7-0 05 15-0 0-11 s8-7|0-5] .5:4|u-4]0|1]0]|0
17-30] 1.9 0-7 5.1 0-5] 10-1|0-7] s:-7|0-7]2|1]2|?
May 1-16 2'8 0-0 13-9](0-3 9-9|0-2] 14-3l0-3J0}2]0|0
17-31 25 0-7 131 o-5] 7-3|o.7] 19-8[{0.6]0|b]5]|5
June 1-16] 1-4 04 6.9 0-2] 5-.0/0-4] 10.0|0.2]0|0]0]|0
17-30 9.3 05 7-5 0-4| 12-0l0-5| 10-1{0-4f 1[0} ]|0
July 1-16 08 0-4| o6 o-1] 8-7l0-4] 7-0lo-2fJofo0]oO]|0
17-31 50 0.4 2.3 0-2| 10-2(0-4| 10-0]0.2J1]1}0}|0
Ang. 1-16] 14 0-3] 11 o-2| 9-1{0-3] 7.5l03jo[1]0]|0
17-311 03 0-0] 1-8 0-1 ‘4|0:1] 9-6|/0:2]1]|1]0}0
Sept. 1.16 83 0-1 121 0-1] 11-3]0-3] 12:6/0-2]0]|0]0]|0
17-30] 3-9 02 0-2/0-1 6-7(0.3] 6-8[lo:2]1]0]0]|0
Oct. 1-16] 1-0 03 1:4010:3 7.-8/0-3] 7-4|0-3J0{0]0|0
17-31] o-2 0-1 8:2{0-2 6:-4/0-3] 10-7(0-3Jo|2]0|0
Nov. 1-16 4-4 fjo.0 7-301 7-9lo-2] 8-1|o-3fjo|o]ofo0
17-30 8-9 {01 14602 9-6/0-4] 16-5(0-4]1|3]0]0
Dec. 1-16 1-7 0-1 12:2110-0 57|0-2] 13-0lo3]o|1]of0
17-31 185 |[0-2 21-9(/0-3 18.6/0-2] 22.0/0.4] 4|[6]O|!
ToTars...| 18-2 | 86-7 ll-O 4-8] 6-8(187-9)|2-0l2-3] 216-7|7-9]27+ 3|7.5]13|32] 88
rave |~ 2.0 || -0 ~ 76 00| 9.0[0-3] 11-4|0-3
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I
TABLE XIV.— Mean errors E,, E, for 1923
BOMBAY
MEAN ERBORS Number ot
E, is with regard to sign - E, is without regard to sign orrors exceeding
mwop : 2 st it
1923 . LW, H. W, L.W.
Time Heght Time Height Time Ht.| Time Mtlg ||y (e
minuter “ feet minutes n feet  minutes| seet | minuted feec | = [ S| 5 | S
+ - + | - + - + | -
{Jan. 1-16 0-7 0-2 5:4(0-1 6-6[0-3] 7-0|lv-3] ol 0fo |0
17-31 8:6(10-0 8:9(0-2 9.4]0.21 13.7{0°28 2| 1}Jouv ] o0
Feb, 1-16 4-1{0-1 11-1(0-3 7-7/0-2| 11-9{0-3] 0| ¢tJO|O
17-28 9-3|[0-2 12:5(/0-4 11-0|0-3] 13-8|0-4] 0| 1§0 {0
Mar, 1-16 05 0-1] 1.5 0-1 3-8|0-z] 7-¢(0-3] 0] OJO | O
17-31 81 0-4 05 0-2] 10-8{0-4] 7-1l0-2] 0| 1]O]O
April1-16] 1-1 0-1 35 o0y 7-3|0-3] 7-4|0-2] ol OfJO|1
17-30 3.0(0-0 3.710-3 7-2|v-3] 7-.s|v-3] 0] 0JO|O
May 1-16] 1.8 0:5 6-9(0-8 7-7|0-5] 8-4|0-8] 2|1 O]1[4
17.31 3.120.0 2-5(0-3 7-3{0.2] 7%-4|0-3} O] OJO]|O
June 116 7502 9.7/0-3 9-1(0-3] 12:7|0:3]1 O 3]0 |O
17 30 1-4)0-3 1-6 0-7 6-2(0-3] 8-3|0-7) o] (o5
July 1-16 36 0-1] 1-3 o-1] 8-9lo.3] 12:s|0-4] 1| o]0 |0
17-31] 8.9 0-3]{ 8.9 0-0] 8-0!0-3] 9-8f{0-3] | 1]0]0O
dng, 1.16 1-0 03] 65 0-3| 10-6(0-4] 12:2]0-3} 0] 1]0|O
17-31] 63 0-2] 7-3 0-1 7:3{0-3] 7-s|{v-2] of oJo| O
Sept.1-16] 0.3 01 3.4 0-0 12:910-20 9-9/o-x] ol olo|o
17-30 203105 10-2 0-0 7-5(0- 11-3|o0-5f of 3]0 | O
Oct. 1.16] 1.8 T 0-8/0:6 6-710-6] 8-5|u6l oy 00'0
17-31 Sedflo-o 5.1(0-3 11-2(0-2] 10-0ju-: | 0| 1}JOq0
Nov. 1.16 4-4l0-7 6:71/0-6 6:700-7) 10-6lo | o 112]|2
17-30 5-0|lu.5 9.4 106 09105 9-9|0-6f 1] oJo|1
Dec, 1-16 10-6|0-8 10.2)|0-3 11-8|0-3] 12-4j0-4] 0] 3]0 |0
17.31 7.0(0-3 12.0]0:5 10-1]0-4] 13-1]|0-2] 1| 6] 0|2
Toraus... | 15 él villa a7l q0-7hosulico]o-Tleos 7|82 cato|ae] 7l16) s |15
] [ . R —_
Em ~ 3 .01 — 2.8 FTI! 8:6(0-3] 10:0|0-4
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TABLE XV.— Mean errors k,, E, for 1924
BOMBAY

MEAN ERRORS Number OTI
E, is with regard to sign E, is without regard tosigs |0 oy o
S0 10
PO e e, o e | hes

1024 H. W. L.W. H.W. | L w. x
Time Height Time Height Time Ht.| Time Ht, 3 P B
minittes “ feet minutes ” seet  minutes| foet | minutes| feet | S a1

-+ - + - + - + -
Jan. 1-15 8:4/0-3 7:1|0:5 9.6/0-3] 8-afo.5]1|1]0]4
16-31 5-9(0°1 77004 7-6|0-2| 9.2|/o-a]o|1]0]0
Feb. 1-15 12-1]0-0 9:1{0-3 12-1|0-3{ 10-3i0-3]1|1}o]o0
16-29 4-8/[0-0 0.3 0-4 6-4/0.2] 4-6/0.q]0|0]0f0
Mar. 1-15 6- o-2] 0-4 0-0 8:0/0-3[ 4-8|0-3J0o]o]o]o0
16-31] 1-4 o2 77 0-2] 4.7|0-3| 8.3|0-2Jo|o0]oO]0
April 1-15 617 0-2 1-8 o.0] 7-1/0.-4| s.1f0-2]o|o]o]0
16-30 5-6 0-1 6:7 0-1] s-o|o-2| #%.1f0:3Jo[o0]O]0
May 1-15 7.8 0-2 2:6 ool s8-4fo.2] 6.7|0-2]e|0]O]0
16-31y 1-5 0-1 2.7 (02 6-2/0-3] 5.9/0:3]0({0]0|0
June 1-13 4.2 o-2| 36 o-1] 7-9(0-2| s5.710.3J0]0}o0|0
16-30 5-3 05 49 o-6] 8-1{o-5| 7.1]0-6]O|0]1]0
Tuiy 1-15 14 03] 49 0.1l s-2(0.3] 7.9|0-c]0jo]ofo0
16-31 2. 0-1 43 0-2] e-1|0-2{ 6-3|v-3Jo]o]ofo
Ave b-ia] 0.8 o-3] o8 0-2] 7-2|0o-4] s-1]o-3]o|1]of0
- Q-7 o3 29 0-1 9-9/0-3| %-9|o-8]1]0]0]0
seor. L-in] 0.7 -1 6-9 0-1 G-4|0-2 g8-0l0-2l0]0]0O]|0
e 30 44 00 7 40-1 g.0lo.-2fof1]0]0
0 1-1 1-4 “iO-_' -9 0.3 4-2|0-2 6-3lo.3o0|njo|o0
10501 902 0401 9-5]0-2; 6-5[o-2lo|0]0]|0
N 141 7o4] 04 33103 85/0-41 s5.7(0-3]0|0]0]|0
16-30 10.0]0-5 02004 107 o.:,i 7.9l0-al2|0lof0
Lre 1] 6:1,0-1 5-8 0.0 11-6 n-zl 8-4|0-1]3|v]of0
16-31 10-3 1101 6-1 o1] 1w0-4f0-1] 5-3{0.2]o|0fo]0
Torars .| 5-6 [118-9] 2.4|2.2] 36 qi 62-0[ a1 t-6lin-2]6-5l172.5] 7.0l s | ] 1]*
MWEANS e | or 11 | 401 80001 7.200-3
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I
: " TABLE XVI. Mean errors K\, E, for 1922
MADRAS
MEAN EREORS Number of
E, is with regard to sign E, is without regard to sign errors exceeding
1922 H W, L. W, H. W, L. W,
Time Height Time Height Time Ht.| Time Ht. B B B B
minutes H teet minutes u feet  |minutes| feet | minuted feet | = [ S |52 | A
+ - + | - + - + | -
Jan, 1-16] 20°1 0-1] 21-4 0-1] 23.4|0-2} 23-7(0-2] 7| 7] 1] 4
17-31] 11.0 0-3] 14-6 0-2] 14.3]0-.3] 16-6{0-2] 3| 5] 4|1
Feb. 1-16] 17-1 0.6 135 0-6] 12.7]0-6| 16-6]0-5] 2| 6]26|21
17-28] 9-1 o-4| 8.7 0-4] 17.0|0-4| 18-9|0-4| 4| 4]13|14
Mar, 1-16] 16-9 0-3] 11-6 0-3] 16-9{0-3] 16-3|0-3] 4| 5] 6|4
17-31] 8-7 0-1] 18-4 0-1] 14:6|0-1] 20-0/0-1] 3| 8]0 O
Aprit1-16) 14-0 0.1} 10-2 0-0] 15-4j0-1] 14-6{0-1} 4} 1}0 o0
17.30] 66 o-1] 7-1 0-0] 15-7|v-2] 12:0|v-1] 4| o} 2|3
May 1-16] 7.2 0-4] 13-0 0-2] 12-9|0-4] 17-0|0-8] 3| 411} 7
17.31] 42 0-2] 63 0-2] 14-6{0-2] 14-6|0-2] 3| 2021
Jupe 1-16] 0-3 0-3] 51 o-z| 12-9(0.3] 16:5|0-2] 2] 5]12|1
17.30] 22-4 0-2] 66 0-1) 25-3]0.2] 14.0/0-1] 7| 3]1]0
Juy 1-16] 71 0-0 103 0-2 14-9|0-1] 14-1|0-3] 4| 3] 0|8
17-31] 66 o-1] 10:3 0-0] 11-910-1% 13-1}0-11 1} 290} 0
Aug, 1-26] 4.3 o-2] 103 0-1] 8-0|0-2] 11-3lo-1] 1] 2|60
17-31] 16-0 0.4| 157 0-2}) 17-8]0-4] 17-0{0-2]| 5| 6]16|3
Bept.1-16] 71 0-1] 82 0-2 12-510-1] 10-5|v-2} 1| 1]o |5
17-30) 9.2 0-0 12.3 02 13-1|0-1| 13-5|0-2] 4] 3}0 |6
Oct. 1.16] 16 0-1 105 0:2 9:5|0-1] 12:7]0-2] o] 2]o |6
17-31] 123 o-2| 161 0-1] 13-2[0.2| 18°6j0-1) 3| 7] 7] 2
Nov. L1g| 2.2 0-2] 9.0 0.1 7-0lo-2| 11:5(0.20 of 1|54
1730} 73 o5} 13-1 0-4f 12.3]0-5] 14-a]0-4] 1| 42014
Dec. 1-16 3.9 0-1 23 01 9-5l0.2] 9-0lu.2] o] 0o]3 |1
‘17'31 6:0 o-1] 57 o-1] 10-7]0.2] 70lo-2] 1] o] 51 2
“’Ti 207;?:9 0-1]5-0|z7-0 2-3[o-8]3-4]337-1]5-7[354.4]5 1 (ul'8] 140,106
M;“'s +8:5 —oz| +107 | —o01 14-0’;;: a8 |0
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TABLE XVII.—Mean errors K\, E; for 1923

MADRAS
MEAN ERBORS Number of
E, is with regard to sign E, is without regard to sign orrors excedy
80 049
PERIOD e e, i [
i3 H. W, L. W. H. W. LW,
Time Height Time Height Time Ht. | Time Ht. |3 |y ]3|y
minutes ll reet minules “ yeet | minutes| reet [minutes| reer |3 |2 ] |
+ - -1 + - + [ -
Jan. 1-1€} 0-9 0-4 17 & 0-3| 8-2]0-4| 20-4|0-3] 0|7 ]2}
17-31 4-4 0-2] 21.9 0-1] 13-2(0-2] 22:7|0a}39]1|0
Feb. 1-16] 80 0-2] 17-6 0-1] 12-510-2} 18-0jv-2JO[B6]1|0
1y-28] 46 0-1] 23.0 0-1] 13-7|0-2] 23.4({0-1]1|8]0}0
Mar, 1-16] 11-2 u-4] 21.2 0-3] 16-5(0-4} 23-3(0-3] 3 |10]18]0
17-01y 7-2 0-1] 18-8 ¢-1] 12-110-2¢ 17.9luv.2y 2142}
Apribl1¢] 46 0-1 16-8 02 10-4|0-1} 17.2f0-2)2|2]0]2
17-30] 5-4 0-4 9-8 0-4 17-1(0-4] 1a-6]|0-4] 2| 2 |14|%
May 1-16] 1-3 02| 13.7 0-1] 14:3(0-2] 15-4|0-2)2|3]9|4
17-a1) 11-4 0-1] 10-9 0-0] 18-8(0-:| 14.9|u-1 2] 4] 1[0
Juse 16 246 10-3 9-1 04 13-9(0-3] 13-7|0-4] 2| 2|7\l
17-20] s°1 li{D-l 17-1 02 10-2|0-2] 17.3]0-2} 1 |3]2[3
Juiv 1-1t] 105 'Io-l 261 0-2 17-9|0-1| 26.4(0-c] 6 [12] 13
17-31] 9.0 ‘ 0.0 17-8 V-3 17-2|0-1| 16-2|0:3] 2 |7]0)°
Aon ] 0 !2 172 0-4 12-3|0-2] 18.0|0-4)3 | 4]2|®
;o] oo |3 9.9 06 8-010.5] 13.3[{0-5]0|4]3|¥
Seril-log o Ben iEO'-‘ 19-4 0-4 11-:0(0-3] 20-3|0-4] 2| s |11 |M
[N 3-!‘)%';").1 10-9 [0-4 10-3|0-1) 14.3/0:a)1l2]1 (W0
AT L LA il‘ 13-4 0-4 11-200-3] 16-2(0-4|0 | 2 |41
17 41',\ 0-3] 8.2 0-1 12:410-3] 14-9f0-2]1 |a]7|*
New.paep 20 00 1y 0-2 13-0(0-2| 14.1[0-2] 1 |23
1m0 4"2l|:“() 2 6.7 )3 12-7|0-3] 97|04l )71
ter, 1a16] 41 P} a-0f 11.8 01 1-2/0.1) 14.3j01] 11 ]of!
172 1‘-31 ‘ 0-1] 14-1 0-1 10-30-1] 17-3]0-1] 2 'l slo]0
:nus ‘1(15-4' 16-6 ]\2.s~1.7 362-8| 00 “4.6 1 0303-4]54]416.8] 6.3 ,(,,|'4.195164
Mravs =37 | o0 +181 |+ 01| 12:6{02| 174}03
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1 COMPUTING AND TIDAL PARTY
TABLE XVIII.— Mean errors E,, E, for 1924
MADRAS
MEAN ERRORS Number of
E, i8 with regard to sign E, is without regard to sign errors exceeding
: T
108 H.W. L. W. . W. LW, i
Time Height | Time Height | Time Ht.|Time Ht. |z | |2 |z
minuter fest minutes " seet | minutes| reet |minutes| reet | T | S § T | =
+ - + | - + - + | =
Jan, 1.15| 14 0-0 2-0 0-1 g-al0-1] 6:8lo-1Jo|ofojoO
16-31] 18 0-0 2.5 0 - 61|01} 6-1|o1jo|o]o|o
Feb, 1-15| 2-6 00 3.2 0 6-3|o-1] 7-2lo-1}jo|o]ofo
16-29| 1-7 0-0 2-9 0 5-4|0.0] 6-1|o-1jofofo}oO
Mar, 1-15] 6-4 0-2] 6.3 o-2} s-3lo2} 9alo2fo|1]oj1
16-31 01 0-3] 50 o-2| 7-2j0-3] s-2lo2fojo]s8 |7
Aprit 1-15] &9 0-0 78 0 g-3lo-1l ss{o1jolofo]o
16.30] 49 0.l 64 0 6-4l0-1] 7-6lo2)o|o]1]|5
May 1.i6] 6.2 0-1 6-0 0 7.3lo-2] f7-s0-2]0j0] 4|2
16-31] 4.3 o-2] 7-1 0-1 7-710-3] s-8(0-2Jo0|0]9|4
June 1-15] 2-2 0-3] 47 0-4] 6-3(0-3] 5.9|/0:4]J0]0]13]|15
16-30] 13 01 48 0 6-8|0-2] s8-1lo-1jof{o]5]1
July 1-16) 0-0 0-1 2-1 0- 3-8/0-1] &-3{o-1Jojojo|2
16-81 0:6(0-4 6-1 0- 6-:010+4] 7-4|0-4] 0] 0}22(18
Aug 115) 2.4 0-4 3.1 0 6-4|0-4] 7-1|0-56]0]|o0f19|23
16-31] 1.5 0.2 7:2 0- 4-1|0-2] 8-4|0-3J0|o]2|7
Sept. 1-15 0-6 o-0] 41 0- 6-7|0-1] 6-9/o2fo|o]o]|s
16-30 2:3] 0.1 65 0: 6-3|0-2] 87%lo-2fo|1]6]8
Oct. 1.16 3.7 0.1] 62 0 7.4lo-2] 71lox]olo]s)z
16-31 Geb 0.3] 48 o.2] 7-1]0-3] 6-3lo-]olo]io]s
Nov. 1-15 2.3 o-3] 23 o-1] 9-6lo-3] s9loz2]o|o]iz]s
16301 7.9 0.4 12:9 o-3] 7-9lo-a]| 12.0l0a]oo|ie|12
[Pee- 115) 06 0-0 67 0 6-0lo-1] 87{o2fo|o]2]|4
16:311 5.0 0-0 10'8 0-1] 6-4fo-1] 11-7jo1folofo]o
T‘“i 561 15-0 1-5]21]180°6[ 0:0 [2-1]1-6]159-2]a-n lﬂﬂv(;!{-n 0|z 1.'42’126
Urams L]y ey 0-0 +54 00| 6¢|oz 7-:1]0 2
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TABLE XIX.—Mean ervors E,, E, for 1922
KIDDERPORE
MEAN ERRORS Number of
E, is with regard to sign E, is without regard to sign srrore exceediu
: el
1922 H W. L.W. H. W, L. W. )
Time Height Time Height Time Ht.] Time Ht. B 3 B 3
minutes “ Seet minutes “ feet  [minutes| feet | minutes] reer | T {5 |F 14
+ - + | - -+ - + | -
Jan. 1-16] 4.4 00 1.1{0-2 g-8lo.2] 9-2|0.-4]o|o0]ofo0
17.31] 2-9 0-2 5-3(0-4 10-0}0-3] 9:3[0-4}0]0}0}3
Feb. 1-16] 7.3 0-1 3.0/0-2 g-0/0-2| 10-4[0-3]o]o]olo
17-28] 5-3 0-3 0-6(0-1 7.9l0-6] 9-8{o-3ojof1]0
Mar. 1-16] 1.6 0-2 57102 7-0l0-3] 12-5{0-3Jo[0]0]0
1731 1.4 o2] 19 0-1] 9-5{0-3] 13-1|0-3J0|0f0]0
april1-16] 3.7 0-1 7-700-0 11.5|0-5] 12-0/0-3] 1| 1]5}0
17-30( 14.9 0-6] 17-8 0-5] 16-6{0-6] 18-5(0-6f3|4{4][?
May. 1-16 3.4 0-3 9.6 0-4] 12-0|0-4| 18-5|0-5] 2| 2}5|}
17-31 0-3(|0-1 9.3 0-2] 9.0|0-3] 11-0{0-3J0|01]|0
Jone 1-16 6:0(0-3 2:5(10.0 11-7|0-5] 10-6|0-3[0|1]2]0
17-30 1-9 1-4 79 1-1) 11-7{1-4] 12.9(2-31J o | 1 |J17}¥6
July 1-16 2.6 0-5] 1.9 01 10-9|0-6] 15-9{0-3J 0| 4)+!0
17-31] 9-0 1.4 74 o-7| 11-1l1.4] 15-9l07] 1| 4|06
Aug, 1-16] 3.2 1-0] 380 o7l 9-1|1.0]l 90lo%lol1]n:s
17-31] 7.3 0-1 1-1 0-6] 10-9|0-6] 12-20-6}0|2]4}*
Sept. 1-16 5:3(0-2 114 0-4] 12:6[0-4] 14-1]0-4fo{0]0 "
17-30 2:5]0.0 7-9 0.7 8-4{o-6] s-9lo7|ofo]ol’
Oct. 1.16] 3.8 1.1] 1-3 1-71 70l1-1 10-alt7] 0] 0258
17.31 3-8(0-0 4-8]l0-8 11:21.0] 7-9]0.a]0|o]r2(¥
Nov. 1-16 2.6 0.7 3-2 0-6 7-710-7] 10-4]0.6] 0|0 ]11|?
17-30] 7.9 0-0 2-3 0-3 13-6(0-5] 12-1]0.4] 0 0] 1|
Dec. 1-16] 8.0 03] 38 0-1] 10-8|0-a] 11:0]0-4] 1 [0 }O[°
17-31] 1.2 o-2] 59 w1l 8.7]0-2] 11-6]0.3]0 | 2]0]°
Torars...| 81-9) 28-4f/1-8 75 HQ-II 57-012-9|7-31245-7114-11287.2}12.5] 8 |22 22ﬁ
Maars .., + 2.2 —0-2 + 05 -;>0-2 10-2 ; 12-0}{0.5

¥
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TABLE XX.— Mean errors £, E, for 1923
KIDDERPORE
MEAN ERRORS Number of
E, is with regard to sign E, 1s without regard to sign erFors exceedin
E. o
1523 H,W. L. W, LW, L. W,
Time Height | Time Height | Time Ht. | Time Ht. |5 |p 1& |E
minutes feet minutes ” Seet minutes| feet | ninutes| feet SEEE ERE
+ - + | - - + | -
Jan, 1-16| 4.5 0-1 1.1 0-0] 10-2{0-2] 7-8lo:s]Jojojofo
17-31| 18-3 0-2 22.1 0-1 15-2|0-4] 22-1{os]4|7]O|O
Feb, 1-16] 14-0 o-2] 10-2 o-2]| 14.3(0-3] 135{0-5)1|0]1]1
17-28] 15-7 0-3 22-6 0-1 16-5/0-4] 22.6|0-4]3|3}0 |2
Mar, 1-16] 2.8 0-6 2:1)0-4 7-0l0-6] 10-4f0-5Jo|0|4]2
17-31] o©-8 0-4 73 0-1 7.2l0-5] 11-1|03jo 0|50
April1-18] 2.0 0-4 3-6ll0-2 8-3|0-4] 9-8|0-3Jo|0fo]|oO
17-30 2:1}{0.2 3+5(0-1 7-3]0-3] 11-2|0-3Jo(1]J0]|O
May 1-16] 4-5 o.5] 4-8 o-2] 10-3j0-7] 9-7|0-3Jo|o]7 |0
17-31 7:9/10-4 9.1{0-1 9-8/0-4] 11.0|0-2]1]|0]1]0
June 1.16 0:9(0-5 3.6 03 8:6|0-6] 17-4(0-4J 1| 3f4]|3
1:.30 65°810-8 3:8(|0-6 12.0{0-8] 9-4f0-6f1([2]8]1
July 1-16 4.2( 1.2 15°1 1-0 9-211-2] 15-1|1-0] 0|1 ]20]|14
17-31 12:3[ 2.0 1:6 1-3 12-9(2-0] 8.2f1-3j1]0]20(21
Ang. 1.16 g7 09 3.1 11 11-6|1-0] 7:5/1.1]0 o0 |i6|21
1731 971105 4.1|0-9 11-7|0-6] 14:0{0-9]0 ]| 43|14
Sept. 1-16 3.7 1.0 2:3|[1-0 9-6/1-0] 7-3|1-0J0fo0]15(17
17-30 16+82-1 09 2-1 16-8(2-1| 11-9[2.1| 1 |1 |23]|27
Oct. 1-18 196 0-8 10+8(/1-0 19-5]0-8| 15-1(1-0]3[1]|8]14
17-31 25441 1.4 10715 25-4(1-4] 11-4|1-5) 8 (| 2 |22|29
Nov. 1-16 18-57(1-1 16+1(1-4 18-7|1-1] 20-4{1-4}4 |7 21|24
17-30 12.9( 0-4 2.9 0-6 14-1]0:5) 4-9lo6]3|o]2|5
Dec. 1-16 4.5 u-T 11-70-5 9-0(0-7) 14:4]|0-500| 1313
17-3 3.9{0.2 7:1 02 8:0/0-3) 10:6|(0-4J 001010
Torars .| 67-6]157 -0 16-2‘0-7 107-4| 778 14-6}0-4 203-2(18-3| 296-8 17 -(} 31|33 192i198
MEANS ~ 41 + 06 I +1-2 + 06 12-2|0-8] 12-4|0-7
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TABLE XXI.— Mean esrors K\, E, for 1924
KIDDERPORE

MEAN EREBORS Number of
E, is with regard to sign E, is without regard to sign ervors ereoeliny
PemIoD : e= i et

1924 HW L.W. H. W, W,
Time Height Time Height | Time Ht.| Time Ht. B B g
minutes ” Soot minutes ” foet  |minutes| seet [minutes | feee | | & |2 |

- +« | =1 + - + | -

Jan. 1-15] 17-4 0-2 44 0-0] 9.8/0-3| 11-3|0-3J 0| 3]o0]|0
16-311 10.7 0-1 13-2 0-01 11:3|0-4| 18-9|0-3]J 0| 3]1]0
Feb. 1-15] 17:0 (2 20-3 0-1] 17-0|0-8| 20-3;0-3]6{7]0]|0
16-29] 120 0-4 9:6 0-2 12:4{0.4| 14.7|0.3J0|1}1}0
Mar. 1-16] 10-8 0-6 16-4 0-2] 12.3]|0.7| 16-9|0.4] 2| 4]8{0
16-31] 2-1 0-4 0.7 0.1} 7-3|0'5| 10.2|0:3J0]0]3{0
April 1-16] 43 0.2 12-8 0-4] 6:9/0:6| 139/ 09| 0| 1]3]|?
16-30] 13 0-0 e 0-4] 7-9/0-3} 8:5|0:4]0|1}0|0
May 115) 0.5 0-0 73 0-4] e6-3{0-3| 10.9{0-4j0 ) 1}1]1
1631] 1-2 0-1 4:b 0-1] 6-810-3| 13.7(0-4J0[0]0O(0
June 1-15| 44 0-1 12.2 0-3] 8:6/0.2| 18-3|0:3]0|1}0;0
16-30] 6-3 0-5 3-8 0-1 9:0{0:5| 11:1|0-5J 0| 0]¢(!
July 1-15 670111 4] 0-7 10-5({1-1] 10-6|0-7] 0| 0|65
16-31] 64 0-2 6'8 0-5 8.5(0.5| 10-1|0:bJO|O]1|¢4
Aung. 1-15 3-¢lo1 1:5(/0:7 7:1|0:4| 7%-5(0:7]0 (00
16311 04 0% 97 0-8 8:9|0-8| 11:0|0-8] 1| 2]9(W0
Sept. 1-1% 9:6(06 1:6|v'6 10:3(0-6| 9-3[0-6]0f0]4]|b
16-30 5+8 03 0.0 0-7] 10:6|0.4| 6-8|o-7]2|0fOt4
Oct. 1-15 12:6 O 71 0-4] 12'8{0-3| 116|062 |4]1]*
16-31 8205 65:1|0-2 12'3{0.6| 12.1{0-3f0 0] 7|!
Nov. 1-15 174/l 0-9 10006 17:4)0.9f 13-4[0{2|2]9|"
16-30] 2-2 0.9]1 6% 041 8:0{0-9| 13.7]0.56]0 | 1]10]2
Dec. 1-15 4-0 0-2] 3-3 0.1] 6-9{0.3| 9-1|o-3lolo]o0]0
16-31 4.3 0-2) 1-4 0-1 6:5/0-3] 6-5/0-3)oo]o]0
Torats...| 90-0| 673 [|6-8/1-8]130-7| 33 5] 4.4|3-6]235-3)11 8 284-4 |11 0} 14|31 |78]%
MEANS .., +09 | +o02 .4 Wl 0-0 TB 05 11905 -
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TABLE XXII.—Mean ervors B\, E, for 1922

RANGOON
MEAN ERRORS Number of
E, is with regnrd to sign E, is without regard to sign errors exceeding
: . sitte] gt
1923 H. W, LW, H. W, L. W,
Time Height Time Height Time Ht.| Time Ht|p B B B
minuter Seet minutes ” feet  |minutes| feet | minures| reet |5 | F | = |
+ - + | = + - + | -
Jean. 1-16] 11:9 0-0} 93 0-3 12.-9]0-2] 1570541301
17-31] 29 0.0 0-3[0-3 g-1/0-5] 11-9[/0-4J0|0]O|0O
Keb. 1-16] 12+2 ool 25 0-0 12-6|0-3] 14-5/05]0|1]0|3
17-28] -1 0-0] o8 0-4 10-0lo-2] 14-6(0-5]0|2]0]0
Max, 1-16] 18-1 01 66 0-2 18-1|0-4] 11°6l06§3|1}0]|1
17-31] 15-6 o-2] 11-6 0-1 16-0l0-3] 15-4|0-3}2|0]o0]|0
april1-16] 18-3 01 55 0-2 18-410-5] 9-2|o-4]1]|0]Jo]|o0O
17.30) 156 0-6] 14-1 0-3] 16-1]0-6] 18-3{o6]1|1]5]|3
May 1-16] 81 0-1] 33 0-1] 9-7lo.4} 109040 1}o o0
17-31] 11-9 0°0 11-7 0-2] 13-7]0-3] 14-1]04]JO0 1)1 |0
June 1.16] 3.0 0-0 1-9 o1 s-3lo.2] 11.5|0-4]0]1]J0]|0
17-30] 12.3 01 10-0 0-1 12-%7|0-4] 15-5]/0-3J0|2]1]0
July 1-16¢ 125 02 947 0-3 13-4|0-4} 13-7{0-4] 113803
17-31] 22 0 0-1] 165 0-7] 22-810-4] 184|077 |T}1]|4
Aug. 1.16 20-4 0-4] 74 0-5] a1-5/0-4| 11.0l05]9|0]o]o
17.31] 305 0'1] o-2 0-8] 30-5/0-4] 10-3|0'8]16|2]3 |10
Sept. 1.16{ 17-1 0.-2] 8.6 0-3 17-110-a} 10-9}0-4f3|1]o1
17-30} 13-9 04 1-4|0:3 16-4|0-6] 6-8lo5]aj0]5]|2
Oct. 1.18] 9.4 0-2 9:0 11 12-0|0-4| 10-2{1-1}0o|0}o0 |20
1731} 52 07 1105 85l07] 9-2/07fojo]4s]s
Nov. 1.16] 4.2 0.1 2.0 0-7 7.4l0.7] o.sjo8lo|0]3 (11
17:30] 9.0 06 0-1/05 121)05) 10slo7|1fo]z2]3
Dec. 1.16] 6.3 0-1 17(0¢2 9-4|0-4] 10-3l0.5]0]o0]o]|8
k”"“ 74 03 7.3 0-2 9.0|0-4] 15-6lo-a)1]1]3 |0
'I_OT\ALL i"q’\"\ 0‘(" 2-7‘1-8 138-0\ 4-6]5-7]2-7]336-7110-G 30()-2}12& 50| 26]28|74
Means .. 1 4 12.2 ‘ 0.0 + 66 +o01 | 14:0[0-4] 125105
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TABLE XX11I.—Mean errors B, Ey for 1923

RANGOON
MEAN EREORS
E, s with reqard to sign E, is without regard to sign
PERIOD E, E
bl H. W. L.W. H. W, LW,
Time Hoight | Time Helght Time Ht.] Time Ht,
ninuter ” fest minules " feet  |minutes| feet |ninutes| feot
+ - + (=1 + - + | -
Jan. 1.16] 19-3 0-3 7.3 0-3 19-3|0-4] 12:0(0-4
17-31] 6.7 0-0] 241 0-3 26-7|0-3| 24-1[06
Feb. 1-18] 26.3 00 15.9 0-1 26-2(0-3] 16°9]0-6
17-28] 28:7 0-2 22-2 06 28.7/0-8] 22.3|07
Mar. 1-16] 23.6 0-2 62 0-3 22:8(0-4|] 9:5|05
17-31] 23-4 01 12-4 06 28-4|0-2] 13.7(07 |
Aprit1-16) 131 0-4 12]l0-4 14-4l0.5] 77|06 ‘[
17-30| 20-2 0-2] 1 03 20-2{0-3] 10-6]0-9] 4|1 1?1&
May 1-16] 63 o2l o8 0-3] 10-0|0-5] 6:4{0-5]0| 02}
17-31] 10-8 1o~2 0-3 0-3 10-8[0-6] 8-7|0-5f0 0]
June 1.16] 78 "&0-1} 70 0-1] 10-2(0-3] 14-5(0-6]0|1 0‘1
17.30] 168 | j0's| 101 0-5] 16-0]0-5] 11.aj07]2]2]2
Juy 1.161 16:3 1;0'3 18:0 0-4 16:3|0-3] 1880 7|2 |T7]0:
ITag -'" 1‘10-2 6-3 0-2 180lo-5] 10.8j0-4]3 {02
Ang. 1-i6] 8.7 i:; 0-3l 176 1.0l 38-7|0-4] 18710125 6]3:¢
Vislp R '!‘ 0-1] 22 i |o2] 19-410-3] s4fos]+]o)l
Sept L1G) 18 3 f?0-3 81 50-5 17-6{0-3) 10.9]05] 3|21
17 30 \ 0-91102 59‘&%1.0 57103l 7.0l10lo]o]o
Oc. 1-15] 0-6 oa 10 ’70# 8-2l0-5] 17 2o 6l1|5]3 7
17-31 100 0-4 19-90 1) 10-4|0-4] 131120 jo}r ¥
Novw 110 3'71;0'5 13:0.10-7 10-2{0-7] 15-2j0-7] 1|1 5!“‘
17-30 10'3.}0-1 11{1.1 10-4{0-6| os|t1folof2)f
Dec. 114 0 31!0.7 8-70lon a-3lo-7] 13508l o] o]y
17311 116 HO-O 51 06 11-7|0-4| 13-3f0-6]o |01
Trrars e ana iy s 11636 F1-3110-0/2:1]400-5 | 9 ol ara-4 fig-cfao 4o :ﬂ
MRans +13.0 Li +0-1 +:-‘7‘ H + 0.37 1‘7!;,4 ]3_1\0_7
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TABLE XXIV.—Mean errors E,, E, for 1924
RANGOON
MEAN EBEOHKS Number of
E, is with regard to sign Fg is without regnrd tc sign orrors excodding
rrsioD : . st st
w4 H W, L. W,
Time Height Time Height | Time Ht.| Time Ht, B B g g
minutes ” Seet minutes foet  |minutes| feet Iminutes| reee |1 | 5 | | A
+ - + | - + - + | -
Jan. 1-16] 203 03 11-2 01 20-3/0-3| 18:7|0.5] 2] 4]0 |0
16-31 256 0-0 17-4 0-4 25-6(0-3| 17.6|0-6]8|8]0|5
Feb. 1-15{ 30-6 03 210 03 30-6(0-4] 22:3/0-5]11| 5|03
16-29] 29-3 00 16-1 0-4 29.8|0-2| 17-3|0-5]14[ 8]0 |3
Mar. 1-16| 29-2 0-0 20:0 03 26.2|0.3| 20-0|0-5}9|[7]o0]2
16:31] 186 0:2 43 0.2 19-4|0'4| 8.9|04]5|0]|3]0
April1-15| 18-3 0.2 13.1 08 18-9(0-3| 13-1]0-4]2|2]0 |0
16-30] 10-8 0-1 6-9]|0-0 15-0l0-3| 9.1/0-3Jo|o]ol1
May 1-15] 123 0-1| 10-0 0-4 12:8|0-3| 11-3{0:8]1 [1]0|4
1831] 11-3 01 0.1 06| 14-8/0-3| 9.7(0-6]ofo]o|9
June 1-16] 17°1 0-2] 137 o.2] 17-10.3{ 13-9|0-6] 2|00 {5
16-30] 19-6 0-2 83 0-3| 19-6[0-2| 12.8[0:5]2|1]0]|5s
July 11| 18-7 00 10-1 0-4 18-7]02| 11.7|0-6]/3|0]0}6
16-31] 31-% 00 152 0-5f 31.7/0-3] 16-8{0-5{17| 4] 1|4
Ang 1-15] 38-8 o-6] 84 1.3} 38-810'6| 12-7|1-3|23|1}4 |19
1631] 27.3 0:0 1.8 0-2] 27-5|0-3| 15-3|0-4f12{ 3]0 |1
Sept. 115 17-8 00 2.3 0-1] 17-9l0-4| 71]0-4]6]0]1]0
16-30] 11-3 oa| 67 09 12-2/0-4| 8-8{1-0]1]|0]0]|14
Oct. 1.15] o-9 0-2 4-3[01 7.9l0-5| 6-9/o-5|0o|o0]3]e2
16-31] 44 06 2:6{0-7 66losl 12-8|l07]of1]2]5
Nov. 1.15 45103 13-3]/0-7 10506 14-7)07 o 2]1|3
16.30| 3.6 0-2 2:4]0-2 ¢-3|0a| 145]/0-4]0lo]3lo
Dec. 1.15 20101 3:4)0.5 srloa| osloslo|1]e]r
16-31] 7.2 !0-3 1-4)0-4 g8-8/0-4] 10-1]0-¢)olo]oln
& 082 7.7 | 27 1-0|185-8] 366 ‘h-sia-x 445-2}8-4%&]-9 134 11754~ 2099
e T T T R
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TABLE XXV.—Mean errors E,, E, for 1922
MOULMEIN
MEAN ERRORS Number o
E, ia with regard to sign E, is without regard to mgn |}
PERIOD € E, ?[%uri‘; lﬁ:
1932 H. W, w, LW, LW,
Time Reght Time Height Time Ht.] Time Ht. B B ki
minutes ” Sfeet minutes " feet  |minutes| feet | minutes| reer | T | < |5]:
+ - + | - + - + | -
Jan. 1-16 3.3 0-1 3.3 0-1] 91{o-3} 12.0)0-3{0|1}0]:
17-31 46 03 7.6 ool 7-7|o-7] 13-1{0-3f0|3]6ps
Feb. 1-16 1.0 0-3 48 0-3] 4-9{o-5] 9-8lo-¢fo]|2]sh
17-28 7-3 05 109 0-0 9.7/0-5| 14-9/0-3) 0 |8]1]s
Mar. 1-16 -9 05 17-6 o-2| 11-7lo-7{ 17-9]0-3}o {6]7)
17-31 14-1 0-7 14-0 0-2) 15.9|0-7) 14-7|0-3] 1 |5]35]i
april 1-16 56 0-1 13-6 0-1] 8-3|0-8] 13-6|0-3[0|3|uls
17-30 2.7 07 14 0-41 8-3{o-7] 12-2]0-4] 1|46
May 1-18 60 0-4 150 0-4] 7-3|0-7] 16-0{0-5]05]8]
17-31 2.81/0-0 11 0-2] 6-9|0-5] 10-7{0-5}0|1]2}
June 1.16 71 03 9-3)0-5 9-6|0-5] 12:9|0-6) 0| 1]2]!
17-30 511102 6606 9-0(0-6| 10-8{0-7) 0|0z
July 1-16] 2.5 0-2 10:5(10:9 8:2|0:-5] 14-4]0-9J0|o0]2|¥
17-31] 12.8 0-1 8:6]/0.2 18:110-8] 16-6(0-7| 4 |03 "
Aug. 1-16] 55 0-7 10-8 17} 12.2|07] 144{1-71 | 3]8}"
17-31] 48 0-1 21-% 0-4] 10-0|0-7] 22.8[0-4] 1|B]7}
fept.1.16] 9.7 0-7 17-5 0-6] 11-4/0-7] 17-8{0-6{0|6]8|*
17-30) 3.9 00 23.3/10-0 13:2/0-7] 23-5|0-4)2|6]7|
Oct. 116 0-3'“ 0.7 21-3[0.9 19-2|0-8] 21-3{0-9f 0|51
17.31 72000 18-4] 0.7 13:910-6} 20.7]0-7)1{5}3|}
Nov. 1-16 sol |10 12-8 o-0o] 81[1.1] 14-6|0.5]0 |35
17-30 4 G! 0-3 10-9 02| 7-9lo6| 140{o6]1|2]3}
Dec. 1-16 7.';!’ 05 15'63 n-2] 10506} 17-3]0.500|4]6 |
17-31 127 03 11-91 o-2| 13:3]0-7] 16:7]0-a| 1| 4f8]
ToTals... m‘gl‘a—% 00 1288~3 3-8|5-2]245-415-3|371.7 131 1:t|‘77 L6 7
Meaws .. ~30 | -o03 120 || -01 | 10-2]0 6] 156}0-5
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TABLE XXVI—Mecan errors E,, E, for 1923

MOULMEIN
MEAN ERRORS Number of
E, is with regard to sign E, is without regard to sign | em:f:ng
Pesion & minatr | ft ot
1923 H,W, L, W. H.W. - L. W,
" Tme Height | Time _Height | Time Ht. |Time Hb & |z |s |y
minuter feet minutes || feet | minutes| feet minutes| feet | [ | |
+ | - + | - + - + | -

Jan, 1-16 0-6 0-2 11-2fo-1| 7-8|0-3] 15-7|0-4}0o|3]o}o0
1731 8:6 0-4] 7.9 01 12-1{0-4] 13-4l0-4]3|2]1]|0
Feb. 1.16] 87 04 2.6 o-2] 10-6]0-5] 14-2j0-5]0]3)310
17-28| 10-2 02| 69 0.4 11.0l0-2] 12-6{0-4]1|1]o0 |0
Mar. 1.16 09 03 13:5 0-1] s-olo-e] 15:5(0-5{0[5]2]0
17-31 3.7 0-2 10-510-3 g-30-4| 11:4{03Jo|2|1]0
April 1-16 4-9(0-2 17:3]|0°1 7-5|0-5] 18°1|0-4] 2 3|0
17-30 4-0 03 11-6 o-0] s8-alo-4] 12221040 |3]o0]|1
May 1-16 6-1 05 16:6 0-4] 7-3lo-6| 16-8{0-4]0 6|64
17-31 9100 16:9) 0.3 10.6{o-7] 17-1(0.5]o 3|51
June 1.16] 1.4 03 13-4 0-3).11-1{0-6] 15:8/0-7]1|2]6 |10
17-30] 10-6 0-8 9.9 07| 11-6|0-8] 11:9[0-7]o]o]8|5
July 1.16] ©-9 0-2 10-1{[0-9 12-4|0-5] 10-8|1-1]1|{0] 4|16
1731 7.2 01 165104 15-2/0-4] 17-3[0-8]2|4}1]|8
Avg. 1-16| 10-6 0-6 5.4 1-5] 16-0f{0-7] 11-7(1.5]3 |06 |26
17:31] 1.9 1-3 19-1 27| 9-8|1-2] 2232|2701 |8 ]14/28
Sept. 1-16] 2-8 0-2 209 0-3] 6-6[0-4] 21.5|04]0|6]1]3
17-30 120 0-4 38-1(|0-8 14:0|0-6] 38-1]0-8]J0 |16] 4|7
Oct. 1-16 180 0-3 37-1{/0-5 20-1{0-9] 37-1|0-7] 4 |20 11| 7
1731 28-8 0-4 39-3/0°8 28-8|0-5] 30-3|0-s|10|14] 4 |6
Nov. 1-16 22.7 0-3 35-1({0-4 o2.7 [0-7] a5-1|o-6] 5 |19) 7 |5
17-30 219 ) 0-6 22.510.5 31.9]0-7] 226|05| 4|6 2
Dec. 1-16 185 0.3 28:40-4 18-5/0-4] 28.1lo-5]2|13]0 |0
17-31 13-4 0-1 | 13:6 [ 0-5 13-4|0 6] 137|0-5f1 {076
T_"“i’-; E‘iw-u‘ 0-7(7-8 14-3]409-01 6 5‘0-2 3137|136/ 1723 [16- 5} 10 143103[135

Meavs b e 0-3| - 165 i 0-0 | 13:1]06f 197|0-7
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TABLE XXVII.—Mean errors E,, E, for 1924
MOULMBIN
MEAN ERRORS Number of
F, ia with regard to sign F, 18 without regard to slgn| "“:::"‘
raston 2 N
1594 L.W, LW, LW,
Time Height Time Height Time Ht.| Time H¢, B B B B
winutes “ JSoot minutes feet inutes | feet tes | reet |1 | S |H |4
+ - i+ - + + | -
Jan, 1.16] 20 01 3.8/ 0-1 9.310-3| 15-3|0-4}1{3}0]0
16-31] 8.0 0-3] 21 0-3 7-9/0-4| 13.2/0°4 1lo|1
Feb. 1-16| 116 00 12.2 0-2 12-5/0-2| 16-7|0-4] 2 |4]1 |0
16-29| 7°4 0:5] 0.0 0-0 11-0/0-8| 14-3{0-4] 2{3]2]0
Mar. 1-15 02 0-5] 00 0-1 7-3{0-6{ 100{0.3]0|3]4]0
16-31 85 0-4 17-6]/0:1 11-4/0.6| 18.7]|0-3] 2 |8]4]0
April 1-16 45 05 1-3/0.2 9-9\0-6] 7%7]o2]l1|o]s]|0
16-30 3-8 02 16-2{[0-0 14-7/0-6| 20.1|0-3] 2|7 ]2|0
May 1-15 93 04 6:1/05 11-8/0-5| 8-.8{o-5]2|2]3|0
16-31 115 02 114-30-4 12-3/0-5| 16-4{0-5)1|3]3/1
Juge 1-15 57 03 2:4|1.0 8-2|0-4| 6.8{1.1]1 0|11
16-30] 0-1 0-0 13:2 o2l 6-1{0-5| 13.2{0-7]0|1]}4|7
July 1-15] 66 0-2 9:6|12-7 9:9|0.5] 10.9\1271|0]4|b
16-31] 10-9 02 1.9 0-4| 16:5(0'6| 11-5(0-6]3|1]2]0
Aug. 1-1z| 17°8 0.7 4.0 1-1] 19-5]{0.7| 11-3(1.1|5|83]5|"
1631] 65 0-4] 01 0-2| 13.3{0-5| 12.8|0-2]2|3]6]0
Sept. 1-15| 3.3 0-3 18:0, 0-7 8:8/0-6| 18-8{0-8J0|5}4|9
16-30 81 0.0 91 ;l5'0 8-1/0-3| 11-4(15.cJo|o|o|¥
oct. 115 151 o 263 0.9 15:1(10| 26-3]0-9) 3|7 |12/
16-31 13’-3{} 0-2 24 0'11'1 18:6|0-7| 24-0|1.1| 3 | 5]10)20
ToraLs,.| 68-2| i7-3 i;O-OiG-'-’ 14-4’ 167-8 ‘33-3\1-9 232-2(10-5! 2882 |37 9} 31 | 50|72 1
MEANS ... -05 h -03 -7 ’—-1-_1-6 11:6]05] 14.a|1-9

Note—The observatory was

discontinned from Ist November 19 24,
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TABLE XXVIII—Mean errors E,, E, for 1922
PORT BLAIR
MEAN ERRORS Number ot
E, is with regard to sign E, ia without regard to sign errors exce:d:ng
eomop 3 : il et
1622 w. w, H. W, L. W.
Time Height Time Height Time Ht.| Time Ht. | e B
minutes il feet minufes H foet  |minutes| feet | minutee| et | = | 5 | = | A
+ - + - - + - ZI
Jan. 1-16 5-1 0-2] 2.9 o-1] 7-7|o-2] 7-9(o-qo0|0]o}o
17-31 2.8 0-3 1-2 0-0] 8-4(0-3] 48|ol]Jofo]Jo]|oO
Feb. 1-16 3.5 6-2) 36 02| 5-3(0-2] 6-2/0-2J0|0]0]|O
17-28] 59 0-3] 15 0-2] 8903 -4lo.2l1fo]o]o
Mar 1-16) 1.7 0.1l 65 0-2] s5-3{o-1] s89lo2]lo|l2fo0]|o0
17-31| 2.6 0-1] 1.4 0-1] 7.0{o-1] 5-0|0:1J1|0]0]|O
aprill.16] 2-4 0-2) 2.7 0-2} 5-.4(0-2] 6-5|o.2]Jo|0}jo|0
17.30] 7.1 0-1] 1.3 0-2] 89fo2] 64j02]1]0])3]|2
May 1-16 1-0 03] 24 0-2] 86|0.3] 50/02l0|0jo]|o0O
17-31] 5-2 0-4] 31 0-3] 7.9|o-4] s:3/03Joj0]o]|oO
Juoe 1.16] 4.2 0-4} 5.8 0-3] 6-3|0-4] 87(0:3J0|0]JO0|O
17.30] 1.% 0-3] 46 0-3] 4-6(0-3] 8-0(0:3]J0|0]o0]|O
July 1-16] 1.5 0-2] o1 0.0} 4-7(o-2] 3-8{0-1Jo|o]o|o
17-31 5.9(0-0 3.3 0-1] 6-8lo-1] e1|01]Jo|o]o|o
Aug, 1.16] 3.8 0:1] 45 oo 7-1/01|] s586lo1]Jo|oJo|o
17-31 0.6 o-2| 1% 011 6-3lo-2f 4802]l1lo]ofo0
Sept. 1.16 1-2 0-1 1-0 0-1] 4-3j0-1} 6-3(0'1jo|0Jo]|O
17-30] 4.9 0-1 3.0 0-1] 10-1l0-1] 56(0-2]1/0]o0 |0
Oct. 1-16 0-7100 0-6[|0-2 3101 61(02]o|lofjo]|o0
1731} 3.6 0-1} 0.7 0-0) 10-8j0-1] e-7{o-1j1|0o]0o 0O
Nov. 1-16 0-1 0-2 23 o-1] 6-2jve.2] ¢1fo-1jojofn]o
17-30 51 01 82 o0l ¢-2lo-2] saloifo]o]elo
bee. 116] 9.5 0-3] 20 0o-2] s52|os] c7loelolofolo
1781 1.6 02| 1.6 o1 7202 s80ajojofo,0
e ——— i
.T(,'T'\,Lf"' A7l us 6 loola-s] aon| 17sloelsaiez sl ol tses] 1] £ 2132
e w00 | Zoe | w1a | 01| esjoe ‘}IjOE——
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TABLE XXIX.—Mean errors E|, E, for 1923
PORT BLAIR
MEAN ERBORS Number of
E, is with regard to sign E, is withount regard to sign errors “mﬂ
rraion : : it
1923 H, W, L. W. W, L. W,
Time Height | Time Height | Time Ht. | Time Ht g |p | [¢
minutes foet minutes || feet | minutes| seet |minutes| reet |1 | A |H |4
+ - + | -1 + - + | =
Jan. 1-16 111 0-3] 7.2 01} 11:1|0-3} %-2|o2]o|o0]olt
17-31 17-4 0-1} 13-1 0-2| 17:4|0-1] 13-6|0-2 5|olo
Feb. 1-16 17-3 0-2] 26 0-1] 17-3|0-2] &5/0-1J1]0]0)|0
17-28 146 0-0] 148 0-2| 14.6|0-2] 15-1|0-2]3|4]0]0
Mar. 1-16 13-8 0-1| 10-0 0-1) 13-8|0-1] 10-0(0-1]0 [ 2]0]0
17-31 19-3 0-0] 11-0 0-1] 19-3lo-1] 12.6j01f2{2]0]0
April 116 9.9 0-1] 44 0-1| 10-7]0-1] 6-1{0:1JC|0]00
17-30 14-0 0-0] 126 0-2| 14-3]0-1] 126(0°2]2|2]0]0
May 1-16 13-3]l0-1 2-3 01 13-8(0-1] 7-3{o-1]1]0}0]}0
17-31 83 0-1] 124 0-1] s-7lo-1] 12.6(0-2]0|3]0]0
June 1-16 132 01} 34 o-1] 13-9{o-1] 7-2l0-1j2|o]o}0
1730 85 01| 6-9 ool s-5l0-2] 7.4/0-1]0[0}0]0
July 1-16 10-8 0-1] 3-4 o-1] 11-0{0-1] 6-4j0-1J1]0]00
1731 88 0-3] 83 0-1] 8-9{0-3] s.8lo-1]0|1}0]0
Aug. 1-16 141 0] 116 0-1| 14-1]0-1]| 11-8f0-1]2|1]0|0
17-31 9-3 oo] 84 0-0] 9-6/0o-0] s6loa]1r|1]o|0
Sept. 1-16 175 o-1] 12-9 o-o) 17-7|0-1| 14.8|0-1] 4|6 ]0]0
17-30 18:1, 01 21002 18-1]0-1] 7-1]0-2]2]0]0]|0
Oct. 1-16 15-900-1 2.6 0-1 16-5(0-1] e-8{o1]3 1|0
17 31 15-4 01| 51 0.0 15-4/0-1] #%-8lo-1f1|o]o|?
Nov. 1-15 177101 48 o-1] 18-1|0-2] 6-9|o-1]5 (0|0
17-30 125 ool 80 0-0] 13-2/0-1] 8-3lo-1]2|o]o]|?
Dec. 1-1% 11-8 02| 50 o-2] 11:80-2] 9-1/0-2]o|0]0?
17-31 16-0 o1] 15 0-1] 16-0{0-2] 6-2]0-1]2]0]ol?
Torats .| 0.0 |328.8 o-4}z~1 1723 21 o-4i2~o 333-8/ 3.3 219-3‘3-1 37 |28 0|‘
Muars .. - 137 -0-1 +71 ~01] 135

01 9-2\0-1
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TaBLE XXX.—Mean errors E,, E, for 1924
PORT BLAIR
MEAN EBRRORS Number of
E, is with regard to sign E, is without regard to sign ervors exceeding
PERIOD E, E. (')"f"tf?;fé {{a]t:gft
104 H W ) H. W, L. W,
Time Height | Time Height | Timé ~ Ht.| Time Ht|p | |8 |
minufes ” JSeet minutes ” Seet minutes | feet |minutes | feet ]S
- + | - + - + | -

Jan, 1.15] 3-3 0.0] 24 0-1 6-2|lo-1| 6-2]/o.1jofojo|o
16-31 3.9 0-2] 30 ool 65|02 7.4/0-1]0]|0]O]|O
Feb. 1.16] 2-2 0-3] 89 o-2| 6-4|0-3| 11-9;0-2J0|3]0]|0
16-29 2-4 o-1} 41 o-1} 5-5/0.1| s-1/0.1]Jojo]o]o
Mar. 15| 2.4 0-1] 16-6 0-1] s5.4|0.1| 16:cjo-1}0|2]0|0O
16:31 03 0-2] s8¢ 0-3 .0l0-2| 9-2/0:3jo|o]o}joO
April1-15] 0-1 o-1] 108 0-3] 6.5{0-1] 11-5/0:3J0|1]0]|0
16-30 15 0-2] 4-4 0-3] 5.0|0-2| 7-2(0.3]0|0fJ0O|O
May 1.15] o8 01 3.8 ool 6-4/0-1| 7-6[0-1J0|0njO]O
16-31 57101 4.6/00 6-1/0-1| 8-5/0:1]0|GJ0]|0
June 1-15 50 0.0 0-4 02| 76|o-1| 56/0:2]0/0]0]|0
16-30 20 0-1 2.9 o2l 5.9l0-1] 7-2/0.2J0(0]JO]|O
July 115 15 01| 77 o-2|] 3-8{0-1] 8-4|02jo|o]o]o
16-31] 244 0-0 0-2 0-1] 61|o-1{ 75[/0-1jo|ojofo
Ang. 1-15 31 01| 47 oo| s5-3lo1| 69]oafolofo]o
16 31 t6llo-1 1-5 o0] %3lo-2| ¢s8j01]1}2]0]o0
Sept. 1.13| 0.0 01| o4 01|l 33/01| e1lo1]e]o}o|o
16-30 ‘ 4-::{; 01 4.7 o2 s1/0.1| s-9lo3j2|i{o]|o0
Oct. 1.15 ! %Li 0-0 Ly ool 58lo1| s52/o1]ojo]o]|o
16-31 10:0]0-0 2:2 00 101fv1| s5f01]1]o]olo0
Nov. 1-15 1.1‘\’ 01 0-4 0-1 4-5|0-2 810210 (ojoto
16-30 6.1 o-2]l o6 0-3] 8.0l02| €66lo3]J0]of0]o0
Dee. 1-15 0-2 0-3 09 0.3 4.4(0.3! 6-1|0:3]J0[(0J0}0O
16-31 13-4 0-1 4.5 o2] 13801 75lo2fofo]o]o
%fﬁ 072 ] 0-3|2-4) 77-7| 221 0‘1]3-2‘!‘15?:{ 3:4|192:2) 43 4] 900

Meass. | o -01] 428 - 01 IL 6-4|0-1] 80|02
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TABLE XXXI.—Mean errors E,, E, for 1924

BASSEIN
MEAN ERBRORS Numru
E, is with regard to sign E, is without regard o sign “::"m:d:
PERIOD E, E, '&"&1.5‘: m‘:

1924 H W, L.W, H. W, LW,
Time Height Time Height Time Ht.| Time Ht. B' B' B';
minutes ” Seot minutes " feet  |minutes| foot | minuted| reee |19 | 5 |8 |

+ - + | - + - + | -
Jan. 1.15] 25-2 o]l 9.9 0-0 25-2(1.0] 17.7]0- of10]| 3 a4y
1631 19-5 0-5] 17.7 04 22-2|0-5| 19-8|0.4|12| 7]u|:
Feb. 1-15| 28-4 03] 116 0-6 28-4|0-6] 21-8|0-6] 8| 7|n|v
16-20] 19-1 0-3] 19-8 0:8 20-9/0-4]| 20-6{0-8] 46|54
Mar. 1-16] 23-9 0:4] 145 0-5 24-4|0-6) 25-7(0-5] 6 | 8]10/u
1631 95 0-3] 87 06 13-7)0-4] 15-6}0-6] 2| 4|31
aptil 116 11.6 0-5] 35 0-4 15-7(0-5) 20-2|0-4| 5 | 7[us
16.30 52 0.7 9601 15-4/0.7] 12-1]0-2] 4 ) 1 )13l
May 1-15] o2 0-5 0-2(0-3 12-8(0-5] 11-6|0-4] 2 | 2 |w0f:
16 31 178 09 24 0 0-4| 23-5(0.9] 24-0{0-4] 9 [10]n|i
June 1.15 53 07| 70 0-1] 17-4(0-7] 12-0|0-2| 5 | 1|15
16.30] 9.1 07 12.0 1.0} 21-0]/0-7] 14-3|1-0] 7 | 1 ]16}¥
July 1.15] 8.3 0.2] 7.0 0:3] 16-210-3] 10-9|0-4| 4 |1 )05
18-31 4.8 0.7] 61 29 11-510-7] 15-4(2-9)1|8]s¥
Avg. 1-15 26.0 0-7] 159 3:61 27-9|0-7] ar-1(3-5{11| 7|02
‘ 16-31 3:9(10-4 26 17] 18-2|0-4] 11.8{1-7) 2| 1]8)¥
dept. 1.16 13-3i 0-3 0.7 2.0] 22-8(0-3] 19-2|2.0l8 4]0l
15-30 oﬂo-e 87 |0:3] 10008 11-1(0-6)1 |1t
et 1-13 18:0.0.0 226 |1-2] 18-8]0-3] 22.8]1-3) 5|8 ] 1t
16.31 127 o1 18-5 0-5] 16-2]0-4) 21.3/0.7] 1 |9]8]
Nov. 1-15 18-1 08 314 0-7] 18:3|0-8| 31-4|0.7| 5 |15]15)¥
1630 141 (11 23.3 1-1] 21.2|1-1| 23-9{1.1| 9| 6[®/F
Dec. 1-15 3.4 1.1 19-6 0-6] 11:2(1-1] 21.0/0.¢] 2 BLZH I
16:31] 4.0 1.0 4.7 0-4] 166/1-0| 14-8{0.4] 5| 3|3}
?ff’ff"_' }59'3@0'1} 1-6]12-5 124-3l 175-3113.7(16.7| 448-5 |16.8] 4398 |21 . 3|1 321 3328l
MraNs ., +0.8 ‘ - 0.5 - 2.1 T.sma —187 —0:;_—

NOTe,—The ohservatory was restarted in 1924,
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TABLE XXXI[.—Mean errors E,, E, for 1922

BHAVNAGAR
MEAN ERRORS Number of
E, is with regaxd to sign E; is without regard to sign errors exceeding
paon : S T
122 H.W. L.W. H. W, L, W,
\ Time Height Time Height Time Ht.| Time Ht. B' B‘ B B
minutes || feet minutes n feet  |minutes| feet | minutes| reee | | S | = | &
+ - | -1 + - + | =
Jan, 1-16 0.8 0.0 0.3 0-1 2.9/0.2] 4a.4/0.2]Jo|o]o]o
17-31 0-3]/0.0 03 0.1 2.5/0.2] 2.0{0.2Jolofo]|o
Feh. 1.16] 1.3 01| 1.9 0-3] 4-3/0.4] 3-5[0-4jo0|0]0|2
17-28] 03 0l 0-2 0.1 2.3/0.2] s-7|o.2]o|o]o]o
Mar. 116 0.2 040 0-3 0.3 2.7{0.2| 1-9/o.5]o|0]o|3
17:31] 0.9 040 05 0.1 2.3/0.2] 2-0flo.2Jo|o]o|o0
april1.16] 0.0 0.1 0-2 0-2] 1.c[o.2] 2.1]o.3Jo|0]o0]1
17-30| 0.7 0.0l o-6 0.1] e-1]0.2] 1.8/0.4j0 |00 |0
May 1-16]) 0.0 0-1 0-2 0-0] 1.6]0.1] 1.6]0.1jo|0jo0 |0
17:31] 0.4 0-0] o2 00 1.6/0.1] 1.5/0.2jofo]o]o0
June 1.16] 0.3 0.0 0-3 00 1.6|0.1] 1.4|0-1J]0jO0OfO|O
17-30] 0.4 0-1 0.2 0-0 1.4|0.1] 1.4(0-1]0|0]0 |0
July 1-16 04l0.1 0.4 0-0 1.4(0.2} 1.4]0.1J0(0]1]|0
17-31] 0.4 0.0 04 0-1] 1.3l0.1] 1.5(0-2]0|0]o0|O
Avg, 1-16] o.3 0.0] 053 00 1.4/0.1] 1.5/01}Jo0|o0jo}O
19-31] 0.1 0.0 0.1 o.c| 1.30.1] 1.1{0-1]0|0]0O(O
Sept. 116} 0-2 0-0 0-2 0-0 1.2/0-1] 1-30.1]o|ofo|o0
1730] 00 0-0 0-0 0.0l 1.3/0.1] 1-3l0.1]o|o]o|o0
Oct. 1-16] 0.3 0.0 0.1 0.0 1-5/02] 15/0-1]0]0]o]0
1731} 03 o0 ‘| o3 0.0] 1:5l0.1] 1.5/0:2J0}0}0|0
Nov. 1-16] 04 0.0 0-1 0-0 1-40.1] 1.3|0.1]o|c}o]0
17-30 0:110.0 0-4]/00 1-4/0-1] 1.2/0o.1fofo]o]o
Dec. 116} 0.1 0.0l o4 0.0 1-3/0.1] 1.¢]|o.tjojo]o]o
w3 0.2 0.0 0.1 00 tajoaf 120 olofolo
MG\S\ 1-6lo-5[0-1] 7.3 10fo-4a| 1| 431|535 435{42fo|of1]6
Moaws.. | +0.2 | 0w +03 00| 1.8/0:1] 1-8[0.2




GEODETIC REPORT
TABLE XXXIII.—Mean ervors E,, B, for 1923

BHAVNAGAR
h MEAN ERRORS Nnmﬂ
E, is with regard to sign B, is without regard toslgn | |
Pxatop : [
1o H. W, L. W. H. W, L. W. ' '
Time Height | Time Height | Time Ht. | Time Ht. |&' |g gl;
winntes fest minutes “ sest  |minutes| sect Yminutes| feot |8 | 4 |53
+ - + | - + - + | -
Jan. 1-16 | o1 0.1 15 o-1] ¢.9|0.2] 3-9{o.3Jo|o0]ojf
17-31 0:5)0-1 1.2 0.1} 3.5)0-3] 3-5|0-3]00]0}
Feb. 1.16] 1-0 0+1 0.9 0-1 4.910.4] s.2]0-.4]0 00}
17-28] 3-3 0.0 2.3 0.4 6.0({0-4] ¢.slo7joo]L|
Mar. 1-16 69} - 101 19-8 0.3] 9-9|0-7] 22.610-6J0]6]2!
17-31 6-3 0-1 41 0.1] 7.3(0:5] 6.3(0.50¢|0]o}l
April 1-16 7-0 01 7.6 0.3] 10.8|0.7] 8.8|{0:-7]JO(0]3|
17-30 79 00 7-0 0.-3] 9.9|0.71 9.6|0-6fJo|o]2|?
May 1-18 2-1 00 6.6 0.4] s-9|0.4) 11.9(0.6Jo|1]ofs
17-31 0 45 0-1 0-3 0.2 4.9/0°6 4.1/0.640 ] 0]0]0
Jane 1.16 0-6 : ‘ 0-0 0.4 0-1 4-2]0.2 3.710-2Q 000
17.30} 13 0-0 02401 49lo-1] s1|0-3]o|ofojl
Taly 1-16] 0.7 ‘: 0-0] o3 0.0] 3.2]0-2] 2.3]/0-2]olofo0:e
17 31 bo9y ool o 0.0l 2.4l01] 2.8lo.2]0iolole
Avg, 1180 0.7 ‘]01 0.1 0.0l 37|02} a-slo.1]o ool
174 0)\ ‘00 06 0-ol 34|02y 3.5/0-170 0]0]|
Sept. 1-16 1-1‘{ ) 1() 0 0 81: 00| 4-2/0-2 2.810:20 010 0%“’
teanp oy 020 0-6. 0-0] 4-170-2] 3.4f0-2f0 o]0
RS AT BN ) 0 1 0; 0-1] 4-0l0-2] 4a.cjo2}clo0 010
17 31 . 0 4 l1|o-o 0.1, 0.0] 4-302] 2.5{01f0|0f0?
Sov. 1-1 el 1()-1 1.4] 0-1] 3:7(0:4] 44lo4fo|o]0
17-30 i 21‘ ool 08 103 3.0lo-6] s.5/0-4fofo]}olf
Dec. 1.16] 2 7‘ 0 I‘ 21 -io-l 53.0-4] 4.8|lo-5)lolofoll
1731 2.3 ol e 02 5604] 4-1]0-4 nio 0|0
AR Tl AT 00| g I 0-9|2:4[126-118.4]136.0|8-8] 0 | 7 gt
Meaxs | -0 | 0.0 ~19 || ~o1 | s3loa| s7]04
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TABLE XXXIV.—Mecan errors E,, E, for 1924

BHAVNAGAR
MEAN EBROLS Number o
E, is with regard to sign E, is without regard to sign errors exceeding
: |
192 HW L.W. H. W, L. W,
Time fleiwht | Time Height | e 1t.| Time Hulu| .|
minutes ” Sect minutes ” Sfeet minutes | feet ’minntea Yeet = : x| J
+ - + | - + - + | -
Jan, 1-16 3.7 0-2 1.9 0:1 4.5|0.4 5:6|10:5/0]|0]o0fo0
16-31 0:9//0-3 1-1)/0-1 5:1(0-8 4:4|0-6J0|0fJo0]O
Feb. 1-16 0-1 0-1 1-3 0:1 5.9|0.4 4-8(0-4J0 |00 |0
16-29] 18 0-2 0-8 0.1 5.1|0:5 49/0-500(0f1]|0
Mar. 1.15 2-710-1 0-7 0:0 5-210.5 4:-210-4]0({0]0]0
16-31 1-3 0-1 1.3 0-1 4.9/10 4 3-8{0:4J0j01110
April1-16] 0-3 02 2:5 0-1 5:1(0:5 4:8(0-510|0f1]|0
16-30] 0-2 0-0 0:0 0-2) 38.9|0-4| 5.5(0-4J0|0fJO]|O
May 1.15] 2-3 0-2 0-0 0-2 4.9(0-5 4-4|/0-410/0]J0 0O
16.31 1100 0-2 0-1 4-9/0-5 5:6|0-4J0f0jJo|O
June 1-15 0:9100 10 01 3.7/04 4.9/0-510[(0f]0]o0O
16-30 2:8(0:1 11 0-3 6-1/0-8 4.4(0:6]J0|0]JoO0]1
Jaly 1.150 06 0-1] 05 02 3.9|0-4| 5-1(0-53J0]o0]0]1
16-31 1-9)0-1 071101 5.1]0-4| 4-4|0.4J0(0]J0O]|O
Ang. 1.15 1-0 0-0 1-1 01 3.8(0:4 51|0.4J0/0]J0 1O
16.31 05|01 1-0)j01 4.510-4{ 4.6{0:4J0|0]J1]0
Sept.1-15] 1.9 0-1 00 0-2] 39lo4| 40030000
16-30 0:3(0-0 0-1 00 5:1]0.3 4-9(0.3fo0j0jo|oO
Oct. 1-15 0-3 01 1-8 0.2 4.6|0:4 4-110.4J0|0fJO|0O
16-31] 0-3 01 05 0-1] 4-1{0.3| 4.9/0-4]J0|0]0O}0
Nov. 1.15 3.9 0:0 2.9 0.0 5:6|0.5 4:9|0-540 10010
16-30 2:1/0.2 0:9)0-1 4.5{0-4| 4.3|/0:5]0|0]0 )0
Dee. 1-15] 03 0-0 27 0-2 2:9/04| 4-70-440(0]ojo0
16-31 1-1)0.1 2:2/02 4-6/0-5 bs-2i0jojo)alo
|
Totaws 81| 23.6(1-4/1-0] 12-2( 13-G6|[1.-3{1-7]Q112-1{10-1|113-4]10-4J O (O] 6| 2
—— ——
MEans |, - O%-G‘w 00 - 01 0-0 4-710°4] 4:7|0-4




GEODETIC REPORT
TABLE XXXV.—Mean errors K|, E, for 1922

CHITTAGONG

MEAN ERRORS
E, is with regurd to sign

R—

Number of

errors di
g

E, is without regnrd to sign
FiRion : O
1922 H, W, L. W, LW, L. W,
Time Height | Time Height | Time Ht. | Time Ht. |x (5 |5 (5
minutes feot minutes “ feet  |minutes| reet |minutes| reet |5 | S |54
+ - + | = + - + | -
Jan. 1-16 14.9 03 135 0-8] 16-2{0-4] 14-4|0-8] 2|00
17-31 145 0.2 18:1 0-5| 16-5|0-3] 24-5{0-5] 1| 4]o]o
Feb. 1-16 98 0-3 15-4 0-8) 11.8(0-4] 15.6]0-8}0|1]o0]s
17-28 16-3 0-7 17:3 0.8] 16.3|0-7] 17-3]0-8]o{0]2|i
Mar. 1-18 5:3|[0-1 59 0-5] 6-6(0-3] %-8{0-5]0]|0}o0fl
17-31 55 0-6 6-7 0-7] s-6|o-7] 9-6[o-7]o |03
April 1-16 14:4(0-4 69 0-1| 14-9(1-1] 9-3|0-4[2[0f9]!
17-30 11-6 0-8 9-2 0-9| 11.6|0-8] 13-4(1-0y1 |12}
May 1-16 13-3]0-1 16-9 0-7] 13-3/0-7} 17-2/0-8]3 |01/}
17-31 13-8/0-4 116 0-5] 13-8|0-5] 15-6({0-5]1 | 0]0|?
June 1.16 14:1/0-1 8-7 0-4| 14-1|0-6] 12-7(0-4]1 12
17-30 40 05 14-1 2-0] 11.1]0-6] 14-1|2°0Jo0 02|
July 1-16 12:3]/0-1 15 6 0-5] 13-9|0-2] 16-6/0:6]1|3]0|?
17-31 15.3 0-3 17-9 1-3] 16:7|0-4] 17-9(1.3) 1|1 |2|!
Avg. 1-16 21-9 0-6 19-8 1-5] 21-9{0-¢] 20-1|1.5 4 |u}2|!
17-31 19-7 0-2 26-3 1.1 19-7({0-8) 26-3{1-1{1{5]6|*
Sept, 1-15 18-1 0-3 26-3 1-2] 22-3{0-3]| 26.3{1-2|2|6]1!V
17-30 2t-9l01 16-1 0-8] 21-9]0-4] 16-1)0.9] 3| 1)1t
Oct. 1-10 13..:[i 0-4 199 1-.2]| 18-6{0-5] 19-9|1-2]2{0|0}i
17-31 2:-2"03 242 0-6] 25-2/0-4] 25-9]/0-6] 4 |8)0}}
Nev. 1-15 20.9| 0.3 21~B( 0.5] 20.9(0-6] 21-8|0-5]2|2]4|?
17-30 16-2! 0-4 191 0-8] 16:5(0-5] 19-9|0-8] 1 |2|1|°
Dee. 1.16 14-1} n-6 16-9 0-9] 14-1|0-6] 16-9]|0-9fo0 | 13!
17-31 11-3 0-6 19.5 1.0} 16 9|0-6] 19-5(1-0]0 | 2|2}
|
Torats .| 0.0 [353.2j 1-6[7-1 0.0 |387.7 0'0{20'1 382-9[12-9] 418.7.J20-¢] 2 | 30 [ 431t
MrANS | - 14.7 ' -0-2 - 16-2 ~0-8]16.0(05]17:4|0.9
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II
TABLE XXXVI1.—Mean errors B, I, for 1923
CHITTAGONG
MEAN ERRORS Number of
E, i8 with regard to sign E, is without regnrd to sign errors exceeding
reios ‘. 2 i it
1923 H W. L.W. H. W, L. W.
Time Height Time Height Time Ht.] Time Ht. ? B ;; 3
minutar “ Sfeet minutes “ feet  |minutes| reet {minutes| reee | | = | Z | S
+ - + - + - + -
Jan. 1-16 12:3 0-5 211 0-7] 17-3]0-5] 21-9j0o%7]2|1]2]|1
17-31 111 0-4 13-6 1-0] 15.0|0-5] 16-3|1-0]1|0]oO |6
Feb. 1-16 2.6 0-6 14-6 1-1} 19-4|0-7] 17-0{1-1]2|3]2|9
17-28 7-4(0°1 2.3 0-2] 11-3/0-3] s83los]1]0]o0|0
Mar, 1-16 9.6|[0-4 .y 0-4] 16-4]0-8}] 8106|2071
17-31 1.7 ool %2 0-3] 13.1]0-9] 14-3|v-3]1|2]7 |0
april1-16] 4.0 0-3] 28 0-5| 14-3/0-7] 16:5|0-8] 2|24 |3
17-30 13-1{/0-1 12-3 0-2] 14-1|0-5) 169/04]2|2]|1]2
May 1-16 9:8 0-5 162 0-9] 11-2|0-8] 16:3(1:0]2|0]5|8
17:31 10-5/0-8 12-5/0-3 11-1{0-8] 12-9(0-4]1 |04 |0
June 1.16 16:6[0-1 22-4 0-5] 16-6|o6] 22.4|0-7] v [3] 4|4
17-30 3-9 06 8.9 1-2] 13.2|0-6] 19-1{1-2J0{3]1|9
July 1-16 13-8{ 0.3 12-8 0-1] 14-4(0-4] 12.8(0-3Jo{1]o |0
17-31 8-3|[0-8 13-5 0-4] 9-5/0-4] 13-6(0-6]ojo]o]|2
Aug, 1-16 9-6//0:0 5.3 0-6] 10-9/0-3] 10-7j0-6]Jo|o0]o]|o
17-31 15-4 0-3 17-1 1-1] 16-9|0-5] 17-1|1-1}3|3]2|9
Sept.1.16 16-3 0.1 177 1-4| 16:3(0-4] 17.9|14]3 |10 |7
17-30 194 0-4 213 0-9] 19-5/0-4] 213092 |2]J0 |6
Oct. 1-16 11.0 0-3 15-3 1.0] 20-4(06| 22-4|1°2|3[3]2]|8
17.31] 7.4 o-2| 61 0.2 29-1]0-5] 23.4|07) 6| 4|23
Nov. 1-16 22:4110-4 225 0.5] 22-alo7} 24 0lo5)4)6]2l2
17-30 23-6 03 16:1 0-8] 24-6l0oa| 25-1{0-8]5|4]0)4
Dec. 1-16 28:6 (0.8 19.9 0.5] as alo-4] 22-al0o5|7 2|10
17-81 127 04 9.5 06| 12-7]0-5] 10-a{o-cfriotol
TOLLS..; 11-7|2%9-72.8] 4.9 10.1|302.G 0s5 |14-9] 3083|1321 40900 [17-81 51 | 42| 46 | 85
Meass.. | —112 | Zo —11.9 _06 | 16.6/0-6] 170 |07
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TABLE XXXVII.—Mean errors E,, E, for 1924

CHITTAGONG
MEAN ERBORS Number o
E, 18 with regard to sign F, is without regard to sign errors exceedig
remion 3 2 Rt I
1924 HW L. W, H. W. LW,
Time Height | Time Height | Time Ht.| Time Ht ' |, |3y
minutes ﬂ Seet minutes ” Jeet  minutes| feet {minutes| reet | H | S f5 )3
+ - + - + - + -
Jan, 1-15 1.9 0-1 10-9 o-7]1 9.710-2| 16-3(0-8J0|1}0]2
16-31 12°5 0.0 69 0-5] 13-910-5| 13-5|0-5] 2| 1}1i0
Feb. 1-15 41 0-1 5-3 0-8] 11-7|0-4| 10-7{0-8] 1|00}
16-20] 96 0.0 5-4 0-2] 11-9|0-4| 7-2f/04]2|{1f0(0
Mar. 1-15] 64 0-2 7-5 0-6] 11.7/0-6| 10-3|0-7|1|0}fo0]?
16-31 10:7( 0.2 7-4 0-4} 10.7]0.8| 8.9j0-4]0|0]8]0
April 1-15 4-7 01 6:0 0-5] 8-4/0'4| 8-4(0:5]0l0]o0]0
16-30 9:9l0-2 13-4 0-4] 10.7|0-%7| 13-4|0-500|0}3]0
May 1-15 12-9(0-1 90 0-3] 13-9]0-3] 16:1|0-3]1 | 1|0
16-31 7-910.6 17:8 0-5] 12.6{0-7| 17-6{0-5]0[1]5]!
June 1-15 36 0-1 55 0-4] 10.4]0-3| 8-6|0-4]1|0]0]|0
16-30] 1-1 0-8 23-5 2-6] 10-1|0-9| 24-1{2-6]J0 | 7]6(D
July 1-15 2.3 0-4 3.5 1-8] 3.9/0-4] 11-7{1-3]0)1]0]|b
16-3¢ 7-3! 10-1 1i-1 0-8] 8.1|0-4| 13-1|0-8]0|2]0]!
Aug. 1-15 1-5‘ ]0-2 15-1 1-0} 10-1]0- 16-4(1-1]0 | 2]0}|>
15:31) 80| \ {o-z 66| 1-4] 12.1|0-3| 9.3|1-4]c|ofo]s
Sent. 1-15 | 15-3] 0-0! ‘ 11-713 0-7] 15-3{0-3| 12-8{0-7]1|2]0|¢
16i-30) \ 3'9“,!‘.0 3 124 0-6) 13-7(0-4| 13.7i0-6]1]0]0}!
Oct. 115 29-1}& 0-6 21-7“ 1-1f 29-110-7| 21-z|1-1] 7 8|2
165-31 25 3\! 0-2 22 1' 1-1] 25.3l0-6| 22-3/1-3| 51237
Nov. 1.13 13-3‘;' 10-0 26 | 07l 23.210-5! 26-0l0 7|+ 5]1|°
16-30 20v05‘ 1:6 a2.9l  l1.7] 20-0{1-6| 22.0{1.7) 2| ]9}
Dec. 1-15 21~5‘|ll 0.5 14-4 0-9] 21.5/0-5| 20-4|0.9} 2 4|1
16-31 9-311 0.6 s:6/ |o-of 10-60-6| 10-5]0-9] 0 0}0
| Torais.. | 25 11322-5\'1‘1 G}‘; 6] 12-9|282.¢ o.oizoq 328G 13-0.355-8 [20- 9| 29‘34 3
wraw | 85 | o Tuz | on | wilos] welon
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TABLE XXXVII].—Mean errors E,, E, for 1922
AKYAB
MEAN ERRORS Number of
E, is with regard to sign E, is without regard to sign arross exceeding
pasop E, A
180 H, W, L. W. H. W, L. W.
Time Height | Time Height | Time Ht. |Time Ht |g |5 |5 |§
minutes feet minutes ” feet | minutes| feet |minutes| reet |3 | |H | <
+ - +]-1] + - + | -
Jan, 1-16] 4+4 0-0 56 0-1] 4-9|o-2] 5-6{0o-2]olo]o]o
17-31| 60 0:1 5.3/ 0.2 5-0l0-3] 53l03lo|of1|1
Feb. 1.16| 4.9 0-2 5:0 0-3] 4-9|0-2] s-0[08jo|ofo]1
17-¢8| 5.0 02 5.0(0-2 5.0l0-2] 5-0/0-3Jo|o]o|1
Mar. 16| 48 03 3-8 0.2| 48lo3] 6-2|02fo|0]o|o0
1731 6.0 0-3 5.0 o-1] s-0lo-4] 5-0{0-2]0]0]o]0
aprit1-16) 4.8 02 3.8 0-1] 4.8lo-2] s0losjojo]o|o
17:30] 5.0 06 46 05| 5.0l0-6] 46lo5]ofo]2]|s
Mey 1.16{ 4.9 0-4 5:2 0-3] 4-9/0-4] s-2/05]0|0]o|0
17.31] 60 01 5-0)03 50/0-2| so0lo3lojol1]e
Jooe 1.16] 5.0 03 49 0-1] &-0lo-4] 49lo2]o|o]o]o
17:30| 4.9 0-2 5.0 0-1] 4.9/0-2] s.0l02]ojo]o]o
July 1-18] 4.4 01 5-1/01 65-0/0-2] &-1/0-2Jo({0]O!O
17:81] 43 0-2 5.0 0-6] 5-0l0-3] s-0lo7fololr]|s
Aug. 1-16| 4.7 03 50 0-6] 4-%7|0-5] 6-0[0cJo|ofo]|5
17:311 67 0-3 3.9 0-6] 57(0:3] 46lo7|o|o]o|6
Se3t 1116 50 01 5-0/[0°4 5-0/0-2] 6.0{0-4J0|0foO]|O
12.30] 5.0 0-1 5.0 0-3] 50[0-8] s-0l0-s]ojo]o]e
Oct. 18] 4.7 0:0 4.4/ 00 4-710-2] 6-0|l05]0]0]oO]2
3 B0 0-1 5.0 0:3] s-0/0-2] 50[{07]0|0fO]|6b
Nov. 1.16| 4.9 0-2 §.0!0.2 4-9lo2| s0loslolo]ojo
U730} 4-c 0-0 5-1)0°1 s-¢loe| s1lo-4jolofo]e
Bee. 116 5.0 0.3 4.4 0-2| s50[o4] 6.1]o4]o|o]2|e2
1781 a4 0.3 43 o-1] 50/03] 49lo2]olo]ofo
—_— ;
Eﬂi 116:31 0.0]1.0|3-9 o-oius-4| 1-5]4-5|118-8|6-9]121.6|9-4] 0| 0| 7 |41
Deass ) vag | o | —as ~o01 | 50 |o-3] 5104
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TABLE XXXIX.—Mean errors E,, E, for 1923
AKYAB
MEAN ERRORS Numrol
E, is with regard to sign E, is without regard to sign Srrors excoely
rexion : o |sls
1923 H. W, L.W, H. W, L. W,
Time Height Time Height Time Ht.] Time Ht. g B‘ B;
minutes “ feot minutes “ feet  |minutes| feet | minutes| reee { & |5 |5
+ - + | - + - + | -
Jan. 1-16] 6-3 0-0 4-4 o1} s5-3/0-1] s5-0{o-2}olofof
1731] 50 0-2 5.3 o-1] 5-0|0-2] 5-3{0o-2]0 o]0l
Feb. 1-16]| 8.0 04 3-8 00|l 6-0l0-4] 356{0-2]0]|0]o)o
17.28] 5-0 0-1 5.0(0-3 5-0(0-2] 5-0]0-3J0|0]ols
Mar. 1-16] 5.0 0-2 5.3/0-3 5-0/0-3] 5-3lo-4]o]ofofi
17-31] 5.0 0:0 5-0|[0-0 5-0{0-2] 5-0(0-2]0|0f0}
april1.16] 5.0 0-1 4407 5.0/0.2] 5-0lo7}o|ofo]s
17.30] 50 0-2 5+0 0.1} s5-0lo-2] 5-0f{0-6f0|0]ols
May 1-18] 5-0 05 44 0-3] s5.0/0.8] 5.0{0-8]0]0|5}
1731] 50 06 5-0([0-2 5.0/0-5] s5-0/0-2]0]0f1]t
June 1.16] -0 0-2 5.6|{0-2 5:0/0-3] 5.6/0-3[of0]1[t
17.30] 5-0 0-2 5.4 0-3] 5.0/0-3] 54f04jo]o]ol
July 116 5.0 0.0 5-0[0-0 5-0(0-4] 5.0l0-2|0|0]0]
17-31] 50 00 3.0 01| 5-0{0-3] s5.0/0-4|0 |00t
Aug. 1-16] 5:0 0.2 6:0 0.1} s.o0lo-2] s5.0l0-2J0|0]0]|
17-31] 50 0.0 5-00°1 5.0{0-2] s-0]{0-3J0]0]0]
Sept.5.18] 5.0 0-4 5-0[03 5.0/0-4] 5.0/03[0o]0]0]
73] 50 o1 5.0/ 03 5.0/0-2] 5.0/0-3]0]0]0
Oct. 1.1} 5-0 0-2 4.7 ool 50lo2l 49loslolo]of?
17-31] 4.7 0-3 47105 47103 s5.3lo5]lolo]ol?
Nov. 1-16] 4-9 0-4 5.10:2 4-910-4] s5-1l0.4jo 01!
1730 50 01 5.0(0¢2 5.00.1] 5o0|o-3lo|o]0ll
Dec. 1-16| 5.0 0-3 5-0/[0°3 50/0-3] 5-0lo0-3]o|o]0!
1731] 89 01 2.7 03 8-9/0.2| 9-4|0-3fojof0?
ToTALS .. 123-3\ 0-0l3.3[1.4 2-7‘111.1 3.8(1-1]123-8{6-9l126.718-0] 0 | 0 a}li
Meaws .|  + 8.2 + 01 - 45 +o1| 82|03 53|03l
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11
TABLE XL.— Mean errors E,, E, for 1924
AKYAB
PLEAN BUHOES errote exeeediny
E, is with regard to sign F, is without, regard to sign
e. e
1024 HW L.W LW, L. W,
Time Height Time Height Time Ht.] Time Ht. B ; ; B
minutes ” feet minutes ” et minutes| feet tminutes | reee | = | 5 | A i
+ - + | - + - + | =
| a0, 135) 15-6 01| 12-0 o-1} 15-6(0-2} 12-u|0-2]o|0]o|0O
16-31] 96 ool 96 0-0 9-6/0-2] 9-6/o-2lo|ofolo
Feb. 1.16] 6% 0-1] 65 0-0 6-7]0-2) 6-7|0-2J0|0]0]0
16-:29] 68 0.0] 41 0-1 6-8|0-2f 56/0-2Joflojo]o
Msr. 1:16] 69 0-3] 4-2 0-2] 5.9/0-3] 4.9(02Jofofo]o
1631] 61 0-3] 3.9 0-3] 6-1{0.3] 4.3{0-4jojojol1
Aprill-15] 6°1 o-3| 37 0-0] 6.1/0:3] 4-8/0-3Jo|o0]o]o0
16:30| 5-2 0-2| 4% 0-2] 5.2|loa} 4.7lo4]ofo]olo
May 116 66 0:0 55 0-2] 6-6lo-al s.5{02f0l0fo]o0
16:31] 6.3 0-1 46 0-1] e6-3/o-1| B-0l03]ofo]o]o
June 1-15| 6.5 01| 43 0-2] 5.5/0-2] 4.3/0o-4]lofo]o]z2
1630| &6 03| &7 02| s5.6/0-3] 57(03]lofofo|1
July 115 6.9 0-1 68 0-2 6-9/0.2] e6-8l0o3jo]o]of1
16-31 %1 0-2] 66 0:0 7-1|0-2] 6-6|0-1]o]o]o]o
Aug. 118 6.3 o-0] 63 0-0] 6-3|0-2] 6-3|o-2]Jofo]ofo
1831] 66 0.0 6.7 0-0 66]0-3] e.7|0-3]c|o]o]o
Sept.1.15] %.5 o-o] 55 0-0] %.5(03] s-5/0-2]Joflo]o]o
1630} 61 0+0 59 0-2 61(0-2] 69/o3loflo]o]o
Oct. 1.15| 6.8 0-6] 68 0-4] s.8/0-6] 68lo4fo[0]s]|2
1631 78 01| 6.2 00 v.8|0-2] 6-2l03/0o(o]1]1
Nov. 1.16] 7.4 o-1] 7.2 o-of 7.7]0.3] 7.2|lo4fofo]o]|1
16-30] 71 0-7] 6.5 o8] 71|07l e.5lo9]ojof4a]o
Deo. 115] 7.2 o-z| &% o-1] #.2lo-2| s7losfolo]o]1
16-31] %0 02| 56 0.3 7-0lo-2] s.6lo-3lofo]o]o
Torass. | 170-1| 0.0 [0-2]3-8]144-6| 0-0 |[0-6[3-1]170-1]6-3|148-9]7 3] 0 | 0 |10[18
i‘i‘“ wl +71 -0-2 + 60 —o1| 71|o8| c2)os
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(iii) Observatory Section

Meteorological observations were continued as usual, except thi

the hour of observation has been changed from 14 hours to 10 hon
from February 1923.

The Omori Seismograph was in operation throughout the peri
1922-25. Details of the earthquakes recorded are tabulated below, ai

the distances from Simla derived from the record of Simla seismograph
are given where avatlable.

Particulars of earthquakes recorded are sent to Professor H.I
Turner, r.r.s., University Observatory, Oxford, for inclusion. in t
British Association bulletins.

Earthquakes recorded at Dekra Din during the years 1922-25

. .. Distance of
Time of beginning Epicentre
No. Month & date |————————— |Duration|—————————| Rematks
Dehra | Simla Dehra Simla
hr m | hr m |minutes| miles miles
1 15 - 10 - 1922 5-25| 5-31 44 4000 2000 Moderate
2 | 17-10-1922 |21-36|21-35 26 910 1000 "
3 11-11-1922 | 10 - 223 10 - 23 3430 | Anti- Violent
podes
4 6-12-1922 | 19.28i 19-27 43 500 300 Great
5 17 - 12 - 1922 6 - 24} 30 370 Moderate
& 3- 2-1923 [10-49 80 4500 Great
7 4- 2-1923 | 21 - 43 180 2200 Violent
8 3. 3.1923 |22.29|22.28 66 3400 3500 | Moderate
9 | 23- 5-1023 7- 2 . 73 1600 Moderate
10 | 23- 6-1923 | 12-18 81 1600 Great
11 14 - 7-1923 | 16 - 52 60 4500 "
12 1- 9-1923 8-374 .. 120 3200 "
13 2. 9.1923 8 - 27 76 4500 "
14 | 10- 9 .1923 3-37 60 1100 »
7 15 2:? - 9 -"1923 »2 -,E], ‘s B AA]!?(?E ) o _—’V/
16 | 1-10-1923 | 4-42| .. 15 200 | .. slight
i l L —
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Earthquakes recorded at Dehra Din during the years 1922-26—(Concld.) 5o

Time of beginning Distance of
Epicentre
No. | Month & date Duration Remarks
Dehra | Simla Debra | Simla
br m | hr m |minutes| miles miles

17 1-10-1923 | 13 -474 13 - 48 30 500 400 | Moderate

18 2-10-1923 | 16 -55 19 250 Slight

19 7-10-1923 9-08 1800 Moderate

20 | 15- 1-1924 [02-30) 2-30| I8 3800 | 3500 "

21 | 14- 4-192¢4 | 21-59 196 1600 Great

22 | 26- 6-1924 | 0726 . 139 1800 Moderate

23 7-7-1924 | 0. 3| 0- 4 48 600 600 "

24 | 12- 7.1924 | 01-16 100 450 Violent

25 | 30- 8.1924 | 8-44| 8-44| 69 3300 | 3500 [Considerable

26 | 13- 9-1924 | 20-10(20-104] 73 2800 2100 | Moderate

27 | 16- 9-1924 [ 08-09( 8- 8 30 700 650 "
i 17- 9-1924 | 15-52 | 15 - 53 16 650 500 Slight

29 9.10-1924 |02.06|2- 6 37 700 700 | Moderate

30 | 13-10-1924 | 21-50 |21 -49-5 34 200 300 | Moderate

8L | 18- 1.1025 [ 17-46 | 17-46 61 4600 4000 | Moderate

32 | 16- 3-1925 |20-14|20-17 43 1700 1500 | Moderate

33 19- 8-1925 | 17-47 70 5500 Moderate

34 5- 9-1025 | 22-36 16 700 Slight

35 9- 9-1025 |12.56 33 140 Slight

36 | 24- 9.1995 |10-15 30 1800 Slight

37 | 29- 9.102 | 3.17 4 350 .o | Very slight

remaining days of the

obscured by clouds.

days, for 43
the sun wag

1 not visible.
ays from 1-10-24 to 30-6-25 when work was discontinued.

Photographs of the sun were taken in 1922-23 on 306 days ; for the
vear no photograph could be taken as the sun was

In 1023-24, photographs were taken only on 274

ay i L
Y§ no PhOtOglaphs were taken as the sun was invisible.

days the dome was under repair and for the remaining days
In 1924-25, photographs were taken on 243

For 30

(Contd.)

53.
Solar
photography
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After correspondence with the Director of the Science Museun,
South Kensington, London, it was decided to discontinue the taking
solar photographs at Dehra Dun with effect from Ist July 1925.

The work was originally taken up at the request of Mr. Norma
Lockyer (afterwards Sir Norman Lockyer). The original object wi
a comparative study of terrestrial and solar spectra, the incidence of
sun spots, their connection with magnetic storms and rainfall (Maldwn
theory) and other terrestrial phenomena.

Observations were begun in 1878 under Mr. Hennessey’s direction,
Mr. C. Meins being appointed solar photographer by the Secretar
of State for India on a salary of Rs. 250/- per mensem which was paid
by the Imperial Department of Industry, Science and Art. On
Mr. Meins’ death, Mr. L. A. Clarke, Surveyor 2nd grade, was appointed

solar photographer and the whole expense of maintenance devolve
on the Survey of India.

The photographs were first taken in the Walker Observatory with
a small instrument and the results were only 4 inches in diameter. An
enlarging contrivance was afterwards fitted, by means of which photes
of eight-inch diameter were obtained. A sun shine recorder was als
set up in 1880 and actinometer observations were occasionally taken
In 1882, a larger telescope was received from England for taking photes
12 inches in diameter and this was erected in the Hennessey Observs-
tory which was completed in 1883. The 8-inch pictures were utilised
for measuring the areas of spots and faculae, while the 12-inch ones
served for studying the mottling or granular appearance of the photo-
sphere and the structure of the penumbra of the spots. Solar photo-
graphs were taken on every day of the year when the sun was visibl
and the negatives were sent to England every week. These photographs
supplemented those taken at Gireenwich and were utilised by the Sols
Physics Committee, South Kensington, and the Astronomer Royal for
obtaining the information and measurements they required.

As solar photography has little direct bearing on any of the activi-
ties of the Survey of India, and its upkeep necessitated a considerabl
amonunt of expenditure which could be more profitably spent on work in
which the Survey of India is more directly interested, and moreover, s
much better equipped observatory has been established in the meantime

at Kodaikinal, it was decided to discontinue the work with effect from
30th June 1925.

The part which the Dehra Din solar photo-observatory has played
in the researches of solar physics may be gathered from the letter of
Colonel H. (i. Lyons, R.E., F.r.S., Director, Science Museum, South
Kensington, quoted below.

“'They (the Astronomer Royal and the Director of Solar Physits
Observatory) both regret that it should be necessary to discontinue the
invaluable contribution {o solar physies which the S'urvey of India hat
made for the past 7 vears. The work which was carried out at Deh
Din was of the greatest value to the Solar Physics Observatory while t
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was at South Kensington, and astronomical science is very deeply in- 54,
debted to the Survey of India for the excellent scientific material it has (Contd,)
contributed to the study of its problemns during almost half a century.”

Solar photographs taken at Dekra Diin during the years 1922-24

No. of 8" Negatives No. of days
Month dn.ys 031 wl.ncl.x sun
Good Bad was invisible
October 1922 31 57 3 nil
November 30 56 4 "
December 26 45 3 5 days
January 1923 25 41 6 6 days
February 18 30 2 10 days
March 27 47 2 4 days
April .. 30 54 4 nil
May 30 56 2 1 day
June 29 47 2 1 day
July 22 33 1 9 days
August w1 23 3 14 days
September 21 34 8 9 days
October 25 44 3 W 6 days
November 30 55 6 nil
December 27 48 4 4 days
Jamuary 1024 | 25 43 5 6 days
February 23 40 9 6 days
March 29 19 nil 2 days
*April " 12 2 nil
*May 9 16 1 "
Juno 28 46 4 2 days
July |2 30 2 8 days
Augnst 24 30 5 7 days
September 24 39 3 6 days
v | w0 | o | | 106 s
* Work w

as . i :
Ob“IVhtory. 8 not done for 45 days on account of making new dome of the
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Solar photographs taken at Dehra Din during the year 1924-9

# Nt
Month ng'y:f o Negntives oE%}?ifcga.s)sn ‘
Good Bad was invisible |
October 1924 .| 30 55 | 3 1 day |
November 29 62 3 1 day
December 24 40 5 7 days
January 1925 26 47 4 6 days
February 24 40 4 4 days
March 31 52 6 nil
April . 30 85 b »
May 27 49 3 4 days
June 22 33 1 8 days
Total 243 423 | 34 | 30 days

For many years time observations have been made regularly inth
Walker Observatory, the time service being used for magnetic obw
vations and for general purposes. One of the two reversible transitsl
Messrs. Troughton and Simms obtained for the Indo-European longitu
arcs of 1894-95-96 have been employed. Special observations for long:
tude have been made on two occasions.

1) 1In 1913-14, work was done in connection with the De Filip
Expedition to the Kara-koram, wireless signals being received frm
Lahore by members of the expedition and simultaneously at Dehra Dit
whereby the longitude differences were deduced.

(2) 1In 1921, wireless time signals were received from Paris, Eift
Tower, and a direct value of the Dehra Din longitude derived, as follow
it refers to the meridian pillar of transit instrument of the Wall

Observatory. The Haig Observatory meridian is 7 - 46 seconds furthert
the east.
5 hrs. 12 mins. 11-220 seconds (weighted mean )

§

wireless
vz

5 successful nights) by Dr. Hunter
5 hrs. 12 mins. 11383 seconds (weighted mean :

2 successful nights) by Major Mason) 2
5 hre. 12 mins. 11267 seconds by Sir Sidney Burrard, and Sir Genl!
Lenox-Conyngham in 1894-96 by ordinary telegraph by land and
The weighted mean, Hunter, Mason, gives an identical result.

Tt had been felt with increasing force that the personal equation o
the observer precluded the accuracy that was desirable in such ope®
tions. The transit instrument was not fitted with an impersor
micrometer, nowadays regarded as essential. Further the astronof!
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clocks, though excellent for their period, were old and of much lower
precision than others now available.

Accordingly after certain enquiries, a Riefler clock was indented
for in August 1920. The Astronomer Royal for Scotland, Professor
R.A. Sampson, ¥.R.s., an eminent authority on such matters, was invited
to test this elock and report on its behaviour. This he most generously
undertook and the clock was set up at the Royal Observatory, Edinburgh,
in April 1922 and kept under observation for 11 months. A statement
of its rate during this period was furnished by Professor Sampson ; and
the clock was sent out to India, arriving at Dehra Dan in August 1923.
Special housing was necessary for this Riefler clock : for it must be kept
in a room in which the temperature is controlled. In April 1824 an
inner cell was built in the annular space in the base of the Hennessey
Observatory : and this was enclosed in turn. The clock was erected in
August 1924. The temperature in the inner cell is controlled by a
thermostat which actuates alternatively a radiator or a fan. When the
fan is in action, air is drawn in from the outer cell where temperature
should be maintained somewhat lower than the perennially fixed tem-
perature of the inner cell (80° F.). The outer cell is served by an excava-
ting fan which during the hot weather draws out the air, and thereby
causes the inflow of cold air from the outside of the building. This fan
comes into action automatically when the outer temperature sinks below
a certain value, provided the cell temperature is above another fixed
value. Two thermostats are employed for this purpose This latter
arrangement was not completed in the period under report, and some
variations in the inner cell temperature have occurred. The clock rate
and temperature of the clock cell are tabulated below :—

Date Cell Clock
1925 tempera- | Clock rate |Pressure| tempera- Remarks
ture ture
April 1 F, c,
8 755 —-1-16 607 24-0
14 758 —0-36 627 24+1 (Pressure decreased to 590
24 773 +0-01 604 25-0 ,  increased to H82
30 795 +0°14 597 26-0
May 6 785 +0:03 603 25°5
13 74 -0-01 607 260 | Pressure decreased to 590
21 779 +0-03 591 258 |) Artificial cooling from|
N 28 825 +0-04 596 27-8 |y 2Ist to 27th May 1025
e 8401 40-00 598 28-5 )
3. . ¢ vg 5
20 g;g :8(1); ::q’((; 2;; Wiring and o]e(-tricalh
25 817 +0-10 600 27.3 COH]]('('t.IIOT]R for ther-
dnly 7 811 +0-16 598 971 mostats in hand
e B 80-8 +0:19 597 260
=3 3.1 +0-18 601 244
‘”‘4 80-3 +0-23 596 26-6
g - N1t +0-12 pO7 273
M4 ki | yae20 | 598 273
1 8141 +0-24 507 271
2 RO R +0-93 507 269

56.
(Contd.)
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Impersonal micrometers were indented for, for the two reveni:
transits in 1924, 'T'hey were received in 1925.

In recent years international action has been taken to secure i
simultaneous determination of longitude ares encireling the earth, by
greatly extended facilities provided by wireless telegraphy. Gems
Ferrié put forward a tentative scheme at the meeting of the I
national Union of Geodesy and Geophysics at Rome in 1922. A miy
Commission was formed from members of this Union and that of
International Union of Astronomy, Dr. Hunter being one of the m:
bers of this commission. The matter was then reviewed and diseus
at the geodetic meeting at Madrid in 1924, and at the astrono
meeting at Cambridge in 1925 ; and at the latter place a definite d«}
sion to execute the work in October and November 1926 was arrived:
Dehra Din 1s to be one of the principal receiving stations, T
signals will be emitted from Bordeaux, Honolulu, Saigon and Annap;
(Washington). They will be received and timed at the participaty
stations. This project has made the accurate determination and mat
tenance of time at Dehra Din of primary importance. It would not

been feasible without the recent instrumental additions briefly alli:
to above.

The transit room in the Walker Observatory was of old de
and not really satisfactory for modern high class time determinali:
In other old established observatories, unexplained discrepancie
time determination have been brought to light by the reception k
several of them, of indentical wireless time signals. A possible su-
of error is lateral refraction. In the Walker Observatory thereis!”
large dome of the solar telescope close by on the east; further, the ro
is unduly lofty. It was accordingly decided to erect a smallert’
better placed time observatory. In the design of this, great import’
was attached to complete symmetry and also to freedom ff‘i';'
disturbance by large trees. A site was selected on the meridian of !
Haig Observatory and midway between that and the Burrard Ob¢
vatory : the new observatory begun in 1924 was completed in 1925.

Magnetic Observations

For the purpose of -comparison of instruments complete seff"
magnetic observations were taken at the Dehra Dun, Toungoo, Alibé:
(Bombay) and Kodaikinal observatories, the two latter being under
control of the Meteorological Department. Double sets of observai”
of dip, declination and horizontal force were taken during the field sea”
at the following repeat stations :—Quetta, Karachi, Bina, Dibrag"
Barrackpore, Waltair and Moulmein. The first 6 stations wered
visited during the field season 1921-22 in order to snpp]ement‘ (
5-yearly observations at all the repeat stations in India for obtail"
accurate vaiues of the average annual changes in the magnetic elemen



Plate IIA

e &

$E PR IR I SRR TR T T P LGS R R

HUNTER OBSERVATORY.

Phinto.-engraved & printed at the Offices of the Burvey of India, Calcutta, 1927,






I COMPUTING AND TIDAL PARTY 75

The headquarters staff of the party was employed during the field
season on the reduction of observations to the epochs 19090 and 1920-0.
The observations of Dr. de Graaff Hunter taken in 1922 at Kew Obser-
vatory and Val Joyeux with Magnetometer No. 10 were now available,
and afforded a means of reducing the results of the magnetic observations
in India in terms of the British standard at Kew. The party also carried

Karachi, Madras, Kidderpore (Calcutta), Rangoon and Moulmein during
the field season.

stations and at observatories for the comparisons of instruments were
completed.

The final reduction of {he observations at the observatories, in the
field and at repeat stations to the epochs 19090 and 19200 was com-
pleted, and the tables of results with the necessary maps were sent to

XIX (Magnetic Survey).

In the beginning of 1928, it was decided for reasons of economy to

curtail magnetic work and accordingly the party and the magnetic

observatory at Toungoo were closed in October 1923. The magnetic

obsel‘vatory at Dehra Din was the only observatory kept going,and wac

’i)ransferred to the control of the Officer in charge, Computing and Tidal
arty.

_Except for some stoppages in the driving clock of the H.F. and
declination magnetographs during the months June-September 1923,
the magnetographs worked very satisfactorily and required hardly any
a(_]Justments. The clock was removed, cleaned and repaired on two
different occasions during the above period.

The observatory was not inundated during the year though there
was percolation of some water into the passage on 4th September 1928,
which was promptly baled out.

The table Dhelow gives the mean monthly values of the mag-

netic collimation, the distribution constants P.. and Py.;and the accepted»

P Q

-1
value of log (1+—0—+7>. The values of the moment “m?”
Ty

were

derived from viliation observations taken with the chronograph.

out the inspection of the tidal observatories at Bombay (Apollo Bandar),

The computations of the observations taken at some of the repeat

the press for publication in the Records of the Survey of India, Volume
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Mean values of the constants of Magnet No. 17 at Dehra Dan in 19%
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D:s;‘;zgfsn H. F. Constants
Months Mean Distriburion factors Mean valuesofn
magnetic |
collimation I-')l'2 P2_3 (1+r1 3 -1 h{;])::l;?' Acc?]l:l
January — 6 58 | 591 | 6.69 §06-92 |3
February - %7 02 | 598 | 670 -96 lsos .
March —7 o1 | 599 | 690 . 85 | 186!
April — 7 04 | 594 | 661 S ‘95 |
May — 7 00 | 598 | 670 &0 67 |
June -7 o7 5-99 6-61 £ 33 |
July -7 03 610 670 - 42 |
Angust -7 o1 6-20 6-66 § ¥
September -6 59 | 624 | 665 2 .30 | 806
October — 7 06 6-09 7-00 - .34 |
November - 6 58 6-07 685 ‘64 |
December — 6 5l 6-15 6 81 i j

The table below gives the mean monthly observed and acceplm
values of the dec]matlon and horizontal force base hnes; the acceptd
values have been used to compute the values of the elements for 1922,

Base line values of magnetographs at Dekra Dun in 1922

IR & MARKS

Declination forizontal Force
Months

valna o | Base line | NeAT | Base line

base line accepted base line accepted

° ! ° ! C. G 8. C. G 8.
Jannary 1 48 1 4-8 - 32666 32666
February 1 50 1 5-0 - 32662 32662
March 1 5-3 1 5-3 32664 - 32664

. 1 521 52| .

April S e 32667 32667
May 1 6:4()(e)1 6-4 32656 - 32666
Jane 1 6-4 1 64 -32657 32657
July 1 58 1 58| -32650 | 32650
Angust 1 6:0 1 6-0 + 32652 +32652
September 1 62 1 6-2 32650 82650
October 1 6-6 1 66 - 32649 + 32649
November w1 6°1 1 6°1 32643 132643
December 1 6.7 1 67 +32637 -32637

(a) to21st Aprl
b) to Bth Moy
((‘)fromrgth My
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The mean scale values for 1922 for an ordinate of 1/25 inch are :—

Horizontal Force
Declination
Vertical Force

4:35 gammas.
1:03 minutes.
6'17 to 7-94 gammas.

year was 27°:0 C., with maximum
The tempera-

The mean {emperature for the
and minimum monthly values of 27°-3 C. and 26°-7 C.
ture of reduction is 27°-0 C.

The following table shows the monthly mean values of the mag-
petic elements for 1921 and 1922 and the annual changes for that
period.

Annnal changes at Dekra Dun tn 1921-1922

Horizontal Force] Declination Dip Vertical Force
-32000 C.G.S. + E.1° + N.45° + -32000 C.G.S. +
Months

192 {1922| Apmaal 19911922/ Apmunl 1921|1922/ Anmual | 1921| 1922|4Pmuel

Yir | o7 T ! I Ty lr| v,
Janoary 9461936 | —10 [48:9]44-8] —4:1|2:3| 6-6| +4-3| 990[1062| +72
February 953|933 | —20 [48-6[44-5) —4-1|2-2| 6-9| +4-7| 9951066 +171
March 956|935 | —21 [48-3|44-4| —3-9(2:6| 7-4| + 4 8(100%7(1070| +69
April 960|939 | —21 47-7|43-9| —3-8|2-9| 76| +4:7|1016/1084| +68
May 9381931) — 7 [47-5/44°1| —3-4|4-4| 7-6) +3-2(1022/1076| +64
June 945(936| — 9 [47-2/43-8] —3-4|4:5| 7-8 +3-3 /1030|1086 +56
July 054|926 | —28 |46-7|43-0| - 3-7|4v4| 8-6 +4:2(1039(1092| +53
Angust 042 (922 | —20 [46-4{42-9] —3-5|5-0| 95| +4-5[103%7(1105 + 68
September 940|917 | —23 |46-1|42-5]| —3-6(5°3] 9-7| +4-4(1041|1103| +62
October 936 9161 —20 46:1/425] —8-6|5-5 (104 +4-9(1042(1115] +73
November - 9351919 —16 [45 - 8|41+5| —4-3|5-6|10-1] +4-5(1042[1113] +71
December 9201915 —14 |15-4{40-9| —4-5|6-1(10-6| +4°5[1046/1118] +72
Means e 1S 927 | =17 (47104320 - 3°8]|4:2|8°G] +4-3(1026[1091] +66

d The magnetographs worked very satisfactorily during the year
uncer report and there were only two adjustments for light in  the

;::_tlgal and one in the horizontal force magnetographs during this
iod,

Slight repairs to the magnetograph house were carried out on the
9th and 18th July 1993, o T

65.
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The table below gives the meun monthly values of the magneti
collimation, the distribution constants P;.; and P,.; and the provision|

-1
value of the factor ]og(l + ; + f—?’) The values of the moment“n"

were derived from vibration observalions taken with the eye.

Mean values of the constants of Magnet No. 20 at Toungoo 1n 1922

Dceocliislzgrtlitosn H. F. Constants
Months Mean Distribution factors Mean values of m
cml‘r]iinatatlilgn P P P8 Q)1 Monthly |Accepted
1 2:3 (1+r—2 o means m
. I
January -7 16 701 7-45 931:26 |1
Fébrnary e | =T 20 7-02 749 30
March -7 23 6-91 [ 7-59 27
April -7 27 684 756 = 20 | p931-23
May w| =Tz | 696 | T8l 'on ‘10
June -7 26 6-93 7-55 E 12
Jaly | =7 24 | 702 | 783 § .33 |J
August | =7 24 | 692 | 74 =2 18 N
Scptember ... -7 20 703 762 10
October -7 23 710 738 ‘14 | +931 14
November ...| -7 24 7-10 759 '13
lecemlier Ll =7 28 70 750 ‘18 |J

The table below gives the mean monthly observed and accepted base
line values of the declination and horizontal force magnetographs: the
accepted values have been used to compute the values of these clements
for 1922. The horizontal force base line values have been derived
from H as determined with the moment of inertia obtained for Magne!
No. 20 at Toungoo in February 1921 and the provisional value of the dis-

o . P -1 . .
tribution factor log (l + 2 %) mentioned in the previous table.
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Base line values of magneloyraphs at Toungoo in 1922

Declination Horizontal Force
Montbs Mean value . Mean value . Remarks

of Base line of Base line

base line accepted base line accepted
_ ° ‘ °o C. G. s |c.a.s. '
Janoary | 1 146 1 146 38911 -38911 E
February | 1 139 | 1139 -38914 | -38914 g
March ..l 1 138 11138 -38913 | -38912 g
April | 1 136 | 1136| -38919 | -35919 :;’
May el 1 14°1 |1 14-1 ) -38925 | .38925 2
June we| 1 141 |1 1441 38920 | -38920 g
July Wl 1 12 {1142 -38917 | -38917 é
Angust ol 1 140 |1140 -38913 | -38913 E
September | 1 143 1143 -38016 | 38916 %
October 1 14-2 1 14-2 *38911 -38911 %
November we| 1 141 |1 14-1| -38909 | 38909 g
December W 1 14.0 |1 14-0 38906 - 38906 =

The mean scale values for 1922 for an ordirate of 1/25 inch are :—
Horizontal Force 522 gammas.
Declination 104 mintues.
Vertical Force 5-88 gammas.

The mean temperature for the vear was 89°+1 Fahr. with maximum
and minimun monthly values of 90°:5 Fahr. and §8°:0 Fahr. The
temperature of veduction is 89°-0 Fahr.

The table below shows the monthly mean valucs of the magnetic
elements for 1921 and 1922 and the annual changes for that period.
The annnal changes for horizontal foree are deduced from the values
of H corrected for the moment of inertia and distribution factor as
referred to in para 68.
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Annual changes at Toungoo in 1921-22
Horizontal Force| Declination Dip Ve_l'ticaﬁ
+39000 C.G.S. + W.0° + N.23° + 16000 C.65 4
Months o
1921(1922| Annal|192111922| Armuel 10211 922) Aneual 1921 1929/
r|lr| 7 . , o y 2 2
January 125|131 + 6 [25°6/29°1| +3-5|7:2|7-4| +0-2]|704|709] +:
February e [139[187 — 2 (25-6[28-8[ +3-2 7-0;7'5 +0:5]707 713 +4
March v | 142138 — 4 126-4{28-9| +3-5|6'8|7 5| 40-7|706(714]| +
April . | 143 (150 + 7 [25-7/29°0] +3-3(6-8|7-2| +0-4]707|716| +9
May 117]162 | +45 (26-0[290-8| +3-3(6-4(7-4| +1-0|690|723| 42
June 122|165 | +43 [26-4{29-4] +3-0(6-7(7-0| +0-3{697[719| +2
July 132|160 +28 (26-9(29-6) + 3-0(6-7|7-0| +0-3|701 |717| 410
August 128|157 +29 [27-129-8| +2-7|7-1|7-2| $0-1|704|718| +}
September .., |132 [163] +41 [27-A|30-3] +2-7|7-3|7.0| —0-3|%708|718| +10
October w.|131[162| +31 [28-030-5| +3-5|7 4|7:0| —0-4|710{718| +§
November 135 {172 +37 {28-1[30-7| +2:6|7-2{6-9| - 0+3|708|720] +12
December 134 [173] +39 [28:6(30-9] +2-3|7-2(6 8| —0-4|%08|719] +}i
Means 182156 | +25 [26-8[20:7) +3°0|7-0(7-2| +0-2|704|717| +1

Of the three magnetographs the declination one has worked ver
satisfactorily, and except for losses consequent on the stoppage of ti
common driving elock, has shown no interruption due to any other caus
This clock stopred for frequent intervals on five different occasior
during the vear, and the light failed for a few hours on 31st August 192
The V.F. elock has given constant trouble by frequent stoppages,an
although it was removed, cleaned and adjusted once in February an
again in September 1923, has shown little improvement. The light d
this magnetograph was adjusted several times during October a0
November 1922, due to the sudden falling down of the ordinates. The
earth inductor and the galvanometer gave some trouble during July
1928 and were adjusted by the Director.

The table below gives the mean monthly values of the magnel

collimation, the distribution constants P,., and Py and the distribut®
P Q\-1 C

factor log (1 +o+ 11) The values of the moment “m” in this tabl

were derived from vibration observations taken with the (~hronogr”ph
and from the moment of inertia used for {he computations in 1915.
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Mean values of the constants of Magnet No. 16 at Kodaikanal in 1922 73.

Declination

H. F. Constants

constants
Months Mean Distribution factors Mean values of m
agnetl .
c](:};li?]?:til(fn P P PlogQ -1/ Monthly |[Accepted
12 23 (1+;:_.+ 1—) means m

January -3 17 6-35 835 88215
February -3 17 6-35 8-51 15
March -3 19 6-30 817 -07

April -3 18 6.32 8 38 E 01 -

= S

May -3 19 6-21 845 & ; 02 <

g g

June -3 20 | 633 | 825 | = 10 5

| -~

July -3 21 | 635 | 843 | 3 15 NS

> ~

August -3 20 6°26 | 836 & ‘14 s
September -3 22 6-31 838 15
October -3 20 6-40 8-29 <17
November -3 21 | 638 | 836 17
December -3 22 | 635 | 870 ‘17

(Contd.)
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‘The table below gives the mean monthly observed and acegy
base line values of the declination and horizontal force megnelogr:
the accepted values have been used to compute the values of thy
elements for 1922,
derived from H as determined with the moment of inertia usediny
computations for 1915.

The horizontal force base line values have lw

Base line values of maguetographs al Kodaikdanal 1922

Months

January

March

April
May
Juane
July

Auurnsg

Octnler

February ...

~eptember

Novembior |

lecember ...

" Declination Horizontal Force
T 7‘ Remnrks
\ Mean xf’:\lnes Base line ‘.“Cﬂﬂo}"-\l“es Base line
‘ Base line | 2Pt | pagotine | tecerted
. E > c.as. | G
(2 573 (a) 2 57:3,  gnus .373
L2 583 (&) 2 533 3133 97098 2‘3 :fetufdlm
: .
{ : ey » = ! () to lubre
€2 584 () 2 584 gy -37335 21,
\l 2 574 R ) 2 hT-4 % (d) from il
| . n 2lst.
\ ( amane | 9) +37328 o e
2 s16 2 a1 ! 7835 | ) -arses | ), 00
l “‘ (:) *37607 (f) 'roé.;?;"'
Y 3
2 875 . 2 576 376l WL | for 1t
i I | i
| ! up to s
‘ 2 516 |2 576 | 37610 . 37610 E:‘)) o e
| 2 578 2 578 | 37606 |  -37606
' 2 516, 2 57-6 . 37603 +37603
i 2 57-6 ;2 57:6.  -37608 -37604
: 57-9 (e) 2 579 .
1E @2 W e 37601
| \
2 407 2 497 37602 ' + 37602 f
2 404 2494 -37600 37600
2 f9-3 2 493 -37500 +37599
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"The table below gives the monthly mean values of the magnetic  76.
lements for 1921 and 1922 and the annual changes for that period. Mf:/" mo""(’//}'
he annual changes for horizontal force are derived from the moment alllv%'u:/n
f inertia used in the computations for 1915. changes.
Annual changes at Kodaikinal cn 1921-22
Horizontal Force| Declination Dip Vertical Force
37000 C.G.S. + Ww.1° + N. 4" + +03000 C.G.S. +
Months
1921|1922\ fomind 1991 | 1922) Al 1192111922 Smiel 19211922 Aprae)
.y 7 7 ’ ’ ’ ‘ ’ ’ 7 -y 'y
January . |B12|852| +40 |52-656-7) +4-1 37-2‘39-5 +2-3)055|08+ +29
Febraary ... |827(855| +28 (53:3(57-7| +4°4(37-340-0| +2-7|057|090| +33
March . |832|861| +29 |53-3[578 +4-5(37-539-9| +2-4|060/090| +30
April - |831(873| +42 (535581 +4-6/38:0/40°0 +2:0)066092| +26
May . |813|876| +63 [53:7|58°5 +4-8(38-7,39-8] +1°1|072]|090| +18
June - {818(879| +861 |54-4(58-8. +4-4(38-840-0| +1-2|074|092) +18
July | 833|876| +43 [54-4[58-8, +4-4(39-140-2] +1-1|079094| +15
August . 833|883 +50 545 59-2’ +4-7 39-1|40~6 +1-5]0781099] +21
September ., 84418841 +40 54-%769:6] +4-9 38-9|40-5 +1:6|077]098]| +21
October e [8421892) 450 54'759'6| +4:9(38-840'3| +1:5(076]096| +20
November -~ | 8481900 +52 |55-3 59'7‘ +4-4(39:0/40-3/ +1.3/078(097| +19
December - |852(902| +50 55-960-1l +4-2(39°1/40°4| +1:3| 080|098 | +18
S |
Yeans : ‘832 878 | 446 [54-2|57-9| +4-5(38-5140-1) +1:7{ 071|093 | +22
e |
Mean values nf magnetic elements at observalories 1n 1922 77.
= Mean values
Tatitude of magnetic
Ol'sef\'am?y and Dip Declination | H. F. V. ¥ elements in
Longitude observatories
_— et L in 1922,
° ’ " ° ! ° ’ C.G.8.|C.G. 8,
behra Din 30 19 19N = ) . .200)- .
1 %8 03 19y |N-45 86 E. 1 43-2 ] -32027 | +33091
Toungoo -l ‘3; g;ﬁ} N.23 7.2 |W.0 297 -30156 | ‘16717
K()da“(fmal 10 13 5ON? - L= .
"1 7 27 4GB N. 4401 |W. 1 58 7 -37878 | 03093




;on and dates of Magnetic Disturbances tn 1922

TABLE XLI.—Classifical

D =Dehra Dio. T=Toungor. K= Kodaikinal. ¢=Calm. 8

Slight. M=Moderate. G =Ureat. V.G.= Very Great. — =Traoce lost.
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The torsion head of the declination magnetograph was adjusted by
turning the mierometer head by two complete revolutions in November
1923.

Except for the above and a few other slight adjustments for light
in both the declination and V.F. magnetographs these continued to
function well throughout the year. The H.F. magnetograph eclock
gave occasional trouble and was thoroughly cleaned and oiled on two
different occasions during the year.

During the heavy floods in Upper India in October 1924, the
observatory was flooded from the 30th September to 7th October,
necessitating a complete stoppage of work for that period.

The table below gives the mean monthly values of the magnetie
collimation, the distribution constants P, , and P, and the accepted
e P -1
value of the distribution factor log (1 + ot f—}) The values of the
moment “m” in the table were derived from vibration observations taken
with the chronograph.

Mean values of the constants of Magnet No. 17 at Dekra Din in 1923

Declmatlonl H.¥. Conslants
constants
Months Distribution factors Mean values of m
Mean
magnetic Accepted vnlues of M
e . - P 1 onthly | Accepted
collimation | P o | Py, 10g(1+ i~?+% means m
I3 " B ” o ,
January . S | 6 08 7-28 i 806-36
February -7 6 | 611 ] 740 28
March -1 2 | 616 | 745 ‘25
) o
April - 2 G20l 736 25 "3
M §€ E
ay b =% 0617 13 55 27 g
20 5
J 7] 50
ane -6 59 | 6.17 | 7-58 a% 12 g
£- 5
July -G 59 | 6:06 | 719 25 | 19 %
- P -
August — 6 56 G618 | 7-49 g I -38 g
s @®
8eptember -6 3 | 622 | 733 s 34
hea
mlv—i
October =6 40 591 | 7-19 i — 38
November — 6 51 | 595 | 727 ! ‘a4
DeCcmber - 6 55 5-92 | 7-20 40
. i i

78.
Dehra Dun
Observatory
1923.24.

79.

Mean values
of the deeli-
nation and
H.F. cons-
tants.
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80. The table below gives the mean monthly observed and acéepted
I‘!“" bl'“‘ values of the declination and horizontal force base lines: the aceept
ine values.

values have been used to compute the values of these elements for 19

Buse line values of magnetographs at Dehra Din in 1923

Declination ! Horizontal Force
Honths M eal:)fvalue Base line vx::]:)f Base line
Base line accepted Base line accepted
January | 1 84 | 1 5.4 | .32033 | -32633
February 1 5-8 1 5.8 +32631 - 32631
March 1 6:0 1 60 32633 -32633
April w1 6-1 1 6-1 -32629 -32629
May 1 6.4 1 6-4 -32632 -32632
June |1 6.2 1 6-2 - 32637 - 32637
July | 1 63 | 1 63 | -32640 | -32640
August 1 6-2 1 62 132636 32636
September 1 6-1 1 6:1 +326 19 32649
October 1 5.9 1 5.9 |- -32650 32650
November ... {¢ S0 | 8 SO0 Y s2ee1 | 32050
December ... 0 44-2 0 44-2 326761 32676

¥ up to 10 hr. on 16th, 1 Change from 29th Nov.
t from 11 hr. on 16th.
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The mean scale values for 1923 for an ordinate of 1/25 inch are:—

Horizontal Foree 4-35 gammas.
: Declination 1:03 minutes.
Vertical Force 744 to 10:05 gammas.

The mean temperature for the year was 27°-0 C., with maximum
and minimum monthly values of 27°:7 C. and 26°:7 C. The tempera-
ture of reduction is 27°-0 C.

The following table shows the monthly mean values of the magnetic
elements for 1922 and 1923 and the annual changes for that period.

dnnual changes at Dehra Din in 1922-23

Horizontal Force| Declination Dip Vertical Force
-32000 G.G.8. + E. 1° + N. 45° + +33000 C.G.8. +
Months

1922{1923 Anmhel |1922/1923 Aol |1922/1923 A e [1922]1923)4nmwal

Y Y v ; ; / ! ; PR I A Y
January e [936]919| =17 [44-8{40-1| —4.7] 6-6/10-1| +3-5[062|115| +53
February . |9331919| —14 (44-540-2| —4-3] 6-9(10-7| +3-8|066|125| +59
March v | 9351917 —18 [44-440-0| —4-4| 7-4{11-3| +3-9|076}134 | +58
April oo |9391914| =25 (43.9{39-5! —4-4| 7-6(11-4| +3-8|084|133| +49
May e |9311926| — 5 [44:139-8] —4.8| 7-6[11:6) +4-0|076 | 150 | + 74
Tone 103619241 —12 |43-838:7| —~5.1| 7-8/11-6{ +3-8|086|149| +63
July 926929 + 3 143-0[38:5| ~4.5| 8:6|13-3| +4.7(092[184| +92
August v [92210300 + 8 |42.9137-9) =501 9-5/13-3| +3.8|105|186| +81
September ., {917 941 | +24 [42-5(37-5] ~5-0| 9-713-5 +3-8|103|200| +97
Octoher | 9161029 +13 [42-5[37-3] =5-2 L0 4{14-5| +4-1| 116 |209] 4+ 94
November 1010|929 | +20 [41-537-3| —4-2]10-1]14-3| +4.2[113212] +99
Decembher .. |915!935 | +20 |40-9(37-4| =3 5[10'614-4 +3-8|118 |211| +93
Means . 1927 (927 0 43-2;38-61 ~4-6/8-6|12-5 +3-9 091‘167 +76

81.
Mean scale
values and
temperature
range.

82.
Mean
monthly
values and
annual
changes.



83.

Toungoo
observatory

84.

Mean valuss
of daclina-
tion and H.F.
constants.
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For reasons of economy the observatory was dismantled in Qctyly
1923 when the instruments were removed to Dehra Din an (
buildings were handed over to the Director, Burma Circle.

The magnetographs have functioned satisfactorily for the fw

months they were working.

The table below gives the mean monthly values of the magui
collimation, the distribution constants P;.; and Pj.3 and the aceepl

value of log (

P

1 Q
Tt

-1
) the distribution factor.

Mean values of the constants of Magnet No. 20 at Toungoo in 193

nglll‘s'i:]t;:’s“ H.F. Constants
Months Men Distribation factors Mean values ofn
n
magoetic P_ Q\-1| Monthly | Accept
collimation | P P2_3 log (1 +?z+?) means n
January -7 23 | 716} 723 930-83
February -7 2 {715 | 7'11 ‘84
March -7 2 | 721 | 707 ! 881 %
- ‘n 'n
April -7 3 | 799 | 7.2 5y 83y
=) ]
= - "
Mag -7 3 | 719 | 714 4 |4
3 ®
; 3 ) (684 8 69 | °
noe 7T 28 7156 13'95 & 2
|,._¢ -]
Jaly -7 3¢ | 700 911 7
Angmst -7 32 | 712 | 897 82
Saoterber O - 7 30 7-13 I 905 ‘84
| I

Hofe.—The abservatory was discontinued from October 1923.
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The table below gives the mean monthly observed and accepted 85.
values of the declination and horizontal force base lines.

Base line values of magnetographs at Toungoo in 1923

Declination Horizontal ['orce
Months Mean(;alne Base line Mem:)fvalue Base line
base line accepted) 1celine accepted

v ! ° ’ C.G.S. C.G.8,

January 1 140 |1 14:0 » 38920 - 38920
February 1 139 |) 139 38917 38917
March 1 138 {1138 - 38918 38918
April 1 137 | 1137 - 38912 38912
May 1 138 |1138 38914 38914
June 1 138 1 138 - 38914 38914
July 1 137 ll 13-7 * 38905 38905
August 1 13:6 1136 38901 -38901
September 1 136 |[1136 +38901 38901

Nofe.—The observatory was discontinued from October 1923,

Mean base
line values.



86.

Mean scale
values and
temperature
range.

87.

Mean
monthly
values
and annual
changes.
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The mean scale values for 1923 for an ordinate of 1/25 inch s
Horizontal Force 525 gammas.
Declination 1:04 minutes.
Vertical Force 5:87 to 5-91 gammas.
The mean temperature for the year was 89°:0 Fahr., with maxin:
and minimum values of 89°:6 and 88°-4 Fahr. The temperatur:
reduction is 89°+0 Fahr.

The table below shows the monthly mean values of the mag
elements for 1922 and 1923 and the annual changes for that per

Annual changes at Toungoo 1n 1922-23

Horizontal Force| Declination Dip Vertical Fory

39000 C.G.S. + W.0°+ N. 23°+ +16000 C.63 1

Months ‘

1922(1923 4pmal 11922 1923 Anoel| 1 92911923 ARmunl 19221923 4

vy | ¥ . , oo Sl

January | 181|201 +70 (29-131-1| +2-0|7-4|6-4| —1-0|709 726! 41

Febrnary .. |137]201| +64 [23-8|31.6/ +2-8|7-5(6-3| —1-2| 713|725 +

March .. [138]200| +62 |28-9|31-5( +2-6|7-5(6:3| —1-2|714|724] 4

April .« |150|198| +48 |29-0(31-7| +2-7(7-2]|6:3| —0-9|716|724|+

May < ..|162|211] +49 [29.3(31:8] +2-5(7+4|6:0| —1-4{1723|725 +!

June .. |165|212] +47 |29.432.1| +2-7(7.0|6:0] —=1-0[719(72%51 +'

July ..|160(209| +49 |29-6/32.2) +2-6|7-0|6:1| —0"9|717|724 +

August . 11571216 +69 [29.8(32.5| +2-7|7-2]|5-9| -1:3|718 725i+5

September ... |163(219| +56 |30-3/32.9| +2-6|7-0{5-9| —1-1|718|726; +*
October e [ 162 30-5] ... e 1700] ... ... |718
November - ... [172 30-7| ... 6:9| ... .. |720
December 173 ... . |30:9] ... . |68 ... . |19

Means ... | 156 ’ 29.97 ... e 17020 ... A b A e

Note.—The observatory was discontinued from October 1923.
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As the observatory was closed in October 1923, the magneto-
graphs for only the first nine months of 1923 were received in this

office.

The table below gives the mean monthly values of the magnetic
tollimation, the distribution constants P,, and P,,; and the value of

COMPUTING AND TIDAL PARTY

-1
the distribution factor log (1 + £+ g’)
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Mean values of the constants of Magnet No. 16 at Kodaikinal in 1923

Months

Junuary
February
March
April
May
June
July
Angust

September

 —n—

Declination

H.F. Constants

constants
Distribution factors Mean values of m
Mean
magnetic
. . P -
collimation | P, | Pog |log (1+ !—_,+_9) 1 M:\l;;l‘l]? Accglpled
’ L4
-3 22 | 6:40 | B-49 88207
-3 22 | 634 | 830 - 881-95
g8 N
-3 22 | 644 | 845 2 882-06 8
2 o
-3 21 | 642 | 8-38 5 88203 8
= 4
-3 19 | 6:40 | 8-54 o 881-96 b
[2\] -
(=] .
-3 21 | 639 | 832 | P 831-96 =
Lo ow
-3 21 | 6:33 | 816 882°10
-3 21 | 6-41 | 8-38 88211
-3 22 | 651 | B:59 882+09

Note.—The observatory was discontinued from October 1923,

88.
Kodaikanal
observatory
1923.

89.
Mean values
of the decli-
nation and
H.F. cons-
tants.
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90. The table below gives the mean monthly observed and aceeid
Mean base line values of the declination and horizontal force magnetogryh
baa7 line 5
value

Base line values of magnetographs at Kodaikanal in 1923

Declination Horizontal Force

Months Mean value .| Mean value .
of Base line of Baseling
base line accepted base line accepted
° ! ° ! C.G.S. C.G.S.

January we | 2 48:6 2 486 - 37613 37613
February | 2 48:4 | 2 48-4 37618 -37618
March we| 2 48:'5 | 2 485 37617 -37617
April | 2 486 2 48+6 37621 -37621
May | 2 48'4 | 2 48-4 - 37620 -37620
June we| 2 48-4 | 2 48°4 » 37620 - 37620
July o 2 48-3 2 48-3 -37614 37614
Aungust e | 2 48-3 2 48:3 37610 -37610
September | 2 48°1 | 2 481 37617 37617

Note.—The observatory was discontinued from October 1923,
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The mean scale values for 1923 for an ordinate of 1/25 inch are:—

Horizontal Force 5:89 gammas.
Declination 1:03 minutes.
Vertical Iforce 1294 to 1313 gammas.

The mean temperature for the year was 17°:3 C, with maximum
and minimum monthly values of 18°:2 C and 16°:0 C. The tempera-
ture of reduction is 19°-0 C.

The table below gives the monthly mean values of the magnetic
elements for 1922 and 1923 and the annual changes for that period.

Annual changes at Kodaikanal in 1922-23

Horizontal Force] Declination Dip Vertical Force
-37000 C.G.5, + W.1° + N.4° + -03000 C.G.8. +
Months
1922(1923 fﬁ’;,‘,‘;i‘ 19221923 g,;l;;;; 1922(1923 Q;;;‘;‘;; 1922(1923 ﬁ,‘l‘;‘,fg“;
v | ¥ ‘ 1 ! 1 Y v
January 0 |862|929| +77 [56-7/59:7) +3:0(39-5/40-7 +1-2|084 104 | +20
February .| 855 |942| +87 |57-7159-8| +2-1]40-0[40-5| +0-5|090|103| +13
March .. |861|938| +77 |57-8/60-0] +2:2(39:9141-1| +1-2{090|109| +19
April . |873 (945 +72 [58:1/60°6| +2-5'40-0/41-0[ +1-0| 092|108 +16
May v |876]950| +474 |58-5/60-7| +2-2|39-8[41-7| +1-9|090 | 117 | +27
June v [8791954| +75 [58-8/60-9| +2-1(40-041-8| +1-8]092|118| +26
July . |8761953| +77 1588|610 +2-2|40-2/42-0[ +1-8/094)120| +26
Angust .. |883|962| +79 [59-2l61-4 +2.2|40-6/41-6] +1:0[ 099|117 +18
September .., (984|978 | +94 [59-6/62-4] +2-8(40-6[41+4 +0-9 (098116 | +18
October ... |S02 59-6 403 096
November ... |900 59-7 10-3 097
De;:ember . | 902 80-1 10-4 098
Means ... |878 57-9 401 093

Note.~The observatory was discontinued from October 1923,

91.
Mean scale
values and
temperature
range,

92.

Mean monthly
values and
annual
changes,
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93, Mean values of the magnetic elements at observatories in 1993
Mean values

of magnetic - —
elements at Latitude )
observatories Observatory and Dip Declination | H. F. | V.F
in 1923. Longitude
© ’ ” (-] ? o ’ C.G. s' ch‘s
_ 30 19 19N _ - :
Dehra Dian 78 3 19E. N.45 12-5 | E, 1 386 32927 + -3
N 18 55 45N. w o | ieae
Toungoo | e o 31«3.} N.23 6-1 |W. 0 31-9 | -3907 | -I6%
. - 10 13 50N. -
K odaikinal L. 46E_} N. 441-3|W. 2 0.7 37950 | 03

Note.—Means for 9 months only in case of Toungoo and Kodaikanal,



T4ABLE L XVI—Classification and dates of Magynetic Disturbances in 1923

D=Dechra Din T=Toungoo Ke=Kodaikanal C=Calm. S

[

Very Great. — =Trace lost,

Great. V,G.

M =Moderate. G

Slighe.
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o and Kodaikanal observatories were discontinued from October 1923.
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The magnetographs have worked satisfactorily during the vy
1924-25 except. for the following minor interruptions which may be
divided under three main heads :— f

Accidental. -
Stoppage of driving clocks.
Failure of light.

There were two accidental interruptions in the H.F. maguh.
graph clock, the first following the dropping of the drum shutte
between 24th and 25th March 1925 and the second caused for a fx
hours on 15th July 1925, by the breakage of the directing leverd
the clock.

The clock stopped on several occasions for periods, not exceedin
3 hours in any case before it was noticed, cleaned and restarted. The ]nm]i
platform and the light slit were adjusted on three different occasions,
whenever due to secular change the light was falling off the drum.

Besides the loss to traces consequent on the stoppage of the clok
as enumerated under the working of the H.F. magnetograph, there ms
only one interruption to the Declination magnetograph lasting fo
a day and caused by the falling of the shutter between 16th and
17th February 1925 and another by the failing of light on llth
November 1924. The light slitand the lamp platform were adjustedon
7th February 1925 and between 16th and 20th of the same month
The condensing lens of this magnetograph gave some trouble about the
early part of this year and was cleaned and adjusted on three differest
occasions.

There was no loss of tracein V.F. magnetograph clock and onlyom
adjustment for better light was made on 29th July 1925,

The temperature inside the observatory was maintained by the
burning of two lamps during the period 12th November 1924 to 3l
May 1925 and by the occasional introduction For a few hours of a bras
stove during the winter months. Only one lamp was kept burning
during the rest of the year.

Some water appeared in the passage outside the observatory abott
the middle of Augnst 1925, hut was pumped out before it could
accumulate and do any damaze. The fears entertained about the
abandonment of the observatory consequent on the introduction of
electric trams in Dehra Dim have been set aside at least tem porarilf
due to the Tramway Company going into liquidation. The standard
sidereal Clock named A having been removed for the purpose of
installation in the Rieter Clock room, the observatory chronometer ¥
compared weekly beginning from March 1925, azainst Clock B, of
which the error and rate were supplied as usual by the time observer.
The vibration times for the absolute ohservations were howe ver recorded
on the chronograph against the seconds of the Riefler Clock.
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The table below gives the mean wmonthly values of the magnetic
whimation, the distribution constants P, , and P, ; and of the distri-

Q

-1
bution fuctor log(l 1 TP,— + ?) The values of the moment “m”

in
the table were derived from vibration observations taken with the

thronograph.

Mean values of The constants of Muagnet No. 17 at Dekra Din in 1624

Dcifllbi?:]ﬂgn H.F. Constants
Months Mean Distribution factors Mean valoes of m
imion| Bra | Pao [ e 10 2097 |may [ece
Jannary ... 6 49 5-91 6-15 806-52
Febrnary ... 6 41 6-02 | 7-01 -561
March ... 6 43 | 600 6-89 -44
April G 37 5904 | 6-88 g -30 §
Moy w| 6 45 | 583 7-03 g 41
Jme .| ¢ 40 | 590 714 S 36| £
July 6 49 | 6-04| 6-14 8 "24 ?;
Agns: | 6 a4 | 5-79 6 54 & 16| @
September, . 6 55 6:00 | 646 a i +33 ?
October G 54 6 07| 661 ‘ .27
November 6 5l 579 | 6-46 .31
December Gt 55 | 5°8G| 6-12 -36

99.
Mean
values of
dzelination
and H.F.
constants.



100.
Mean base
line valuss.
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The table below gives the mean monthly observed and acupy

values of the declination and horizontal force base lines. The aceeple
values have been used to compute the values of these elements for |y
The horizontal force base lines have been derived from H as determiy
with the moment of inertia of Magnet No. 17 obtained from obsem
tions in 1919 and the distribution factor as given in the section.

Base line values of magnetograph at Dekra Din in 1924

] Declination Horizontal Force
Months |

| Mean value of Base line Mean valuo of Base line

’ Basc line accepted Buse line accepted

. . C.as. s

January 0 43-7 c 437 +32670(a) + 32670 (st

-32632(d) +32632 (h

February 0 440 0 440 32033 <3263
March 0 4i-1 O 44-1 32639 -32630
April 0 444 44-4 +32645 ~32615
May 0 446 0 44:6 326406 + 32646
June 0 446 U 44-6 32648 *3268
July 0 449 0 4t-9 32652 *32652
August 0 447 0 447 - 32650 +32650
September 0 447 0 447 -32641 - 32641
October 15-2 0 45-2 +32641 32641
November 0 453 0 453 -32638 +32038
December 0 453 0 453 -32666 + 32666

(a) up to 12th.

(&) from 13th,

The mean scale values for 1921 for an ordinate of 1/25 inchare:~

Hovrizontal force
Declination
Vertical Force

435 gammas.
103 minutes.
880 to 10" 90 gammas.

. A i
The mean temperature for the year was 26°-7 C. with mastw

and minimum monthly values of 26°+9 and 26°+5 C.

of reduetion i1s 27°:0 C.

The temperati®
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The following table shows the monthly mean values of the mag- 102.
nlic elements for 1923 and 1924 and the annual changes for that Mean monthly
rod values and
period.. annual
changes.

Annual changes at Dehra Din in 1925-1924

Horizontal Force| Declination Dip Vertical Force
-32000 C.G.8. + E. I°+ N. 45° + -33000 C.G.S. +
Months

1923[192+4| Aou2] 1923‘1924 Ammanl 11923(1924| Armin 1923 1924] !

Y| or! oy P PN R P PR O 7 Y
January ~ 9191923 + 4 (40 1/36+9| —3-7(10-1]15-4| +5-3| 115|219 | +104
February ... |919[027] + 8 |40°2/136-2| -4 0(10-7)15-9] +5-2( 125|232 + 107
Marel L {917 941 | +24 140-0[35-7| —4-3(11-3/15-6] +4:3| 134|241 | +107
April - [914 946] +82 [39+5|35°4] —4-1|11-3)16°2] 4 4-8|133 259 | + 126
May oo |026 19461 +20 39-3135-2| —4-1|11-G[16-4] +4-8[150]262 | +112
Juue oo | 924|944 420 (387347 =40 /11-G|17:0 +5-4| 149|271 | + 122
July ~ 9291950 +21 |38-5/34-8| -3-7(13-3[17-0] +3-7|184 (277} + 93
Avgust . |9301950 | +20 (37-9'33-9| -4 013-3|17 -5 +4-2| 186|288 | + 102
September .. |941,932| — 9 187:583-5| —4-0]13-5[i8-4| +4 9[200[286| + &6
October < (9291942 | +13 147:333-5] —3-8(14-H[18-3] + 3-8(209|295| + 86
November ... | 039 | 939 0 37-3'33-2 — 11|l it8 4l 2o | 2121204 | 4+ 82
December | |gup 38+ 3 37‘4.‘32-.‘* -4-6 1~1---J-|’19~3I +4:9|211 1310 | 4 93
—
Yeans o [m2Tos0| +13 :iH-G‘:H-G =40 12:5[17-1] + 1-7 167 | 270 | + 102
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of magnetic
elements at
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Mean values of the magnetic elements al Dehra Dan in 192

Observatory and Dip Declination| H F, | v f
Longitude

-] ’ " ° ’ ' c

C.G.S. |C.6+
Dehra Dun 80 19 19N

| -
| Latitude
1
|
|
o

78 3 19E N.45 17:1 |E. 1 34-6 | -32040 | -3
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CrAPTER III1

ASTRONOMICAL LATITUDES
(No. 13 Party )

BY Major C.M. THOMPSON TI.A.

Latitude observations in abeyance since 1915 were resumed in 19}l
when Major Mason observed at 4 stations in Kashmir. Next du
the seasons 1923-24 and 1924-25 latitude was observed at 27 statiof,
4 in Bihar and Orissa, 9 in the United Provinces, 3 in Eastern Béngi,
3 in the Surma valley, 7 in the Brahmaputra valley and 1 in the Khis
and Jaintia hills. :

The stations in Bihar and Orissa lay along the B. & N.W. Railmy
to the NE. & SE. of Gorakhpur; those in the United Provines
along the B. & N.W. Railway and O. & R. Railway, N. of Gorakhpur ad
along the line Gorakhpur, Benares, Partibgarh, Ajodhya (Lakarmandi
Ghat).

The selection of geodetic stations near railway lines and riwr
steamer routes as sites for latitude stations was made with a view b
economy. As only one officer was available, the sites were chos
by the observer and low brick pillars were constructed with quit
drying cement on which the zenith telescope could be set up on ik
wooden stand.

The statious in Bihir and Orissa and in the United Provinces li
in the Gangetic plain where the attraction of the Himalayas on th
north and of the mass of hills to the south were likely to cause varmtion
in deflection according to the relative positions of the stations with
reference to the hill ranges on either side.

Similarly in the case of the latitude observations taken for the first
time in Assam, the close attractions of the Himalayas as well as of the
Khasi and Jaintia hills were likely to show interesting effects on the
derived deflections.

The Zenith Telescope No, T by Messrs. Troughton and Simms W
used throughout the period, except at Kashdaha 'Tower Station whe
owing to the flooded state of the country, and diffieulty of transportins
bricks for pillars ete. the large prismatic astrolabe by M. JOh‘f‘ e
used. This zenith telescope, of which a photo appears in G.T.8. Vo
XVIII has been in use for the last 20 years.

The diaphragm of the zenith telescope had been rewired beflol'e
the field season, and the new wiring was much finer and clearer than
formerly. '









Refcrence numbaers and Values of “m” and “M" for all Geodatio Series of the
Indian Triangulation. { See Records of the Survey of India Vol. IX, p. 137),

For 42 Serics entenng the Simultancous Grmdmg (shown in italios below) Menn Square M +1:04

For Series up tc No. 94 Meoan Square Me $1-5]
T .

No, Name of Series Sewons | + _‘!'M]No. Name bt Berios Seasons | tm t—Ml
1] South Parasnath Mer. | 1831-30[3- 30813 - 261 49| Mangalore Mersdional | 1863-73]0-440/0-4s
2| Budiion Meridional ... 1833-43E‘242 2461 50| Kumaun snd Garhwil | 1864-651 - 742(1-
3| Amia Mervdioxal ... | 1834-3811-647(1 88]51| Nasik .. | 1384-65/2-033/3-1
4} Rangir Meridional ... [1534-64/1-643]1-79152 Burma Cowst 1564-82|0+380(0- 39|
6| Calowtia Longsiudinal | 1834-69 10 369(0- 32] 53| Jubdulpcre Mandwnal 1865-67|0-340/0-3)
6] Great A~ Meridvonal, 34 Madras Longsiudinal |1865-60{0-33+(0-9)

Section 24°30° ... | 1835-66/0-708[0-71
55| Assam Valley Triangu-
1| Bombay Lowgitudinal }1837-83/0-844 0'7% Iation ... | 1867-78]1-690{2+8.
8| Great Are Meridional, 568 Brahmapuira Mer. ... |1868-74|0-564[0-7
Section 18°24° ... |1538-41|0-567(0- 58 57 Coimbatore No.1 1869-71|1-547}2-0]
9| Great Arc Meridional,
Section 8°-1S8° ... |1840-74]0-590(0 36| 58| Bsiispur Meridional... | 1869-7:30- 30209
59{ Cuddapah .. | 1871-72(0-826/0-9

10} Ssmgy Mevidional ... [1842-62(1-157|1-14] 60{ Hydcrabad v | 1871-72{1-4051 5
11| SomtA Konkanw Coael|1842-87(R-176]1 93
12} Kardra Meridionsl ... |1643-45(1° 507 1'811 8] Malabar Coast ool | 1L 74001 -539(1-8
:I 62 Jodhpore Meridional {1873-78/0-291]0-3
13| North Malincia Mer. | 1844-46(1-266 (1 - 42 63| Souih East Coast ... |1876-7910-522(0-0
14 Chomdwiir Meridsonal | 1644-69]0° 841|104
15| Gora Meridional ... |1845-47|0-973|1-2]] 64| Eastern Siudh Mer. ... | 1876-81{0-244|0

65( Siam Branch Trisugu-

18] Calzutta Mersdional... | 1845.48(1-173(1- 0w lation 1878-8113- 71148
17| South Maliooha Mer. |1845-53/1-606 |1 -97] 66| Maund:day Meridionsl | 1889-95/0-4180-3
18] Xddnpiswra Meridional| 1845-62(1 227 |L-07

67| Mong Hsat 1891-9313:054[3-0)

1% Gurwins Meridional... | 1846-47|1-1651-55{ 88| Manipur Longitudinal |1894-99]0-453 0-3
20| NoriA-Bast Zowm. ...|1846-55|0-446 (0 5|69 Makran Longitudinzl |1895-670-285(0-2
21| Huriliong Meridional | 1848-52|1-502[1 92

70| Maodalay Lon. ... | 1889-190011- 06 f1-0
2Y North-Wet Himdlaya |1848-531064110-55] 71| Manipur Mer. e} jo-7500-81

2Y Gurdégarh Meridional | 1848-62/0-914|1-21] 72| Great Salween ..»11900.11{0- 404 - 32

Bast Coant ... | 1848-63[0-60810- 70
73] Kidarkanla 1902-04{1-3231-6

25 Hardeds Longitudinal | 1849-53/0 558 0- 60{ 74{ Kalat Longitudinal ... [ 1904-08(0-3650-25
26| Aln Meridional .. |1851-520-817 {0- 68 75| Baluchistiun ’l‘mngu-
27| NortA ParasnitA Mer.|1851-52]0-895 |t - 25 lation . [1908-09[1-34811-0
'Y KditNigwir Meridional|1852-56]0-990(1 - 11| 76 North Baluchistan ... {1908-100-221 017
29| Gujardt Longriudinal | 1852-620- 850113 77| Gilgit .. |1999-11 0--143 D97

30 Kathiawar Lien. 1853 |1-481 i - 34} 78] Khasi Hills 1909-11 [2- 038 8-0)
31} Sibarmati 1853-541- 348 |2 - 84 79| Mawkmai 1909-11(1-576p35
12| Great Indus ... |1853-61(0- 85910+ 43] B0} Upper Irrawaddy ... |1909-1110-506 D-48

A3} Rakom Meridional ... |1852-83|0-32710-37] 81| Jaintia Hills ... 1191011 p- 086118
34 Adssam Longitudinal... | 1854-60]0-57910-7)] 82| Bhir ... j1911-120-794 D 9
33| Culch Const ... | 1855-58]0-986 |1 - 27| 83| Raoeli 1911121 R0 R
4t Kxshmir Principal ... [1855-80[0-884 0-86] 84{ Villupuram 1911-12[1-184 -7
37| Jogi-Tila Meridional |1855-03(0-48110- 59| 85 Sambalpur Meridiona! |1911-140-250 p-21
37| Sambalpur Lon. ... | 1356.57{0-8080- #7| 86| Indo- Russian Connec-

39 (Cuteh) Coast Line 1858-6010- 97011 - 47 tion ... |1912-13]2- 790802

87| Kbandwa 1912-13]0 29911 -27

W K&thiawidr

Meridional No. | ... |1858-59/0-930(1-51| 84 Ashta .. 11913-151 04888
41| Kathidwir 89! Buldana ... |1913-14|0- 304 0" &
Meridionsl No. 2 ... | 1850.80|1-247]1- 75| 90| Naldrue 11918141 - 405]1-8%

12 Katiiawar i
] Mosdonar No. & 48500010 wgely - 43 91 Naes Hills 1912-14¢- 013 B
, 92| Mildle Gedavari 1014:15/0 181-08

13| #idar Lowgitudimal . | 1859.72(0-311[0- 300 93] Kohina 1914151 0L 8
‘44 Eadiern Frontier or
1 Skiiiong Meridional |1860-44/0-409(0- +od 04 Cichar L 11epeas|y HTTR-8
43| Sutlyy Mevidional . [1881-¢3(0- 346 n-sj 95] Bonubay 1sland 1911-14 aliss

" 916-17(1 48|k
1A Mad-os Mer. and Corst] 1881-88[0- 52410 - 40! 96] Madara :

t7 K;;hif“dvir N 97 Bignlkot 1916-17}0 i01/0°

eridion.] No 4 . |1863-841-154[1 7% 03| Simd S tangu

4{&"‘ Calestta fon. ... |1863-88/0-379[0 57| li:ﬁmasu Tetang 1917-18{1 8715 |32

Met. = Meridional. Lon.= Longitudinal.
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During the Assam observations the weather was not favourable.
The observations were sometimes hampered by rain and clouds; humi-
dity was generally excessive. As a result of the humidity, the weather
during the later portion of the nights was generally misty, and the
mist used to condense thickly on the objective of the telescope or the
prism of the astrolabe so that observations had usually to be stopped
at 230 a.m. The astrolabe was found particularly troublesome in
this respect as not only did all the faces of the prism become clouded
with moisture, but the surface of the mercury in the trough also became
sullied and required cleaning every few minutes.

Determinations of the value of one division of each of the level

scales were made at the beginning and end of each field season. They
gave the following results:—
1923-24 1924-25
Level No. 6 0-8067 | 0°8366 | 0-822 || 0-8010 | 0-8816 | 0-84l
Level No, 9 0-9186 0-9082 0-913 0-9352 0-8904 0-913

In 1923-24, the micrometer value was obtained by observations of
80 eouples of stars, the mean value of one division being determined as
07:69159. This value proved satisfactory for all the stations except
Rémnagar which was recomputed with a lower value (0”°69040).
Thls]tgave an unchanged value of latitude but closer accordance between
results,

In 1924-25 the micrometer value was obtained by observations of
4’} couples of stars the mean value of one division being determined as
07:69160. This value proved satisfactory for all the stations.

The results of the observations are shown in Tables I and II.

109.
Weather
during
Assam

observations.

110.

Value of one
divigion of
lavel scale.

111.
Micrometer
value
1923-24.

112.
Micrometer
value
1924-26.

113.
Results of
observations,
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(Conta.)

114.

Hayford
residuals.
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The 1923-24 stations were all situated in flat country, so tiy
there were apparently no local causes for plumb-line deﬂectlon at ay

of them.

The topographical effects attributable to visible masses have by
estimated from maps, and the Hayford deflections deduced therefrg
on the hypothesis of a uniform isostatic compensation at the depth

113-7 Kkilometres.

TABLE V.—Values of Hayford Residuals, seasons 1923-2

GEODETIC REPORT

The following table shows the residuals for th
above stations unexplained by the Ha.yford hypothesis :—

l

Observed Estimated
. astronomical topo
Name of station detlections | deflections
(1) ()
1923-24 | |
Ramnagar L —13-67 —86-36
Saunbarsa . i -10.00 . ~-77-02
Sikta  _12.06 | —83-91
Mathia -10-26 | —81-39
Siniria - 6-29 | —83-20
Kopi - 250 . -66-29
Rajabari o= 0.92 i -70-19
Shahpur oo+ 036 1 —77-64
Bisaul 453 | —5882
Ramapura + 8:15 —47-18
Baniapar + 773 | —s7.02
Kanaun + 976 | —51-58
Sirwara + 9-88 —51-73
|
192425 In order of;ohserved defle

Salima Tila -16-25 | —57-44
Abangi Tiln -15:63 —60-14
Dali Tila -11'19 -56-02
Librugarh - 7:31 —70-02
Ataro Banki - 4:09 -79.32
Kashdaha [ - 3.74 -64-91
Mymensingh =37 -55:48
Sildubi S+ 079 -77-20
Raiknsni + 3:14 -72:04
Jamtolla + 3:23 - 80-64
Shillonz L+ 3.2 -59.62
Phakwadal R N 6] -61.50
Ganhiti . +10-91 ~65-47
Golaghat Ll 12079 - 5905

Hayford Unexplained
deflections residuals
(3) (ORt)
— 7-18 - 64
- 43 - 563
- 6:59 — 54
— 5-27 - 49
- 5.57 - 0.2
- 2:59 + 0:09
- 3-06 + 21
— 3-94 + 430
- 1-38 + 600
- 0:32 + 847
- 1-12 + 88
- 0-17 + 99
~ 077 +10-65
I B
ctions |
—~ 318 | -1300
- 431 L _nw
~ 2.79 - 840
_ 4.99 ~ 3.0
- 3.97 - 01
- 2.03 -1
- 1-74 - 1.97
~ 5.63 Y + 6-42
— 2.38 + b+62
- §5-40 + 8:63
+ 1-96 + 1:29
- 129 + 904
+ 043 1048
- 0.03 1 +12:85
l e
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The position of the stations of Table V is shown on the latitude Chart
No. ITI. In addition two average or representative sections (Plate VI)
have been prepared running due north and south through the west and
east groups of the stations, Ramnagar to Sirwara. On these sections
the vertical scale of heights as well as the deflections have been shown
on an exaggerated scale.

The stations Salama Tila to Golaghat have been arranged in order
of their deflections from the greatest negative to the greatest positive
deflections. The large residuals i.e. differences between Hayford and
observed deflections, both negative and positive, would show that this
theory cannot account for the deflections actually found at the various
stations, and that the condition of uniform isostatic compensation is far
from being realised in this area.

The deflections at the old latitude stations on approximately the
same meridians have been shown in red on these sections in order to
illustrate roughly the changes of deflections met with from north to
south.

It will be seen from a comparison of the Tables No. V and the
sections, that on the Gangetic plain, the Hayford residuals increase
steadily from north to south viz:—from —6”:49 to + 10”7-65. The
Hayford theory, though reducing the large estimated negative deflec-
tions of the topography, does not account for the positive or negative
deﬂggtions actually observed. To analyse typical instances, the total
positive or southerly effect of the topographical deflection at Ramapura
has been only estimated at + G”-26, the negative deflection due to sea
areas totals —4”+87, and northerly negative deflections total —46”-37.
The reduction by multiplication by Hayford factors (less than 1) of the
total positive value of +6”-26, even when accompanied by a decrease
of the negative totals of —4”+87 and —46”-37 in the same manner,
merely reduces the Hayford result to — 0”32, a negative value, whereas
a deflection of + 8”15 was actually observed. Similarly at Ramnagar
Hayford factors merely reduce an estimated total topographical deflec-
bion of —~86”:36 to —7”-18, whereas a deflection of —13”-67 was
actually observed.

If the average width of the Gangetic plain in this area be taken as
172 miles from the 500-feet contour on the Himalayan side to the 500-
fget contour to the north of the sonthern mountain mass, the average
distances at which deflections occur, reduced to this width, are approxi-
mately as shown in table at page 160.

115.

Representa-
tive Sectiosg,

116.
Comparison
with sections.

17.

Summary,



17.
(Contd.)
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.
At an average distance
. . . from the 500-feet
Deflections Whence derived contour on Himalayan Remarks
side of miles
" .
- 1367 Ramnagar 12:0 7Y | Decrense of nep.
tive  deflection
- 11-16 Mean of Mathia and from —-13"67 4
Sikta . 18-1 L| © fairly uniforn
at a rate of 1” de-
flecti 24
~ 8-15 Mean of Sinaria and 30; :311:18 2}1.05rmil:‘,
Saunbarsa 29.1 J sucecessively
- 1.02 Mean of Kopa, Shah-
pur, and Rajibari ... 457 W Tncrease of positise
values abt a e
+ 5:39 Bisaul 665 creasing Tale o
1” deflections pur
. Mean of Baniapar and L | 33 and 65 nils
+ 881 Sei':-]\]vam P 88+9 successively
+ 896 Mean of Kanaun and ) -
Ramiapura 123-5 J Increase of positive
| value very slo.
i only 0”15 in 346
| miles
I

From the above summary of the rate of change of deflections fron
negative to positive values, and particularly from the evidence of the
slow rate of increase of positive values in the case of the last 4 station
it would appear that the stations, as we proceed southwards, are gradu
ally coming more vertically above the “ hidden chain’ or subterraes
protuberance of cxcessive density, referred to in Professional Pape
No. 5, which is indicated as occurring in the neighbourhood of latitud:
227 in this part. » ‘

The difference of densities : i.e. deficiencies under the Himalaya an
excesses under the plains and southern masses, postulated by the systen
of uniform isostatic compensation, are inadequate to account for the
deflections actually observed. 'The Himalayan attraction would appea
to emanate from a creater depth and material of lesser density, and the
attraction of the ““lhidden chain” would appear to emanate from ¢
lesser depth and denser material than can be accounted for on the
Hayford hypothesis.
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CHAPTER IV

GRAVITY AND LATITUDE
(No. 14 Party)

BY

Carrain E. A, GLENNIE D.S.0., R.E.

AND

Caprain G. H. OsmastoN M.C., R.E.

Pendulum observations, in abeyance since 1915, were resumed in
season 1923-24 when eleven stations extending from Pilibhit (U.P.) to
Motihari (Bihar) were occupied. A list of the stations is given in
Table VI. They are all in the Gangetic plain and their immediate sur-
roundings are flat. All these pendulum observations were made by
Captain Glennie.

Thanks to the kindness of the local officials good observing rooms
were available at every station. The hourly changes in temperature are
shown in Table I. These changes give an indication of the temperature
control, but bear no definite relation to the lag in temperature of the
pendulum behind the air temperature in the pendulum case. The
temperature of the pendulum has been determined throughout by
reading a thermometer in a dummy pendulum, so no lag corrections
have been necessary.

TABLE I.—Hourly changes in temperature, season 1923-24

Night Day Mean

Name of station ED% ® | Hourly gj’% o | Hourly g‘)g @} Hourly
§ S‘E change § E‘E change § g‘E change

43 <2 <3
Dehra Diin 1941 +0-.08| 19-2| +0.11] 19-3| +0-10
Etawah 22.9 | +0.13| 22.8| +0:19| 22-8| +0-16
Fatehgarh 19-4 | +0-.00| 193! +0.14 | 19:3| +0-12
Pilibhit 17.6| +0.11] 17-3| +0.26 | 17-4{ +0-19
Bhihjahanpur 16-8| +0.02| 160 | +0.21 | 16-4| +0-12
Sitapar 156 —0.22| 14-4| +0.40| 150 +0-09
Sondripur 15-1 ] 4015 | 47| +0-33| 149 +0-24
Babraich 18:81 +0.10 | 13:4| +0-10| 18:6| +0-15
Gond 19-7 | +0.11| 92| +0.18| 19-4| +0.15
Gainsari 189 | +0.09| 185 +0.28| 187| +0-19
Bagaha Qb 19-9| +0.16| 19:4| +0-35| 197 | +0-26
Motihiri 21.7| +0.23| 21.6| +0.31] 216 | +0-27
Pehra Diin 201 +0.19| 19.8| +0.21| 199 +0-20

118.
Pendulum
stations
1923-24.

119.

Temperature
control.



120.
Flexure
measure-
ments.
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Observations for the flexure of the stand were made at the con-
mencement and close of work at each station, two sets being taken s,
rule. The mean values before and after work and the adopted walu
are shown in Table II.

TABLE II.—Mean and adopted values of flexure, season 19239
(The unit is 10~ "see.)

‘ Mean
Name of station “ Date observed |Differences Aaieox;:lt::
, flexure
- T |
! 1923
|
Dehra Dun ... | Nov. 9th 52-41 1-36 53
. 14th & 15th 53-77
Etawah ... | Nov. 26th & 27th 54-11 1-07 54
: Dec. 1st I 5304
i
Fatehgarh cv 5 6th 5872 1-00 58
. 10th 5772
Pilibhit ... . 16th 54-22 2:05 55
| 20th 5627
Shahjahanpur ... j . 26th 53.27 264 51
| . 30th 4963
| 1924
Sitapur ... Jan. 12th 5254 1-14 52
., 16th 51-40
Sonaripuar e ow 22nd 83-87 1-79 86
I, 26th 8566
Bahraich ... . Feb. 2nd 49-95 1-13 49
. bth 48-82
Gonda we! 4 Tth 49-18 2:04 48
. 10th 4714
(ainsari L., 1lth 53-15 0-07 53
. 14th | 6322
Bagaba Ghat ..., ,,  19th ‘ 5945 0-41 59
o zand i 59-0.4 '
| |
Motihari o 26th | 46023 0-31 46
| 20th ‘ 4654 1
Dehra Diin ... Mar. Bth 15-04 2-86 I 44
16th & 17th ' 42-18 \ |
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The clock rate was determined by Mr. R.B. Mathur. At the
wmmencement of the field season a break-circuit chronometer (No. 6688
by Vietor Kolhbem‘) was employed. From the beginning this showed
bw fluctuations in rate, and after the 1st day’s obselva,tlons at Shah-
]ahanpux (the 4th field station) the fluctuations became so big that the
rsults were useless. The old pendulum clock (No. 238 by Strasser and
Robde) was then taken into use for the remainder of the season. This
dock had a very steady rate but gave trouble owing to a defective
dlectric cireuit tlnouoh the clock, which was remedied on return
to Dehra Dan. The mean plobable error of clock rate, determined
from observations on two successive nights, was + 002 seconds; and
the mean probable error of the rate derived from observations to one
star on two successive nights was +0:07 seconds. The corresponding
wror in the mean time of vibration is only +1 x10-7 seconds.

The probable error of a single observation of the mean pendulum
5+7x10-7 seconds. The differences between individual and mean pen-
dulums are given in Table III. There appears to have been an abrupt
thange in the times of vibration of pendulum No. 138 commencing at
Sonanpm and remaining fairly constant thereafter. No reason hasbeen
found for this ehange which is comparable to the change in pendulum
Yo.137 in December 1906 (vide Professional Paper No. 10, p. 160).
At Gonda the times of vibration of pendulum No. 137 were inconsistent
vith the others. This is believed to be due to an exceptional accumula-
ion of errors in clock rate, temperature observations ete. and not to a
temporary change in length. This pendulum has been ignored when
leducing the results at this station.

T4BLE III—Differences between individual and mean penduinmns,
season 1923-24. (The unit is 10 "sec.)

Name of station ( 137 l v l 138 ‘ v ‘ 139 \ K ‘ 140 ‘ v

- - —

Dehra Din | =60 ¢ 5l —2478| ~16] + 900 | - 2| + 1027| ~ 7
Btiwal ol —e3] + 2l 2487 —25] + 919 | —12] + 1631 =11
Fatehgarh | -3 - 8 —2460| - 7| +920| -13| + 1623| - 3
Pilibhit | =59+ 6] — 2182 ~20| + 918 | —11| + 1624 | - 4
Shihjahan pur w | =m0 - 5l ~ 2180 | ~18| + 913 | - 6| + 1637 -1
Sitipur | =10 _1;\! — 2436 | +26| + 904 | + 3| + 1613} + 7
Soniripur | =60 = 4l -0z 0y 4+ 900 | - 2| 4 1623] - 3
jlal.rni(vl. co| =BTl + 8 = 2BO| #12| 4+ BO4 | +13| + 1613 | + 7
t:(:nl;.' | =2a| 440 - 2465 - 3] + 889 [ +18] + 1602] +18
Hainsari | =T = O =24 421 4+ 904 |+ 3] 4+ 1611 + 9
Bagaha Gt IO T A TV TR IR IR IS PR R
Motihiri f =GB — 3] 2135 | + 7| + 903 | + 4| + 1620 0
Debra yiin : &

-““RHQ ‘ - [ B ." . \ 7 - T ) '7‘ T
. .| -o5) | -zanzl | 007 ( + 1620

121.

Clock rate.

122,
Probable
error of an
observation,



123.

Times of
vibration at
Dehra Dun.
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The times of vibration of the pendulum at Dehra Din are oy
in Table IV. Since there has been a change in pendulum No, 1%
from Sitapur onwards, the value of the mean pendulum at Dehra Dj;
must be considered changed also. Pendulums No. 137, 139 and 1y
have remained unchanged: the mean of their values at Dehra Din
beginning and end of season has therefore been adopted for all statin
For pendulum No. 138 the value obtained at Dehra Din in Novenl
l.e.,, 05074986 seconds has been adopted for the first four stations
the value at Dehra Dan obtained in March for the remainder.

TABLE IV.—Times of vibration at Delkra Dim, season 19233

Date 187 138 139 140 Mean
1923
$ s § $ 8
Nov. Oth & 10th| 0-5072557 | 0-5074995 | 0-5071587 | 0.5070866 | 05070
, 10th & 11th 2580 4987 1620 0879 i
, 11th & 12th 2572 4977 1597 0882 i
., 13th & l4th 2564 4984 1590 0895 i
Means o | 0.5072568 | 0-5074986 | 0-5071599 | 0-5070881 | 0-5073
= — e
1924

March 10th & 11th| 0-5072561 . 05074941 | 0-5071592 | 0-5070876 | 0-50724
., 1lth & 12th UL 4955 1508 0880 il

|
! 036
. ldth & 15t) 2577 1968 1587 cgr9 | W

!
! -
. 16th & 17th 2574 4963 1600 0890 bl
I B .
Menns | 0-s0iesT2 | 0-5074957 o-so71594| (- 50TOS81 | 0-BTER

Adopled mean times of vibralion

\ - .5O7T2"
Nov, & Dec. 19231 0:5072570 | 0-5074986 | 0-5071597 | 0-H07088! { 0-507%

| 1 f o,
0-5071507 © 0-5070881 050720

i [E—

Jan.to Mar. 1924 05072570 ' 0-5074957




IV

In Table V are shown the mean times of vibration at each field
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station with the value of g deduced therefrom.

TABLE V.—Ohserved values of g, season 1923-24

EEGTEDCC
. from Observed
Name of station Times of Dehra Din value of
vibration (onit is g
- 10 7 secy |
t
s dynes

Dehra Din *0-5072509 0 979-063
Etiwah 0-5072677 + 168 978-998
Fatehgarh 0.5072612 + 103 979.023
Pilibhit 05072556 + 47 979045
Shahjahanpur 05072567 + 89 979040
Sitipur 0-5072657 + 156 979-003
Sonaripur 0-5072631 + 130 979-013
Bahraich 0-5072724 + 223 978-977
Gonda 10-5072773 + 295 978949
Gainsari 0-5072813 + 312 978-943
Bagaha Ghat 05072865 + 364 978-923
Motihari 05072937 + 436 978-895
Dehra Din 0-5072501 0 979063

Table V

TheI summary of the results of 1923-24 season’s work is given in

—_—

* The exact value is 0-50725085 scconds.
t Mean of pendulums Nos. 138, 139 and 140 only, the value for Dehra Din for

thase three pendalums being 0- 5072478 sceonds.

124.

Values ol g.

125.

Summary,
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The results clear up various doubtful features referred to in Professional
Paper No. 15, page 137. It is now evident that there are no belts of
hich density running eastward from Agra or Jhiansi to Allahabad and
the large low density area south east of Jhansi is connected directly
to the main trough at the foot of the Himalayas with no ridge of
higher density intervening. This causes a smoothing out of the main
imegularities in the contours and makes the apparent trough of low
lensity between Gesupur and Hathras quite an insignificant feature.
The revised contours are shown in Charts VIII and IX.

During recess an attempt was made to determine the constants
‘of two quartz pendulums by observations in Dehra Dan and Mussoorte.
Most unfortunately just at the completion of the work both pendulums
were broken while being carried down to Dehra Dan. The work was
not entirely wasted, as it led to a reconsideration of all the various
conditions of observation (morve particularly the temperature effects) and
asa result it may be possible in future to get good results with brass
pendulums in a tent, which had previously been considered impossible.

The four brass von Sterneck pendulums Nos. 137, 138, 139 and
140 obtained in 1902 were taken to England in April 1924 to redeter-
mine their times of vibration at Kew. The results of these observations
are given below : —

Times of vibrations at Kew

Pendulum No, 137 138 139 140
_— -
June & October s s s s
1903 05067066 0-5059 436 0-5066100 0-5065335
—_—
Juue 1925 05067023 0-5009411 0- 5065040 0-5065329

The times were oblained by wireless time signals from the Eiffel
ower. The pendulums were also swung at Cambridge, whieh is to be the
e station for the new gravity survey of England. Details of the
Miginal observations are to be found in Professional Paper No. 10, Chap. 1.
The 1925 observations were made by Lt.-Colonel . McC. Cowie, R.E.

. It had heen intended to make observations in Assam during the

Xlnter season 1921-25 and in Kashmir during the summer of 1925.

s however, the pendulums had not arvived back from England by

anetObe" 1924, the Assam programme was abandoned and the design
manufacture of new pendulums was put in hand.

o T_he three pendulums were of brass cast with the stem and bob in
® piece. Through the kindness of Colonel W. Bell, Electrical En-
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gineer to the Mussoorie Municipality, the casting and rough turniy
was done in the Mussoorie Electrical Workshops; the wooden templat;
for the pendulums and the fine turning and fitting were done in f
Geodetic Branch Workshops ; the gun metal knife-heads were male
the Mathematical Instrument Office, Calcutta, the knives were agate
the case of No. I pendulum and stainless steel for Nos. 2 and 3 pendulun
Unfortunately hard stainless steel was not available at that time;
Calecutta, and changes occurred in the times of vibration of Nos da
3 pendulums during the field season as a result of the blunting of t
knife-edges.

The pendulums were not annealed and changes occurred whig
were probably due to the adjustment of strains set up in the castin

The pendulums were lacquered.

The design of the pendulums followed generally that of th
old von Sterneck pendulums, the chief modifications being :—
(/) The stem projected about an inch above the knife-hul
This obviated all handling of the knife-head itel
when putting the pendulums in position for obs
vation.
(i) The stem was thicker, as it showed a tendency to whipe
the lathe. |
(/i) The knife-head fitted on a squared portion of the St&lh%
with the upper part pressing against a flange on tt
stem and was clamped in this position by mesns o
setscrew. .
A new dummy pendulum for the thermometer and a new drim
pendulum for the flexure observations were also made in the Geodett
Branch Workshops.

Observations were made at Dehra Dian ina cold room and 0!
specially heated room and also at Evelyn Hall, Mussoorie, o “tﬁ
obtain a low air density, there being no suitable vacuum appanitt
avallable.

The ranges of temperatures and densities so obtained were:—

Temperature from 10°-20 C to 25°-44 C
Density from 0-737 to 0°-885

. - . #
As the density was not constant at Dehra Din, results were

pressed in the form—
S+ KT + K'D = 8 .
! . uare
and values for g,, K, and K1 obtained by the method of least $q
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The resulls of the pendulums compared :—

Tempera- Dens
Reduced ture factor ensity
. _ factor =k!
Pendulum No. times of =k 4
vibration =s, | (amit is (““7‘ 18
10_7860.) 10~ sec.)
No. 1 0-5070460 46 ' 667
n 2 0-5075733 50 ; 6318
|
w 3 0:5060075 47 576
No. 137 05072594 49 594
, 138 0-5075016 49 572
1'
. 189 0-5071620 49 606
. 140 05070864 49 606

As observations in Kashmir would have to be carried out in a tent,
temperature conditions were likely to be bad; investigations made
(_iurmg the recess of 1924 showed that results would still be satisfactory
if the temperatures were obtained from a thermometer placed in a suit-
ly designed dummy pendulum. No such dummy pendulum had
been used for the tent chservations in 1901-05, which were considered
unsatisfactory,

However iu order to reduce temperature changes as much as possible
the old routine of observing four pendulums each day was abandoned.
One pendulum only was observed each day so that the pendulum case
tould remain closad. )

A lengthy comparison of the pendulum clock (Strasser and Rohde
No. 238) with the newly installed Riefler clock showed that the former
had 2 regular change of rate. This being so, the old system of observ-
g twice in 2.1 hours with the 1st observation shortly after the evening
sar observations was not satisfactory. Three observations i the 2
hours weve adopted, the middle observation being just 12 hours after
the star observations, the other two equally before and after the middle
one, (in practice shortly before and after the evening star observations).
| In order not to depend entircly on one timepiece, the pendulum
tock, (3 & R 238) and the box chronometer (Vietor Kohlberg
0.6688) were used. The method was as follows :—

Ist serics of coincidences with S & R 238, then immediately

i Ist . with No. 6688
en 2nd , . with S & R 238 and
nd ,, " . No. G688
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allowing as usual an interval of 60 coincidences between the Ist and
2nd series of each clock.

The two results are equally affected by temperature, density
flexure errors, so if they differ it is solely the result of irregular flucty,
tions in clock rate: this method therefore is an excellent check o f
behaviour of the clocks.

As the pendulums were new it was anticipated that they mighi
change ; so atter observations had been made at the first five stations th
pendulums were reswung at Dehra Dun; and in Kashmir a sub b
was established at Gandarbal, the work being divided into two othy
cireuits beginning and ending at the sub base.

The programme for the season 1924-25 commenced with tm
stations in the plains of the Punjab followed by a line of station
running from Rawalpindi northwards into the Himalayas as far as th
Deosai Plains; in addition a number of stations were occupiel
the valley of Kashmir itself.

The party consisting of two officers, two computers and twenls
men left Dehra Duan early in March 1925.  All went well with thenes
apparatus and Captain Glennie returned to Dehra Dan after completing
the first five stations and reswung the pendulums to check any chang

From this time Lieut. Osmaston replaced Mr. Mathur in the pattr
as the latter was required for observatory work at Dehra Din.

The party had the misfortune to resume work at Baramala just 4
the time when the cholera epidemic which afterwards spread all o
Kashmir, broke out there. A f/ndal died at Baramiila and obse_rvathns
were abandoned, the party moving at once to Shadipur at the juncto
of the Sind and Jhelum rivers. One Z/alasi died of cholera at Shadipr:
the contacts were then isolated for 14 days on a small island inth
Sind river below Gandarbal. The whole personnel of the party wer
inoculated by Captain and Mrs. Glennie, as no medical aid was availabk
nearer than Srinagar, where the doctors were fully occupied. .

The headquarters camp was established at Gandarbal, and 1:ema1}led
there for the rest of the season ; only the eight fittest Jhalass bemg}
taken for the hill work. The transport was engaged locally s
consisted of about forty ponies and ten coolies.

No further cases of cholera developed, and the party pl‘ocgeded uf
the Sind valley; unfortunately the Daffadar died of heart disease®
the way; otherwise, from this time forward the health of the part
remained good.

Having completed observations at 2 stations in the Sind va“qﬂ,‘r-
at the beginning of June the party struck north, ria the Satsaran L[Iﬂe
Gali and Mashid Gali passes, both snow covered, thence acress 'Ili
Kishenganga at Badogam joining the main route to Gilait a fev ml-P\:
north of (rurais. No serious difficulties were experienced on the “I“;
as the weather was finc, and there was deep hard snow on the pass®
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The Gilgit road was followed as far as Burzil chowfi, and the Skardu
route, which branches to the right over the Sarsangi and San Sangri
passes on to the Deosai Plains. Considerable difficulty was encountered
between Burzil and the Deosai ; the passes were not open and the weather
was unsettled with clouds at night; thus in spite of marching before
laybreak the ponies constantly fell through the soft snow, and progress
was extremely slow and laborious; 12 miles being covered in three days.

During three weeks on the Deosal, observations were taken at three
stations at an average height of 13,000 feet. At first the weather was
tld and windy with a2 minimum temperature of 27° F., but later the
weather conditions improved and it was fine and warm during the day.

The two views of the Deosai show the type of the country to
some extent; consisting of round-topped, low, rolling hills with flat
lixariant moorland between, traversed by many streams and covered
with innumerable small lakes and pools. The numerous streams combine
to flow out at the south east corner of the Deosai which is otherwise a
complete basin, 20 miles across, surrounded by a wall of mountains
whose steep and rugged outline is in marked contrast to the gentle
slopes of the plain.

No supplies of food eould be obtained locally, although large flocks
of sheep and goats are brought up later for the excellent grazing.

Having completed the work in this region the party returned to
Uandarbal by the Gilgit road ; while passing Minmarg, a small village
of some 20 dilapidated log huts, it was noticed that the cairn erected to
mark the latitude station on the way up, had disappeared; on inquiry
the station proved to be in the middle of the local polo ground and 1t
was agreed that the mark stone should remain at ground level, with no
eirn over it.

Pendulums were reswung at Gandarbal, and three other siations
Were occupied in the valley of Kashmir and three at varying altitudes
In_thg Pir Panjal range to the south. During this period clouds and
Min interfered ith the star observations; fortunately the Astrolabe
Programme, necessary for determining the time, was very short, other-
"ise pendulum work would have been almost impossible.

The whole programme was successfully completed early 1in

September and the party proceeded back to recess headquarters in
Dehra Dan.
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A sub base and circuits

Circuit II Circuit 111
Circuit 1 (Sind & Burzil Valleys (Kashmir Valley & b
and Deosai Plains) Panjal)

Dehra Dan (1) ... | Gandarbal (1) ... | Gandarbal (2)
Wazirabad ... | Hayan ... | Lalpur
Jhelum ... | Sonamarg ... | Srinagar
Rawalpindi ... | Churawan .. | Pingalan
Domel ... | Minmarg ... | Yis Maidan
‘l)ehra Dian (2) ... | Deosai I ... | Korag

o 11 ... | Tosh Maidan

y JII Ganda.rbal (3)

Gandarbal (2) ... | Dehra Dun (3)

In addition, observations at Shadipur in the Kashmir Valley mit
between Circuits I and II are grouped with Circuit IT in Table VI

TABLE VII.—Flexure corrections, season 1924-25

Cirenit T 1;3‘,’;32 Circuit 1T lgfitsiesc_ﬁ Cirenit TIT “‘)‘E‘,‘;
Dehra Dian (1) (a)} — 98 | Shadipur (6) | —116 | Gandarbal (2) (¢) -9
Waziribad  (a) | —135 | Gandarbal (1)(b)| -117 | Lalpur @ -®
Jhelum (1) | —100 | Hayan ()| -164 | Srinagar @] -*
Rawalpindi (a)| - 89 iSOnamm-g ()| -229 | Pingalan @ -W
Domel (a) | =103 | Churawan ()| -101 | Yis Maidan (%) -l
Delua Dan(2) (1) - 60 }Minmarg ()| -193 | Korag (@ -i

i 1 Deosai I ()| - 62 | Tosh Maidan @ -t
4 ! " 11 (! - 62 Gandarbal (3) (¢}| - ¥
| ‘ 11 (@)| — 58 | Dehra Din @) () %
| R

In the above table (a), (4), (¢) and () denote the various meth
of setting up the iron pendulum stand.

() TIron pendulum stand set up on a concrete

plaster of Paris. "

(6) A pit 5 inches deep made in the f:l'julld,_ th",e:ilsm

wooden pegs about 15 inches long dviven 1n W! b y

tops flush with the bottom of this mt and tPari"

pendulum stand set up on these with plaster of Far

floor
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(¢) Stand set up on a large millstone embedded in the ground.
(d) Stand set up on a large stone boulder in sitd.
Method () appears to be the best way of setting up the stand on
arth without large stones.
At Pingalan the ground though apparently firm, was found to be
wntinually vibrating, possibly owing to pulsations in an underground
water channel. There was a strong spring about 100 yards away.

The pendulums were swung in rooms at Dehra Din, Wazirabad,
Jhelum, Rawalpindi and Murree. At Domel pendulums were swung
in a verandah screened off by £anats; at all the other Kashmir stations
pendulums were swung in the pendulum tent. This double fly tent was
14ft. by 11 ft. and is known as the “1905 pattern light mess tent”
made by the Elgin Mills. It is exceptionally convenient, very light
and portable and can, if required, be converted into two separate tents.
The chronograph was set up at one end of the pendulum tent.

Temperatures experienced ranged from a minimum of 5°+88 C at
Deosai I to 2 maximum of 32°-20 C at Gandarbal (2). The average
nte of change of temperature in the tent was:—

Night observations —0°:61C per hour
Morning ,, +1-39C »
Evening ’ +90 :09C »

Heights in Circuit I were obtained by levelling, in Circuits II

and IIT by theodolite observations to triangulated points. The heights

of the stations are given in Table XII at page 191.

The clock rates for Circuit I were obtained by observations with
the bent transit instrument as in the previous season by Mr. R.B.
Mathur B, ., and for Circuits 1I and III by observations with the
teodetic model prismatic astrolabe by Captain E. A. Glennie and
Lient, G. H. Osmaston at alternate stations.

The averaze probable errors were :—

— Single Mean
fistraments observation observation
T - s 8
Bent transit instrament +0-022 +0-007
Astrolabe +0:023 +0:012

For the transit instrament a portable iron stand, designed by
Dr. d_e Graaff unter was used, and proved a great convenience and
steadier than a hurriedly made pillar.

As already stated by using two elocks an indication of their relative
teadiness can he oltained from an examination of the pendulum resulfs;
ince the differences of times of vibration obtained for a given penduliim
grl)m the two elocks is altogether unaffected by temperature and
fxure errors. Table VIIT shows the difference of the times of vibration
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obtained with chronometer 6688 from the mean of the times obtainy]
from both clocks. The daily change of rate of each clock js als showy,
Table VIII shows plainly the effect on the clocks due to the advers
temperature conditions in a tent. At the first four stations i the
table, observations were made in rooms with good temperature contn]
the agreement (S, —S,,) between clocks is plainly much better thany
the rest of the stations. Clock S & R 238 failed altogether at Churam,
it was overhauled at Minmarg and new springs put in. The effeet
the new springs is shown by the greatly increased changes of rate s
Minmarg and Deosai I; after which the springs appear to have seld
down to their work. In spite of the excessive change of rate at Minmu
the value (8, - 8,,) is no bigger than at other stations showing thatfl
method of observing three times in the 24 hours is quite satisfacton.
The mean daily change of rate of the box chronometer 6688 is (i
and of the pendulum clock S & R 238 (after excluding the bad changs
at Minmarg and Deosai I)is 0s:70. The box chronometer besi
being better in performance is very much more portable and convenier
in every way. Its weight in a special travelling box is 40 lbs. and tht
of the pendulum clock and stand is 210 lbs.

TABLE VIIl.—Difference of the individual times of vibralion fro
mean and dinrnal change of clock rate, season 1924-25

“ Daily changcs of rate
‘ .
Name of station ! Pendulum | (8,-8,)x 10™" __,_,___i____,’
| 6688 | SeRZW
Wazirahad 3 12 -
2 0 -0-7 +} N
1 -3 +0-18 +10
1 T - T = ‘77 - T - 7-‘__"—" -
Jbhelum ‘ 3 0 | N ‘ ":1-
2 + 3 -0-03 +0 n‘:
1 -3 0 00 [ 0tk
—— T L T
- 2 _ 3 +0°83 +ﬂ1“‘
3 + 3 ’ —0-3f7 +0°3
Murree 1 1 : 0.‘_“
2 + 3 o023 ‘ e
T + 1 ' — neaz ! -0
D 1 | - . o
omel t 1 ; + (; i Lo
3 q o 0
3 + | - e
Shidipe x T
2 -10 ; e %: ‘ L0
1 v 4 | R W i

cih#
N . e imes of ¥
* The difference has been obtained from & comparison of Ihg ;etel‘ No. 6%
tion of individral pendnlum as obtained from cavon T
with the niean as obtained from both clocks.

ld’
e in the o
t At Domel No.2 Perdoinm appeared tosuddeniy chane: lengthin

of an observation.
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TABLE VIII.—(Contd.)
[ Daily changes of rate
Name of statlon Pendulum |(3,-8,,) » 1077
6688 B8&R 238
Gandarbal (1) 3 -7
2 +10 +0-05
1 + 5 —0-69
Hayan 1 -1 e
2 -3 +0-78 +1-04
3 - 20 —0:09 —0-48
Sonamarg 1 0
2 -10 ~-0-43 +0-25
3 —-22 -0-30 +0-26
Charawan 2 e
3 +0-07
1 ~044
Minmarg* 1 -10
2 + 6 +0-74 -9-89¢%
3 + 4 +1-69 -6:09¢%
Deosai 1 1 ~5 .
2 -3 -0-04 -1-16¢
3 —~12 +0-37 -3.43+
Deosai 11 1 -2
2 -22 +0-82 -1-10
3 =15 +0-21 -0-37
Gandarbal (2) 1 +17
2 + 6 -0 11 000
3 b .
———
Lalpur 1 0
9 + 9 +1:02 +1- 27
3 -~10 +1:62
.
Srinagar \ + 5
2 + 14 - 087 +0-14
3 +14 -0-07 -0'07
Pingalan ] 1 +28 i
2 + 4 —-0-39 -1-75
3 -1 ’ +0-20 ~0°06
Yia Maidan T 1 -3
2 +31 -0-01 +0°14
A - 26 —0.86 ~1:64
Kmg ] ~ 8|
2 -1 ' -0-57 -0-43
3 -7 | -0.22 -0-45
S

* - . ;
me springs put in at Minmarg.
t Theso values are omitted from mean.
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TABLE VIII.—(Conld.)

Daily changes of rate

i
Name of station Pendalum {(8;—8.,) x 10-7 {ﬂ

|
! 6688 ) S&R 24
i i
Tosh Maidan 1 —-29
2 + 14 +1:90 +2:4
3 0 —-0-90
Gandarbal (3) 1 - 26
2 +19 +0-44 +176
3 - b 0-00 -06
Mean™ - ’ 9 ‘ 0-45 070

The method of observing only one pendulum each day hastl:
effect that the result obtained for each pendulum contains differes
- clock rate, temperature and flexure errors ete. so that the differences¢
‘individual pendulums from the mean or from the Dehra Din valued
-the pendulums will vary more than was the case before, whensl
pendulums were observed each day. Table IX shows the differencesd
individual pendulums from the mean pendulum, and the differences fur
the first Dehra Dan value of each pendulum from the various station
A line indicates where a change in the pendulum has occurred betwer
two stations. The following deductions regarding the pendulums hav
been made from consideration of table IX at page 184.

No. 1 Pendulum—Circuit I. A change of —28°x 10’7.occl_1rrf~1
between Jhelum and Rawalpindi. No changes occurred in Circuits]
and III. There has been no noticeable deterioration of the knife-edz:
which is made of agate. The change in Circuit I was probably duet
adjustment of strains set up in casting.

No. 2 Pendulum—Circuit I. A change of ~116°x 1077 occure
between Jhelum and Rawalpindi. At Domel No. 2 Pendulum appesrt
to be changing during the observation ; possibly any tendency to chan
was increased by the move from Murree which was under snow b
Domel where it was very hot. The value obtained at Dehra Din®

March 1925 shows a change of —214° x 1077 after Murree. Cireuts I
and III.—Since No. 1 Pendulum remained unchanged in Kashmir fl
can he used as a means of standardising the other two pendulumt
Gandarbal is the sub base, the three values for No. I Pendulum &

Gandarbal show a mean difference from Dehra Din of —43° x 107", He

No. 2 Pendulum is assumed to have changed by + 130" x10 7 for th
stations Gandarbal (2), Lalpur, Srinagar, Pingalan and to have 1'ema"‘n
unchanged for the other stations. A further change OCCu.rred betwt?el;
Gandarbal (3) and Dehra Din. The knife-edge has deterlora_.teds ast
evidenced by the more rapid waning of the amplitude. It is of
stainless steel.

* Without regard to signs.
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No. 3 Pendulum—Circuit I. A change of —109°x 1077 occurred
between Jhelum and Rawalpindi. Circuits II and III—There was a
change of —125°x 1077 for the stations Sonamarg, Churawan, Min-
marg, Deosai I, and Deosai II, otherwise no change in Kashmir. A
further change occurred between Gandarbal (3) and Dehra Dun. The
knife-edge has deteriorated ; it is of soft stainless steel.

142.
(Conta.)
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TABLE IX.—Differences from mean and Dehra Din values,

GEODETIC REPORT

season 1924-25. (The unit is 10 "sec.)
Difterences from the mean Iliﬁerences_fn.m
. . Dehra Din
Name of station - <_
No.1| » [No. 2| » |No.3| » No. 1|\o"
Debra Din (1) — 1629 — 130, + 3644/ + 098] — 2014 + 033|| .
Wazirabad —1610{— 111/ + 3642 + 096| - 2033! + 014) — 838 — 859-8;
Jhelum — 1595/ — 096/ + 3629) + 083 — 2034 + 013 — 828~ 71 -
Rawalpindi . |—1568|—069| + 3595 + 049 — 2026( + 021||~ 755/— 860
Murree + |- 1574 —075| + 3596| + 050| — 2021 + 026/ + 071|— 032+
Domel — 634 .. -11
Dchra Dan (2) —1501| =002} + 3470|— 076/ - 1967| + 080 ~ 028|- 330 -1
l
Shadipar . |-1511) - 012 + 3532| — 014 — 2020 + 02%7|— 030
Gandarbal (1) - 1488] + 011| + 3491| - 055| — 2004| + 043(| - 069
Hayan —1452| + 047| + 3486| - 060| — 2033| + 014 + 205
Sonamarg . |- 1448 + 051| + 3547| + 001| —2099| — 052 + 635
Churawan —1441[ + 058! + 3511/ —035| - 2069’ - 022] + 458
Minmarg . |- 1440} + 059) + 3550| + 004] — 2111} - 064} + 662
Deosai I + 1144
Deosai II . |-1421] + 078| + 3550| + 004 - 2128/ — 081/ + 1135
Deosai 111 ~1476) + 023| + 3503| - 043| ~ 2026) + 021/ + 1001 + 1009 +43
| I
\ | .
Gandarbal (2) ~ 1533| - 034{ + 3507, + 051 2064 —017] - 072|+ 08 -
Lalpur |- 1452) + 047 + 3545] — 001| - 2003| - 046] + 016]+ 04
Srinagar . §—1504| - 005 + 3579 + 033~ 2075| —OZBJ - 076+ 036 -I["
Pingalan -1561| - 062 + 3627, + 081~ 2063 - 018, — 077+ 1401
i ! | _—
Yis Maidan . |- 14821+ 017] 4 3501( - 045| ~ 2018] + 020 + 361+ 379+
Rorag |- 1480] + 019) + 3530{ ~ 016 ~ 2040|002 + 792l + 831 +F
Tosh Maidan . |- 1430} + 069) + 3472| — 074{ ~ 2042| + 0051l + 699 + momj
Gaundarbal (3) - 1445) + 054) + 3497| — 049| — 2052 ‘005" — 009]- 0391\“"
‘ /
Dehra Diin (3) - |- 1435 + 064| + 3464| — 082| - 2029 + 018 | — 015 - os7i'1-
) — i
Mean - > l
1499 + 3646 — 2047 ' )
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The Dehra Din value (s,) of the pendulums from the above de-
luctions for the various stations are tabulated below :—

Value (8,) of the pendulums at dyfferent stations

Penduloms ‘ Stations ‘ Value of (s,)
s
No. 1 Pendulum ... | Wazirabad & Jhelum 0:5070460
Rawalpindi, Murree
and Domel 0-5070433
All the other stations
in Circuits II and IIT .., _ 05070425
No. 2 Pendulum .. | Wazirabad & Jhelum 0-5075733
Rawalpindi, Murree
and Domel 05075617
Gandarbal (2) Lalpur,
Srinagar & Pingalan ... 0-50765633
All the other stations
in Circuits 1T and III ... 05075403
No. 3 Pendulum ... | Wazirabad & Jhelum 0:5070075
Riwalpindi, Murree
and Domel 0-5069966
Sonamarg, Churawan, Min-
marg, Deosai I, Deosai 11 0:5069749
All the other stations
in Circuits II and IIT ... 0-5069874

‘ The differences from the mean pendulum are retabulated in Table X
wth the adjusted Dehra Dian values. The times of vibration and
gledl}ced values of g are given in Table XI. An abstract of the results
sgiven in Table XII. Owing to the unsatisfactory behaviour of the
tvo pendulums with stainless steel knife-edges, the values of ¢ and
the correspondine anomalies should be taken as correct to 0-01 dynes
oly. A determination of the value of gravity at Srinagar was made
by De Filippi Expedition in 1914 with eight pendulums. The results
are compared below : —
dynes
De Filippi Expedition in 1914 g = 979:090
Survey of India in 1925 g = 979:095

143.

Yalue (s)
of the
pendulums at
different
stations.

144.

Values of g in
1914 & 1925
compared.
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TABLE X.— Differences from the mean and individual Pendulumg,
season 1924-25.

(The unit is 10~ 7sec.)

Differences from the moan )
Name of station
No. 1 o | Moz " l No.3 | o
Dehra Din (1) — 1629 | — 18 + 3644 | + 06 || — 2014]+13
Wazirabad — 1610 | + 01 + 8642 | 4 04| - 2033 |-
Jhelnm — 1595 | + 16 || + 3629 | — 09| - 203|-¢
Mean - 1611 ’ H + 3638 ’ ” - 2027
Dehra Dan (ad]unted) — 1573 ) - 01 + 3612 | + 11 - 2039 ) -1
Rawalpindi — 1568 | + 04 + 3595 [ — 06 - 2026 | +®
Murree — 1574 | - 02 + 3596 | - 05 - 2021 | + @
Domel .
Mean — 1572 ' || + 3601 | “ - 2029’
Dehra Diin (2) - 1601 \ ” + 3470 ‘ “ - 1967\
Dehra Diin (adjusted) ...] - 1476 | — 05 + 3502 00| - 2027|+0
Shadipur ) — 1511 | — 40 || + 3532 | + 30| - 2020|+ 1
Gandarbal (1) — 1488 | - 17 + 3491 | — 11 — 2004 +%
Hayan - 1452 ! + 19 + 3486 | — 16 - 2033|-0
Deosai II1 - 1476 | — 05 + 3503 | + o1 - 2026 | + WM
Yis Maidan - 1482 | - 11 + 3501 { - 01 - 2018 + I
Korag - 1480 | — 09| + 3530 | + 28| - 2049 -1V
Tosh Maidan - 1430 | + 41 s 3472 | — 30 - 2042|-1
Gandarbal (3) — 1445 | + 26 + 3497 | — 05| - 2052|-12
Mean ~ 1471 k H + 3502 l H — 2030
Dehra Din (adjusted) .. ] — 1434 | + 03 + 3544 | + Of — el -0
Sonimarg el - 148 - 11 £ 3507 | + 07| - 2099|+0
Churawan — 1441 | = 04 + 3511 ( - 29 — 2069 | +¥
Minmarg - 1440 | - 03| «+ 3350 | + 10| - 21m|-"0
Deosai | . ) . -
Deosai 11 - 1421 | + 16 + 3350 + 10| - 2128]-¥
Menan ol - 143 ' H + 4540 ‘ H - 2103.
Dehra Din (adjusted) ... - 1519 | — 05 + 3589 | + 02 — 2070 | +0®
Gandarhal (2) wel — 1533 - 19| + 3597 | + 10| - 2064 +“‘:
Lilpur - 1452 | + 62| 4+ 3545 | — 42| - 208|-7
Srinagar — 1504 | + 10 + 3570 | — 03 || - 2075 —0;
Pingalan ~ 1561 | — 47 || + 3627 | + 40| - 2085 +"®
Mean - 1514‘ ‘ + 3587 , | - 2073‘
\’/,/
Debra Diin (3) . I ~ 1435 H + 3464 ‘ H - 2029 ’ '
—— = g
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TABLE XI.—Mean times of vibration and deduced values of g,
season 1924-25

Name of station 1 2 . 3 . Meaus
Waziribid s| 0-5069622 0-5074874 | 0-5069199 | 0-5071232
8—% —838 - 859 —876 - 857
g 979.387 979-394 979401 979- 394
Jhelum s| 0-5069632 0-5074856 | 0-5060193 | 0-5071227
A —828 —877 — 882 - 862
g 979-383 979- 401 979-404 979-396
Riwalpindi s| 0-5069705 0-5074868 05069247 0-5071273
5—Sg —1728 —749 —719 —732
g 979344 979.352 979 - 341 979 -346
Murree 5| 0.5070531 0-5075701 05070084 0-5072105
$—8y +098 +084 +118 +100
g 979.025 979-031 979017 979-024
Domel s| 0-5069826 05069356 0-5069591"
8—8, — 607 —610 -609
g 979-297 979299 979298
Shadipur s| 0-5070402 | 0-5075445 | 0-5069893 | 0-5071913
§—Ey - 23 +42 +19 +12
g 979-072 979.047 979056 979.058
Gandarbal (2) s| 0-5070363 | 0-50765342 | 0 5069847 | 0-5071861
§—so —-62 —61 —27 - 50
g 979087 979087 979-073 979082
Hagau s| 03070637 05075575 | 0-5070056 | 0-5072089
5—8g + 212 +172 + 182 + 188
g 978981 978997 978993 978-990
Sondmarg s| 0-5071087 0-5076062 | 0-5070416 0-5072515
8 —8p +642 + 659 + 667 +656
g 978815 978809 978-805 978810
Churawan s| 0:5070890 | 0:5075842 | 0-5070262 | 0-5072331
8—8o + 466 +439 +513 +472
g 978-883 978-894 978863 978881
i a3
fmarg €| 0-5071094 | 0-5076084 | 0-5070423 | 0-5072534
5—Fy + 669 + 681 + 674 +676
g 978-805 978800 978803 978803
) .
Deosi 1 s] 0-5071576 05070866 | 0-5071221
5—=%g +1151 +1117 +1134
g 978-618 978 632 978-625
Deosad 11 - .
5| 0-5071667 | 0-5076538 | 0-5070860 | 0-5072988
8 —8q +1142 +1135 + 1111 +1129
i g 078+ 622 078625 078634 978627
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TABLE XI.—Mecan times of vibration and deduced values of g,

season 1924-256—(Concld.)

Name of station 1 2 3 Means

Deosai 111 a| 05071433 | 0-5076412 | 0-5070883 | 0-50720
8 ~8p -+ 1008 + 1009 + 1009 +1009

g 978674 978674 978-673 978674

Gandarbal (2) s| 0-5070360 | 0-5075490 | 0-5069829 | 0-50718%
§—8g -65 -43 —45 -3l

g 979088 979-080 979-080 079-084

Lalpar s| 0-5070448 | 0-5075445 | 0-5069807 | 0-5071%0
s—g, +23 —88 —67 -4

g 979-054 979097 979089 979-080

Stinagar 8| 0-5070356 0-5075439 | 0-5069785 | 0-50718%
8—8p —-69 —94 -89 -8

g 979-090 979-099 979097 979-0%

Pingalan s| 0-5070355 0-5075543 | 0-5069851 | 0-50TI0l8
8—§) —70 -10 —23 -

7 979-090 979-063 979072 97907

Yis Maidan s| 0-5070793 0:5075776 05070257 0-5072225
8s—4g, +368 +373 +383 +3i

g 978921 978-919 978-915 978918

Eorag s| 2-5071224 | 0-5076234 | 0-6070655 | 0-5072004
s—so +799 +831 +781 +0

g 978754 978742 978761 978-75!

Tosh Maidan s{ 0-5071131 0-5076033 | 0-5070519 | 0-507l
8—8, +1706 +630 +645 +g

g 978790 978820 978814 978"

Gandarbal (3) 8| 0:5070423 05075365 0-5069816 o-somg
8 =By —-02 - 38 Y ‘B_G

g 979064 979-078 979-085 979-0i

e
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The observations for time with the prismatic astrolabe made to
obtain the clock rates (vide §146), also determined the astronomical
latitude. In this way astronomical latitudes were obtained without extra
!labour at all the stations in Circuits II and III. Observations for
| latitude were made at Baramila also. Usually at each station there
'were four nights of observations, averaging two hours each night;
longer programmes would have interfered with the pendulum work.
The average probable errors in the astronomical latitude were :—

p.e. of a single determination + 07-55
p-e. of the mean + 0”13
This is not as good as the Talcott results in previous seasons but
the astrolabe programme was much shorter.
| Evidently with this instrument a short series of observations on a
single night are unreliable ; but under favourable conditions the method
gives results comparable in accuracy with those obtained by the Talcott
method.

The great advantages of the prismatic astrolabe are :—

(1). Simultaneous determination of time and latitude.
(7). Great portability of the instrument and easy erection.
). Simplicity of observation.

A disadvantage is that results are noticeably affected by differential
refraction effects when there is a marked change in the weather. Pro-
bably such effects are much greater in the Himalayan regions than in
the plains: they lead to a persistent error, so long as the unequal conditions
prevail. Persistent errors of this nature were found at the following
stations, always when the weather was changing, one part of the sky
being clear and the other part misty and unsettled. The observations
on these unsettled days were rejected.

Name of station Error

Minmarg -37:03
Deosai 1 +4”:06
Deosai 111 +4”-89
Yis Maidan —3”7-52

For the calculation of star places use has been made throughout of
the American Ephemeris ; the short period terms ha ve been included and
ailgsg_the corrections to star places given in Table XIIT of the Ephemeris

3.

_Geodetic latitudes were obfained by theodolite resection at all
stalions ; in most cases at least four well defined triangulated points
vere visible either from the pendulum eamp itself, or from some point
"ot more than a mile distant. The resected point was then connected
to the astrolabe station by direct measurement or, if this was not
Possible, by measuring a small triangle formed by the astrolabe, resected
pont, and any third point in camp.

145.
Simultansous
latitude
determina-
tion by astro-
labe.

146.
Advantages &
disadvan-
tages of
astrolabe

147.
Star cata-
logue.

148.
Gsodeatic lati-
tudes by
theodolite
resection,
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Observations were made on three zeros using a H-inch micromety
theodolite ; and an azimuth taken to Polaris before dark.

The coordinates of the resected point were found graphicallys
follows :—Using the azimuth found, and the approximate distances
the points measured from a map, a large scale diagram is drawn of th
area in which the resected point lies, showing each of the observed ra;
these will not meet in a point, due to error in the observed azimu
and errorsin identifying the exact triangulated fixed points. The firstof
these errors can be entirely eliminated by swinging each ray throg
a distance on the diagram proportional to its length, as in plane tabling
The second error is then easy to detect as the ray from any wrongh
identified point will disagree with the majority, and can be discarde

Plate No. X shows a typical diagram!; the]resection at Tosh Maidn

It is important to note at the time of observation, which triangulate
points are really definite, in order that no mistake is made in discardig
a correct ray. A badly defined point is seldom of any use whatsoever,s
the error of intersecting off the mark is reproduced in magnitude atlh
resected point, and if used, only complicates the result.

The resection was unsatisfactory at one station only, 1.e. at Soni
marg. At this station only two points were visible, one badly define;
and the heights obtained from these did not agree. The geodetic kb
tude of Sonamarg is therefore given to the nearest second only
Table XIII.

The latitude stations were marked with a large stone ab grou‘nd
level, with a circle and dot cut on its upper surface, and a rough ar
of stones 5 or 6 feet high built over it.

The astronomical results are given in Table XIIL. These are ol
corrected for latitude variation.
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TABLE XIII.—Latitude observations with prismatic astrolal
in Kashmir, season 1925

Prob- Plgmh.

izﬁieogf Observer g:fiiigz Longitude AE;E?E?(;ZM Ei:-ELel-s dll;eec
of the | tios

mean | A-G*

Biramila G.H.O. | 3412 25" | 74 21 01"12 |34 12 23705+ 210| 1"
Shadipur G.H.O. | 34 11 12.59 | 74 41 00:35 |34 10 56-70| +-114| =15

‘H.0
Gandarbal & 34 12 48-03 | 74 46 08-57 |34 12 29-79| +£-090| -18-%
A.G

Hayan E.A.G. | 34 13 54-49 | 74 58 28-94 |34 13 23.68| £-226| -2
Sonamarg G.H.O.| 34 18 03 75 16 19 34 17 51:15| £ 140|-12
Churawan E.A.G. | 34 39 31-69 | 74 54 00-01 |34 39 15.64| £-141 | -16
Mjnmarg G.H.O. | 34 47 30-21 | 75 04 34-57 |34 47 22-67| -074| =015
Deosai I E.A.G. | 34 57 20-76 | 75 14 41.24 |34 57 21.20| £-188 +004
Deosai 11 G.H.O. | 35 02 03-82 | 75 23 46-32 |35 02 11-78| £-160| +079
Deosai 111 E.A.G.| 34 55 47-20 | 75 25 38-30 |34 56 05-42| £-123| +18
Lalpur E.A.G.| 34 05 36-93 | 74 32 11.69 |34 05 40-19 | &-057| +03
Srinagar G.H.0. | 34 04 3G-61 | 74 49 27-27 |34 04 19-42| 133} -17"
Pingalan E.A.G. | 33 54 22-49 | 74 55 59-16 |33 54 06-32| £-166| -16
Yis Maidan G.H.O. | 33 49 56-55 | 74 39 57-26 |33 49 59-08 | £-106 +02
Korag E.A.G. | 33 48 31-37 | 74 33 20.90 |33 48 33.36 | x-181) +00
Tosh Maidan |G.H.O. | 33 55 17.33 | 74 29 58-13 |33 55 19-01| +-180| +0U

* A positive value of (A — G) denotcs sontherly deflections of the Plumt

h-line.









Plate XII

KASHMIR. VIEW FROM THE SUMMIT OF TATAKUTI IN THE PIR PANJAL,
15,600 FEET.

Photo.-engraved & printed at the Offices of the Survey of India, Caleutta, 1927,
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Corrections for topography and isostatic compensation have not yet
been computed, so it is not advisable at this stage to attempt to make
any definite deductions from the results.

In Plate No. X1 the mountain masses are shown diagrammatically
and all the stations of the observations with the Free Air gravity ano-
nalies and plumb-line deflections ; previous latitude work in Kashmir
is also shown.

The southerly deflections obtained at Deosai I and II confirm the
stiking southerly deflections obtained by the De Filippi Expedition at
Skwdu and Wozul Hadur (Skardu 28”-3 S, Wozul Hadur 25”-7 S)
and appear to indicate that the Ladakh range is not compensated
iostatically, whereas the degree of compensation of the Kara-koram
nnge is very considerable.

A start has been made on the ‘“ Average height map of India”
About one third of India has been completed, “he average of heights of
all 30-minute squares being determined. Besides beln(r of considerable
general interest, this map will very greatly facilitate “the computation

oftopomaphlca.l and isostatic compensatlol effects, and enable them to

be taken out or checked by ordinary computers.

Various new forms and tables have been prepared for the astrolabe
wmputations; and the extension of the Hayford reduction tables for
beights above 12,000 feet has been put in hand.

149.
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CHAPIER V
LEVELLING
(No. 17 Party)
By Major A. H. Gwyn, 1 a.
1922-23

The party office closed at Mussoorie on 23rd September 1992, ad
moved to Dehra Dun. Six detachments took the field; of which No.1
comprised all the Sutlej tertiary levellers, and No. 6, after completinga
high precision line by single levelling, was raised to a double detach-
ment ; the remaining four were double detachments. T'he recess seasm
opened at Mussoorie on 5th April 1923, detachments arriving at various
dates afterwards; No. 1 recessed in Dehra Dun.

The field orghnization was as follows :(—-
(a) Sutlej Valley Group under Captain E. A. Glennie, p.s.0, 13,

comprising : _
No. 1 detachment under Captain Glennie.
,»» 2 detachment under Mr. O. N. Pushong.
y» 3 detachment under Mr. P. B. Roy.
(/) No.4 detachment (Bombay and Madras) under Mr. K8
Gopalachari and later under Babu Mohd. Ishak Khan.
(¢) No. 5 detachment (Burma) under Mr. S. C. Mukerjee.
(d; No. 6 detachment (Sind and Punjab) under Mr. Abdul Maji.

The Sutlej Valley Group commenced a close network of levellng
for the Sutlej Valley Irrigation Project.

No. I detachment executed 13,889 linear miles of tertiary level-
ing in the Multin and Montgomery districts, covering 2045 Square
miles ; while Nos. 2 and 3 detachments ran 609 and 661 miles of
secondary (double) levelling, to control the tertiary work of the present
and subsequent seasons.

No. 4 detachment, on the simultaneous double levelling system
ran 72 miles of secondary levelling from Ahmadnagar to Dhond, ul
miles from Gooty to Ongole, and 208 miles in the Ghatprabha im-
gation area in Bombay, for the local government.

No. 5 detachment executed 610 miles of secondary (double) ]""'9,"'
ing, for the Public Works Department (Irrigation), Burma, in connectiot
with the Irrawaddy embankment scheme, correlated with the tide gat
ges in the Irrawaddy Delta. .

No. 6 detachment executed 205 miles of high precision (single)
levelling from Khanpur to Jacobabad, this being the reverse direc-

tion, and completed the work on that portion of line 101 of the new
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pet for India. It was then expanded into a double detachment which
arried out 392 miles of secondary double levelling about Mirpur Khas,
for the Bombay Government, in connection with the Sukkur Barrage

Project.

The total work done was :—
(a) 205 miles of primary levelling for the new net.
(6) 313 miles of secondary levelling, for breaking up a cireuit
and for checking the standard bench mark at Ahmadnagar.

(¢) 2480 miles of secondary levelling for local governments.

(d) 13,889 miles of tertiary levelling for the Punjab Govern-
ment.

The work done was satisfactory, except that of No. 4 detachment,
whose records were brought into recess so incomplete that the ecompu-
tition was not finished at the end of the recess season. The results of
the work done for the local government were however sent out.

‘No. 6 detachment was delayed by relevelments and by high winds
m §ind, and had to close work i June, leaving 41 miles of its pro-
gamme undone.

Otherwise, the party’s programme was completed.

As predicted in the Records Volume 1921-22, it was not found
possible to devote more than one detachment this year to the net ; details
of the work are given under No. 6 detachment (vide § 180).

No. 1 detachment.—tertiary levelling.

Captain 1. A. Glennie, 1.5.0., R.E., was in charge ; four sections, each
of about 10 levellers, under Mr. R. B. Mathur, Mr. A.A.S. Matlub
dhmad, Babu H. K. Kar and Babu Faizal Hasan.

This work, which was taken up at the request of the Punjab
Government, was a new departure.

Only a short time remained for training and equipping the detach-
ment for the field, when organization orders issued at the end of July
19225 the training of new levellers, all engaged on “purely temporary”
igreements began at Dehra Dian in September 1922, under Mr. R. B.
Mathur and My K. K. Das. All four sections left Dehra Dan during
the latter half of October 1922. '

The detachment headquarters office opened at Bahiwalpur on 6th

November.  The recess office opened at Dehra Dan on dth April 1923,
under Mr. R. B, Mathur.
. 2045 square miles of tertiary levelling were executed in sheets
W NJ16, 39°0/6, 9, 10, 11, 13, 14, 44 B/, 8, 11, 12, 15, 16, 44C/1, 2,
and 44 F/3, 4.

The ontturn would have been areater if there had been a complete
stock of levels at, the start.
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The whole area of 13,514 square miles to be developed by the
Sutlej Valley Project is being marked out into 100-acre rectangles b
No. 23 (Punjab Rectangulation) Party, and of this area 10,030 squsn
miles is being further subrectangulated by the Civil Department t,
25-acre rectangles. The corners of rectangles are marked on the growd
by numbered stone pillars.

The work of No. 1 detachment consisted in determining the
ground level at each pillar and at fixed intermediate points. About 7
ground levels per square mile are required for the area subrectangulate
to 25-acre rectangles, and 38 ground levels per sruare mile for the re.
maining area, or 904,090 ground levels in all.

Lines of bench marks on the tops of rectangulation pillars running
north and south about 64 miles apart are established by tertiary double
levelling, and formed into a grid by double levellers’ lines running
east and west ahout 15 miles apart or less.

Single levellers work along east and west lines between the bench
marks on the north and south lines; each single leveller’s line repre
sents about Y miles of actual levelling.

The grid of tertiary bench marks is connected at frequent intervals
to interred bench marks on the secondary lines run by Nos, 2 snd!
detachments.

The proportion of tertiary double to single levelling is about1:1l.

Dampy and light Zeiss pattern levels were taken into the ﬁe]gi:
but it was soon found that work with Dumpy levels would not be sate
factory, and by the end of December the whole detachment was equippel
with light Zeiss pattern levels.

At the beginning the shortage of levels made it

donble bawk in some cases. This did not result in a
outturn.

necessary o
good rate o

Only one staff per level was employed at first, but subsequentl
two of the four sections were equipped with two staves per level.

Instead of pegs, small iron level plates were used and gave
cellent results.

The outturn is as follows : —
Area levelled over. .
(1). Subrectangulated to 25-acre rectancles 1200 square M es.

(ii). Reetangulated to 100-acre only... .. .. 343, v
Miles of levelling : —

1).  Double levelling............... ..o 1234

(i1). Single e 12655
Points :—

(1). Ground levels ........................ . 126342

Gii).

Bench marks on tops of pillars....... . ..8152
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The probable error of a ground level of tertiary single levelling is
£0-043 8.

The rates worked from the actual figures of the work done in season
1922-22 are as follows :—

Cost rates of work in 1922-23

F‘;l::.g R‘:i‘:? Total Remarks
RS. RS, RS,
59 1-1 7-0 Cost per mile of lavelling
0-6 01 07 .. . ground level
Cost per square mile
47-5 88 56-3 w . 2b-acre area—
238 44 28-2 " ,, 100-acre area—

~ The above rates do not include any percentage for supervision,
mstraments, or mapping costs.

The Chief Engineer (Construction) was provided with volumes of
heights computed in recess. A form of chart was devised, on the
four-inch scale, showing () in blue, the rectangulation framework, and
weessory work ; (4i) in black, spot levels, and (iii) in brown, one-foot
tntours and some external reference letters. The detachment pro-
duced level and contour guides, from which fair drawings were made
for reproduction.

No. 2 donble detachment.—secondary levelling.

Mr. O.N. Pushong was in charge, and Babu Mohd. Ibrahim
worked as second leveller. The lines that were run to control tertiary
work were :—

(¢) Kasir to Lodhran vie Khudian, Pakpattan and Ratta Tibba,
along the dismantled railway.

(h) Ratta Tibba to Kaim Rais-ki-got, by road via Luddan,
across the Sutlej near the proposed Islamweir, direct to
Nirkot, and thence by road.

(¢) Kutabpur to Adamwahan : south west direct to Khan Bela,
then east. This line goes through much serub and grass
land, and a large tract of sand west of Adamwihan.

(4) Lodhran to Bahawalpur, by road. The Sutlej was crossed
by the railway bridge near Adamwahan.

(e) Bahawalpur to Fazilka; south rie Rajawala to Dinearh,
then east to Marot, Shahswar Toba, Dhab Sarkari, Kandhya-
wala and Walar; north along and west of the Bikaner
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boundary, to the Sadikiyah canal; along the canal to fi
railway near McLeodganj Road then to Fazilka. Tl line
passes through the Bahawalpur desert.
(/) Kandhyawala to Hasilpur.  The line lay along by piea
cholistun, flat desert with sandy ridges.
The detachment left Dehra Diin on 15th October 1922, and startel
levelling at Kasur on 22nd October. Work closed at Fazilka on 14t
March 1923, when the detachment proceeded to Mussoorie.

The outturn ineluding branch lines and check levelling was 609
miles ; instruments were set up at 5530 stations; the total rise aud fal
was 5624 feet. Bench marks connected were 3 primary, 210 secondar,
and 30 tertiary. Details are given in Table 1.

Differences between Levellers (1st —2nd)

Line mile Seet nile Jeet
(a) Kasiir to Lodhrian voo | st 33th mile | +0-069 | at 125th mile] +0-06h
., 90Oth «0-148| ,, 150th ,, |+0-08
. Tath . | +0-065( .. 175th ;, | +0-00
L 08th | +0-079] . 2ldth #0118
rend of line)
) Ratta Tibba to Kaim at 15th mile | « 0-047| at 31t mile | +0-02
Rais ki-got (end of line)
] R T
{¢) Kutabpur to Adamwihan at 25th mile | —0-057 at 75th mile | -0
BEETTRN —0-035 ], 90th -0l
' (end of line) ‘
() Lodhran to Bahawalpur at 12th mile | =0-045
. R e
() Bahawalpur to Fazilka at 25th mile | 1 0-022] at 122nd mile —ﬂl {”E
. A0th —0-023 Ialst -0
Lotard S0-048 | 17t | -0l
98t ~0-105 1 . 208th ~ -1
(pn(l of linc)
(f) Nandhyawaia to Hasilpur .. { ot I6th mile | - 0-023{ at 38th mile «0-01
(end of line)

The probable accidental error per mile accordinz to the formuh

e .
+0-6745 \/%{l—[, where ‘d’ is the discrepancy between two Jevellers

in the values of two consecutive bench marks, and ‘M’ the ]enf_’,%h ?i
the line in miles, is given below. The average for the wholeof Ind
1s +0-0042 ft.

GEODETIC REPORT .
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Probable accidental errer

. Probable acci-
Line dental error Remarks
Jeet
(a) Kasir to Lodhrin +0:00867
(8) Ratta Tibba to Kaim Rais- Branch line
ki-got to (a)
(¢) Kutabpur to Adamwahan +0-00341
(d) Lodhran to Bahawalpur +0-00522
(¢) Bahiuwalpur to Fizilka +0-00271
‘1 (/) Kandhyawala to Hasilpur Branch line
to ()

The embedded benchmarks laid down in all these lines are of the
tpe B design of the Survey of India, excepl that the letters “ G.T.8.”
both on the stone block and on the referring pillar, are replaced by
the letters «“S.V.C.”’ (Sutlej Valley Canals). They were put down by

the Irrigation Engineers.

Zeiss level No. 3488 and Zeiss pattern level No. 16298 by Cooke,
anddSurvey Committee Pattern staves Nos, 19A, 19B, 1 and 01 were
used.
~ Except for a few cloudy days and a shower or two, the weather
[emained clear and dry throunghout. In the latter half of February and
te first week of March high winds were experienced very frequently,
ud sand storms on two or three occasions.

The health of the detachment was good.

~ No. 3 double detachment.—secondary levelling. Mr. P. B. Roy
ncharge ; Babu Indra Singh Rawat second leveller. The following
ines were run, to control tertiary work :—
(@) Khudiin to Lodhran, »7e Chiinian, Dipalpur, Pakhi Mian
and Kutabpur, by road and railway, and across country.
(8) Dingarh to Khanpur, via Derawar Fort and Mithra, across
the desert.
i (¢) Mithra to Khanpur, vie Reti and Chacharan, across the
esert,
(d) Chacharan to Khan Bela, across country.
' 5(t:‘;') Fazilka to Ferozepore; this was a revision of part of main
ine 57,
The dotachment left Dehra Din on 13th October 1922, and closed
work at, Ierozepore on 29th Mareh 1923, proceeding to Mussoorie.

_ Th_e outturn, including branch lines and check levelling was G61
miles ; instruments were seb up at 5846 stations, Bench marks econ-
eeted were primary, 219 secondary and 27 tertiavy. Details are
fiven in Table I. ’ l
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The country was flat throughout, except from Dingash
Kh‘inpur, and from Mithra to Reti on the line Mithra to K%xa;npu?
which were through the desert and full of sand hills. '

The ri\:ers Chenab and the Sutlej were crossed at their junetiop
near Bakhri village, by direct levelling, the greatest breadth bein
13- 30 chains of 66 feet. ’

Differences between levellers (1st — 2nd)

is the discrepancy between two levellers in the values_of two co _
bench marks, and ‘M’ the length of the line in miles, is given below:

Line mile Seet mile ; et
(2) Khudian to Lodhrin .| at 22nd mite | —0-021| at 140th mile | +0-03
,» 38th .. +0:052( ,, 159th ., | +0:0%
., 60th ., +0-084| .. 180th , | +0-008
, 8lst +0-153| .. 200th ,, | -0-008
", 100th +0-043] ., 323rd ., | -046
+,. 120th +0-043 | (end of line)
(b) Dingarh to Kbanpor at 18th mile [ —0-024|at 79th mile | -0-0l
, 38th , | —0.029], 109th . | 0-00
,, 60th " —0:005| (end of line)
(c) Mithra to Khanpur at 21st mile | +0-009 | at 122nd mile | - 008
,, 43rd —0-070],, 141st , (-0
. 62nd ., —0.042 |, 160th , |-0:0%
79th ~0-045| , 180th , |-0-08
.102nd . | -0-073| (end of line)
» i L 00
(d) Chacharan to Khan Bela at 19th mile —0 036 at 63cd mile |-0 0
. 48rd . ~0-049|,, 77eh . |00
(end of line)
B
(¢) Fazilka to Ferozepore . | at 20th mile ,—0-056 at 54th mile - 001
. 40th |-0'067 (end of line)
mile of

The probable accidental error of the mean results per

&

double levelling according to the formula +0 6745 \/m» where'd

nsecutivé

|
Line | St

—_—

() Ehudiin to Lodhrin +0-0058

(») Dingarh to Khanpur +0-0026
(¢) Mithra to Khanpur +0-0028
(d) Chacharan to Khin Bela 400028
() Fazilka to Ferozepore 00024
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The usual types of type A (zinc pipe), type B inscribed, tree (zine
plate), and rectangulation pillar bench marks were connected. The type B
nterred bench mark is of the usual type, except for the inscriptions.

~ The levels used were Zeiss levels No. 8342 and 16313. The staves
wed were Nos. n, ', 22 A and 23 A ; standard steel tape No. 7.
The health of the detachment was exceptionally good.

No. 4 double detachment.—secondary levelling.—Mr. K. 8. Gopal-
whari, B.A. was in charge ; Babu Mohd. Ishak Khan was second leveller,
nd was in charge later on, with a “purely temporary” recorder as
seond leveller. The lines levelled were (a) from Ahmadnagar to
Dhond, to break up a circuit of the old level net of India and especially
tocheck the height of the standard bench mark at Ahmadnagar; the
lmiles of the line contain 4 primary and 78 secondary bench marks; ()
imigation levelling in the Ghatprabha area in Dharwar; from Gotar to
 Kaladgi, from Mudhol to Jodhatti, and from Hukeri Road railway
stilion to Mudhol, a total of 208 miles, connecting 1 primary and 176
seondary bench marks; and (¢) from Gooty to Ongole, to break up a
trenit of the old level net, with a branch line from Nandyal to Atma-
kir; 241 miles of levelling, connecting 2 primary and 192 secondary
bench marks.

The detachment left Dehra Dian on 19th October 1922. It closed
# Ongole on 26th May, and returned to recess in Mussoorie.

During May it was found necessary to recall the officer in charge,
nd let the second leveller take over the detachment.

During recess the computations of () were carried through but
those of (a) and (c) had to stand over. Work on (5) was very slow,
owing to the careless manner in which the sheets were treated in the
feld. " Binocular levels Nos. 6728 and 7952, staves Nos. E,, E,, B,
ud C, and standard steel tape No. 8 were used by the detachment.

The p. e. per (mile)} for the simultaneous double levelling lines from
Abmadnagar to Dhond and from Gooty to Ongole is respectively
$0-00485 and +0-00421 ft.

It was found unadvisable to accept the results of the 1921-22
levelling from Manmad to Ahmadnagar, owing to the deficient check
levelling near Manmad; consequently the adjustment of the height
of the standard bench mark at Ahmadnagar could not be carried out.
Itis hoped to rectify this in 1926-27, so as to allow the publication of
the line, and also the revision of published heights, on the lines Poona to
Abmadnagar and Ahmadnagar to Dhond.

. The heights on the Ghatprabha lines of 1922-23 will not be pub-
lshed, as the levelling was of a secondary standard. They were duly
snt to the Ixecutive Engineers.

The heights of the bench marks on the Gooty-Ongole line have
been sent for publication.
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Weather conditions became trying in April and May, especially i
the waterless tract on the Eastern Ghats, in sheets 57 I and M

The health of the detachment was good.

No. 5 double detachment—secondary levelling, Mr. S.C. Mukerje
in charge; and P. John second leveller. The lines levelled were:—

(a) from Nyaungzaye to Yandoon, with branch line t
Maletto;

(6) ,,  Yandoon to Kandin;
(¢) ,  Ma-ubin to Bassein;
(d) ,  Sagamya to Pantanaw.

All the work was for the Public Works Department (Irrigation)—
(a) and () in connection with a scheme for double embanking the
Irrawadday River, and (c) and (d) in order to correlate tide gauges in
the Irrawaddy delta.

The detachment. left Dehra Din on 14th October 1922; work
started at Nyaungzaye on 15th November, and closed at Pantanaw o
Sth May 1923, recessing in Mussoorie.

The total outturn including branch lines and check levelling was
610 miles; instruments were set up at 4666 stations; the bench marks
connected were 3 primary and 301 secondary. Details are givenin
Table 1. '

The country through which the lines of levelling were carried was
mostly flat, full of tidal creeks and swampy grass jungles, and wide
rivers had to be crossed during work.

Differences between levellers (1st—2nd)

Line mile feet mile Jeet
(a) Nyauogzaye to Yandoon at 21st mile +0-005 at 100th mile 40-0.’12
. , 40th —0-0061 , 120th ,, | +00H
. 65th F0-051] . 138th ,, | +0:0h
. 8lst . +0-00% 1 (end of line)
(b) Yandoon to Kandin at 24th mile —0-0Gk, at 120th roile —0-3’1)3
. Alst . —0.022 ,, Tith - 0-0k
60th ~Q-042] , 160th +0-00
' » P qale ~0-013
. T9th ., —0-01t] . I81st
L 99th ., -o-rm! (end of line)
N . y 2
v H =) 11ga
(¢) Ma-nbin to Bassein at 20th mile +0-0161 at 1" fth mile 3'““
, 4rd . +0-035] ., Tu.nd - 'U;y;‘
. 6lst ~0:006 T = 0-tor
,. 82nd +O'0]|)“ {ei] of line
- p 0088
(d) Sagamjya to Pantanaw at 19th mile | +0-034| at 7 md mile | +
. 42nd +0:052! (cend of line)
| —
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- The ‘probable accidental error of the mean results per (mile)} of

332
double levelling according to the formula +0-6745 \/de{[, where ‘d’

is the discrepancy between two levellers in the value of two consecutive
bench marks, and ¢ M’ the length of the line in miles, is given below :—

Probable accidental error

Line Seet
(a) Nyaungzaye to Yandoon es | £0-0031
{#) Yandoon to Kandin .| £0-0027
(¢) Ma-ubin to Bassein ... | =£0-0018
() Sagamya to Pantanaw vee | £0-0N2°

In addition to the usual type B interred and ordinary inscribed
bench marks, cement concrete pillars with or without iron plugs fixed in
the centre were connected. The interred bench marks were mostly cons-
tcted only a few days before connection by levelling, and their
beights therefore may undergo a change.

In addition to innumerable tidal creeks and small rivers, the
following big rivers had to be crossed during the operations :—

No. of | 1 ingth of
LRivers times engu o Method of crossing
shot
crossed
Panhlning 2 Varying Direct levelling
from 8 to
13 chains
Kok-ko-wa 3 " .
Bawle 2 " ,
Hlamg 7 ' “
Kyonty or Gonnyindan 1 " B
Irrawaddy I " "
Yewe or Sagamyn 3 " "
Pantinaw 2 " "
Maun-di ] " ,
Myaungmya 1 " “
Panmunwvadi 1 " "
ebin 1 » "
Pyawinlaw 1 " "

" 1 20 chains Target
Bognle 1 22, "
Yazudaing 1 | S "
Kyunpyathat 1 32, »
Kanyintabin 1 20 "

The detachment used Binocular levels Nos. 6726 and 3, staves
Nos. 23B, 228 and 13A, 13B and standard steel tape No. 2.

The health of the detachment was on the whole good, except for
one ease of cholera and a few cases of dysentery.
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No. 6 detachment.— Primary and secondary levelling. Mr. Abdy
Majid in charge; Babu B. B. Som, second leveller (for the secondary
work only). The primary work consisted of single levelling in the
back direction, on part of line No. 101 of the new level net of Tndia
from Khanpur to Jacobabad, (the forward direction was levelled in
1921-22). The secondary lines were : —

(a) Shahpur to Mirpur Purana, via Khadro and the Jimn
Canal.
(b) Landhi canal bungalow (39th mile, Jamrao) to Khipr.
(¢) Khipro to Ghulam Bhhurgari, »ia Kahi.
(d) Mirpur Khas to Tando Ghulam Ali, »i« Nabisar,
(e) Mirpur Khas to Tando Ghulam Ali, via Digri.
(/) Digri to Dadah.
The country generally is quite flat.

The detachment left Dehra Din on 21st October 1922, a
returned to recess in Mussoorie on 26th June 1923.

The outturn of primary levelling was 195 miles of main line, excl
ing 40 miles relevelment, 10 miles of branch lines, and check levelling

The secondary levelling comprised 392 miles, including branch
lines and check levelling. Bench marks connected were 9 primary and
441 secondary.

Details are given in Table I.

Differences between levellers (1st~ 2nd)

Line mile feet mile Jedl
(a) Shahpur to Mirpur Purann at 20th mile ~0-005 | at 54th m'ile -0l
., 40th ., -0-040 | (end of line)
. , o
(%) Londhi Canal Bungalow to at 16th mile +0-027 | at 47th mile | ~00
Khipro , 32nd +0.034| end of line)
[
(c) Khipro to Ghulim Bhburgari | ut 14th mile | —0-013 | at 27th mile | +0°0
(end of line)
I p—
: O
(d) Mirpur Khas to Tando Ghulam | at 22nd mile | - 0-028 | at 120th mile tgm
Ali via Nabisar ,. 40th ~ 00007, 143rd ot
. 59th +0-007|, 160th *0.0%
. 79th +0:-093,, 19%rd o (7
., 98th , +0-002| fend of line)
I
- : 008
(e) Mirpur Khas to Tando Ghulam | at 22nd mile +0-035 | nt 43vd mile |+
Ali via Digri
TR
(/) Digri to Dadah at 6th mile  |—0:005 | at 15th mile |+
(end of line)
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The probable accidental error of the mean results per | (mile);k of

: D
double levelling according to the formula +0-6745 ,\//fs{: where ‘d’

is the discrepancy between two levellers in the values of two consecutive
bench-marks, and M’ the length of the line in miles, is given below:—

v-l’roﬁab{e accidental error

Line - 5 o : Seet
(s) Shahpur to Mirpur Purana ; '. w. | £ 0-0031
(6) Landhi canal bungalow to Khipro .| £ 0-0023
{¢) Khipro to Ghulam Bhhurgari : .| % 0-0028
() Mirpur Khias to Tando Ghulim -Ali via: Nabisar .| 4 0:0026
(e) Mirpur Khas to Tando Ghulam Ali via Digri ... | £ 0-0029
(f) Digri to Dadah .. | = 0:0015

Binocular levels Nos. 6727 and 2698, staves Nos. 20 A, 20 B,
16 A and 16 B, and standard steel tape No. 3 were used.

The health of the detachment was on the whole good, except
for a few cases of influenza and malaria. The heat in Sind in June
was trying.

The following passed through the press :—

New Edition of levelling pamphlet No. 63
” ) ” » No. 78
» 11] Y] I3 NO. 79

A correction slip to
Addendum to the levelling pamphlet No. 47

The Preservation and Maintenance section for G.T.S. stations has
been transferred to No. 15 Party’s supervision.
. The question of the preservation of bench marks by local authori-
ties has again received attention. The Survey of India is responsible
for.the expenses of repair, whereas most of the marks are of use to
thgineers only. It is thought that through handing over the upkeep
of inseribed and embedded bench marks entirely to local governments
and railways, who would pay the costs, more care would be exercised
In preserving the marks.
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GEODETIC REPORT

TABLE II.—-CHECK LEVELLING
Discrepancies between the old and new heights of bench marks

Dif
w it
| inlual),
Obscrved height above (+) or S}T i
Benoh marks of the original levelling that g below () starting bench mark e gy
were conneoted for check levelling - wn.sdee:;e“r:nil:lid%l;c mr tg::“t’i‘:
g height
:-g r::t.l)l‘
3§ rgul the
E Cheek | e
No. D:f::: Description 5 ?el\'rl:lillill?; 1(}\‘!;1.‘1};:!:; wha
lorelld
At Kasir
lmiles| Jeet ‘ date ' Seet (fcet
177| 44 I | At catch water tank  ,..| 0-0 0.000 | 1866-67 | 0.000
176! , [ On top of milestone .. | 0-9 [+ 0-208 | 1905-07 [+ 0-197 |~0-009
175 ,, | Embedded, Kasir . 1:2{— 1230 | and {— 1.242 {-0.01
178| ., | On well we| 1:4 |+ 2-924 191314 |+ 2905 |-0-0ly
A4t Basirpur
45| 4 F | Embedded at Rest House 0.0 0.000 | 1915-16 0 000
43! ,, | On culvert weo| 142 [~ 0-290 " —~ 0-333 {~0-08
42| ,, |[On bridge | 1.8 |- 1973 s |- 1.785]-0-01
At Lodhkran
58! 390 | At Police Station w.| 0:0 0000 | 1914-15 0000
89| , | On bridge e | 01|+ 4868 " + 4833 (=008
60| ,. |At Rest House 0:3 |- 0499 , |- 0-515|-00
61/ , |Embedded, Lodbrin ..| 0-3 |- 0813| , |- 0-833~00
At Faznlka
98 44 J | Embedded, Fizilka  ..| 0-0 0-000 |1916-16| 0-000
99 " Rest Honse verandah i 0 03
(zine plate) ... | 0-1 |+ H-211 w |+ 5208 - ot
97| o [On bridge .. | 03|+ 6952 y v 6024 —gw%
96| " | O |+ 4763 |, g+ 4734 00
9% . " 1:5 |+ 4:334 |, i+ 4318 0
At Khanpur o
15/ 39 L | Standard, Khanpar  ...| 0:0 | 0-000 | 1860-61 | 0000 008
17| ,, | On bridge No. 2 w| 01|+ 1780 ), [ LTE2 )
16| ,, | On bridge W | 02|+ 3685 W | AT
18| ,, |[On etone blook we| 05|+ 6:602 oo |t 6"’”; Lo 0l
19| , | On bridge No, 1 w| 081+ 1003 ) 4 2000 O
14 » At Ma-'JI'd . 0-9 |+ 0-365 ” + 03%0 AOO.’.?
13} , |Onstone .| 3-2 |- 2814 " —~ 286 T o.0m
B . | 46— 4486 | | 4489 -0
7{ » [Laliwali T.8. w| 61+ 28852( , [+ 288+
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TABLE II.—CHECK LEVELLING—(Contd.)
Discrepancies between the old and new heights of bench marks
Mfference
5 (:lhgckl—)
orlginal).
L p Observed height above (+) or | The mign
h marks of the original levelling that 7 _ i &
nensve::‘:'l(‘u\sn:cted for chock Ievelligug g; below (u)d:%é:t,ﬂif,elﬁe%;h mark -ligg%l‘lceu
88 height
) was
=9 grenter
I 83 1 and the
g Check si.gnghleus
Degree - 3 Original eck- an
No. Description - 5 levell h
sheet P = levelling ?;;2-‘2'.}48 ori‘:inennlly
| levellea
At Ferozepore
‘ miles | Seet l date ' Seet | Seet
§| 44 J | Standard, Ferozepore .. 0-0 0-000 | 1860-62 0-000
oy, At temple we| 0:2|=1-391 ' — I-398 |- 0-007
. . | 02+ 1.643 v |+ 1-643 |.-0 002
B, At Post Office . 0-6|—= 3091 - — 3.093 |—0-002
5[ ,. | At Rest House ..l 0-8]|— 0-375 " — 0-376 |—0-001
M6l ,, | On culvert .| 15|+ b5-758 " + 5:749 (—0-009
i , |Xmbedded Ferozepore 29 |— %-683 " - 2:710 |-0-027
At Nyaungzaye
A ]
1| 85N | Zinc plate 0.0 0.000 {1911-12 0-000
n{ . Embedded e | 09 | = 4-454 ) - 4 691 l—0-237
At Yandoon
|
105 1 850 | Iron plug 0.0 0-000 (1911-12 0-000
07|, | kmbedded 0.0 |— 4.069 w |- 4-036 | +0.033
At Kandin
17|85N | Embedded 0-0! 0-000 [1911-12{ 0000
161, | Zinc piate wo| 2:7i-15-207 " -15-200 | +0:007
4l | Embedded v | 8-2 ;—88-813 ,  |~88.941 [ —0-128
21, |Zinc plute e l11-2 }—79-584 , —79.641 | —0-057
At Ma-ubin
-
!
41 85P | mhodded | 0.0 0-000 | 1911-12 0000
#1  |Iron plug we| 01 |4+ 2.746 . |+ 2:740 | -0.006
H1ow . "l 13 ls 4020 . |+ 4-043 | «0-023
ol " vl 2.5+ 3.823 W |+ 3.860 | +0-037
1 " . 36 [+ 2:001 " + 2.075 | =0-01Y
" " 1 . 4.7 |+ 3-495 ' + 3-617 | +0-032
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TABLE II.-CHLCK LEVELLING—(Contd.)

Discrepancues between the old and new heights of bench marks

Ditf
o e
£ Observed beight above (+) or | mpo)
Bench marks of the original levelling that 2 ) below (- ) sturing bench " € 8ikd
were connected for check levelling £ s detl:almxied by mur tdhﬁltltho
g a height
E,g was
@ & greslet
28 o te
o (IR
E<] . Check- [}
No D:li‘::t? Description Q‘—'f g:‘egl‘]f:l leveuciug] whl:,n
\ ° 102223 originally
! levelled
dt Pantanaw
’miles' feet \ date | feet | Jeet
|
7 | 85 P | Zinc plate 0.0 0-000 |1912-13 | 0:000 |
61 4 ”» w.| 01|+ 3-328 » |+ 3474000
3 . Iron plug we| 1-0 [+ 0-093 " + 0-064 7 -0-02
4 " Embedded 1-0 |— 2.998 " - 3024 1 -0-0%
At Bassein
7 | 85 L | Verandah .- 0.0 0-000 |19i1-12 0-000
8| . Istep .| 01+ 3-864 L+ 3-863 -0-00
10 ., | Standard, Bassein .| 03 I— 7-015 " — 7016 ' ~0-00
At Mirpur Khis
!
26 ! 40 G | IIOD pipe, Mirpur khasR.S.| 0-0 0:000 | 1921-22 0-000 i
25 | Bridge over Mirpur minor 1-G |+ 5-473 " + 5.437 | +0:01
2.4 " Iron pipe Mirpur Purina 4.9 |— 0-600 " — 0-580 +0-00
29 N Verandah Ex. Engineer ... | 0-9 |= 1-294 “ - 1.288 ‘ +0-00
pl - . Civil Hospital 16 |- 1-183 y |= 11761 4007
I . |
At Tando Ghulam Al
: I
2741 40C l Plinth of School N 0:0 0000 |1921-22 0-000 |
293, On bridge E. of Tando ;
Ghuolam Ali ...| 1-4 |4+ °2-319 " + 2-588 '+0-0H
272 " " " Over Alibar ’ R
Wah...| 2:0 [+ 2-411 " + 2:415 i+0-l’0I
’ }
At Khipro
10 | 490G | Verandah, Mukhtiarkar’s
Office . 0.0 0:-000 | 1921 0+000 .
9 " 00 — 0'017 ” - 0 014 .H]OI
8| . |Sluice, 1 mile W.of Khipro | 1-1 |—'0-085| . |- 0-068 ,Iogg
7 ) Iron pipe, 3 miles khipro 3:3 |+ 0:607 " + 0650 0050
6 " Plinth Liin kha School 59+ 7188 . + 7-274° +0




- LEVELLING

TABLE II.—CHECK LEVELLING—(Contd.)

Discé‘bpancieé between the old and new heights of bemch marks

218

Difference
w0 (check ~
é Observed height nhove (+) or ('i‘li_.:-in'ﬂl)l
Boneh marks of the original levelling that ot pseryec height hhove ) ¢ sign
" egnconuected for check levelling *gg below (us ﬁiﬁiﬁﬂ}ﬁ;ﬂf'ﬁ.ﬁh mark ’;ﬂﬁ'@‘{‘,{’:
gd height
a'd was
- greater
8 g and the
g’a Cleck sign;hless
. |Degree Lo ‘2 Original Leck- n
No. Description B < levell h
0 [ gheet a levelling 1952355 ori:inenl{ly
levelled
At Shahpur
i miles ‘ feet ’ date l Seet | Jeet
99| 40B | Step. 1 Bungalow Shahpur| 0-0 0-000 | 1921-22 0-000
00 Bridge Over Canal ,, 01+ G335 ” + 6-535 0.000
05! , |Verandah 1, bungalow N
Khadro 3-71- 2.658 " - 2.649 14-0:009
06| , | Bridge over Jamrao Canal 3-8 |+10-368 " +10.337 -0 031
At Mirpur Purana
% | 40G | Iron pipe Mirpur Purina | 0-0.| 0-000 |1921-22| - 0000
B3| , | Verandah i, Bungalow 71st
mile 15 {4+ 2037 " + 2127 | +0-090
7 - Bridge over 71st mile
Jamrao 16 |+14-818 w |+14-834 |+0-016
At Ahmadnagar
14| 471 | Standard bench mark Al-
madnagar 00 0-000 | 1910-11 0-000 0-000
B, | A
B.M, on stone 0-2 [— 8:093 " - 8:679 |+0-014
2y, A
B, 0.6 |-36-166 | 86-151 |+0-015
At Boribyal
ig 47 J | B.B.M.  at Boribyal 0-0 0-000 | 190G-07 0:000 0-000
" G.'I‘.S.
O at bridge 0-5 | +10-487 ” +10-184 |--0-003
B.M.
B, jars,
O at bridge we| 1:81- 9717 " - 9:732 |=-0-015
B.M.
At Gotir
60147 L | E.B.M. at Gotir 0-0| 0-000|1877-79| 0-000 | 0-000
U1, | Bridge No. 95 0-5 |- B51.428 " -5i+514 | -0-0L5
%1 . |Coping of bridge No. 96 | 1-8|-61-013| , |-04:018|-0035
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TABLE II.—CHECK LEVELLING—(Concid ),

Discrepancies between the old and new heights of bench marks

Differencq
3 lc,h.“kl')
; it : B8 Observed height above (4) or original).
Banch marks of the original levelling that ] b F | The sign
snwew connccted for cl)rnlenck levellliug * JE-E below (n_s);::g$fnggn§;l mark :g::g::;
g8 height
E,g wa
- te
28 and the
3 ; Cheek. |
No. | Desree Description 2| i loreling e,
LN originally
levelled
At Kaladge
lmiles' Seet I date I Jeet | Seet
65 | 47 P |G T.S.
O (Type C) on rock 0-0 0-000 (1910-11 0:000 | 0-000
B.M.
6| , |G.T8.
BOM » bridge 42 06 |+ 5-522 " + 5-523 [+0-001
67| . |G.T.S.
O " culvert 37 | 2-1 |+35:133 » +385-101 (-0-002
B. V.
68 s 1G.T.S.
BOM " 84| 3.2)+35-626 " +35:592 |-0-034
At Gooty
195| 57 E | B.M,
A 1, 3 Gooty tank 00| 0-000]1914-15| 0:000 000
1165-71
el |wrs, |
O on rock 0-3 |- 2-688 " - 2-689 =00
B.M.
.08 .
193] , | O onstone pillar 0-4 [+ 2.346 | 10T 92 |+ 2-3a1 |00
18|, laTs. .
Q at Chattram Gooty 0:9 | +26-467 " + 26460 |-0-007
M.
18|, |ars. o
O Manre civil dispen- | 1.1 |+12.943 " +12.926 | -0-0L
B. M, sary
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TABLE III.—REVISION LEVELLING

2156

Discrepancies between the old and new heights of bench marks

hifference
& (Revision—
g Digereﬂce bitween orthom]etric QI‘l'ggim,ﬂ)-
b ks of the original levelling that eights, above (+) or below e sign
IE::im:llzztesdodurien;rll'g\lrli]s“ion(;vr‘; :);imt?on. o (—) the starting bench-mark -'-1;‘11.\?1111:0;]::
g& height
2= was
hat g greater
33 and the
8 From sign less
Degree L 2 From Dqtg of revision |ip 1922-23
Yo, 1 honet Description = published | criginal | 1922.23 [than when
8 heights [ levelling | (Unadjust. | originally
ed) levelled
Revision of Part of branch line No. 57 D (Multan-Bahdwalpur).
miles feet date Seet feet
61139 0 | Embedded, Lodhran | 0:0 0-000 | 1914-15 0-000
#| , |Onbridge we| 02 [+ 5-681 w |+ 5666 [-0-015
o, " v | 08|+ 5.845 » |+ 5839 |-0-006
88 4 |On culvert Cwee| 11|+ 0-030 " + 0:039 [+0:.009
6% , (0o bridge | 2:2 |+ 6-458 " + 6-458 0-000
8 , | On railway bridge ve | 6°4|+17-092 " +17-073 |=0-019
nl, " vl 73 [+17.04L| ,,  |+17.015 |-0-026
;g w | Onregulator bridge  ...| 9-3 |+ 1-277 w |+ 1-218 [—0-059%
)| » | At bathing ghat we|10°1 |+ 1.668| , |+ 1-602 |-0-066*
B, | At guest house w. | 10-4 |- 0.875 " — 0-964 |—0-089*
B | At Municipal office w.|11:3 |— 1.655 w |— 1-727 |-0-072%
1, |At Egerton Cottage ... | 11:7 [— 1-523 w |- 1:571 |~0-048
¥| , |Standard, Bahawualpar ... | 13-1 |= 0-725 » |- 0757 (-0-032
Revision of Part of main line No. 57 (Murghai-Ferozepore),
Blde 7 Embedded, Fizilka .| 0-0 0-000 | 1860-61 0:000
199 n | Zine plate, at Railway Stn. | 0-1 |+ 5-211 ., |+ 5:206 |—0-005
o) Well ol encamping ground | 0-3 |+ 8:292 " + 8:291 [—-0-001
3‘1’ w | Railway culvert 1-3 [+ 6-954 » |+ 6966 |+0-012
(34)| » Stone B.M. Amira o | 23-9 |+33-908 ' +33-893 |-0-015
gl " | » w Lekha .. 187:9 |445:694| ,,  |+45:874 |+0-180
) » | w » Nawankila ... | 435 |+56-592 w |+56:846 |+0-254
| " | . . Terozepore ... |53:6 [+65:83L | , |+66-008 |+0-177
" Sta.nda,rd, Feroz‘,pore 539 | +70-010 " +70:217 | +0-207

bre

nseribed on

' G
These olq benehmarks all show a slight subsidence, and it is noteworthy t:hnt all
stone slabs let into existing masonry work, immediately previons to

lm'lnecti.on_ Their published values are not being altered, as this line is being done by
"Precise system, and any altcrations necessary will be made then,
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TABLE - IV.—L¢st of Great Trigonométrical Survey stations

connected by spirit levellsng, season 1922-23

Name of station

Height above
meun 8ea level

New
spirit
levelling |levelling

old
spirit

Tr
lation

iangn-

Difference

T'rian.-Lev.

Remarks

Jodhpur Meridional Series

Seet Jeet Seet Jeel
Marot S.589-125 542 +3
Jogi Tila Meridional Series
Dogra T.8. |560-977 562+4 +1 | Ground floor mark
stone
Greqt Ir;dus Series
Sarhin T.8. 273-306‘ _ %77 l +4 ’
Eastern Sind Meridional Serics
Daowila T.S. | 254132 260 +6
Umarkot 8. | 94 623 06 +1 Upper mark stobe
Sutlej Meridional Series
Lalawali T.8.1295-851|295-845 297 ' +1
I B
Burma Coast Series i
717(}'797(13“' o T.5. | 68.253 68 - :o 7 ;—Gmnd fleor
Kyaingbyingsi T.8.| 88521 86 g |y e
e
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TABLE IV.—(Concld.) List of Great Trigonometrical Survey stations
connecled by spirit levelling season 1922-23

Name of station

Height above
mean sea level

New 01d
spirit spirit
levelling |levelling

Triangu-
lation

Difference
Remarks
lrian.-Lev.

Bombay Longitudinal Series

l Seet | JSeet Jeet |

feet |

Boribyal or Bori
A 18° 25 77-76
L 74° 37" 48"-09

H.S. |2002-982 2002

-1 On rectangular pro-
tecting pillar (most
probably  upper

mark stone)

Mangalore Meridional Series

A 157 297 56”85
L 80" 2 26”.72

Mavinhinda H.S. [2583-130 2582 -1
A 160 25/ 4:/.19
L 74 47 40".38
Madras Meridional and Coast Series
Ongole H.8. [260.072|249-878| 249 -1 Upper matk stone
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TABLE V.—Resulls of comparisons of staves with standard ste
tape No. 8, season 1922-23

)

Difference of length of staves from 10 feet

Place and date No. of staff Remarks
E, E, B, c,
Line Ahmadnagar— Dhond

Ahmadnngar

4-11-22 | —0-003889 ] - 0.002539 { —0:002230| —0:001014 Clear
Ghavgaon

20-11-22 | —0.002475 | —0-000415 | - 0-000189 | + 0000403 do.
Belnandil-12-22 [ —0-000778 | - 0-000288 | +0-000547 | +0-000652 do.
Dhound 13-12-32 [ —0.001862 | — 0-001810 | —0-001194 | —0-000460 do.

Line Gotir—Kalidgi

Dhond 13-12-22 | —0-001862 | —0-001310 | —0-001194 | —0-000460 Clear
Raybag R.S.

29-12-22 | —0-003740 | —0-002915 | —0-001533 | — 0-001565
Hokeri  8-1-23 | —0:004772 | —0:003622 | —0-002947 | — 0003072
Gotiar  13-1-3% | - 0-003746 | — 0002730 — 0001669 | —0-002287 Clear
Mudbol 29-1-23 | —0-004875| ~0-004573 | —0-003738| - 0002725
Kaladg! 4-2-23} —-0-005772| —0.004172 | —0-004065 | — 0003681
Mudhol 23-2-23 | —0-005289 | —0-003664 | ~ 0:003521 | —0-002871
Terdal  9-3-23 | - 0-002956 | —0-002484 | —0.001985 | —0-0020G4
Gooty R.S. :

23-3-23 | ~ 0005630 | —0.004875 | ~0-003224 | ~0-002681

Line Gooty— Ongole

Gooty R.S.

23-3-23 | —0-005630 | —0-004875 | —0-003224 | —0-002681
Paniem 16-4-23 [ -0-003973 | —0-003517 | —0.002792 | —0-002375
Nandsal 7-5-23 | —0:007002 | - 0-006709 | —0-005266 | — 0005241
Velgudn 17-5-23 | — 0 005458 | — 0-005790 | —0-003501 | —0-003950 Clear
Nandyal 22-5-23 | - 0006067 | —0-006017 [ —0-003042 | —0-003992 do.
Kalgotta24-6-23 | - 0-006363 | — 0006197 | —0-004497 | - 0-00415] do,
Gotalgathu . ‘

1-6-23 | —0-005035 | —0-004495 | —0-003960 | —0+002910 | Rain last nigh
Oungole R.S.

12-6-23 | —0-006008 | — 0-006983 | —0-004151 | —~0-004510 Clesr
Ongole R.S. &

12-6-23 | —0-004738 | —0-004638 | —0-004008 | — 0004040 | Scattered clon®

I
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1923-24

The party office closed at Mussoorie on 13th October 1923 and
moved to Dehra Din. The recess season opened at Mussoorie on
15th April 1924. The Sutlej Group recessed at Dehra Dun and No. 1
detachment at Maymyo.

The field organization was as follows :—

(a) Sutlej Valley Group under Mr. O. N. Pushong, with field
headquarters at Bahawalpur East.

(6) No. 1 double detachment (Burma), under Mr. S.C.
Mukerjee.

(¢) No. 2 single net detachment (Punjab), under Mr. Jiya
Lal Sahgal.

(d) No. 3 single net detachment (Bombay), under Mr. P. B. '

Roy.
(¢) No. 4 single net detachment under Mr. N. R. Mazumdar.
(/) No. 5 special detachment under Mr. K. K. Das.

The Sutlej Valley Group having already completed its secondary
kvelling lines, was entirely occupied with tertiary levelling, of which
41,865 linear miles were run, covering 4,795 square miles in the Multan
and Ferozepore districts and in the Bahawalpur State.

No. 1 detachment (Late No. 5) executed 659 miles of secondary
double levelling for the Public Works Department (Irrigation) Burma.

No. 2 detachment (Late No. 6) carried out the back levelling of
the lines Khanpur-Bahawalpur and Multan-Jhang, a combined distance
of 236 miles. These form part of the line No. 105 of the new net.

No. 3 detachment carried out back levelling from Nakhtrana
Mota to Viramgam, part of line No. 104 of the new net; a distance of
449 miles,
~ No. 4 detachment carried out back levelling from Marwar Pali
tia Barmer and Jaisalmer to Govardhanla, part of line No. 102 of the
new net ; a distance of 299 miles.

No. 5 detachment was occupied under the orders of the Superin-
tendent Trigonometrical Survey, in assisting with a special gravity survey
with an Eotvos torsion balance. The work was done for the Burma
0il Company in Sind.

The levelling done was :—

981 miles of primary levelling in the back direction for the new net.

659 miles of secondary levelling for the Burma Government.

31,865 miles (4,795 square miles) of tertiary levelling for the
Plll_ljab Government (Sutlej Valley Project). The work is generally
satisfactory and outturn good.

Relevelment is still required along small portions of new net lines
101 and 105, of which the back levelling was run in 1922-23 and
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1923-24 respectively ; and of a branch line from new net line 104, T,
two former lines will be dealt with during the season 1924-25.

The back levelling of line 102 was stopped at Govardhanls by
excessive heat and absence of water; leaving 55 miles between thyt
place and Mithra (near Khanpur) to be completed.

Three single detachments are at present engaged in the new e,
the primary work of the party. The outturn should average 600 mils
per annum of completed main lines. A new line has been added to the
programme, from Hyderabad (Sind) to Barmer, and numbered 15,
Old line 52 from Sukkur to Hyderabad, will be revised by fore sl
back levelling of high precision, next field season, and may enter int
any future adjustment of the new net.

(a) Sutlej Valley tertiary levelling.—Mr. O.N. Pushong hel
charge in the hield. There were five sections to begin with, each
about 14 levellers. One section was disbanded later, the personnel beins
transferred to other sections.

The Group headquarters office opened at Bahawalpur East
15th October 1923 and the recess office under Mr. N. R. Mazuml,
opened at Dehra Dan on 8th May 1924.

Outturn of tertiary levelling

Sind and Punjab Bahawalpur State ’ Total )

100-acre rectangles 993 sq. miles 931 sq. miles 1,924 sq. miles
25-acre rectangles 1,452 " 1,419 2871

Totals 2446 2,350 l4;9;—:

2,236 linear miles of double and 29,629 of single levelling wer
run, a total of 31,865 miles.

The cost rates were greatly reduced, through more time being
available in the 1923 recess for making arramgements, there being a
longer field season, and lastly through there being a greater number ¢
levellers and computers under approximately the same central staff.

Comparison of cost rates

Field work ‘ Recess work | Total

Date . Remarks
100-acre{ 26-acre ‘ 100-acre | 25-acre | 100-acre| 2h-acre o
I RS ) Rsﬁ | 7nrsw 7771;8 -—l"*s'“-*"' R\ "ﬁ;‘;lrn‘“"gfnse‘:.

. S, . . . . “ . entﬂg('“ s
1922 23{ 23.8 | 475 44 88 28-2 | 567 ;ervis—m anl
‘ T cost of st
1923.24 ] 1779 | 37| 30 | 60 | 209 | 407 | ments
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These figures éxclude the cost of fair drawing which was done by

The officer in charge was able to devote over half his time to

visiting the. sections and various officials of the Bahawalpur State and

| of the Sutlej Valley Project.

A field computing section was instituted

4t the group headquarters, consisting of an upper subordinate officer

snd three computers.

wnespondingly expedited.

Statement of field work

Date of .
s oot [Fommence Date ot Aren in e
8,21 Officer in charge | jouchorg Il}eflt of |ion in
B work 1n block | 160
blocks -
) acre 25-acrc fl‘otal
B. Mohammad 13increas.| Block R” |Block T!| 936 | 548 | 779
Ishaq Kbhan ed to 17 | 28th Oct. | 26th
1 Camp recorder |inJanuary April
8. Nayar Hasan 14 Block M - — 349 | 349
1 Camp recorder 16th Oct.
Mr, H. K. Kar 13increas-| Block 8 | Block J | 914 | 710 |1624
1 Camp vecorder | ed to 19 | 17th Oct. | 20th
increased to 2 in |in January April
February
B. Mohd, Faizul | 14¢increas-| Block N |Block T'| 377 | 682 |1059
Hagan edtol6for| 15th Oct.| 26th
1 Camp recorder [ 1 month April
Mr. Abdnl Majid | 14increas-| Block B” | Block T 347 | 587 | 984
up to January ed to 16in| 23rd Oct.| 26th
Syd. Nayar Hasan | January April
from February
1 Camp recorder

The field sheets as received from the levellers were
s once computed to mean sea level height, so that work in recess was
This prevented undue delay in furnishing
data to No. 2 Drawing Office for fair drawing the 4-inch charts.

Nos. 1 and 5 sections had difficult country, with much reed and

thor . . : . .
holm bushes, and it necessitated line clearing, as the rectangulation party
fa(tl not cut any East-West lines. No. 2 section was disbanded owing
0 the shortage of qualified supervising officers, when one of them had to

%0 on sick leave,

dow

Some inconvenience was felt when the subrectangulators who break
n the 100-acre rectangles for the 23-acre portions of the survey,

¥ere not kept sufficiently in advance of the levellers; some of whom
" Consequon.tl_v to be shi.ffe(l to (_)ther areas, to avoid their being kept
ree{a spasmodically oceupied. This should not be necessary. The sub-

ngulation is unfortunately the work of an agency independent of

—

' o B ‘ N I3
No. 2 section was, disbanded in Janunary.

192,
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tion party.
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194, the Survey of India, though working on No. 23 Party’s field marks g
(Contd.) providing further marks which No. 17 Party must use. Steps have
been taken to urge more speed and to try to obtain more frequent infy.
mation as to subrectangulation progress. It is presumed that fle
Bahawalpur State subrectangulation has been going forward during the
summer.
The recess work consisted of :—
(¢) completing the reduction of field heights to mean sea leve],
(i¢) compiling books of heights for the Chief Engineer, Sutk
Valley Project,
(i) compiling manuseript charts of heights for No. 2 Drawi
Office. All work was finished by the end of Septenbe
1924.
The copying of a duplicate set of books for departmental use w
discontinued, as the new charts contain the information in a more co
venient form.

195. These charts are briefly referred to in § 162. The fair drawingh
The charts.  been taken over by No. 2 Drawing Office. Each chart containsall th
bench marks and tertiary heights falling in its area.

196, No. 1 detachment (Mr. S. C. Mukerjee in charge, P. John seeol
Burma leveller, two recorders and twenty-six menials) left Dehra Din for the fl
secondary on 6th October 1923, commencing work at Kyaukse on 24th October

fovelling. 1923. Work closed at Natchaung (Moulmein) on 28th May 1924, and
the detachment proceeded to recess in Maymyo on 2nd June 1924 The
season’s work consisted of secondary double levelling for the P.“:D-
(Irrigation). The bench marks were provided by that departmentaltt
their own pattern. The resulting heights were sent to the officilst
cerned by the end of recess. They will not be published in the pamphlt
being derived from secondary levelling only, but communicated to the
Director Burma Circle, for departmental use.
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Secondary levelling ¢n Burma, season 1923-24

Number of

Line Miles | p.e. per mile bench marks Remarks
gg¢
{s) Kyaukse to Minzu 62 400030 49 secondary ° g4
halVR -]
o
() Ywakainggyi to W bE
a 528
Amarapura e | 97 +0:0029 46 » = ©&Hf E"od
@
p 9o ang
() Eyaukse to Manda- = E éf’, 5
lay .. .| 207 +0:0030 55 " < 5o
& 1 primary 2 T ok :
B Pu K
(d) Moiktila to Yewe... | 50 400025 98 secondary a Shog
& 2 primary g §E 2 8
= o
. g8~ EL'S a9
() Kyanktaga to Myit- 22558 q
kyo ... .| 80 £0-0023 { 65 secondary EHo 8
{ & 1 primary @ 5—2 ga=
mead 2B
(/) Dalanun to Pazun- Eq‘i e 8 ;‘6'.
myanng | 37 +0°-0019 27 secondary i3 % 5 ,”8’ -
=z ¢g0
{s) Moulmein to P'a-an | 42 +0-0034 {23 . 5 2 o E fg @
& 1 primary “ Je_Re
e Mo g 8
2 L2982
() Moulmein to Wekali | 24 £0-0025 { Tsccondary | SZELE,
& 1 primary e B:&p.8
- .0 4 w
'|(} Ba-Bu-Kon to : E 2 g‘,'gé
Kewmyat Kyi .,.| 78 +0-0022 ( 33 secondary ° o b S -
{ & 1 primary 5 * %ﬁ =
qn) :w s R
() Nyrungbinzeik ‘s &o58 g
to Natchaung .. | 82 +0:0017 38 secondary FE |
e — ~— :ﬂ_
Z
Total ... | 659

m . . .
The outturn is good especially as the lines were scattered over a

';l:g: area of country, including the coastal tract in Ambherst and
aton.

The health of the detachment was generally good.

The recess in Maymyo was undertaken with a view to lessening
“ipense.  The saving effected is roughly Rs. 500, assuming that for
3 recess in Mussoorie, a field Zhamal would be kept in Burma. On
the whole it seems disadvantageous.

Lgvelling on line 105 of the new net of India.—No. 2 detachment
(Mr, Jiya Lal Sahgal in charge, one recorder and fifteen menials) left
Ehm‘ Din on 26th October 1923, and commenced work at Jhang-
Maghiana on 31st October 1923. It closed at Khanpur on 18th February
1024, when the personnel joined the Sutlej Valley Group.

196.
(Contd.)

197.
Levelling
on the new
net of India.
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The work consisted of the back levelling from Jhang-Maghiin,
to Multan, and from Bahawalpur to Khanpur. The old beach marks
being mainly found unaltered in height, the computations have by
carried out as for a revision. The heights (outside 1/m sheet 44) b
not been finally computed, owing to relevelment of some short stretel
being left over till the field season 1924-25 for No. 4 detachmen
For this reason also the probable error of the line does not at Present
satisfy the requirements of levelling of high precision.

The outturn is shown in Table No. VI. The instruments were Bins
cular level No. 6728, staves Nos. 20A and 20B, and standard steel tap
No. 3.

The health of the detachment was good.

Line 104.—No. 3 detachment (Mr. P. B. Roy in charge, one reconds
and fifteen menials) left Dehra Dan on 8th October 1923, and con-
menced work at Nakhtrana Mota, Cutch, on 25th October 13,
It closed at Viramgam on 19th June 1924, and proceeded to Mussooric

The work consisted of back levelling throughout.

Further relevelment is required on a branch line near Anjar, Cuteh
which was run at the request of the Geological Survey, and whid
crosses a known fault in a tract subject to earthquakes. This relewh
ment may be done in 1925-26.

The probable acecidental error of the line
nd = 3 (‘f;% - (i—lLT > %) is +0-00370 .
And probable systematic error
o = (9% s _SE) is +0-000324 ft.
both being within the limits for high precision levelling.
The outturn is shown in Table No. VI. The instruments were les

pattern level No. 16298, staves Nos. 16A and 16B, and standard !
tape No. 7. )

Iigh winds caused much inconvenience daring levelling.

The health of the detachment was fairly good ; ther_e wuso?dz
sickness among the #halas/s owing to heat and water scareity, to®
the end of the field season. i

The heights have been adjusted between Nakhtrar_la Mf_’“’ n
Rajkot standard bench marks, and between Rajkot and Viramgan.

Line 102.—No. I detachment (Mr. N. R. Mazumdarm (:h_argP: E:e
recorder and fifteen menials) commenced work af Marwar P:{]' Onmdnr"r
November 1923, (being delayed by late posting of Ml‘. N.R. ] f“f‘; ol
and closed at GGovardhanla on 30th April 192 1, leaving a gap O'tl)ied )
between there and Mithra, near Khanpur. This was neceSSIdilb i
extreme heat which rendered the A4alasis unfit for work, and by

impossibility, at that season, of procuring local labour.
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The work consisted of back levelling throughout. The probable
arors for the line accidental and systematic, are +0-:00413 and
10:00018 ft. per mile respectively, which satisfy high precision
requirements.

The outturn is shown in Table No. VI. The instruments were Zeiss
mttern level No. 16313, staves Nos. 19A and 19B, and standard steel

tape No. 4.

Heat, storms and lack of water delayed the work after mid April;
util then the health of the detachment was good.

The number of the triangulation stations connected by levelling is
shown in Table No. VIII.

With a view to further construction of standard beneh marks, and
to avoid having to run long lines of levels to connect them, many
mseribed bench marks were put down and observed at Jhang-Maghiana,
Bhij, Jorya, Wadhwan, Barmer and Jaisalmer.

The details of the work of old No. 4 detachment in 1922-23 in
Bombay and Madras are given in Tables VI, VII.

~ Squads have been reduced to 26 menials for a double, and 15 for a
mgle detachment including personal men. The extra recorders have
iho been abolished.

Investigation of the frequency of relevelling during the back
lvelling of net lines during the last few years, shows that 38°/  of the
nileage has had to be relevelled in the field ; for two thirds of this, the
fore loveller’s values were discarded. The first inference is that the
fore leveller’s work ought to be made more accurate. He has no runn-
ng check during the field work on his observed heights, as the back
lgveller has. In future, therefore, every leveller on a high precision
lne must at each station obtain two sets of readings giving values of
nse or fall within 0003 ft. instead of 0004 ft.

One alternative reason for so much of the fore levelling having to
be rejected, might be the movements of bench marks in the period of
time elapsed between the observations. Bench marks are usually built

fore the monsoon rains in order that the fore levelling in the following
ld weather may find them settled into stable positions. The one or
'Wo rainy seasons intervening before the back levelling might in wet
tuntries, defeat this intention; but in dry areas as well the fore levell-
g 1s discarded much more often than the back levelling.

The levelling policy of the fulure has been unider reconsideration.
1great number of standard beneh marks ave to be creeted, and as in
he past these will be properly maintained.  ‘T'he prescrvation of other

nch marks is eonsidered to be the work rather of loeal engineers who
fve the main benefit from them. There will be vequire Lin [ndia a
Wtal of over 600 standard bench marks.  The guestion still remins
Whether the new net lay-out will be disearded, and the high preeision
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levelling programme be governed by the necessity, from year to year, for
lines connecting these new standards to existing level lines. ,

A new type of standard bench mark is being designed with 3 vy
to curtailing expense, and to providing concealed subsidiary marks, i
addition to the point of reference for public use.

In the meantime, the new net is being advanced in 1924-25 by the
fore levelling from Karachi to Barmer. The remaining levelling of
high precision is being run partly for local irrigation purposes a
partly for the purpose of fixing standards; of which 6 of the old ty
and 23 of a provisional design for smaller towns are for immedat
construction. The standard bench mark at Sadikganj was providd
with its slab showing height above mean sea level.

A report was written for the International Geodetic and Geophysial
Union 1924, giving the history in brief of Indian high precisionlerel-
ing since its introduction just before the war.

Preliminary steps have been taken towards the reconnaissance of s
route over which might be run a connecting line between the lex
systems of India and Burma.

The Handbook “ Levelling of Precision” 1920, has been reviel
with a view to republication. A form has been printed for use in bt
tape comparisons at Dehra Din. A new form was devised and printe
for use as a field sheet of Sutlej Valley tertiary levelling. The follomng
press copies were sent to press.

Pamphlet for 1/m Sheet 44.

Correction slips sent lo press

Line Degree sheet
—33 B 471andJ

14 A 57 B, 571,57 M and 66 A

14 B 571

The arrears of publication are :— -

Jacobabad to Jhang (vequires relevelments in 1924-25; po'rtwnecl'
1/3 sheet 41 sent to press). Manmad to Ahmadnagar (&Wmt:lc ;)
levelling near Manmad. Ahmadnagar to Dhond, and Poona to / Slle['
pagar will then require readjustment and y-n-l)|1b]!cat1()_ﬂ)- (s
Dhilia (fore levelling only as yet).  Mirwar 'P:—"]l-Kha[}PurCutch)
levelling will be completed next season). Branch line at Anjir
requires some relevelling.
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TABLE ViI.—CHECK LEVELLING

Discrepancies between the old and new heights of bench marks

231

| Diﬁerence!
0 (check-l-)
k| original),
Pench marks of the original levelling that E lg}’g\?vr:i% ];ﬂitfn:bg:sc{:}] a.‘:-‘l‘: ;1_32 ;;K“:ls
were connected for check levelling o as determined by that the
g8 height
.g..:l wnge
] E f:ﬁnch;
g"’ Check signiless
Degree - n Original ec * than
o | aheet Deseription & | levelling o8 | ortginally
levelled
At Kyaukse
I miles l Seet l date I Seet | Seet
80(93¢C E.B.M, Kyaukse w. | 0-00 0-000 | 1903-04 0-000
32( , |Bridge ..] 6-98 |- 6-287 w |- 6:239 | +0-048
I . 1-60 |- 6710 . — 6-680 |+0-030
35 " E.B.M. Belin 4.24 (-14-:612 M —-14.821 (-0-209
At Minzu
26| 93 C | E.B.M., Minzu .| 000 0:000 | 1903-04 0-000
24 " Bridge e | 2°48 |+ 4-665 . + 4-674 [+0-009
o . " 1-78 [+ 1.546 w |- 1.535 |+0-011
At Samon
8(93C Pipe oo | 0°00 0-000 | 1903-04 0-000
8| ,, |Bridge vl 117 |- 7-098 " - 7:034 |+0:064
o , |Culvert .| 207 [—13-5583 w  |-13-455 |+0-098
11 " E.B.M. Samon oo | 3:36 |—26-687 " -26-681 (—0:094
12 " Bridge vee | 4433 | —43.973 " —43 973 0000
71 . | Pipe v 1-26 |+11-530 , +11:614 |-0:016
) " E.B.M. Thedaw oo | 8:56 |+32-511 " +32:299 |-0-2123
18| , |Pipe w.| 6:70 [-58-218 " —58-347 |-0-134
At Amarapura
68 | 93 C | Pillar we| 0:00 0:000 | 1902-04 0-000
671 , |signal .l 1-22 1 -a4-967 | 1909-10 | - 45206 [—0-239
6] , |Embedded v | 1°25 | -46.377 " —45-581 |—0 204
63| , | Verandsh ..| 895 | -34.916 v |-84.979 |[-0.063
At Mandalay
2193 B Standard e | 0:00 0-000 | 1903-04 0:000
6| ,, |Culvert ve| 1°02 |~10-847 | ,  |-10:804 |+0-047
5| »0'| Embeddea | 1:37 [=10-404 | ,, |-10-373 [+0:031
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TABLE VIL—CHECK LEVELLING—(Contd,
Discrepancies between the old and new heights of bench marks

Diﬂcmnct{
g iy
. . : Observed height above (+) or ongin
Bench marks of the original levelling that 'E below (—) starting bench mark The dgn
were connected for check levelling ,;E as deternlzige delll); mar tgmh?
gH height
E'E', LY
ol greater
3'3 aad the
E Check mg’ntilm
No. D;ig:te Description 2 lg\l;ﬁﬂaagl lovelling ?,!,e:“
originally
levelled
At Meilctila
|miles | feet | date | get |
12 | 84 P | Standard .| 0:00 0-000 [ 1902-03 0000 ..
13| ,, | Embedded w.] 0:32 ]+ 0459 | [+ 0.486 |+0 0¥
mw ., " v | 0-65 |- 5572 . |- 5587 {4003
At Kyauktaga
12 (94 B Bridge .| 000 0-000 | 1909-10 0-000{
16 | |, | Embedded w212 |- 1-171 w |~ 1-516 [+0:34
191 ,, [Bridge 5.04 [+ 5-267 | |+ 5:245 |-0.08
201 ,, |Culvert 6-61 |+11-834 o |+11-791 |-0-08
22| , |Embveddea 7-63 |+18-892 | ,,  |+18:719 [-0-IB
At Myitkyo
111 | 94 C | Embedded 0-00 0-000 |1912-13 0000 | .
11z |, | Lock 0-01 {— 1-709 | , |- 1679 [+000
At Pyuntaza -
86 | 94 C | Fmbedded w. | 0-00 0-000 | 1909-10 0-000 ---sl
871 , |Wel we| 0-08 |+ 2-319 . |+ 2400 +0-060
9 | , |[Step | 482 |— 0:400 . — 0-140 |+0-2
At Moulmein
|
24 |94 H | Standard 0-00 0-000 ] 1013-14 [ 0-000 '00‘
23 [ ., | Verandah 1-12 {47227 | , '—47-223 +0jw7
2l | " 1-14 | 549487 1 5-49-480 +0
|
At Khianpur
) |
92 | 39L | Bridee 477 00 0000 | 190110 0'000}
19 ”» Bl‘1(|",'(} No. 1 17 +1-006 ‘w' " +}l-,17 1 +2:2;}(
L, | Khanpur R.S. -0 +5-610 " #5577 Cod}
1, Bridue No. 2 2.3 £0-7u8 " +0'(l5!l ;'*”_025
15 " Standard . 20| =002 " ~0:967 '+
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TABLE VII.—CHECK LEVELLING—(Contd.)

Discrepancies between the old and new heights of bench marks

233

Difference
glb (c_hqckl—
8 : original),
Bench marks of the original levellil_)g that ] bglt:)s‘sr(v f% 2;;53?1 gn,l{)%;ec(]:glgik The sign
were connected for check levelling B as determined by +denotes
gd thet the
e f height
& was
83 greater
ad and the
No. |Degree Description ;:g {) riglilnul leggﬁ?:g :)'Ji‘;l‘w}ﬁ]%"
* | Sheet i y origi
ee evelling 1023-24 1e§;'1‘l‘:aﬂ
At Bahdwalpur
' miles ‘ feet date | Seet ’ Seet
2; 390 %tandard 0-0 0-002 1860-61 0.000
7 " acord office 0:1} —8-42 and —38.449 | -0:028
ig " Municipal office 0-? -0-930 ; 1914-15| ~0.978 | ~0.048
, Guest house 1. -0-150 —0.218 | -0.068
1 ”
20| , |Bathing ghat .| 20| +2-393 " +2-333 | -0.060
al Godri 1. 8. 271 —1-986 " -2.066 | —0-070
At Jhang-Maghiana
| |
1| 44 A | Sessions house .| 00 0-000 ' 191112 | 0-000 "
0], | Bridge 0-3| +6:139 | and | +6-154 | +0-015
1912-13
At Viramgam
11464 | Embedded 0-0 0-000 | 1675-76 0-000
Tl | Hasalpur T.8, 3.9 | +43-279 N +48.394| +0.115
41, |Bridge No 2 2-1 |+ 2.600 " + 2.260| —0-340
L " 3 2.9+ 0.954| + 0-930| —0.024
42 " " 4 3.0 | — 1-136 " — 1.162( -0-096
42 11 M " b 4.4 |- 1-602 " - 1-837| +0-265
31 " " e 4.9 | — 2.464| — 2.488| —0-024
33 " " 11 7.0 | - 9.888| - 9.879] +0.009
ag " , 12 7.7 | -11.549| ~11.423| +0-126
+ | EB.M. Jhund R 8. 8.4 | -15-615| —16:526 | + 0089
At Rajkot
;'; 417 | Embedded 00 l 0-000 | 189091 | 0.000| ...
8 " Clock Tower 0-3 | +4+11-498| 1909 10 | +11-506| +0-018
! " Standard 0-4 | +19.0061 " +19.089] + 0-028
';8 » | Boundury pillar 0.7+ 1.505 " + 1-528| +0.023
v [(Type ©) 1.1 ‘_ 4.549| - 4.532( +0.017
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TABLE VIL.-CHECK LEVELLING— (Contd.)

Discrepancies between the old and new heights of bench marky

Differens
g lc.‘".“"
Benoh marks of the original levelling that 'E b(e)lbos;r(v e% ]:fg{‘-t “b{)’“("')“ ’l‘hedn'
i s - h
wore connected for check levelling ;E asdetermuilgedel':; mark tﬁl:f”&‘.'
2H belght
&g ™
PR grate
g4 qndthﬂ
No, | Desree Jeserinti fg Orizinal Check '?8’1&
% | ‘sheet Description a leverl‘ling lel;;!““k sin
oy |
le:
At Nakhtrana Mota
jmues Jeet | dute | feu ] el
37 | 41E | E.B.M. at Nakhtruna 0.0 0000 { 1889-90 0.000| .
39 " Trikamdas-ki-dehri +72.384 " +72.859 { -0.0%
At Marwar Pali
17 | 46G | E.B.M. w.| 0-0 0-000| 1907-08|  0:000| .
16| , |M.8 182 we| 03|+ 1.459| &1909 | + 1.460| 00
1, » 180 w] 23| - 2-605| ~ 2579 +008
4] , » 178 4-0 | -15.004| ,, —14-963] +0-Ul
At Akmadnagar *
14| 471 | Standard . 0-0 0-0001910-11 0:000| -
13| ,, | Stone .| 0-2] - 8693 R - 8679 -0
12 ,, " | 06|-386-106 ;) —86-161| +00
oW
At Boribydl
16| 477 | Embedded .1 o0 0-000 | 1806-07 0-000 o
18| ,, | Bridge w| 08| +10-487| +10484 _3.015
13 ,, " wo| 18- 9m% - 9732( -
At Gotar *
. 7778 . )
60| 47 L | Embedded .| o0 0000 1&‘29‘ 0-000 "ols
£14( - 0"
63 Bridge No. 95 w.| 0B |—51498] — 61814/ - 00
&4l L, 96 1 18| —cae013] | -64-0s8[-00

* The work was done by old No. 4 detachment in 1922.23.
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TABLE VIL.—CHECK LEVELLING —(Concld.)
Discrepancies between the old and new heights of bench marks
Difference
%0 (c}lqckl-)
4 Observed height above (+) or P A
Bench marks of the original levelling that = : : ; The sign
R bte connected for check levelling EE below ( as) ;ﬁ;‘gsg";} mark |, h%:l:otthe:
HA height
g4 was
] greater
S 2 and the
8 Check signt;’l'ess
Degree . :‘é Original eck H a
fo. | “gheet Description a 155&;&3 1e1;¢23:1jl_12r;g or?gl':\?lly
levelled
At Kaladgi *
| lmiles‘ JSeet ‘ date l Seet | - feet
8| 47P | (Type C) Rock w.| 00| 0.000|1910-11| 0-000| ...
6 , |Bridge No. 42 vl 05|+ 5522 |+ 5-523] +0-001
67 w o 37 e | 21| +35133] +35-101 | =04032
68 » Culvert . 384 . 3.9 | +35-626 " +35-592| —0°034
At Gooty *
32 87E | Tank w| 00| 0-000|101415| o0-000| ..
" Rock .| 03] — 2-688 . |- 2-689| -0-001
B w | Pillar | 04|+ 236 1307081, 99411 _0-005
gg " C!m_ttrqm i 0-9 | +926-467 ., +26°460| —0+007
» | Civil dispensary ol 1-1 | +412°943 N +12-926| —0-017

* The work was done by old No. 4 detachment in 1922-23.
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TABLE VIIL.—List of Great Trigonometrical Survey stations
connected by spirit levelling, season 1923-24

Height ubove mean
. sea level Difference
Name of station New o ) _ Remarks
. ... |Triangu-|Trian-Lev.
spirit spirit lation
levelling [levelling 8
Mandalay Moridional Series
I feet I JSeet l Seet | Jeet I
i
Taungnyo H.S. 981-8831 '981 l -1 ]Upper merk stone
Lat, 21 3 49°19 ’
Long. 95 49 56-89 I I _
] )
Burma Coast Series
Gyongyongya H.S. [ 285-646 291 +5 do,
Lat. 17 39 E4's1
Long. 96 6% 39.82
Shwesandaw H.S.|316-720 322 +6 do,
Lat. 16 37 4.63
Long. 97 59 22:84
Sutlej Series
Godri H.8. | 378-898|378:092| 381 +2 Grtoundﬂoormlrk
stone
Lat. 29 35 2700
Long. 71 40 24-13
The Gujarat Longitudinal Series
Hasalpur T.S.|132-964 (132821 | 134 +1 | Upper mark stooe
Lat, 28 5 37a8
Long, 72 4 33-11
Ingrodi T.S. | 141581 142 +1 | Middle mark stoet
Iat. 22 67  7.68 151018 162 #1 | Upper mark st
Long. 71 48 34.12
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TABLE VIII.—LZist of Great Triyonomnetrical Survey stations
connected by spirit levelling, season 1923-24—(Contd.)

Height ahove mean
sea level Difference
Npme of station Remarks
N_e.yv o Triangu-|Irian-Lev.
apirit spirit lation
levelling [levelling !
The Kithigwar Minor Meridional Series
I Seet Seet l Jeet . JSeet '
Chamarej 11.8.1329.088331:101 | 332+ +3 Lower mark stone
o , " » connected as
lat. 22 48 59.22 upper mark was
Long. 71 34 32-89 louse nrd shaky.
The Kathiawdr Meridional Sertes
Balambha T.S.| 85-882| 86-157| 8%« +1 Upper mark stone
o ’ "
lat. 22 44 19:13
Long, 70 25  36-41
Vindhia 8.|1156-491 | 115 846 | 116 +1 Top of rectanguler
o , ” plllar
lat. 23 14 44.22
Long. 70 36 51-41
The Cutch Coast Series
Bhachiu H.9. | 302860 | 303-148 | 301+’ -3 Upper wark stone
lt. 23 17 58'16
Long. 70 20 47-93
Sukhpur H.S. | 356-480  366-63G| 306% +1 do.
. 23 16 49”7y
long. 70 9 51-99
Charakda H.8. [417 620 +17-958 | 119 +1 do.
L. 23 9 3’84
long, 69 59 28-34
Mundra T.8.| 78:326| 78-914| SO+ +1 do,
lat. 23 50 33%04
Long. 69 43 24.%y
Nimatra H.S | 963486 964 +1 do.
lat. 23 ¢ 48"
long. 89 30 47-58

. * This value is obtained by old spirit levelling done iun conjunction with the
tmngnlat.ion.
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TABLE VIIL.—List of Great Trigonometrical Survey stations
connecled by spirit lerelling, season 1923-24—((.‘01;0111.)

Name of station

Height above mean N

sen level Difference

oid Romarly

spirit
levelling

New
spirit
levellin g

Triangu- (Trian-Leyv.
lation

Jodhpur Meridional Series

j Seet ’ feot | Seet | feet

Mnndai
Lar. 26 20
Long. 71 10
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TABLE IX.—Resulls of comparisons of staves with
standard steel tape No, 2, season 1923-24

Difference of length ofstaves from 10 feet

Place and date No. of Staff - Remarks

23B 208 13A 138

Kyaokse 26-10-23! + 0001882 | +0:001116 | — 0000903 | —0-000921 | Light scattered
clouds and cool
brecze.
Nagu 4-11-23| +0'001638 | + 0*000564:| — 0'001168 | - 0* 000588 | Scattered clouds,
Myittha 15-11-23| +0°002195| + 0.001314| —0-000462 | — 0-000365 | Cloudy.
Kyngyi 206-11-23| + 0:000697 | —0-000288 | —0-0007356 | —0-000817 | 8cattered clouds,
Taongdwin
8.12.23| +0+000869 | —0:000413 | - 0:001727 | ~0-:001388 | Clear.
Amarapura )
Shore 22-12-23| +0-001815 | +0°001014:| —0-001069 | —0-000543 " :
Seywa 2-1-24{ +0-002164 | +0°001587 | —0-000328| +0-000327 | Light scattered
clouds aud cool
o breeze. :
Tadainshe :
14-1.24| + 0:001663 | +0-001249 | — 0000608 | — 0-000385 , Clear. '
Pinywa  26-1-24] +0.005842| +0°000972| — 0000373 | 4 0-000078 | Light scattered
clouds.
Kyauktaga
8-2-24/ +0:000969 | —0-000801| — 0001568 ) — 0-000539 CLeBr and cool
reeze.
Dalazeik 17.2-24 +0-000551 | + 0-000206 | —0-000%86 | — 0-000656 | Clear.
Dalanun  2-8-24{ + 0.001015 | + 0° 000665 | — 0001100 | —0Q+000926 Cz)eur and cool
reeze.
Nysunglebin
16-3-24| —0-000156 | — 0- 000476 | —0-001944. | — 0-001847 | Scattered clouds,
P"Y"Pyll 30-3-24| +0-000176| +0°000042| —0:001927 | —0-001820 Cllear and cool
reeze.
Tarana  11.4-24) +0-001169 | +0-000843 | — 0000651 | — 0-000777 "
Kyain -24; +0-000305 | — 0000073 { —0°001377 | —0-000095 Li%ht]scattered
clouds.
Peinnegon £-5-241 +0.002587 | +0 002321 | +0:000654 | + 0-000690 | Scattered clouds
and cool breeze,

]
£
==
2
[

Nawlon Kwin
21-5.24] +0-002318 | +0-002517 | +0+000600 ' +0-0005%4 | Scattercd clonds.
Natchanng |
28-5424, +0'002577I’ +0:002240 | +0.00065¢

+ 0000684 "
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TABLE IX.—Results of comparisons of staves with stundyq
steel tape No. 3, season 1923-24—(Contd.)

i —0-002743 | -0°-002162
! :

Difterence of length of
staves from 10 feet
Place ard date No, of Staff Remarks
20A 20B

Jhang-Maghiina  2-11-23 | ~0-000137 | +0-000191 | Clear
Rustem Sargana 10-11-23 | +0°-000560 | —0°000041 "
Rustam Sarcana  20-11-23 0:001655 | —0°001443 "
Darkhana 28-11-23 | —0-001108 | —0-002059 . Cloudy
Abdul Hakim 6-12-23 | -0-001734 : —0-001008 : Clear
Chak 14 (Thal Chumu) F

16-12-23| —0-001856 | ~0-001633 | R
Abdul ITakim 28-12-23 | —0-001893 | —0-000818 | "
Kabirwila 5-1.24 | —0-002554 —0°001880 | Scattered clonds
Kadirpur Rann  138-1-24, —0-001626 | -0 000632 | "
Kadirpur Rann 21-1-24: -0-002756 —0°-001743 Clear and windy
Bahawalpar 24-1-24 | —-0-002112 ° -0-001374 Scattered clouds
Mubarakpur 81-1-24; —0-002396 | -0-001696 Light scattered clouds
Chaudri 10-2-24 | —0-002514  -0-002032 | Clear
Khanpur 19.2-24, [ "

i
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TABLE IX.—Results of comparisons of staves with standard steel
tape No. 7, season 1923-24—(Contd.)

Ditference of length of
staves from 10 teet

Place and date No, of .staff Remarks
16A 168
Nakhtrana Mola 24-10-23 | —0-005757 | +0-000098 Bcattered clouds
" 1-11-23 | - 0:006992 | —0-000722 Clear
Vajal 8-11-23 | ~0°:007078 | —0-000945 "
$amatra 16-11-23 | —0- 009588 | - 0-002313 4
Bhj 24-11-23 | —0-0U9131 | ~0-002388 Light scattered clouds
Balakhavas-ka-Talav.
3-12-23 | —0°010454 | —0-003294 Clear and cool breeze
Kilighogha 10-12-23 | —0-009573 | —0+002882 "
Yundra 19-12-23 | —0-009170 | —0-:002117 Clear
" 31-12-23 | —0-010762 | —0-003271 Clear and cool breeze
Rhedoi 10-1-24 | —0-010419 | —0-¢03190 .

Anjax 93.1-24 | —0-011429 | —0-003673 Clear and high breeze
" 30-1-24 | —0-010795 | —0-003391L w w cool
Bhachia 6-2-24 | —0°010265 | —0-(03084 Cloudy and cool breeze

Shikirpur (Cutch) 17-2e21| —0-010722 [ —0-C03131 Clear

Bhela Mota 25-2-21 | —0-010663 | —0°C03067 Scatteredclouds & highbreeze

Balambha 4-8-21 | —0-010440 | —0-602912 Clear and high wind

Uhrol : 13-3-24 | —0-011005 | —0-(04117 Clear and high breeze

largari 93-3-24 | —0-010385 | —0-002149 Clear

Auandpur 2424 | —0°012212 [ —0-004450 "

Chotila 98-4-24 | —0-011527 | —0-004361 Clear and high wind

Molri 17-4-24 | —~0-011399 | —0-003504 Clear

Mulj 25-4-24 | —0-011942 | —0-007952 Clear and high wind

Wadhwan 8-5-24 | ~0-011502 | —0-003712 Clear and hot wind

Sheikhpur 18-5-24 | —0-010446 | ~0.002221 | Scattered clouds and breeze

Bila 28-5-24 | —(0-010532 | —0-002041 Clear and h'gh wind

uilipur 8-6-24 | —0-010810 | —0-003494 " . _ breeze

Virmgim 15-6-24.| —0-000099 | —C-003521 |Light clonds and high breeze
» 19-6-24 | =(-009591 | —0-002285 Drizzling
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TABLE IX.—Results of comparison of staves with standard steel
tape No. 4, scason 1923-24—(Concld.)

Difference of length of
staves from 10 teet
Place ard date No. of staft Remarks
19A 198
Marwar Pali 26-11-23 ;| -0-001792 | —0-001958 .
Rohat 3-12.23| -0-001656 |, —0-001814 |
Luni 14-12-23 | - 0002349 | —0:002286 |
Dundara 24-12.23 | —0-001946 | ~0°002030
Samdari 30-12-23 | - 0-001920 | —0-00176.
Balotra 8- 1-24' —0-002926 | —0-002562
Baitu 16- 1-24! -0-002962 | -0-003112
Bhimarlai 22- 1-24 | —0-004127 . —0-003877
Barmer 3l. 1-24{ -0-002763 ; —0-002864
Barmer 9- 2.31| -0-003700 ' —0°008411
Bhadleo 16- 2-24 | - 0-004526 ' —0°+004860
Shew 3- 324 —0.003989 ' -0-003810
Bhailani 15- 3-24| —0-005013 | —0-004763
Jaisalmer 1. 4-241 —0-004344 —0-004519
Bayasaki 11- 4-24: -0-:005173 - —0-001909

N 21. 424" —0-005519 © - 0007269
Govardhanla 30- 424 | —0-005389 | — 0005475 |
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1924-25

The field office opened at Bahiwalpur East Railway Station on
2th October 1924, and the recess office opened at Mussoorie on
2th April 1925. No. 1 detachment recessed in Mussoorie, the
Burma programme having apparently been finished with this season’s
work, The Sutlej Valley Group recessed in Dehra Dan as usual.

The field organization was as follows :—

(@) Sutlej Valley Group under Mr. N.R. Mazumdar, with
field headquarters at Bahawalpur East Railway
Station.

() No. 1 double detachment under Mr. 8. C. Mukerjee, in
Burma.

() No. 2 single detachment (net) under Mr. A. A. S. Matlub
Ahmad, in Sind and Western Rajputana.

(d) No. 3 single detachment (net) under Mr. H. C. Banerjea
B.A., in Bengal, Bihdr and Orissa.

(¢) No. 4 single detachment (net) under Mr. Jiya Lal Sahgal,
in the Punjab and Sind.

(f) No. 5 double detachment under Mr. P. B. Roy, in Bengal,
Bihar and Orissa.

The Sutlej Valley Group continued its tertiary levelling in the
Multan, Montgomel‘)’, Lahore and Ferozepore districts and in
the Bahawalpur State. 37.525 linear miles were run, covering 4900
Square miles,

No. 1 detachment executed 367 linear miles of simultaneous
oo lovelling of secondary precision for the Chief Engineer,
P-W_-D. (Irrigation) Burma, in the Shwebo, Sagaing, Tharrawaddy,
Insein, and Pegu districts (precision methods however being em-
toyed for the check leveling at Rangoon and Pegu), and 327 linear
lplles (6 square miles) of tortiary levelling on the Yenangyaung oil
held for the Burma Oil C“ml‘“”:‘v'

.NO. 2 detachment exccuted 198 miles of levelline of  hich
Precision in the fore direction from Sukkur to Hydorabad; this line,
referred 4o ju § 190 as old line 52, has heen given a new number
0T A and 213 miles of levelling from Hyderibad to Barmer,
along line 150. | l
. No. 3 detachment exceuted 113 miles of levelling of high pre-
@on in the fore divection on line 121 from Howrah wvid Midnapore
to Ja_]eswn r; 108 miles on new line 121 A from Mohanpur (Midoapore)
to Ra,nignnj: 239 miles on new line 151 Riniganj to Dinajpur.

- Nf). + detachment exceuted 123 miles of levelling of high pre-
918101'1 m the fore direction on line 101 from Karachi to Kotri, and
? miles on line 150 from Kotri to Hvderabad, and 86 miles in
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the back direction on line 102 from Govardhanla to Bhutta Sheikh, ang
198 miles on line 101A from Hyderabad to Sulckur. Italso carried oy
the relevelments of short lengths of lines 101 and 105 (vide § 189),

No. 5 detachment executed 150 miles of simultaneous double
levelling of secondary precision for the Caleutta Corporation, in the
24 Parganas district, and 168 miles for the Chief Engineer, Bt
Indian Railway, between Howrah and Hazaribigh Road.

Officers under training at Dehra Din executed a short length
of fore and back levelling of high precision along line 61 A, con-
necting 4 new secondary bench marks.

Topographical levelling was carried out in Mussoorie by a leveller
lent to the Director, Northern Circle.

The levelling done was :—

284* miles of primary levelling in the back direction.
1029 ) 3 » » I fore »
685 ,, ,, secondary levelling. _
37,852 ,, ,, tertiary levelling, covering 4906 square miles.

The secondary and tertiary work was done for local government:
The calculated probable errors of. the completed portions of main lins
of thenet satisty high precision requirements. The relevelment nece-
sary on the branch line from 104 will probably be done in '1920-'.%.
The back levelling of 102 had to be continued past Mithra, to
Bhutta Sheikh, as the values of bench mark at Mithra did notagre

The results of the work on line 101 A are not satisfactory.
This line along old line 52 was undertaken for the L]O_yd Barage
Engineers. There was poor levelling in both directions, which unforgl-
nately did notshow up as disagreements hetween fore and back. ';'
other lines there are large discordances between the fore ]evelllﬂgv?”
this season and the old published height differences. These ¥
probably be cleared up by the 1925-26 back levelling.

The following new lines have been added to the net:—

101 A from Sukkuwr to Hyderabad (branch line). )
121 A from Mohanpur (Midnapore) to Rinigan] (branch line.
150 from Kotri ((Hyderibid) to Barmer.
151 ,, Raniganj to Dinajpur.
152 ,, Rajkot to Porbandar.
136 now runs from Jhang to Lahore.
137 5, » Ambala to Lahore.
138 ,, »  Delhi to Ambala.
139 ,, »  Ambala to Moradabad.
153 ., »w  Delhi to Meerut and Baveilly.
But otherwise the net stands as shown in Record Vo 0
The programme of the next two seasons is the completion

Jume xv.
£ 100,

———— ilh
S .= i - .d of“‘]l
* This includes 168 miiles of back 'evelling of line Sukkur to Hyderibd

fore levelling was done the same season,
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108, 113 (Surat-Dhalia portion), 119, 121, 121 A, 150 and 151, and
the fore levelling of 104 (remaining portion), 106 (remaining portion),
136, 137 (remaining portion), 139 (remaining portion) and 152.

(a) Sutlej Valley tertiary levelling—Mr. N. R. Mazumdar in
charge. There were five sections, one of which had to be broken up
and the staff sent to other sections, owing to the section officer

- having to go on medical leave.

There was much delay in starting the field work, the railway
line from Dehra Dun having been broken by floods ; the spare time
in Dehra Dian was spent in training new levellers, and giving practice
to others. The season opened at Bahawalpur on 19th October 1924,
and field work closed at the end of March 1925.

. The outturn was as follows, all being tertiary levelling:—

Punjab Bnllsﬂ;;lépur Total

sq. miles __\r] ;;Fl;e\‘_ | "Eq;;
100-acre arca 542 - 542
25-acre area ¥71 10677 - '372;ﬁ g
W Total _ 1648 3252 4900

1855 linear miles of double and 35,670 of single levelling were
ran, a total of 37,525 miles. Ground heights were given to 354,300
points.

The cost rates were again reduced, owing probably to the fact

that the bulk of the men were fully trained, and also to there being
good supervision. The outturn was very good.

Coost rates compared—

Field work | Recess work Total i
Scason I : T T T Remarks
100 | 25 | 100 | 25 | 100 | 25 remarks
acre | acre | acre | acre | acre | aere |
[ 1 . o v . ~ 7177-7 ﬁV
RS, | us ‘ ms. | mS. | R, ‘l 5.
1922-23 23-8 | 475 I 44 | 88 | 28:2 ] 56:3 | Costpersquare miles exclud-
T —| —— - - ing pereentage charged o
[ . . .
1923.24 17:9 | 35+7 | 3-0 | 60 ] 0.4 . 417 ["he project Lor supervision,
| !
— I : . nse of instiumenis,  and
|
{ | SR
1924.25 16-5 | 33.9 | 21 ( 43 186G 37°2 mapping
e ‘
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The Officer in charge was able to inspect his men constantly,
The computing section at the group headquarters was reinforce
in the middle of the season, in order to meet the Chief Engineer's
demand for the rapid supply of charts. 72 manuseript spot height
charts were supplied to the Officer in charge No. 2 Drawing Offce

during the field season.

The sections were organized as below:—

Nayar Hasan

16 levellers
later on 14

P”; R«”.

2 i
2 ' ' Date of commence.
2 Z‘:’ Officer in charge No. Olf_eégzggfl and Blocks No. ment of
& work in block
1 | Mr, H. K. Kar 1 Camp recorder 1'"J’ K ,N,0" R, 1st November
15 levellers B”,C"\ D" 8" 1", 1924,
later on 17
2 | Babu Muhammad| 1 Camp recorder y", v”, (half) 29th October
Ishak Khan 12 levellers Z, K A’ C\G' B2, 1934,
later on 17 (half)
3 | Babu Muhammad| 1 Camp recorder | C”,D”,2’,E” ¥",2°. 30th October
Faizul Hasan 16 levellers (half) 1924,
later on 17
4 | Babu Saiyid 1 Camp recorder 173", K", N”,0", 29th October

1024.

Mr. Nakidad
Khan

i Camp recorder
14 levellers.

W u' IW,S”,R”.V”.

28th Octoher
1924,

(half)
This section was

dispersed at the

end of Febrnary.

No. 2 section had the most difficult ground with much j‘l".‘-']"'_
Nos. 3, 4 and 5 worked in very easy country with large expanst of
flat pat and sand ridges running generally cast and west. Water
had to be carried from tobas (small ponds), sometimes for long
distances. Health was generally very good.

There was no difficulty this year as regards heing held back BT
the subrectangulators.

The recess office opened at Dehra Dan on 1tth April TI"
field work covered 329 four-inch charts, of which the data f“roi:
were sent to the Drawing Office from the ficld; the remaining =
were finished during the recess.
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. {(b) Burma secondary levelling.—No. 1 detachment under Mr.
8.C. Mukerjee, left recess quarters at Maymyo on 1st November 1924;
the second leveller P. John and the squad, joining them at Tangén
(Shwebo district). The lines of secondary precision, all run for
the Chief Engineer P. W. D. (Irrigation) Burma, were as follows:

. . No. of new
Line , Miles bench marks
(2) Tangdn to Shwebo { G5 21
(»)) Kabo to Myittaw , 92 67

() Okshitkan to Paukkan T 31

(d) Thonze to Rangoon 1110 69
(e) Tegu to Zeuyaungbin ; 5 1
(/) Myitkyo to Okpo e | 7 2
{9; R.D. No.23of Yenwe cmbankment
to Uaw l 1o 4
Total ’ 367 195

The lines lay along the following routes:—

(). Along the railway line to Tantabin, thence along the road
to Kabo, thence along the Shwebo main canal to Okshitkan and thence
along the road to Shwebo.

(b)), Along the Ye-u main canal to Tantabin, thence along a
listributary and across country to Thayetkan, thence along Mayagan
branch canal to Nyaunghla and thence along the road to Myittaw.

(). Along Hladaw branch canal to Shwebangon, thence along
mad and distributary No. 3 of Hladaw branch canal to Thayetkyi,
thence along village cart track to Sadaung and thence along the
toad and railway r/d Padu to Paukkan.

(d).  Along Rangoon-Prome road vid Insein to Rangoon. The
branch linc to Paunggvi was run along Rangoon-Pegu and Hlegu-
Paungeyi road.

(e).  Along Pegu-Tawa road band.

(f). Across country along right bank of Sittang river.

(9).  Across country »ii Daiku along Kawlia stream.

The bench marks were built by the P.W.D. after their own
Pllt'('ern. The rvesulting heights were sent to the Chief Engineer
Quring the recoss, The detachment closed work at Pegu on 26th
May 1925, and proceeded to recess in Mussoorie.  Health was good
throughout the season.

C (0 Burma tertiary Jevelling, - Yenangvaung  (Magwe  dis-
triet). Phis . ' T " = >
o 1is was earried out by No. Tdetachment inthe interval between
the Shwebo and Insein sccondary lines. Tt eonsisted of single levelliny,
in : o . . . 3 . -
conjunction with the topographical suvvey under the Director,
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Burma Circle. The country was hilly and much cut up by nilis
The area was first enclosed in two double levelling circuits, connectedl
to bench mark 6/84 L; no other mark remained undisturbed withiy
practicable distance. These circuits were divided and subdivided by
means of single levelling. Lines had to be run along the banks s
also the bottoms of nalas. The heights were adjusted in the fieldgy
closing each line, and at once given to the topographical surveyos;
no work being left for recess. The results are probably correct to
01 ft. A good deal of time was lost through the levellers having
to revisit places already levelled over, it having been found that they
had given too few heights. It had not been possible, in the time
available, for the topographical surveyors to mark on the gromd
beforehand all the points for which they required values.

" The results are as follows :—

2 main circuits, 21 miles.
9 sub circuits, 23
minor lines, 283

6-square mile area:
327 linear miles of levelling.l

Number of heights:—
1. TIron pipes about 3 inches in diameter, embedded in masony
blocks ; masonry pillars with iron plates on top; circles o

plinths and structures ... Lo

2. Wooden platforms of oil wells U L1
3. Very temporary heights, iron pipes and ground levels 303
4362

Sets up 4606

93 working days for two levellers, including rest.

Closing errors

Circuits Grentesl Lenast Average Remarks
~ o D
_fel'f fgcl ‘].('(‘/
Main circuits 0-054 0:001
P ——— RS _—”-/ v
Sub circuits 0:040 0-003 0-013 On tying to msid ha?ri
cnits, average Jeog!
miles.
N D e —_—
. H “-
Minor lines 0-021 On tying to malv ¢
0°'081 cnily or sub circultt

y Jevelling—T"

\"5 wOrk
semed i1

(d).  Caleutta Corporation (Drainage)— secor idav
undertake this and also the East Indian Itailway Compah
as given in § 222, No. 5 double detachment was forme ;
January 1925, under Mr. P.B. Roy, with sccond leveller Babu In
Singh, two recorders and twenty-six menials.  The Program";em
carvied out, consisted of 150 miles of double levelling, mainly #0
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the Bidyidhari, Piali and Matla rivers. Work commenced at
Caleutta on 28th January, and closed at Narayanpur on 22nd
March 1925. 268 new secondary bench marks were connected
including 118 Marine sockets. These were as described in G.T.S.
Volume XIX page 58, except that their length was only 44 feet.
They were generally found to be somewhat loosely driven into the
ground, and consequently unstable. The whole country is low lying
alluvial Jand.

The work consisted of the following circuits :—

Line No. 77 Q. Bench mark 368/79 B south-east

wards vid Sealdah to Narayanpur and back over the

same marks to Calcutta, 59 miles

Line No. 77 R. Narayanpur, Port Canning, Kultali,

Piali to Narayanpur along Bidyadhari, Matla and

Piali rivers 91 ,,
Total 150 miles

The p.e. for the first circuit, on which the rest of the work
depended, is +0'0025 ft. per (mile)? and for the otherit is +0'0040.

The health of the detachment was good.

The heights were computed in recess and sent to the Executive
Engineer (Drainage) of the Corporation.

(). East Indian Railway—secondary levelling.—This double
levelling of secondary precision was carried out by No. 5 detachment.
Work commenced at Howrah on 23rd March 1925, and closed at

Sitirimpur Junction on 5th June 1925, when the detachment pro-

ceeded to recess in Mussoorie.

. It forms the first season’s work of a large programme of levell-
ing from G.T.S. bench marks to marks made by the Railway
Administration along their lines.

The following lines were run:—

Line Miles
No. 74C. from RBench mark ";)jl;: at }
Howrah, along the railway to Uttarpira | » 13
station, and elosing on bench mark 247 !
VVVVVVVV o 798 J
Branch lines to Sheoraphiili, Bandel, Pancdua,
Saktigarh. Burdwian. Khana, Galsi, Man. .
kar, DPanagnr, Durgapnr, Riniganj, Kali- 50

pahari. Asansol, Churilia
Branch line No. 70 .1 (Barikar to Haziribigh I
Road) along East Indian Railway grand | > 105
chord line J

Totals 168
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The p-e. for lines 74 C and 70 J from the formula
2 /3I¥. . . :
pe.=y ’\/ i is £0°0036 ft. and +0°0038 ft. per (mile)} respec-

tively. 1 new primary and 268 new secondary, and 1 old primary
and 78 old secondary bench marks were connected.

The railway bench marks consist of :—

(1) the vertical type of inscribed bench marks, i.c. inseribel
stones fixed vertically in the walls of railway building,

(2) the pillar type ; stone blocks 2 x 2’ x 9" resting on pakka
masonry pillars about 8 feet high and 2 feet square,

The health of the detachment was good until the close of the
season.

" (f) No. 4 detachment.—Levelling on the new net Iine 101.
The fore levelling of the portion between Karichi standard
bench mark and Kotri was carried out by No. 4 detachment (M.
Jiya Lal Sahgal), work commencing at Karichi on 8th December
1924, and closing at Kotri on 21st January 1925. The detachmet
then took up lines 150 and 101 A.  The fore levelling from Manom
T.0. to Karachi, involving the crossing of the harbour, has been Jft
until next season, as also the fore levelling to 8 new standard bench
marks (Gharo, Tatta and Jerruck) still under construction.

The instruments used were :—level Zeiss No. 3488 ; staves Not
19 A and 19 B and tape No. 4.

The back levelling of the portion between Jacobabid nd
Bahawalpur in 1922-24 was found to require some revision, n ord?:
to satisfy high precision requirements ; this was also done by No-h‘
detachment. The probable accidental and systematic errors of
completed portion of this line (Kotri to Bahawalpur) are ¥

1000358 ft. and 4000039 ft. per mile.

Line 101A.—The fore levelling was done by No. 2 de'ra,c}'lm"“:)
(Mr. A.A.S. Matlub Ahmad). Work commenced at _Suklﬂ“‘;'d
29th October 1924 and the line was closed af, Hyde?abad, o Tlrw
January 1925. The detachment then began work on line 150. "
back lolvelling (No. 4 detachment Mr. Jiya 1l Sahgal), bega®
Hyderabid on 24th January 1925 and closed ot Sukkur on
April 1925, .

It had been intended to base this line on Rehri, but th:;itwf)}
a lack of suitable bench marks there. The ronie lay along Iy 8
old line 52, but the old bench marks were fornd to have nea(;isy}ur.
been destroyed or disturbed. However there wrse enough uf
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bed to justify the new work being adjusted to them. The closing
on the old net discloses that there is an error in the new levelling of
over one foot.

“Where the new work disagrees with the published difference
between bench marks, the new bench marks have been given provi-
sional values only ; elsewhere the new levelling is good revision work. ”

The difference of heights between the ends of the line is com-
puted at —160 * 925 feet; the difference arrived at in the adjustment
of the old net was —159 702 feet, a discrepancy of + 1:223 feet.
The probable ‘accidental and systematic errors of the new line,
from Lallemand’s internal evidence formule are +0:00371 ft. and
+0:00062 feet per mile which satisty the requirements of high
precision levelling +0°00416 ft. and F0-00106 ft. respectively.

The instruments used were :—fore level Zeiss No. 3342, staves
Nos. 20A and 20 B, standard steel tape No. 3, back level Zeiss No.
3488 staves Nos. 19 A and 19 B and standard steel tape No. 4.

Line No. 102 :—The back levelling of this line was left incomplete
(vide § 189) and the remaining portion was levelled by No. 4 detach-
ment (Mr. Jiya Lal Sahgal). Work commenced at Govardhanla on 31st
October and closed on 30th November 1924. The detachment next
proceeded to Karachi totake up line 101. The mark at Mithra on
which it was hoped to close, was found to be disturbed, so work had
to be carried on to Bhutta Sheikh,—a total distance of 86 miles.

The probable accidental and systematic errors for line 102,
from Lallemand’s formule, are +0-00413 ft.,, and +0-00018 ft.
per mile (satisfying the requirements of high precision work
10-00416 ft. +0-00106 ft. respectively).

The instruments used were :(—level Zeiss No. 38488; staves
Nos. 19 A and 19 B and standard steel tape No. 4.

Line 105—As indicated in § 189, No. 4 detachment carried out
the ielevelment of short lengths, which completes the line 105.

The table showing the probable accidental and systematic errvors
for the whole line is given below :—

Probable Prohable
Line nceidental systematic
error crror
- Jeet Sfeet
Portion Kh anpur to Bahawalpnr 4-0-00843 -+0-00008
" Multin to Jhang-Maghinna +0-00416 4-0-00042
|

225.
(Contd.)

226.
Instruments
" used.

227,

Bachk levelling
of line 102.

228.
Instruments
used

229,
Probable
aceidental
and
systematic
errors.



229,
(Contd,)

230.
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231.
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« 232.
Fore levelling
of lines 121 A

and 160,

233.

Fore levslling
of line 151,

234.
Cheek
leveliing at
Rangoon and
Pegu,
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which satisfy the requirements for high precision levelling
+0°00416 ft. and +0°00106 ft. respectively.

Line No. 121.—The fore levelling of the portion from Howmh
to Jaleswar was carried out by No. 3 detachment (Mr. H.C
Banerjea, B.A.). Work commenced at Howrah on 6th November
1924, and closed at Jaleswar on 1st January 1925, when the detach-
ment returned to Midnapore to take up line 121 A.

The instruments used were:—level Zeiss No. 16215; staws
Nos. 16 A, and 16 B and standard steel tape No. 7.

The fore levelling to new standard bench marks under cons
truction was left for 1925-26.

Line 121 A.—The fore levelling of the line from Mohanpur
(Midnapore) to Raniganj was done by No. 3 detachment. Work con-
menced at Midnapore on 7th January 1925, and closed at Raniganjon
13th February 1925, the detachment then proceeded along line 131

The new standard bench marks under construction were left for
1925-26.

The fore levelling of line 150 was all done this season. Fron
Kotri to Hyderabad, by No. 4 detachment (Mr. Jiya Lal Sahgl)
and from Hyderabad to Barmer by No. 2 detachment (Mr. AAS
Matlub Ahmad). This detachment commenced work at Hyderabid
on 4th January 1925, and closed at Barmer on 3rd April 192.

Instruments used were the same as those for lines 1014
and 102.

Line 151.—All the fore levelling of this line from Ranign] ta
Dindjpur was done this season by No. 3 detachment exgept for the
connection of new standard bench marks under construction, andfor
the Ganges crossing at Lalgola Ghat, which was reconnOItyEfl'W'
1925-26. The detachment closed work for the season at Dindp
on 15th May 1925.

Check levelling at Rangoon and Pegu.—This was carti d 0:;
by No. 1 detachment, by means of simultaneous double ]evelllxlg)i]l
precision, during the course of the secondary levelling on the Inatm
and Pegu lines. Some of the Rangoon hench marks were Suspe .
by the Port authorities to have been altered in height, an earthq}]?ﬁ‘,
in 1919 being thought to have affected them. This present ]son'ajfm:
levelling indicates that some of the heights have altered with ll] y
ence to those of standard bench mark in cantonment gaﬁow
Rangoon (B.M. 32/94 D), of the Shwedagon Pagoda 17.1941’1‘ (B% ]ioW"
94 D), and 9 others which agree infer se, as is shown 1 the 10

ing table.
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Check levelling at Rangoon
£ § New
®0A height . Risen ( +)
393 above ( +) Hrzlvgil;:lxss or sunk
E‘g - Brief description of bench mark or P deter Y- ) since
o below (—)| " 4 last
LS Shweda- ®% | levelling
3‘.:‘3 gon
i 1 onslab on K, side of Bhwedagon Fagoda Jeet Seet Jeet
BOM, steps, Rangoon .- 0-000 0-000 0-000
108
2 Standard bench mark on high knoll in Can-
tonment Gardens, Rangoon .. |+ 0-393 |+ 0-393 0-000
B G.I'8. at NE. angle of Railway Audit Offices,
a Rangoon. A few inches below ground
level o |[—"78:746 |—78-746 0-000
H QO at NE. corner of plinth of Rallway
B.M.  Audit Offices, Rangoon —77-523 |—77-523 0-000
a G.T.8. at S.end of step of E. entrance to base-
O ment of Sule Pagoda, Rangoon —89:150 {—89-150 0:000
% 1 on stone block wunder portico of .
B.M. entrance of Town Hall, Rangoon —90-641 |—90-641 0-000
31
7 Standard bench mark in Customs House flag-
staff enclosare, Rangoon ... [—88:994 |—88-994 0-000
16 G.T.8.at W, end of step of E. entrance of Gene-
O ral Post Office, Rangoon ... |—92-040 |—92-040 0-000
B.M. .
2 Zero end of bed plnte of tide gauge at Ran-
goon 'T'idal Observatory .. |—88-433 |—88-433 0000
4 G.TS. at N.E corner of uorthernmost of 3
BO pagodas at Dala village e |—92:574 | —-92-574 0-000
M.
53 G.T.8. al. P, W.D. Inspection bungalow, qelkgyl,
a 1} feet below ground level —97-612 |—97-612 0-000
B.M. .
034 1 on N. parapet of drain at junction of
B.M.  Simpson and Shwedagon Fagoda
111 roads, Rangoon oo |—50:9073 (—50-881 | —0-092
1(30)) 1 onw. parapet of drain 230 feet S. of
B.M.  entrance gate of Presbyterian Church,
66  Rangoon —67+216 |—-67-253 | +0-037
72 (22) T at base of palisado fonce E. of gateway
];-M- of Crisp Street Jctty, Rangoon —91-978 |—91:847 | -0-131
GO
3 (24) 1 at base of palisade fence, at its W, end.
B.M.  N.ofS.andT. Corps Wharf on Strand
168 road, Rangoon —901:582 |—91 626 | —0°087
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(Contd.)

235.
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236.
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Check levelling at Rangoon.—(Concld.)

Pt §::: New

&o beight . Risen
'E S b above(+) H.elg_ht ?S or sul(ﬂf,
ga. Brief description of bench mark or pl((]:Vlousy (= since

® eter-

2 below (=) mined lagt
g8 Shweda- levelling
a3 gon
4 B.M. on W. end of N. entrance of Examina- Jeet Jeet Sfeel

. O tion lall at Port Health Station, at _

Brooking Street Whart, Rangoon .. [—93-043 | new bench mark

75 (18)| Graham Smith's-bench mark ontside SE, cor-
ner of enolosure of Mayo Marine Institute,
Rangoon . |—92-590 |—92-608.| +0-018

76 (20)] BOM, at. SW. corner of shed of Brooking Street,
Wharf waiting room for Indians,
Raogoon ' . |—91-461 |-91-449 | -0-002

77 (19) BOM.at NW. corner of shed of Brooking
Street Wharf waiting room for Euro-

peans, Rangoon ... |=91-490 —91-508 | #0015
78 (8) | G.T1.S.at SE. corner of northernmost of 3 ) .
0 Pagodas at Dala village o |—92:914 |—92:851 | 008

B.M. : :

79 (9) | B.M. on iron pillar 77 feet of I.eigangyaung

| Pagoda at Dala village —96-149 |-96-170 | +0-0I

At Pegu the check was desired on account of a report from t
local P.W.D. Officer in 1924, that the standard bench mark appearefl
to have changed its height. The new levelling indicates that of 13
bench marks checked, the standard and two other m.arks have ke{)(t
their relative heights ; one has risen 0-143 ft., and nine have s}m-
Of these, five are at the railway station, and the sinking vane :iﬂﬂ;
0-280 ft. to 0-067 ft. (average 0-177); one on a railway bfﬁ g
over a mile away has sunk 0:053 feet. The remamng three ho
sunk comparatively little ; they are not near the railway:

Interred at Thanatpin 0°020 ft.
On a massive building 0-016
On a road culvert 0005

9 AT
The triangulation stations connected by all detachments 8
shewn in Table No. XII1.

was only 2
Thie better
d back

Relevelments.—The back levelling run this se%})son
miles ; the percentage of relevelment was about 15 [or
ment may be due to the interval of time between fore 8
being short (about 6 months).
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Standard bench marks have been built or are under
construction, at Howrah (two), Midnapore, Bankuri, Réaniganj
and Berhampore (Bengal).

Standard bench marks of the new type referred to in § 205,
_have been built or are under construction at the following places :—

Gharo, Tatta, Jerruck, on line 101 between Karachi and Kotri.

Mirpur Khas, Chhor, Gadra road, Barmer, on line 150.

Ulabaria, Panskura, Belda, Jaleswar, on line 121.

Bishnupur, on line 121A.

Sainthia, Kandi, Lalgola Ghat, Godagari Ghat, Nachoul,
Sapahar, Balurghat, Kumarganj, on line 151. -

Chanditala, Arimbagh in Hoogly district for future connection.

- This new type consists of a Chunir sand stone dressed monolith
I foot square at base and 3 feet high, the upper 8 inches being
dressed to the form of a frustum of a pyramid terminating in a
smooth’ square of about 3-inch side. The stone rests on a bed of
wnerete 5 feet square and 3 feet deep, the upper surface of stone
being 1 foot above ground level. It is surrounded by a masonry wall
i feet square (outside), 1 foot thick and 2} feet high. It includes
two subsidiary marks on either side of the monolith consisting of
hard stone prisms 8 inches long and 3 inches square, their smooth
tops flush with the surface, near the edges of the conerete bed protect-
ed by bricks or stone slabs, and a stout iron bolt 1 inch square and
8 inches long built horizontally into the masonry wall and projecting
shout 2 inches out of it. The inner enclosure is filled in with rubble
toa height of about 6 inches above the top surface of the monolith,
and the rest with earth.

At Gharo, Tatta, Jerruck, Mirpur khas, Chhor, Gadra road and
Barmei', there has been substituted for the sand stone monolith a fine
tment. concrete pillar, with a large flat headed copper bolt sunk in
the t0p7 All the standards listed above will be connected in 1925-26.
The standard bench mark at Bahawalpur has been moved toa more
accessible place, and will be connected in 1925-26.

The monoliths of the standard bench marks at Khanpur and
Burdwan not having been originally built of the best stone, have
¥eathered badly. Only Chunir sand stone or good white Jhelum stone,
B used for the Bahawalpur standard, should be used in future unless
the. expense is prohibitive. The subsidiary marks should also be of
the hardest stone. The interred bench marks connected during the
]381} few years have been called embedded. The original distinction
8 1n G.T.8. Vol. XIX has now been reverted to.

An examination of the records of primary levelling from 1910-11

237.
Proposed
sites of
standard
bench marks

' 238.

New type of
bench marks
described



238.
(Contd )

239.

Publications.
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to 1923-24 inclusive, shows that 684 new bench marks classed a
secondary were called “embedded” in error; they are “interred”
types A and B. Also 46 old bench marks of these types have been’

called secondary.

The following manuscripts were sent to the press:—
Levelling Pamphlet for sheet No. 44.

Line In degree sheet Line In degree sheet|.
Gooty to Ongole 57 E.1.M. and | Branch line to Asansol &
66 A. Churiilin railwaystn. .. (731 &Y,
Nandyal to Atmakir 57 I Barakar to Haziribagh ’
Ahmsadnagar to Dhond ... | 47 I. and J. road railway stn. |72 H.&ML
Viramgam to Nakhtrana |41 E.F. I, J M.
Mota | N.and 46 A. BURMA
Khanpur to Marwar Pali| 39L.40 1. J. M | Nyaungzuye to Kandin ... [85 N, 0.5},
N. & O., and | Mau-bin to Bassein 85 L.&P,
45C. & G. Sagamya to Pantanaw ... |85 P,
Jacobabad to Khanpur 39 D. H. & L,, | Moulmein to Pa-an .| 94 H.
and 40 A. & I¢. | Moulmein to Wekali ... |94 H,
Khinpar to Bahawalpur |39 L. & O Ba-Bukow to Kaw myat-
Maltan to Jhang (part)... | 39 N. kyi . |941LLL,
Sukkur to Hyderabad ... |40 A.B. & C. Nyaungbinzeik to
Dehra to Majra .. {58 J. Natchaung 9% H.&’L.
Calcutta to Narayanpur |79 B. and Y3 I,
Narayanpur to Nardyan- Kyauktaga to Myitkyo ... (94 B.&C.
pur 79 B. Dalanun to Pazun
Howrah to Uttarpira 79 B. mavaung o] 94C.
Baidyabati to Sheora- KKyankse to Minzu 93 G,
phili ... |79 B. Ywakainggyi to Amara-
Branch line to Biandel pura ... | 93 C.4840.
railway station | 79 B. Kyaukse to Mandaluy ... [93B.&C
" . Pandua , ... | 79 A, Meiktila to Yewe .. |840. &P
. . Saktigarh,, . |73 M. and 3G,
“ » Burdwan ., . |73 M, Tangdn to Shwebo o | BAMLEN
" ,» Khana & Galsi | 73 M, Kabo to Myittaw .| 84 ?{
w  wMankar .. |73 M, Okshitkan to Puokkan . |8¢N.
” wPangar ,, .. |73 M, Thonze to Rangoon 85 0, LML
" , Durgapur ,, ... | 73 M. ) &D.
« 5 Rinigenj 73 M, Pegu to Zenynungbin .. |94 C.
" ,» Kalipahari Myitkyo to Okpo we |94C
railway stn. ... | 73 M. R.D. 25 of Yenwe em-
bankment to Uaw .| 94C
e

The arrears of publication are :—

Manmad to Ahmadnagar, 1921-22 (
near Nandgaon, which is in the programme for 1926-27).

requires check Jevelling

Surat-Dhiilia - awaits back levelling which 1is in the progr

me for 1926-27,

Branch line at Anjar (Cutch), awaits relevelling in 1'926‘
Sind secondary levelling, 1922-23; awaits completion ¢

150 next season.

Bagalkot-Bijapur 1914-15; requires revision of 1

Bagalkot (1910-11).

.
{ line

ine Belgau™
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TABLE XI.—CHECK LEVELLING

Discrepancies between the old and new heights of bench marks

Differenc
4 (c}xgcle
B ight original).
DBench marks of the original levelling that 5 ](J)(};ls)?\;e_d) ];:;E?itngbl?evfcr-u)\:rrk The sign
were connected for check levelling 1,-;; as determined by -lt-}tlilf:g}t)ees
gg i
b5 height
:g was
-1 greater
22 ‘ and %he
_S' . Check s1gn—less
« | Degree A ] Original ; than whe;
No. sheet Description a levelling li;ezil_lz'gg Orig“i:!'ﬂlyn
' levelled
At Tangin
’miles l JSect ’ date ‘ Seet I JSeet
2|84 M | Bridge No, 171 0.0 0-000 |1902.03.04 0.-000 | 0.000
3 . |EBM. at Tangdn 2-9 |+ 7-601 " + 7-508 [-0-093
1, Bridge No. 166 2-2 |-15-137 " —=15-211 [-0-054
56| 84 N , 162 4:0 |-16-583 N —16-378 |+ 0-005
A8, ,, 159 5.0 [—17.564 " —17-545 | +0-019
54t Culve1t, No. 157 6-0 |-20-021 " —20-022 |-0-001
9| E.B.M. at Tantabin 8:4 |-20-695 " —20-879 |-0-184
62| , | Culvert 12:2 | —58-965 " —-58-907 | + 0:058
At Shwebo
39| 84 N | (1330-80 on canal B.M.110| 0:0 0:000 |1902-03.04| ©0-000 | 0-000
93|, |LBM,at Shwebo RS, ... [ 9:8 |+13:505 » |+13:533 {+0-028
30| . |Culvert .. 110°9 |+ 3675 " + 8.674 [—0-001
31| ., |S.B.M.at Shwelo v | 11°0 [+ 3-176 w |+ 8174 [—0-002
At Padu
4| 84N | B.B.M, at Padn 0-0 0000 | 1902-03-04 0000 0-000
6 " Wooden peg e 2.2 [—21-113 " —-21-024 | +0-089
7] . | Bridge No. 41 | 82 ]=15-041 " —14-8%8 |+0-153
8 " . 42 51 1—13-162 " —14:462 [—0-300
9 w ., 4B 7-3 |+18:001 " +17-836 |—0-255
10 . ., 47 9-0 |+ 55221 " +56:023 [—-0-199
11| | | E.B.M.at Paukkan 10-7 | +82-637 y +R2:357 |—0-280
16| . | Culvert 11-1 [+%73-683 ”» +%53-383 [ ~0-300
At Thonze
321850 Culvert 0.0 0-000 | 1922-23 0-000 0-000
303\ | Bridge .| 09|- 2.422 . |— 2-437 [-0-015
304 | culvert 1 3.3~ 1468 w |- 1eB38 |-0.075
36|, | Bridge wo| 56 ]- 2:748 wo = 22T [=0-051




R64

Discrepancies between the old

GEODETIC REPORT

TABLE XI.—CHECK LEVELLING—(Contd.)

and new heights of bench marks

0 Diflerence

o (check-

- . e Observed height above (+) or | 0figinal),

Bench marks of the original levelling that [ : ;

were conuected for check levelliig . gg below ([;)dztt‘;;g]';sel:fﬂ;h niark IEES&

£Q 1| _Hhe

2z .

g t

g2 p‘i'ﬁlfi

] . |eign-legy

Degree Lo = Original Check |0

Ne. sheet Description ) levelling 1?;;2_'213 °{i;i:“ﬁ-:

| evall

At Rangoon
\milesl feet l date i Seet 1 Joet
|
311 94 D | Shwedagon Pagoda 00 0-000 [1892-93,1 0:000 | 0:000
1909-10

32 . S.B.M. at Cantonment 0-2 |+ 0-393 " + 0-383 |-0-010
T

o4 " B.M. at drain 0-7 |-50-881 " -50-975 |-0-004
11
T

30 B.AL on stone black ... | 1-3 |-67-253 w  |—67:221 +0°032
66

28| ,, E.B.M. at Ry. offices 1:4 |-78:746 » ~ 78751 |- 0-003

O - _7=.597 | -0

29| , | D3 o mow 1-4{=77:523 ) 77987 | -0

27| .. | Sale Pagoda w-| 1-9|-89150 w  |—89-151|-0-00

26| ,, | Town hall . 1.9 |[=9%0-611 " -90-613 | -0-001

17 " S.B.M. at Rangoon 2.3 |~88-994 ", .-89-015 |-0-031

16 " G.P.0. Rangoon 2.4 |=92.04") " —92.066 |-0-026

1 :

22| B.M. on stone block 3.0 |~91.847 " - 91999 |01
169

3 "

24| ,, | B.M. onstoneblock ..| 3.1]-91.525| , |-91-:603 -00
168

18 " Graham Smith’s B,)M. 2.7 [~92-608 " —92-6(28 +0'0ﬂ)'5$

20 " B.OM. on pillar 2.7 [-91-419 “ ~ gL 478 -0

1, ” ) 2-8 [~91-508 " —91.507 {+0-001

21| Bed plate tidal B, 2-9 [~88-433 . |—88-444 |00

At Pegu

32| 91 C | S.BM. at Pegn 00| 0.000 |iu0n-10| 0-000 | 000

GT.8. o

as| O at Pegu RS. 0-9 |+ 1-912| ., |+ 1785 1-01%

B.M. 5 -

31) O on pillar,, 1.0+ 0659 .+ 0-473 |-01%

G.TS. o

301, O on piatform 10 [+ 1.789 , + 1:509 -0«

B.M, on

28|, | " 11 [« 1.856 | |+ 1780000

27| ” , 1.1 |+ 1-720 o | rea0e o0
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TABLE XI.—CHECK LEVELLING—(Contd.)
Duscrepancies between the old and new heights of bench marks
Difference
Pjn (cl;epkl—)
. .. . e Observed height nbove (+) or origina. ).
Dench marks of the original levelling that & 29 staoti The sign
were connected for ch%ck i,evellling %E betow (ns)dsettg'tr:;liﬁe}:f%;h mask ’Qﬂﬁ‘t‘"tfg
g e height
£.a was
: g greater
g"‘e’ ond tille
E . Check 81gn — less)
Degree N tn Original . than when
No. D t P : levelli Py
sheet eseription A levelling 102425 Teveited
At Pegu
‘ miles Jeet l date I feet I Seet
40/ 94C | BOM. on bridge No. 1 ... | 2-4 |+ 9-952 | 1909-10 |+ 9:898 [—0-054
83, 3w 4 culvert 00 [+ 1073 ' + 1:068 |-0:005
00| ., |Zinc plate at pagoda 0:9 [+15-712 | 1912-13 | +15-686 |—0-026
), Rail embedded 1-4 |+24:001 | 1909-10 |+ 24-132 [+0:031
36| .. Culvert at Thanatpin .. 6:8 |[— 8-569 " — 8:614 |-0-045
|, E.B.M, at PW.D office...| 68 |—10:535 " =10-595 (~0-060
oy, " W 1013 7-0 (—13-422 | 1912-13 | ~13.463 [-0-041
At Myitkyo
1) 94 C | E.B.M. at Myitkyo lock ... | 0-0 0:000 | 1912-13 0:000 | 0-000
G.T.S. -14 ’
2|, o , " 0-1|— 1.709 " - 1'678 |[+0-031
B.M. .
At R. D. 25 of Yenwe embankment
170/ 94 ¢ | E.B.M, at B. D. 25 0.0 0.000 |1928-24| 0-000| 0-000
169 Iron plug 0-0 |+ 3:109 " + 3:107 |=0-002
Between Dala and Seikgyi
(S IR
O 2on N. pagoda 0-0 0-000 |1892-93 0000 0-000
7/94D( BM.
G.T.8.
8 O 1 " 0-0 |- 0-277 . |- 0339 |-0-162
9 B M.

3. BM. n iron pillar 02 |- 3:596 ” - 3:574140-022
I 5. B.M. at Seikgyi 8.7 |- 5-038 | — 5-031 1+0-007
At Swkkur
1] 10 A | g.B.M. At Snkkar | 000 | ¢-000 | 1904-06| 0000 | ©-000

L1 Step of Municipal
AR 013 |—35-873 | 1921-24 [=35-876 |—0-032
38 . | Chnrch of England ,, 052 |- 16 886 | 1904-06 | - 26887 [-0-001
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TABLE XI.—CHECK LEVELLING—(Oontd.)

Discrepancies between the old and new heights of bench marks

Difference
icing . £ served height abave (+) or d
B ere conected for Shosk Toeins ohat B | below (=) starting bovch e |J1et
& as determined by that the
gﬁ height
&g wag
oH greater
3
. |Degree P *E igi Check g
No. | Sheet Description 2| g Levcling oyt
- lerelled
At Suklur
‘milesl Seet l date , miles \ fool
50 40 A [ Bridge near Municipal
(1) office, Sukkuar | 0-64 |—17-188 | 1904-06 |- 17187 |+0-0
250| =~ |Railway Institute w | 1°02 | —19-427 | 1921-24 | - 19-439 |-0:012
(2439) .. | Traveller’s Bungalow , | 1-10 |-13-619| , |-13-630 |0l
100| ,. | Rock cut BM. (Type C),, | 1-35 |+ 1-236 | 1904-06 [+ 1-235 |0 00l
At Hyderabad
161 | 40 C | 8.B.M. at Hyderabad 0-00 | 0-000 [ 1904.06 | 0:000 | 0-0%
155 | ., |Civil Hospital, Hyderabad | 1-35 | +19-157 » | +19-200 [+0:08
156 ., | Metho Ram’s Hall ,, ...|1:35 |+19-560 " +19-561 | +0 00l
154 | ,, | Training College woee | 1°35 [+ 21271 o |+21.280 +0-008
160 | , |t Thomas' Church 0-03 |+ 0-625 b |+ 0-634 |0
159 " Travellers bungalow ,, ... | 0:42 |- 0.542 .. — 0-548 |-0°006
31 ., |Kachahri » e | 0-57 |+ '7-864 " + 7.852 002
Subordinate Judge’s ,,
158 | Court ,, .. | 0-72 |-10:272( . |—10-280|-0008
157 | ., |N.V.HighSchool ,, ..[078 |- 5847 | , |- 5361 |-004
At Barmer
23 140 O | Rock cut B, M. (type C
Barmer (tvp ) 0-00 { 0-000 |1921.25( 0-000 0'3?3
81 . |Ry. Rest house Barmer|1-29 |.-41-068 | , |-41-078 070
9 ., | Ry. station o | 1:50 | -40-000 ” - 40°012 —0_0&
10| . |Sub post office w | 154 (—4L-370 | |—41-382 -0
11| ,, |Hem Sarai w | 1°86 |-20:464 | . |-20°475 |0
12!, . b | 1:90 (18274 | . [-18:20 -0
13 ., | Seth Kanni Rim house ,, | 1-94 |- 13791 .| =18:796 —O.w\
14| . | Police station o l2o00!-130%0] . |-13039 ‘g_m'l
15| . | Ciril Dispensary w | 206 |~ 9295 B 9-306|'0m0
10 " Court houe w | 210 |— 6-350 " ~ 6340 i+0,0]2
W . Entrance w | 2:12 | = G402 " - 6'449i+0,0|,~,
18| ., |A.V. School w216 = 659l | - B8O
19| .. |Seth Ram lal's house ., | 2-21 |+ O 367 W+ 038 +o-oos
20 " Ganesh Mal's " w | 2:25 |+ 4:702 ”" * 4'719‘)'0.001
21| ,. | Seth Brijlals w | 280 [+ 1-443 Wt LT
22 ., | Balkishan’s Sarai . | 236 |— 2-913 . - 2-908 |+
"
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TABLE XI.—CHECK LEVELLING—(Contd.)

Duscrepancies between the old and new heights of bench marks

267

Difference|
g Observed height above (+) or éﬂ;‘;‘l‘ﬂ_)
Bench marks of the original levelling that E beluw (—) starting bench mark | The sign
were connected for check levelling B 08 determined by +denotes
B a that the
° height
£g was
o greuter
°8 and tlhe
o Blgn—less
J ; inbi = Original Check &
No. D:hg;:te Description 5 levglling l?g'gilhlznag ?;?;i:x?lf;
levelled
At Howrah
miles feet date Seet Sect
4551 79 B | At Civil court 0-0 0-000 | 1913-14 0-000 | 0-000
%7 ., | At Pump 8.of Burn & Co's
Work shop . 0:4 |— 3-792 " — 3:815 |-0-023
46|, On platform 0:9 (- 4-160 " - 4-180 (-0:-020
47| ,. | On pavement 3-2 |- 1-097 " — 1-337 [—-0-240
48|, On bridge 3-8 [— 2:-560 . - 2:602 |—0.042
264| . | Botanical gardens 5:2 |- 5-024 o - 5-060 |-0-036
44| , | Atlamp post 0-1|— 0-712 " - 0-693 |+0-019
453 - At P.T. O. 0:-3 (— 0-821 " — 0-830 |-0-009
246| ,, | At canal lock, Ulubaria ... | 20-4 |~ 3-488 |igs1.82.83|— 3:529 |—0.041
245| ,, | At 1.B. Ulubarie 205 [— 7-910 w |- 8149 |-0-239
At Jaleswar
29 ' 730 | Embedded, Jaleswar 00 0-000 |1ss1-82.83| 0:000 | 0-000
28, | Onculvert 11 |- 0-234 - + 0-208 | 40442
87 . | On bridge No. 142 2.0 [+ 2-821 .|+ 3-295 {4 0.9
26| . | Patna T.S, 3:0 |+37-869 " +38:273 | +0-404
25|, | On bridge No. 141 4.0 |+ 0-815 » |+ 1:499 |+0-684
7, w  No.181 12-5 | -12-888 o |-12.183 |+0-705
14| . | Embedded, Basta 14.9 |—21-258 W |—21-131 |+0-124
At Ranigany
28|73 M | On rock 0.0 0-000 | 1916-17| 0:000 | ©-000
20 |, | On bridge No. 131 | 0-6(-23460 . |—23-489 [-0-020
801 . | On bridge on feeder rond | 0-9 [— 8:040 , - 8045 |-0-005
. »  No.b 1-% | -10-303 L |=10-204 |+0-009
32 " " No. ! 2.0 99,090 . ~92.973 | +0-017
33| |, | At garden 2.4 |~17-116 » o [—17:103 1+0-013
84 | At well 2.7 |—32-219 . |-32-189 |+0-030
31 . |Type A 2.9 |—41-581 s |-41-080 [=0-108
381 | On wheel guard-stone 4.9 |-24-233 ) ~v4-282 [-0-040
31, | Onrock 5.4 |—30-078 |, [—30-074 {+0-004
40| | On Ry. drain No. 9 6-1|-%72-149 . l-72-183 |+ 0-016
2| , | On bridge 7.2 |-88.940 |, [-8S:088 |+0-002
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TABLE XI.—CHECK LEVELLING—(Contd,)

Drscrepancies between the old and

new heights of bench marks

I % Difference
£ Ob: d height ab m'lec:l_
- . - served height above (+) or |original),
Bench marks of the original levelling that [ b p The &
were connected for check levelling gﬁ below (M)ditfg.ﬂﬂﬁege%;h mark +d::;"g‘
g that (h
EE heighte
L] Rag
-] greater
gg and the
L Check sign-less|
De s R Or 1 ; than wh
No, Shgel;ete Description a ]e:gfﬂﬁg ltiggil%nsg ori;i:al]e;
e levelled
At Berhampur
lmilesl feet i date l Jeet \ Seet
30| 78D | Type B .| 0:0 0:000 | 1920-21 0-000 | 0-000
29 . At E. E’s office verandah 0-0 |+ 3-482 " + 3-480 [-0002
41 " At Collector’s Court 0-1 |+ 5-222 . + 5.195 |-00%
43| |, At club 0.5 |+ 2-867 » + 2.868 +0-0?l
42 At church 0:6 [+ 3-750 » + 3-697 |-0:033
At Godagari
127| 798 D | Type B | 0:0 0-000 |1920-21 0-000 0'020
126 ,, | At Railway station 0-3 [+ 4-960 . |+ 4:990|-0:00
125 On bridge No. 2 0.9 |+ 4727 " + 4.717 {-0-00
128 |, On culvert 1.0 |+ 2-747 . + 2.712 '0'03;
129 ., At I, B. 1-6 [+ 5-321 N + 5344 [+0-02
At Dwndajpur
78| 78 C | On Memorial pillar 00 0-000 :&;499-5?)05;’ 0-000 V-0
r 1
770 ., | Standurd bench mark 02 |- 2:884 | , |- 260 .‘g'_gég
76| . | At Kachahri v | 0v4 4+ 24831 S et
41| ,, | Railway bridge No. 28 0.7 |- 2438 1, |= 346 [4E0
42 " Embedded 0-7 1— 1-312 . — 1:310 1+
43| Railway bridge No. 30 L0
E. abutment e | 1414+ 8-294 ’» + 8'3});’; j:g-g;’%
44| ., | Railway bridge N0, 30 W.C.| 1-5 |+ 8-203 " + 8'2'35+0-('23
461 Railway bridge No. 356 37 '— 9-234 “ - 920 |
At Kotri -
I—
— |
, | ge000
213| 40 C | District bungalow Kotri... | 0:0 | 0-000 [1920-21 0”03? o
30| ., | Water gange Indus 0-1 |— 0258 | 1004-0% — 024} o2
(2‘;:) » | Zero of Kotri gange ,, 0-2 |+ 0332 |1920-21 + 0334 ’+
215 ‘ .046 |- 0003
(.15) ” Near Flotilla office ,, 05— 1:049 " 1 I’ 04
210 ,, (Type B) bench mark ,, 1-3|— 3763 " - 3720 j-
—
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TABLE XI.—CHECK LEVELLING—(Contd.)
Discrepancies between the old and new heights of bench marks
Differenc
gn (c_he_cl;l—;
. . el Observed height above (+) or [ 2XI8108.
Beuch marks of the original levelling that | & e n The sign
were connected for ghe:k li:'reelllilllni * -Ef below (a,s Gi&;ﬁ?ge??h merk +denotes
“d v that the
g8 height
a4 wag
0 g greater
a4 and t{.\e
= s1gn—leas
(. | Degre - Z iginal Check \y}an wh
Yo, ;:irete Description 2 l(g:gllﬂ]ag 1%311‘2'? o:'til;umlf;
- levelled
At Kotri
‘ miles ’ Seet ( date Seet Seet
00| 40 C (Type B) at Kotri| 0-0 0-000 | 1920-21 0-000 0000
A1, Railway station oo | 01 [+ 6-542 " + 6:534 |-0°008
3] | Gidu Bander s oo | 102 |+27-447 | 1904-06 |+ 27430 |-0-017
46| .. | Thakur Dis bungalow,, ... | 2-0 |+ 3-508 | 1920-21 |+ 3.462 |—0-046
B, | Bridge No. 7 e | 2-9 [+19-585 | 1904-06 | +19-547 |-0-038
A7) | Tapedars Training
School ,,...| 3:0 [+ 4-483 | 1920-21 |+ 4-446 |-0-037
61}, |SBM. at Hyderabad ,....| 3+6 |+33-718 | 1904-06 |+ 33-676 {—0-042
At Hyderabad
l(jl 40C | S.B.M. at Hyderabad | 0-00 0-000 | 1904-06 0-000 0-000
15| Civil Hogpital by oo | 1485 | +19-177 " +19+200 |4+0-023
156| | Metha Ram’s Hall ,, ... | 1-35 |+19:560 . +19-561 | +0-001
LY Training College e | 1085 [ +21-271 ) +21-280 | +0-009
60| , | St. Thomas' Churck ,, ... | 0-03 |+ 0-625 . + 0°624 |- 0-001
B9 | Traveller's bungalow ,, ... | 0-42 |- 0-542 ' — 0:548 |-0-006
81, | Kachahri 0-57 |+ 7-864 " + 7-852 |-0-012
53] ,, | Subordinate Judge's
Court ,, ... | 0-72 [--10-272 " —-10-280 [—-0'008
57| ,, | N.V.High School ,, ...| 0-78 |— 5:347 " — 5361 |-0°014
At Sukkur
1017 40 A S.B.M. at Sokkur | 0-0 0:000 | 1904-06 0-000 0000
Bl | Step of rerervoir , | 0:13 [—35-873 { 1921-24 |—35-876 | -0 002
93], Church of England . | 082 | —26-886 | 1904-06 |—26-887 |-0001
2'?0 o | Bridge, Municipal office ,, -64 [-17-188 ” —17.187 |+0-001
(4:8 » Railway institute ,” 2 1—19.427 11931-24 [ -19+439 |—-0:012
244
(1] | Travellers bungalow 5 | 1710 | -13-619 " -13:630 {—-0-011
100/, | Rock cut B.M. (TypeC),, | 135 |+ 1-236 | 1904-06 |+ 1-235 |+0:001
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TABLE XI.—CHECK LEVELLING— (Contd.)

Discrepancies between the old and new heights of bench marks

b0 !?igeniw
= Check—
‘s . £ Observed height above (+) or | eriginal).
Bench marks of the original levelling that L e p ] !
were connected for check levelling ‘E'E below (us ﬁ:iﬁ:&?ﬁeﬁeﬁﬁh ek Eg:n:tg
E g t]l]l&!lli]:e
2 wf«
It
g4 555“5112 d
» . Check | %ign-lesy
No r;iil:te Description g‘ l(::'j}ﬁ]a'gl levelel?ng than whey
. 1924.25 |[oniginaliy
levelled
At Govardhanla
miles| feet l date ‘ Seet }}ut
5140 I | Stone pillar at Mawkeri
Govardhanla .| 0-0 0-000 | 1923-24] 0.000
4 »w | Zinc plate 4 miles 8. of
Govardhanla .| 3:01-38-943 " —38-943 |-0-01
3 " Zinc plate 53 miles S. of ‘
Govardhanla .| 8-51-32.788 " - 32792 |+0-004
2 o | (Type B) at Govardhanla
well ...| 14-3 |=32-081 " ~32-071 |-0:010
At Bhutta Sheikh*
75 | 39 L | Zincplate at Bhutta Sheikh| 0-0 | 0-000 [1922-23| 0-000 0'0‘3;)
76 | ,. |(Type B)at Punou Kutia | 0.9 |- 5.394 " 5376 -0;313
78 " Zinc plate at Lamana 2-7 |- 0-043 N - 0-930)-0 o0
79 y " at Munshi 4.5 1+ 0-254 " + 0-204 *SIUIU
80| ., " at Jatki 5.9 |« 4978 | ,, |+ 498840
L [
At Karachi
109 { 35 P ‘S.B.M. at Karachi 0-0| 0-000 |1893-9¢| 0000 3‘.?33
51 , |Frere Hall 0-7 |~ §:399 1190910 - 8-380 -0,
G | 35 L | Clock Tower ., wo | 35 |- 23-607 | 1593-94 —22'7}3 0.
2 | 35P |Telcgraph Office, Karachi| 46 |-26-457 | . —2",?;:] $0-107
o8 | ,, | Stone Monnment “ 57 |- 9782 - 9;\; _0-00%
3 ( w | Trinity Charch " 5-8 |- 8174 ( " - 8"(8; 008
100 | ‘[Queen's atatne , G6-1 [-10-539 " _10‘216 0-000
90| !iStep of Frere Hall 6:2 |—10-440 l n |-l
| L
o wi - o o - ‘ : 0.0(\“
100 | 35 P i Queen’s statne, Karachi...| 0-0 0-000 | 1893-94 0'% (4008
104 " Clifton G.T.S, hs. | 2:6|+71-474 " +7'1'696 14008
103 | ,, | Rock near Karachi W | 2:6]+69-663 " *63'265 o0
101 " Step to Queen’'s Statue 5.1 |- 23-244 " - e
[P i —

* Branch line No. 57L Dingarh to Khaaopar.
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TABLE XI.—CHECK LEVELLING—(Contd.)
Discrepancies between the old and new heights of bench marks

Difference]
55" (c}lqckl—
p 3 ori al).
Bench marks of the original levelling that | & serted helght dbove (+)or The i
were connected for chieck levelling *,;’;-E as detennif.\ed by +;len(;ies
that
| g8 Beight
i &4 wag
a reate
§3 tgld 'ih(l;
o v N S1Fn — less
M. [D - - Original Check |/ “oh
Yo. sii‘;ie Deseription E lel\‘/lilli:g lelggglonsg orri”;i:&ﬁ;
< levelled
At Caleutta
\miles Ject \ date } miles \ feet
i8] 79 B [S.B M. Calcutta 0-00 0-000 |1921-22 0-000 0-000
87| ., (G.L.S.
O 8S.G’s. office, Calcutta | 0-00 = 0-496 ' — 0-500 |—0-004
B .M.
366 " G.I.8.
O Photo litho office ,, [ 0-20 |- 1:650 " — 1.644 |+0-006
B.M.
365 G.I'.S.
O M.LO. " 0:30 |—= 0-324 » — 0-337 |-0-013
B. M,
859, le1s
i O St.James’church,, | 1-40 |— 4:290 ’ - 4-297 |=0-007
B. AL
%0, ,, |a.rs.
O Campbel hospital ,, | 2:10 |— 1-102 " - 1:125 |-0-023
B.M.
%2/, laTs.
O Monument, Sealdah | 2:40 |4+ 1-1t3 " + 1:131 |-0-044
1,0,
61} . 'I.B.M. Sealdah 2.60 |+ 1520 + 1:525 |+0-005
At Howerah
NN I
$3| 9R a.r.s.
O D &'1.0. Howrah ... | 0-00 0-000 (1913-14 0-000 0-000
B. M.,
B4 lgTs,
O lamp post , 0:10 |+ 0-109 " + 0140 [+ 0-0314
. B.M
455 G.T.8.
O Civil court ,, 0-20 |+ 0-821 " + 0-832 | +0:011
I3 M.
267 " a.T 8.
‘ O Goal dight 0-:6 |- 2.971 .. - 2980 | -0-009
i B.M. i

t Revised height by levelling of 1924.15,
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TABLE XI.—.CHECK LEVELLING—(C’onM.)
Discrepancies between the old and new heights of bench marks

" Difference
2 Observed height above (+) éf'ilgckl-)
Bench marks of the original levelling that | & o got above (+) or nal).
were connected for cbeck levelling gg below (as)dzgtiggge?g;h mork ;EEE;EEB
) hat ¢
E_E )1eighce
u’..‘g wn;s
$2 553%135
3 - Check |tgn-less
DNegree P Original ;
No. | ¥t Description 2 lel;leli?ug 1%51]_121‘153 tohr‘}ngi:‘:ahl‘l?
levelled
At Uttarpara
milesi Teet | date | Jeet l fect
447 79 B |E.B.M. dispensary,
Uttarpira w. | 0°00 0-000 | 1913-14 0:000 | 0000
326 O Dridge, Bally creek | 0-45 |+ 4-938 " + 4869 |-0:06%
B.M.
327 ” G.T.8,
QO Library, Uttarpira | 0-15 |+ 1-787 “ + 1.818 |+0 (3l
B.M.
416 B G. 1.8,
O platform 0-65 [+ 2-206 " + 2235 [+0-0294
B.M.
328| , |G.T.S. R
©) " " 1:01 |+ 4-301 " + 4°308 [+00F
B.M.
145 " G.1.8.
O at bridge 1:72 |+ 1-754 " + 1:710 [-0-0444
B.M.
At Baidyabati
433| 79 B | E.B.M. at Baidyabati 0-00 0-000 | 1916-17 0-000 | 000
435 a.T.8, _
O st bridge 1-20 | —9-805 | 1913-14 | —9.793 |+0-012
B M. 00374
436 . |B.OM.on M.8.17 1.91 | —1-426| ~1:463 |-
334 o G, T.8. O
O at bridge 9.56 | —1-184 | . | -1:169 4008
B.M. - I
At Bindel -
. 0004
405 79 B | E.P.M. al Bindel we | 0:00 0:000 | 1916-17 0000 ( 0
06|, |G.T.8. o
O on culvert e | 0939 1+ 4-934 » + 4889 -0
B. M.
318 ! G'l's'nt Normal School, 0598 _0.0759‘
Hooghly 0-74 [+10-873 | , |+10%
B.M. =
347 .T.S. -
i G([:)S at Tmambara, . 7.907 _0+0%
B M Hooghly 1:11 |+ 7-945 + 004
#7| . | BOM.at bridge 134 |+ 5460 | . |+ 5438
e

1 Revised height by levelling of 1924-26.
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TABLE XI.—CHECK LEVELLING — (Contd.)
Discrepancies between the old and new heighis of bench marks

Difference
°E° . (c_hepk]—
Bench marks of the original levelling that E bgg??‘f?:;ﬁﬁg:’;g:;&} ;L:: O{Lg:l;?gz;
were connected for check levelling 2% es determined by +denotes
Eg tl]:llu.t ;\he
ight
£ was
t
2 Ereiee
Degree - a Original Check | IKE 0%
Yo. | g Deseription & | ieveiiimg levelitng | eimiity
levelled
At Pandua
‘ I ‘miles' Seet ’ date ' feet | teet
18| 79A | BOM. on R. B. pillar 0:00 0:000 | 1916-17 0000 | 0-000t
m ,. | B.OM. " 0-51 |— 1-730 , - 1-799 |--0-069
G.7.8.
uy ., O on Culvert 1-71 |~ 4-016 . — 4-074 |-0-058
B.M. }
At Saktigarh
16|73 M | G.T.8S.
O at bridge 0:00 0 000 |1916-17 0:-000| 0-000
B.M,
u . |ars.
o , , 0-23 |+ 4-262 y + 4-280]+0-0181]
B.M.
1290 B.OM. at pillar 0-86 |- 4-551 , - 4-549|40:002
At Burdwan
1161738 M E.B.M. at Burdwan 0:00 0-000 | 1916-17 0-000 0-000
5 . |8.B.M. . 0-03 |+ £-117 N + 5-079|-0.038%
4| | |B.D.B.M,
@] at pillar 016 [+ 5-335 " + 5-332|-0.003
) 10090
3|, IB.D.B.M,
O " 0-70 [+ 3-953 " + 8:915|-0-0384
100°18
2, ars.
O at bridge 1-08 [+ 3-865 . + 3:870|+0-005
— B.M,

t Revised height by levelling of 1924-25.
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TABLE Xi.—CHECK LEVELLING— (Contd.)

Duscrepancies between the old and new heights of bench marks

0 Differenc
£ Observed height b i
Bench marks of the original levelling that | * Servec height above (+)or | OnAmAl).
were connected for check leveliing " #E-g below (u_s llsett;gx;i:)de 'll);h mork ‘;r‘]i]:“?‘g;
2] g ﬂm@tho
°a height
— s ] w::er
Erg ﬁltlhe
Degree L _fé‘ Original C.hec_k Sign-less
No.| et Description A | reveiling tevelling | et
i levelled
At Khana
l ' miles feet date ‘ Seet ( Sfeel
104 | 73 M | G.'I.8.
O on R.B. pillar 0-00 0-000 | 1916-17 0-000| 0-000
BM .
103 " @.r.8
o) " 0-79 |+ 3-264 oo |+ 3257 -0-007
B.M. |
102 ,, | B.B.M. at Kulgaria 1-29 |+ 2-272 ” + 2146 - 0126
101 " a.1.s.
O at K.B. pillar 1-84 4+ 5-921 " + 6041{+0-1201
B.M,
100 " G.T.s. P
O " 2-85 [+ 9-222 " v Y-207]40:015
B.M.
99 G.T.s.
O at bridge 3:48 | +13-286 . + 13352 | +0-0661
B.M.
98 ’ G.T.98. .
© at well 4-28 |+16-106 " 4161111 +0-005
B.M. 1
97| ., |G.TSs. ot
QO at R.B, pillar 5.36 |+ 14147 , +14-304, ¢ 0107
B M. a5 4 0-060t
95| . |BOM. 6-14 | +19-625 .| r19685 40
At Mankar
!
8 |73 M | G.1.8, 000
O at bridge 0-00 | 0-000]1916.17{ 0000 00
B.M.
84 ,, |(No inscription) at R.B. O
pillar o8 |- sear| . |- sdet-00
83 " G.T.s. 2 062
O at &.B. piliar 1-568 |+ 3596 " + 3:658(+0
82 | , |E.BM. at Bid Bid 2:10 | + 4-992] + 0
o At Pdrﬂf/_ti -
0-000
;6 73 M | E.B.M. at Panagar 0-00 | 0-000 |1916-17| 0-000
3 " GTS- 001'1
O at tank 119 |—g2-806 | ,, |-22'834*
B M.

t Revised height by levelling of 1924-25,
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TABLE XI.—-CHECK LEVELLING—(Contd.)
Duscrepancies between the old and new heights of bench marks
Difference
av (check -
= 3 original).
Benech marks of the original levelling that u b(zll:)s‘zr(v_f(} g:;f&z;%z;?;g];:k L he sign
were connected for check levelling B as determined by +denotes
58 that the
o H height
..':5 was
8a greater
E,‘n’ and tlhe
o Check |J8n~ e6s
. |Degree e A Original ing [thenwhen
No. Sheet Description < levelling ligze‘l‘l.lzsg olrigina)ly
evelled
At Durgapur
miles l JSeet ‘ date l Seet ’ JSeet
38|73 M |G.T.S.
O atrock 0:00 0:000 | 1916-17 0:-000 | 0-000
B.M.
60|, B.O M. at bridge 1-01 |+ 7:945 . + 7:960 [+0°016
6l . | GSLS.
O at M.S. No. 112 1:59 {— 2.136 " — 24190 |—0" 054"
B M.
At Rdnigang
8173 M |G.T.S.
QO atrock 0 00 0-000 | 1916-17| 04000 | 0000
B.M.
B, |GTS.
O at bridge 059 |—23-460 " -28+477 |-0°0174
B.M,
0| B.OM., ., 0-89 [— 8:940 . - 8-935 [+0°005%
3L, | B.OM.,, 1:65 |—10-303 ,- —10:256 [+ 0°0474
R, |BOM., ., 200 |—132-990 " -92-932 (+0-0584
33 " B.O M, at platform 2:35 |- 17-116 . -17-057 |+ 00591
. |ers.
O " 2-73 | -32.219 " —32:144 |+ 0-0751
1M,
%51 . | E.B.M. at Raniganj 2 93 |-41-581 w  |—41:684 |—0-0674
At Asansol
73 M| @8, }
O  at gate lodge 0700 | 0-000 101415 &} 0-000 | 0-000
B.M. ; POL6-17 |-
Wi, |omws.
O on rock L1028 [ 4 4-207 .. + 4:297 |+0:010
B.M. |
Bl ., |ars. !
o . .10 80 [4929-001 - +29°020 [+0°019
B.M. :
* Revised height by levelling of 1924-25 from Deb
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TABLE XI.—-CHECK LEVELLING—(Ooncld.)

Discrepancies between the old and mew heights of bench marks

Differened
‘é" ob (oheck~
Bench marks of the original levelling that | & served height above (+) or | Otiginal).
were conuected for check levelling "§E below (;s, ;et&‘;_t;gi ebdelll;;h mark :g::;ﬂ'
g H that the
Sq height
& E wag J
o enter
EB ‘E;d the
Negree - % | Oricinal Check |dian-ley
No. Description 2 ng, ing |EhED when)
sheet P a levelliny lﬁgﬂll;;g originilly
| levelled
At Asansol
’ miles I Seet | date I Seet ’ Jfeet
77173 1|G.T.S.
. . 191415 &
O on culvert .1 1:38 |+ 9:582 1916-17 | * 9-560 -0-022
B.M. .
76 " B.OM. on well .| 176 | +30-741 " +30.%789 | +0-048
75 . |G.T.8 ] . )
O atlamp post . ] 2-23 | + 33.498 , +33:526 |+0°028
B.M.

dt Bardakar

49 | 73 1 |G:T.8,
O at Barikar bridge | 0-00 | 0:000 | 191415 &|  0+000 | 0000
B.M. 19 6-17
50| , |G.TS.
C " . 0-45 | - 4-513 " - 4523 {000
B.M, .
511 ., | E.B.M. at Barikar .08 (- 7546 - 7550|000
52 | ,. | + on pillar .. 060 |- 1-520 ., |- 1556 -002f
54| , |G.T.S. X
O on bridge .| 0-88 |— 0-419 o ~ 0425 |-0-000
B.M,

At Haziribigh Road

66 |72 H |G.T.S. ,
O on rock in sitd .| o000 0-000 101415 &| 0-000 | 0000
B, M. 1916-17
65| , |G.T.S. . ,
! O on bridge .. 1001 |-24-300 o _p4-350 40001
B.M.
64| , [(G.TS. ,
O onrock insiti .| 001 |+18-911 . +18:910 | 0-00
B.M. . 3
63| , |E.B.M.atMS8. 220 .| 002 |+37:255 . +37-252 |-000

+ Revised value by levelling of 1924-25, &
E. B. M. = Embedded bench mark, 8. B, M, = Standard bench marx.
I. B. M. = Interred bench mark,
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TABLE XII.—REVISION LEVELLING

Drscrepancies between the old and new heights of bench marks

=} Difference
(revision
to —origi-
Nench marks of the original levelling that 5 Difference between orthometric | P2l)- The
were connected during the revisionary EJ‘ heights above (+) or below (—) dslgnt+
operations @y the starting bench mark thi?;otl‘::
gR height
-.E'S was
8 gy
.2 From ;
Degree - i From Date of | Revision ?Q'ﬂ:ilﬁ?
Yo. | 'cheet Description a published | original 192425 o o Chen
heights | levelling | (Unadjust. originally
ed)
levelled
Revision of part of Main line 52 (Sujawal to Shikarpur
‘miles] feet , ’ feet ’ feet
0| 40 A | (Type C) B.M. Sukkur ... o-ool 0 000| 1904-06 ‘ 0-000| 0-000
1 Railway Pay cierk’s office
Sukkur .| 0+40/— 56-453] .. — 564470/ + 0-017*
99 " Railway station Sukkur ... 0-44/- 56-729 i - 56-740| + 0- 011
#71 .. | Platform R. S. " 0-47| - €0-352 . - 50-375|+0°023
8| ,. | Bridge No. 349 o .| 1°89|— 84-962 “ — 34.987|+0-025*
#| . | E.B.M. at RohriJn. R. S. | 3-23/— 32-368 ., — 32:457(+ 0089
4| . | Bridge No. 180 466/~ 54789 . ~ 54.840| + 0-051*
i, " . 166 .| 8-72/- 64°106| .. ~ 64-193| + 0-O87T*
o) Pillar near M. P, 201 ... | 10°68/ - 63-831 " — 64156+ (- 325*
B . - w 287 .| 14.68/- 63-896, .. —~ 64233|+0-337*
3| . | Bridge No. 143 . | 18-82|- 70-468| - .. - 70'581| + 0-113%
0 ” ., 127 .| 22:87|— 78-185 " — 78:297|+ 0 112%
B . | Dlillar near M. P, No. 277 | 2474 = 74-996 . - %5-230| + 0" 24_¥
81 . " . . 275 | 26-%al- 76076 — 76-236|+0-160*
23, Culvert No. 113 .. | 83:61 - 83-440 " — 83 561| +0-121%
2| ., | Bridge ,, 111 .. | 34-84/- 80-142 , - 80.210| + 0-0G8*
41 . [Culvert . 97 .. | 43-18| - 92525 . - 92.757|+0-230%
lg w . 82 . 1 47-34]- 95-280 ., |— 95-515/+0 235%
o) - | Bridge ., 75 .| 4916/~ 95-788 ., - 96°054|+0-266*
8
ml - Culvert ,, 68 ... 1 51 29|— 99-260 " - 99-459| + 0 199*
s T : .. | 63 41|=100-768] ,.  |-101 060 +0-298*
1 w o, 60 .| 5520 -101-828] ,. |-102 028/+0 199*
2. W 4T | 59 05 -101-210, ., |-101'411|+0-201%
o, . 41 .. | 61-42| -105-157] ., |-105'360|+0-203*
S ., !Bridge ,, 33 - ..|66-51=105 404] . |—-105-747|+0-2p3%
#9140 B | Pillar near T. P, ?;E“,’" .| 68 20l-110-567, 110-891| + 0 224*
%1 | Culvert No. 7 . | 76-32/-118-828 ,  |-119-333 +0°-505*
441 | Pridge , 11 .| 7856 - 114299 ., [-114-227|-0-072%
81 | Bridge No. 7 .| 80-57—115-712] ., | -116-000]+0-288%
91 | Culvert No. 219 .| 86-76/-123-360] ., |—122:700 + 0-340*
w1 " , 209 oo | 92-38 - 127-080) —127.502! + 0-413%
. .. 206 Cle3-34{—128-2850 . |-128-668{+0 413
AR " . 204 95.07] - 130+880, . 131-292 + 0-412*
B, Pillar near M, P. 104 .. 1111 62| -146-734] ., |-147-350' +0-616*
0, " N 192 L1364 -148-082) - 14874l +0 050"

* .
New value and number given others are unaltered,
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TABLE XII.—REVISION LEVELLING —(Contd.)

Discrepancies between the old and new heights of bench marks

Diflerencyf
. 1rev19i_on
=ong-
Bench murks of the original levelhng that -E- Difference between orthometric (Dol 1lsflm
were connected during the revisionnry :“ heights, ubove (+) or below (- ) | sin+
operntions EE the starting bench mark denotes
F] thfl“he
<) heicht
cb’g) wes ‘
o t
g,g T "gl:gntill;
Degree 13 From Dat: of Re:iosll%n signi—less,
No, Descriptio A blished | original | 192425 |in 1942
sheet prion A plllxei;r,shtes levélllxill?g :Un;djusf thau when
ed) originally
levelled
Revision of part of Main line 52 (Sujiwal to Shikarpur)
p ) 7 7
miles ‘ Jeet ' ' feet { feet
16 | 40 B | B.B.M. st Nawab Shah R.S.|121-55) - 154-93%| 1904-06 | - 156-058|+ 121"
8 » Culvert No. 185 . |132-38] -165-944 " -164+621]+0-677*
7 .- E.B.M. at Sarhari R.S. ... [132-58( -162-268 " —~163+2:1] +0-963*
5 « | Culvert No 180 o {134+ 45| —168-198 ' - 169074 +0-8761 |
2 " E.B.M. at Lundo R.8. ... (138-94|—164-90t ” — 165794} +0-887*
86 . .
295 | 10C .»  Shahdidpur R.S.[147-72[-170-236] ,, | -1701-115+0877"
78 " ” Tando Adam ,, [1569-64|—-178.562 " -179-594 +1'031:
7l | . | Bridge No. 95 » |167-70(-182-66¢/ ,,  |-183'8101+1:1%0
He " Frieli canal Bridge ... (19227 - 177" 920 " -179-2120+1-22
157 » N. V. High school Hydem- N
bad 19421 - 164-989 ” —166287(+1-2%8
158 " Subordinate Judge’s Couxt -
Hyderabad oo {19427 - 169914 “ —171-296 +1'-g;
31 " Kachakri Hyderabad ... [194-42(—151-778| 1909-10 |- 1563 072|+12
159 " Traveller's bungalow 280
: Hyderabad 194- 57| — 160°184| 1904-06 | - 161-473{+1°28
160 St. Thoma's church Hydern- ) 984
bad . |194-96/~159.017( , |-160-801+1 3%
161 | .. | S.B.M. Hyderibad . [194-99/-159-642 | =160-927 410
155 " Civil hospital Hyderabad 196-35|—140°465 " —~141-723(+1:2
156 " Metha Ram’s Hall Hydera- 1.280
bid . 19643/ 140082 ,,  |-141:362/+
154 »w | Training college Hyderu o
bad ... [196-60} - 138371 " —189:643{+0:272
101 | 40 A | S.B.M. at Sukkur | 0-00]  0-000| 1904.06 |  0-000] 00
251 " Step of Municipal reser t o
vior at Sukkur 0-13|- 35-873 " — 35886/ -V 0I5
53 " Charch of England at 010
Sukkar 0-52(~ 26-886| . |- 26:896/+0°C1
50 " Bridge near Mnuicipal .00F
office at Sukkur 064/ - 17188 " ~ 17-193+0°00
i8 ” Railwey Institute at Quk- L0
kur | 1°02|< 19-430] |- 10-443+0°000
49 Traveller's bungalow at ol 4 0002
i Snkknr 110~ 13-631) . [~ 1363 fg.gtw
100 ’e (Type C) B. M, at Sukbur 1-35/+ 1-236 " + 1-232 ‘

* New value sand number given, others are unaltered.
t Velne from line 101 (Jacobabad to Khanpur).
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TABLE XII.—REVISION LEVELLING—(Concld.)
Discrepancies between the old and new heights of bench marks
Difference
(revision
E," —origi-
Bench marks of the original levelling that £ Difference between orthometric [221). The
were connected during the revisionary $ ., | heights, above (+) or below (—) Bign +
operations A the starting bench mork denotes
a that the
Ed heicht
&3 wos
e
9= Fron #n €
£ From Date of Revisi(]m i"gﬁ)aez?
Decree Description pa) published | original | 1924-25 ffllnl h
sheet heights |levelling | (Unadjust- |*200 W lf"
ed) originally
levelled
Revision of part of branch line 77 M (Berhampore to Tinpahdr)
I miles | feet \ [ feet I " feet
30 [ 78 D | Type B. at Berhampore...| 00 0:000 |1520-21 0-000 | 0:000
4k | At bridge : 07 |- 2718 w |— 2720 [—0-0n2
5, | At well 70 [+ 8-271 " + 8°2¢8 |—0-003
471 , | At RS. Murshidabad 8:2 [+ 8 544 " + 8657 |+0-013
8| | | At Jail " 86 |+ 9-497 " + 9:520 | +0-023
49 N Type B " 94 |+ 4873 » + 4901 [+9-028
501, At boarding house Mur-
shidabad 9:6 | +11'151 . +11:170 (+0-019
51| At Govt. school Muarshida-
biud 97 |+ 9 460 " + 9-487 [+0+027
60 |, | Atwell, PW.D I B, Jia-
ganj 14 3 | +12:004 " +11-981 |-0-023
. Type B. at Jiaganj 14:3 |+ 7-259 " + 7248 [-0-011
31, |AtD.B. LB, 15-4 |+ 6-359 " + 6338 | -0-021
821 . |AtR.S. , 157 |+ 8-489 " . 3'2(4; —U'giig
84 , | Type B. at Bha.crwaugolu 21'9 |+ 8-423 " + 8408 | —0-
5% |, |ACRS. " .| 224 |+18-861 » |+18-839 |-0-022
% ., | At Ry. culvert 24-4 |+ 6-292 , |+ 6309 [+0.017
571, At RS, Lilgola 29.5 | +15-668 w |+15°676 |+0-008
8 ., |TypeB 29+5 | +11-001 " 11-082 | +0-031
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TABLE XIIL.—List of Great Trigonometrical Survey
stations connected by spirit levelling, season 1924-25

Height above mean

level
. sea feve Difference
Nawe of station New od | . " Remarks
spirit- | spirit- I‘}'xa;{]gu- I'rian-Lev
levelling [levelling | "0
Mandalay Longitudinal Series
Seet Seet ] Seet ’ feet

Sadaung East 8. | 474-801 477 +2 Top of pillar
Lat. 22 10 16-582
Long. 95 48 36-223
Lindalu S. | 633751 635 +1 Upper mark stone
Lat. 22 3 27466
Lonu, 95 44 23-614

Eastern Sind Meridional Series
Hatudan H.8. | 297733 299 +1 Upper mark stone
Lat. 25 29 3472
Long. 69 49 4534
Bhitala H.3. | 360-921 362 1 do
Lat. 25 38 47-02
Long. 70 8 44-81

Calcutta Longitudinal Series
Nibria T.S.| 12.195% 14 +2 Ground level mark

atone
L] /’ 4
Lat. 22 35 33-92
Long. 88 14 42-43
East Coast Series

Dintin T.9. [115-819% 116 0 Tup mark stone
Lat. 21 66 10727
Long. 87 16 42-89
Patna 7.8.| 80-531%| 80-491 | 80 -1 do.
Lat. 21 47 20783
Long. 87 11 45.53

* Unnadjusted single levelling height,
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TABLE XIIIL.—List of Great Trigonometrical Survey stations
connected by spirit levelling, season 1924-25—(Concld.)
Height above mean
) sea level Difference
Name of stalion New o | ) Remarks
L L T'riangu- |Trian-Lev.
spirit- spirit- luti
levelling [levelling| " ton
South Malincha Meridional Series ]
i Seet l JSeet l Seet . Seet

Gop T.8. [192 993* 211 +18 Mark stone at 4

o , " feet from base of
lat. 22 25 10.%77 plinth of Tower
Long. 87 16 28-02 N

Oalcutta Meridional Series r

Bhetia T.8. [127- 424 132 +5 | Groundlevel mark

o ] " stone”’
Lw, 21 36 51-25 :
long. 88 23 319
Charaldanga T.S. {128-188 131 +3 Top murk stone
Lt 28 53 43793
Long. 88 23 4-21
Kisnapur T.S. [101-879 117 +15 Ground level mark

o , ” stone
lat. 25 23 31.83
long. 88 28 2764

Great Indus Series

Barichi Obsy. G.T.8. Stn.| 35420 | 31829 35 e

o ‘ " + 37
la. 24 49 50-25
g, 67 o1  35-18
Clifton G.T.S, h.e | 956:689 | 96-G57 98 -1 Ground level mark

o , " stone
lat. 24 45 10%10
bong, 67 03 07-67

* Unadjusted single levelling heighl.
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TABLE X1V.—Results of comparison of staves with standard steol
tape No. 2, season 1924-25

Place and date

Difference of length of staves from 10 feet

No. of staff

231

22B

13A.

138

Remarks

Tangén 8-11-24
Myittaw 14-11-24
Maukkyo 24-11-24
Sadaung 6-12-24

Sathe 16-12-24

Nyaunghla
26-12-24
Kinu 4-1-25
Okhan  20.4-25
Taokkyau 1-5-25

Ablone(Rangoon)
14-5-25

Pegu  26-5-25

+0-

+0

+0-
+0-
+0-

+0

+0-
-0

-0

+0.

+0

001171
€02216
002473
002484

001704

001533
001865
000831
0uU0325

000781
001717

+0
+0
+0
+0
+0

+0
+0-
-0
-0

—(

=

+0:

001397
002081
001998
-002602
1001653

001337
001486
002381
001243

+Qon320

002163

+ 0-002480
+ 0-002106
+0-001838
+0-001787
+0-001611
+0°001574
+0:001371
- 0004363

002405

—0-002543

-0 100870

«0-001998
+0°002296
+ 0002075
+0:001916

+0-001490

+0-001373
+0-001496
- 0-003327

—0-002623

— 0002874

— 0000589

Clear.
Scattered clouds)
»

Clear

Light scattered
clouds and cool
breeze.

Scattered clouds,

Clear.

Scattered clouds,

Cleer.

scattered clonds]

Drizzling.
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TABLE XIV—Results of comparison of staves with standard steel

tape No. 3, season 1924-25—(Contd.)

Difference of length of
staves from 10 feet

Place and date No. of staft Remarks
20A 20B
Sukkur 28.10-24 | —0-002494 | —0-001485 Clear
Khairpur Mirs 5-11-24 | - 0:002606 | —0-001746 »
Setharja 15-11-24 | 0003478 | - 0-002829 f
Kandiaro Road 19-11-24 | -0:003506 | —0-002537 “
lane 1-12-24 | —=n:003518 | -0°003334 ’
Nawab Shah 8-12-24 | --0-003867 | —0°003261 y
Shabdadpur 17-12-24 | —0-:003297 | —0-002752 “
Oderolal - 23-12-24{ —~0°003510 | —0-002927 ”
Hyderabad 3-1-25 | —0-003336 | —0-002129 "
Khesano 13-1-25 | - 0004021 | -0-002598 Clear
Mirpur khas 21-1-25 | —0:003995 | —0-003180 .
Pithoro 31-1-25| —0'00336G6 | —0-002892 Dusty
Chihor 8-2.95 | - (-003852 | —0-003608 Clear
Jalu-jo-chiaunre 18-2-25 | —0+004287 | —0-003836 o
Munabao 27-2-23 | -0-005223 | -0:001816 "
Gudra Road 8-3-25 | —(0-005257 | —0-00+483 -
Ramsar 15-3-25 | —0-004807 | —0-001013 o
Bhnchblhiar 20-3-25 | --(0-005J026 | —0:003926 o
Jasai - — 0005660 | —0-004850 »

25-3-25
Atimalan;i 30-3-25
Barmer 2-1-25

- 0-005783 | —0 004645
— 0006070 | —0-005288
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TABLE XIV.—Results of comparison of staves with standard stee
tape No. 7, season 1924-25—(Contd.)

Difference of length of
staves from 10 feet

Place and date No. of staff
16A 16B

Santragachi 5-11-24 | ~0-003872 | +0°+000939
do. 2-11-24 | —=0-003526 | +0-000929
Ulubaria 20-11-24 | —0°001626 | +0°001595
Kola 28-11-21 | —0°002043 & +0.001913
Debra 5-12-24 | —0-003205 | +0-000917
Narayangarh 16-12-24 | —0-0085673 | +0-000485
Jaleswar 27-12-24 | —-0°004187 | +0-000718
Midnapore 7-1-25 | —0-003155 | +0-000616
Debra 5-12-24 | —=0:003205 { +0°000917
Narayangarh 16-12-21 | —0-0085673 | +0-000486
Jaleswar 27-12-241 -0-004187 | +0°000718
Midnapore 7-1-25| -0°-008165 | +0°'0C0616
Garhbeta 17-1-25 | —-0-001635 | —0°000320
Onda 26-1-25 | —0:004695 | +0-000201
Shali 5-2-25 | - 0:005749 | -0-000305
Ukhra 16-2-25 | —0.005762 | —0:C0025 +
shali 5-2-25 | —0+0056749 | —0°000305
Ukbra 16-2-25 | — 0005762 | —0-000254
Chinpai R.8. 25-2-25 | -0-008010 | —0-001913
Sainthia 5-3-25 | =0°008441 | -0-002539
Kandi 15-3-25 | —0-000:982 | —0-001113
Jiaganj 27-3-25 | -0+007103 | —0°001172
Godagari 5-4-25 | =0-008405 | —0°001161
Parbatipur adde  17-4.25 | -0:006009 | —0-000312
Sapahar 28-1.25 . —0-003067 | +0-001787
Pabiram 6-5-25 —0-003714 | +0-001074
Dinajpur 15.6-26 | —0+001607 | +0:002290

Remarks

Clear
do.
Drizgling
Light clouds and cool breca|
Clear and cool breeze
Clear
do,
Scattered clouds and cool
breeze
Clear and coo: breeze
Clear
do,
Scattered clonds and cool
breeze

Clear and high cool breeze
Clear
do.
Clear
do.
Clear and high wind
Clear and breeze

Clear and brecze
" ,, high breeze
Licht clonds and high wind
“Clear and high wind
Clear
Clear and breeze
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TABLE X1IV.—Results of comparison of staves with standard steel
4, season 1924-25—(Contd.)

tape No.

Place ard date

Difference of length of
staves fromn 10 lect

No. of staft

19A 198
Ramlal-ka-kawa 30-10-‘.’.4, -0-002141 | —0-002537
Gareebwala kawa 17-11-2¢( -0-002962 | —0-003619
Pathanwala , 6-11-24 0:003816 | —0-008741
Goru 22-11.24 | —0-003781 | -0-004028
Khanpur 30-11-24 | -0-003312  -0°00:391
Rarachi 7.12-34 1 —0-003024 1 -0-00473 1L
Drigh Road R.s  15-12-24 | -0-002936 | —0°-003803
Pipri 20-12-24 | —0-004018 | -00086358
Guja 28.12-24 | —0:0038G70 | —0+0036 14
Hilaya 6- 1.25 -0-003010 | —0+002813
Jerruck 12- 1.25, -0-00309L | -0°003297
Kotri 19- 1-25 | —0.003825 | -0-008539
Detha 26- 1-"5‘ ~0-002870 | ~0+002475
Oderolal 4- 2.95! —0-008372 | —0+003396
Shahdadpur 13- 2.25| —0-003883 . —0°'004292
Sarhari 20- 2-25 1 —0-004221 | -0°004406 |
Nawab Shah 3. 3-25 | —0-003833 | —0-003K20 (
Danr 10- 3-25| -0-001095 | - 0003827 ’
Bhiria Road 19. 3.35 | —0-004980 | —0-004702 |
Mahrabpur 27- 3.25 | —0-005382 | -0-005378 |
Khairpur Mirs 4. 4-25 | =0-005300 | ~0-005109 |
Rohri 12. 4-35 | - 0003257 | —0-005118 I

Remarks

Clear ond cool brecze

.y
Clear
Scattered clouds

Clou dy
Clear

Dusty

Clear
Cloudy

Clear
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TABLE XIV.—Results of comparison of staves with standard stee]
tape No. 10, season 1924-25—(Concld.)

Differenco of length of staves from 10 feet

Place and date No. of staff Remarks
E, 0, 23A 178
Colcutta 27-1-26 | —0:001707 | - 0-000024:| —0:003445{ - 0-001972 Clear

Dhapa  6-2-25( —0-000899 | - 0-000131 | —0- 003369 | - 0-00187G [Clear & high wind
Bansra 15-2-25 0-000735| 0:000000| —0:003240( —0.001544 Clear

Hatkhola
23-2-26 | —0-002837 | —0-001443 [ —0:005188 [ — 0003029 "

Uttarbhag
9-3.25 | =0:001893 | - 0-002514 | —0-004870| — 0002709 "

Calcutta 19-3-25 | —0-002235| —0-001710| —0:005412 | -0 002723 "
Lillooah 31-3-25 | —0-001303| —0-001134| —0:005013 | —0 002844| [Light clonds
Asansol 11-4-25 | —0-002544| - 0-001856| —0-001019 | —0-002921 Clear

Sitarampur -
19-4-25 | - 0-002613 | —0-001420{ - 0 005552 | —0-002522

Pradhankhanta
29-4425 | -0-001417 | —0-000L7G| - 0-004170 | — 0002341

Gomob  8-5-25 | —0:C03789| —0-002443 [ —0: 006131} —0.004229

Hazaribagh Road ]
19-5-95 | —0-003519 | --0-002569 | — 0-007341] — 0 004164 Clondy

Bagodar 24-5-25 ¢ —0-00218¢| —0-001165 | - 0- 004640 —0.002652 »

Sitarampur
3-6-26 | —0-002011 | —0:000926 | - 0+ 005046

1004315 |Clondy & raining

|
)
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CHAPTER VI

THE HEIGHT OF MOUNT EVEREST AND
OTHER PEAKS

A locture delivered by Dr. J. de GRAAFK HUNTER, M. A., Sc.D., . Inst. P’. at the
meeting o the Indian Science Congress at Madras, February 1922

The problem of determining the heights of great peaks, not
readily accessible and in some cases only possible to observe from con-
silerable distances, has a good many difficulties. This certainly holds
for Everest, situated as it is at the north boundary of Nepal. Owing
to the fact that it is the highest point of the earth, it is of especial
interest to fix its height with as much precision as possible. Public
interest in the mountain has been enhanced lately by the despatch of an
expedition which has made a reconnaissance of the mountain in 1921;
and an attempt to reach the summit is to be made in the current year
1922.

Old values of the height of Everest are :—

(a) 29,002 feet. Although the height of the mountain is nearly
1000 feet greater than that ‘of any other known peak, and there is no
doubt at all about its pre-eminence in this respect, questions have been
mised as to whether 29,002 represents the facts of the case. This value
bas been given wide publicit_y, and 1s the one generally known. The
terminal 2 of this figure has often been discussed. Some people imagine
that the result is a perfectly accurate one; while others, quite rightly,
have conjectured that the 2 might as well be left out, so far as our
knowledee can tell. There has been the practical inconvenience that,
were the 2 omitted, the height would become a round number of 1000
feet; and to some minds this would convey the idea that the precision
of the determination was good only to the nearest 1000 feet. This would
&7 more than the view that the height is exactly 29,002 feet as deter-
mined in 185;

(b) ln 1907 Colonel Sir Sidney Burrard published the revised
value of 29,141 feet. As he did not consider that finality had been
reached, he did not advocate the changing of the height on Survey of
India mans.

The lifference of these two results is due to a modified treatment
of the obsrvations. Tt is still impossible to be quite definite to the last
10 feet in height. Here I may corrvect a popular misconception. Some
people imasine that if a climber could reach the snmmit, then all doubt
as to the luwht would disappear.  This is nof. so. Dven if he were
able to take with him accurafe ohserving in- lln'm‘nh he would not he
able to improve our height value appreciably.

The «cveral practical methods of determining height in use are :—

(1)  Observations of barometric pressure, which iueludes obser-
vations with merenry, aneroid barometers or with hypso-
meters,

240.

General.

241.

0ld values
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de:ermining

haight.
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(2) Spirit levelling right up to the point.

(3) Observation of the angle of elevation of a point from 3
station of known height and at a known distance.

As regards barometer observations it may be noted that the trans.
port of a mercury barometer, and its subsequent setting up have special
difficulties. If a portable barometer of the Fortin type is used, in which
the mercury is never removed from the glass tube, there is grave danger
of the glass breaking in the course of transit, as the result of the jolting
of the heavy mercury in the glass. With the eclass of barometer,
typified by the George barometer, the mereury is removed for transit.
It 1s diflicult to ensure entire absence of air in the tube, or in the
mercury itself. Meteorologists may say that this can be overcome,
and no doubt this is the case in some circumstances. These circums
tances are not existent at the end of a very strenuous climb.

The aneroid barometer avoids these difficulties. But unfortunately
no aneroid has yet been made that has any pretence to accuracy when
subjected to the variations entailed by a climbing expedition Moun-
taineers frequently forget this.

The hypsometer is an instrument by which measurements of the
temperature of steam are made. This temperature depends on the
atmospheric pressure, and gives a good determination of the pressue.
In my opinion it is by far the best of the instruments for pressure
determination, which are available to the mountaineer.

Having obtained the air pressure at the point, as well as a simtl-
taneous value of the pressure at some station of known height; sod
further the air temperature at both places, the formula of Laplace serves
to find the height difference. This formula, however, 1s based on the
assumption that the mean temperature of the air column between
the two points is the mean of the two terminal temperatures. The
accuracy of this assumption is likely to be the better when the two
points are not very distant from one another. Even if there s a clear
line between the two points, it will not always be very precise, 85
shall show later. Errors of height are accordingly introduced, Wh{Ch]I
estimate may amount to several hundred fect, even when a reliable
value of the pressure has been obtained.

I need only say of spirit levelling that it is c.n’r,ire]y out of ﬂ]le
question to run a line of spirit levelling to the summit of a great peax-
A tolerably decent track is essential.

) . o ack of
We have cul, out harometric observations on arcount of lack 0

aceuracy ; and spirit levelling is impracticable.  Boti flepe"d on :]ZIT
to the point. There remains the method of r)bs'm‘_vmf—’»' the all? tis
elevation. It is from such observations that the height of Everest I
deduced.
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The discovery that Mount Everest, or as it was then designated
“peak Xv” was the highest mountain on earth, was made in the
Computing Office of the Survey of India in 1852. Those who had
observed 1t were not aware of its pre-eminence, and it was the caleula-
tion of its height which brought this to light. Sir Andrew Waugh,
who was the Superintendent of the Trigonometrical Survey at that time,
decided to name this, the highest of peaks, Mont Everest, after his
distinguished predecessor and former chief. This name, with Mont
changed into Mount, has since then been adhered to by most. A few
have tried to substitute names, claimed to be those in use by the local
inhabitants ; but up to date, all these have proved to be truly applicable
to other peaks; and no local name for Mount liverest has been
substantiated.

The observations on which the height 29,002 was based in 1852,
were those made in the season 1849-50 from 6 stations in the plains of
Bengal (figure 2 ), situated at distances ranging between 108 and
119 miles from Everest. Laler observations were made in 1880, 81, 83
and 1902, from several stations in the neighbourhood of Darjeeling.
These stations lie at distances between 85 and 109 miles. It is only in
1921 that it has been permitted to trigonometrical surveyors to get
toser up for observations, and it is expected that advantage will be
taken of this in 1922.
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When we speak of the height of a mountain, it is understood, in a
general way, that the height above sea level is meant. By sea level the
mean level of the sea, freed from the effect of tides, is implied. The
actual sea is distant 450 miles from Mount Everest, at its nearest.
But we may extend sea level in imagination inland, by constructme
imaginary canals along which the water of the sea could find its way.
A practical way of getting to very ncarly the same result is afforded by
spirit levelling. The spirit level is set up parallel or very nearly s,
to the water surface of the imaginary canals; and by successive éteps
the elevation of any point of the line above sea level is determined.
Thrs method 1s applicable in fairly flat country, and so the depth of se
level below the earth’s surface may be determined up to the fringe of
the Himalaya.

But when we proceed into the hills this method fails. I is then
necessary to arrive in some way or other, more or less precise, at the
shape of the sea level surface right up to the mountain with whos
height we are concerned.

Now geodetic operations, of which the earliest were executed more
than 2000 years ago, have accumulated information which permits us
to draw the conclusion that the form of the sea level surface is not very
different from that generated by the revolution of an ellipse about its
minor axis. This figure is generally referred to as an oblate spheroid,
or briefly as ““the spheroid”.  We shall for the present aceept this as
being the correct form of the sea level surface, and at a later stage
discuss briefly the divergences which are found to oceur.

Let us now consider the height above the spheroid. This is indi-
cated by Bbin figure 3, where A is an observing station of known height
Aa, and B is the point whose heizht Bb is sought. AaO and Bb 0
are verticals meeting (approximately) in O. The angle A0B»
known from triangulation, and aO=bO 1is the radius of curvaturelof
the spheroid in the plane of the paper. If the true angle of elevatlonl
BAH were known, it would be a matter of simple trigonometty to find
the length OB and thence Bb.
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Fig.3.

But we must take things as they are, and consider the effect of
efraction of the atmosphere. The path of a ray of light from A to B
8 not straight. It is bent into a ecurve, indicated by the dotted line.
in observer at A sees B in the direction of the tangent to this curve,
namely AT, If we do not take account of this fact, we shall find Tb
for the height of B, a height in error by amount TB. To fix ideas,
[may say that in the case of the Everest nbservations, this error would
b about 800 feet or more. It clearly can not be neglected.

As soon as surveyors found that refraction of light had a serious
effect oni their observations, the assumption was made that the path
of the light, instead of being a straight line, was a circle of small
arvature. A little consideration will show then that the angle of
ref!'action TAB increases directly as the distance AB. A rough idea
o its maguitude is given by saying that it is about 3 seconds of arc
ter mile, or 5 minutes per hundred miles.

But it was noticed soon that refraction was by no means a constant
(uantity throughout the day. Refraction is at its smallest value during
the early afternoon hours. Moreover its value at this time is neavly the
fame from day to day. Hence about 1850 the practice arose of making
ohservations of angﬁlar elevations of terrestrial objects hetween the
ours of 1 and 4 p.m., a practice still rightly continued where possible.
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GEODETIC REPORT

On the assumption that the dotted line AB is ecircular, it is clear
that the angle of refraction at B is the same as that at A. If both
these ancrles are observed, it is possible by considering the angles of

AOB to determine the magnitude of the angle of lefracuon,
pxocess sufticiently accurate for some purposes.

It was first stated about 1910 that the diurnal change in refraction
observed at hill stations was small compared with that found at plain
stations. In 1913, while considering the question, I noticed that the
diurnal change in 1ef1actlon varied as the temperature, minimum refrac.
tion occmlinn' at the time of maximum temperature. This is well
shown in the figures Nos. 4 and 5 where ordinates represent the apparent
elevations of two points, and abscissae represent the temperature. Ac