


Lr.-CoLoNEL HERBERT McCaLLY COWIE, R.E,

Lt.-Colonel Cowie, whose portrait faces this page, was commissioned
in the Royal Engineers in 1893, and after serving in the Military Works
and Railway Departments, joined the Survey of India in 1898.

Most of his service was passed in the Geodetic Branch, and for
many years he held charge first of the latitude party and later of the
pendulum party. While on furlough in 1911-12 he was deputed to test
and report on the base-line apparatus—comparators and standards of
length—which had been designed for India by Sir David Gill. This
work was carried out at Lambeth; his report which was printed in
“Engineering” will be a valuable guide, when funds permit of further
development. Colonel Cowie was a particularly careful and accurate
observer, eminently suited to work of this nature.

In 1904 he was one of the survey officers attached to Sir F. Young-
husband’s Tibet Mission for which he received the medal and clasp:
and later in 1913-14 he was a member of the Turco-Persian Boundary
Commission, for which he executed the necessary triangulation from
Fao to Ararat with untiring energy and skill, in face of very considerable
difficulties. Recalled therefrom at the outbreak of the great war, he
was at the outset, with other senior officers of the Department, not
permitted to proceed on active service, being posted to the charge of the
Photo. Litho.Oflice at Caleutta, where he threw himself with characteristic
energy and zeal into the heavy task of meeting the unprecedented demands
for maps arising from the war.

His opportunity came later when early in 1917 he proceeded to
Baghdad to form the West Persia Survey Party; unfortunately a break-
down in health necessitated his return to India about a month later. In
1919 however he had recovered and was in charge of the Survey opera-
tions in the Afghan war, being twice mentioned in despatches and
receiving the medal and clasp.

Soon afterwards he became Superintendent of the Trigonometrical
Survey—the post now known as Director of the Geodetic Branch. His
work in this capacity was curtailed by ill health, for he was suffering
from very high blood-pressure. This forced him to take leave in 1924.
On his return journey, apparently much improved in health, he died
suddenly on the 25th September 1925 on board the P.&0.S.8. Rawalpindi
at Marseilles. His death was a great loss to the service and to his many
friends in all ranks of the Department.

Col. Cowie was author of the following publications :—

Method of measuring geodetic bases by Colby's compensated bars,
Survey of India, Professional Paper No. 3, 1900.

Bar comparisons of 1907-08. Survey of India, Departmental
Paper No. 7, 1915,



i

Comparators for the Indian Governmment. Three articles in
“Engineering’ 1915.
A critictsm of Mr. R. D. Oldham’s memoir “ The Structure of the

Himdlayas and of the Gangetic Plain”. Survey of India, Prolessional
Paper No. 18, 1921.

A note on the stage reached by the Geodetic Operations of the
Survey of India in 1920. Survey of India, Unclassified Paper, 1922,
Besides the above were some useful translations of foreign publica-

tions and numerous records of work published in the Annual Reports
and Records of the Survey of India.
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INTRODUCTION AND SUMMARY

1. The important International Longitude Scheme referred to in
last report, which had been arranged for by the joint commission of the
International Unions of Astronomy and of Geodesy and Geophysics
was duly carried out during October and November 1926, Fifty obser-
vatories throughout the world including that at Dehra Dan participated
in the observations. For purposes of the scheme wireless signals were
emitted from Bordeaux, Annapolis, Honolulu and Saigon. At Dehra
Din time observations were made by six observers using two sraall
transit instruments and a geodetic astrolabe. The clock was by Riefler.

Dr. Hunter was in charge of the operations and six observers were
employed. The Bordeaux 8" 01™ and 20" 01™ and Saigon 1}" 30™ and
19100 Greenwich mean time signals were regularly received but those
of Annapolis and Honolulu were never heard. Tour different values of
longitude for Dehra Dun were derived ; two from Bordeaux signals and
two from Saigon. The mean is 5" 12™ 1179, which agrees well with
5» 12 11577 the old value from Indo-European ares of 1894-96
(vide Chap. 1).

2. The Computing Section have been investigating the reliability
of triangulated as compared with spirit-levelled llel(rht\ “and have pre-
pared a table giving the mean square error and measure of accuracy of
heights for each series of triangulation (vide table I, Chap. 11 § 1).

3. Asaresultof an enquuy from Professor Wegener the variation
of astronomical latitudes at stations where repeat observations had been
taken were investigated to see if they afforded any evidence of conti-
nental drift. The conclusion was that there is no evidence of such drift
(vede Chap. 1T § 2).

4. Two geodetic series, Bagalkot and Madura observed in 1916-17
were ad]nqtod and corrected values are being published.  Graphie
adjustment of a large amount of minor tnannulatlon was carried out
(vide Chap. IT §§ 3, 4)

5. A comptometer has been found useful for solution of normal
equations in conuection with the investigation into the Figure of the
‘Jarth (vide Chap. II § 3).

6. Besides the International Longitude Project, the Observatory
Section has carried out (a) regular time and latitude observations, (b)
comparisons of length, (c) marrnetl(' observations, and (d) seismograph
and meteorological “observations (vide Chap. III).

7. The Tidal Section continued its work as usual. A new tidal
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observatory was opened at Pilakat or Deserter’s creek near Elephant
Point in order to enable comparisons to be made with the results at
Rangoon. Correction tables, based on differences between predicted
aud actual values, were prepared and applied to 3 riverain ports Chitta-
gong, Rangoon and Basrah (ride Chap. IV § 5).

8. The work on gravity and deviation of the vertical was confined
to the computation of topographical and Hayford anomalies for Capt.
Glennie’s Punjab and Kashmir observations of 1925. (vide Chap. V
§ 1). By means of an average height map for the larger zones, prepared
by Major Gleunnie, and an adaptation of the formule, so as to use
common zones for estimating detlections from maps for joint gravity
and latitude stations, these laborious computations will be somewhat
simplified in future (vide Chap. V §§ 2-5 and 8).

The results of the computations were used to draw a section of the
compensated geoid in Kashmir with a view to determining which spheroid
fits 1t best. Captain Bomford’s eonclusion is that the Survey of India
spheroid No. II, deduced from the rest of India fits the recent exten-

ston into Kashmir better than the International spheroid could (vide
Chap. V).

9. The geodetic triangulation of the Rangoon series was conti-
nued and completed. The use of Dr. Hunter’s portable observation
tower in combination with 100-foot lattice-masts and special mast
signals proved very effective in this enclosed country (vide Chap. VI).

~10.  Four detachments were employed on levelling of high preci-

sion and two on secondary levelling in addition to the Commercial
levelling group which carried out secondary and tertiary levelling for
the Haveli Irrigation Project (vide Chap. VII §§ 1-3).

The levelling comprised 1282 miles of high precision, 974 of
secondary, and 11, 727 of tertiary levelling.

19 miles of special levelling between Dehra Din and Mussoorie
(with temperatures observed at staff and instrument) were carried out
to assist in investigating refraction effects when levelling up continuous
eradients (r/de Chap. VII § 4). This year’s work completed a big
chain of new levelling connecting Kidderpore and Karachi tidal obser-
vatories with a discrepancy of — 1'805 feet in 1,663 miles (v7de Chap.

VII § 12.).

A table showing the progress of the new level net is given in Chap.
VII § 13, ” i © !

The poliey of the Survey of India, with regard to the maintenance
of Primary Protected Bench-Marks only in future, is outlined in Chap.
VIT§ 1L )

. 1L Description of the newly designed personal equation apparatus
1= given in a note by Capt. Bomford (vide Chap. VIII § I).

12, Capt. Bomford discusses the height of Mount Everest,
arrving at the value 29,050 as the nearest approximation to the true
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geoidal height deducible from existing data. Reasons for using geoidal
heights are given. (vide Chap. VIII § 11). Even yet the value cannot
be regarded as final.

13. Two photographs of the Geodetic Museum, inaugurated by
(olonel M. O’C. Tandy in 1926, will be found in the volume, facing
page IxX.

"The personnel of the Geodetic Branch is given on the next page.

Deuna Doy, ? J. e Graavy Huntes,

Jan. 1929, 5 Director of the Geodetic Branch.
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PERSONNEL¥* OF THE GEODETIC BRANCH, 1926-27

Director, Geodetic Branch

LT.-CoLONEL. M. O'C. TANDY, D.§.0., 0.B.E., R.E,, from Ist October 1926 to 30thJune 1927,
Dr. J. pEGRAAFF HUNTER, M.A., SC. D, F. In8t. P., from 1st July 1927 to 30th Sept. 1927,

COMPUTING AND TIDAL PARTY
(RECORDS AND RESEARCH)
Class I Officers.

Dr. J. de Graaff Hunter, 2M.A,, 8C.D,,
F. Inst. P., in charge from lst October
1926 to 30th June 1927,

Captain G. Bomford. R E., in charge from
15t July 1927 to 30th September 1927.

Mr. B. L, Gulatee, B.A, (Cantab).
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Mr. Mukundananda Acharya, Head Com-
puter and 9 Geodetic Computers.
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4 Computers.

TIDAL SECTION.
Class IT Officers.
Mr.D. H. Luxa, Tidal assistant.

Lower Subordinate Service,

10 Comprters.
OBSERVATORY SECTION.
Class IT Officers.
Mr. R. B. Mathur, B.A.
Mr. P. K. Ghosh, B. A. (Cantab),
from 15th August 1927.

Upper Subordinate Service,

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

Lower Subordinate Service
5 Computers

Magnetic Observatory,

Mr. K. N, Mukerji, M.4,
1 Computer.

Orrice AND P.&M. SEcTIOX,

Upper Subordinate Service,
Mr. Baldeo Bihari Lal

Lower Subordinale Service.
4 Computers. etc.

13 PARTY (ASTRONOMICAL)
Class II Officers.

Mr. 8. F. Norman, in charge from 9th
November 1926 to 30th September 1927.

Lower Subordinate Serrice,
3 Computers, ete,
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Class I Officers.

Captain G. Romford, R.E., in charge from
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Class II Officers.
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Cuarrer I
THE INTERNATIONAL LONGITUDE PROJECT

BY Carrain G. BoMromrp, R.E.

1. Object of the observations.—At the meeting of the In-
ternational Astronomical Union in 1925 at Cambridge it was decided to
undertake a combined determination of the longitudes of a number of
observatories in all parts of the world. For this purpose special wire-
less signals were emitted from four stations, (Bordeaux, Anmapolis,
Honolulu and Saigon), which were received at about 50 observatories
co-operating in the project, one of which was at Dehra Dan. It was
decided to carry out operations in October and November 1926, and all
the observatories attempted to take nightly observations for time, and
to receive all possible wireless signals during this period.

It was arranged that the observatories at Algiers, Zi-ka-wei
(Shanghai), and San Diego (California), should constitute the prineipal
stations, and that they would make independent determinations of their
difference of longitude by pairs, the sum being finally adjusted to 360°.
There was also some intention of other stations forming subsidiary
gircuits in the same manner. If the closure of circuits is to give an
indication of the probable error of their component ares, 1t is necessary
that each station in the circuit should utilise different wireless signals
and different serics of star observations for the determination of each of
the scparate ares, with which it is concerned. At Dehra Dun the stars
were grouped into two series, so as to enable this to be done, but the
advantage of forming subsidiary eircuits is doubtful, and the results of
the other observatories, that have been received, are not arranged in such
a manner as to admit of their formation. The question is further
discussed in § 16. '

In addition to the precise determination of longitude, it was hoped
to acquire some knowledge of the rate of propagation of wireless signals
and of the regularity of the speed of the eartl’s rotation.  The former
will arise from a consideration of the elosure of the main polygon.
The latter i« being investizated by M. Bigonrdan, Director of the
Burean Tnternational de "'Heure, who has asked all partieipants to seund
him the uneorrected elock times of the reception of the Bordeaux signal
at 20" GIm hetween 15th Oetober and 16th November, 1926, Less
Intensive ohservations are being continued at many observatories, includ-
g Dehra Dian, with a view to discovering possible long period or
secular changes of longitude.*

2. Summary of work at Dehra Dun.—Observations were

—_—

o * The Tesnlts of the 192127 observations will be found in Chapter 111, Observa-
ries, of this Geodetic Report.
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made nightly exeept on Sundays and on three nights which were cloudy.
Three instruments were used, two transit instruments and one astrolabe,
and the programme lasted four or five hours nightly. Six observers were
employed. The following four signals were regularly received :—

(@) Bordeaux 08" 01 G.M.T.

(B) ol

(¢) Saigon 11 30 »

(d) " 19 00 ”»

The value of longitude obtained from the observations at Dehra

Dan is 5" 12m 115:79,40-020. The old value, derived from the Indo-
European telegraphic ares of 1894-96, was 5" 12™ 115-770. B

3. The transit instruments.—Both transit instraments were
mounted in the Hunter Observatory, 9 feet apart, on the same meridian
as the old longitude station in the Haig Observatory. That known as
the North Transit (or T,) is Transit No. 2 made by Messrs Troughton
and Simms in 189}, a reversible instrument of 3% inches aperture and
36 inches focal length. It has been fitted with a self-registering moving
wire micrometer. The field is electrically illuminated. Nadir observa-
tions for level and collimation can be made with a Bohnenberger eye-piece,
but such observations were not taken into account when reducing the
results. One division of the level is 1/20 of an inch long and is
equivalent to 0° 147.

The second instrument, known as the South Transit (or T,), is of
the bent transit type, reversible, of 24 inches aperture and 20 inches
focal length. It was made by Messrs Troughton and Simms in 1907.
It also has an impersonal eye-piece and electric illumination, and nadir
observations can be made. One division of the level is 1/10 of an inch
long and is equivalent to 0°-155. The magnification, however, is less
than that of T, and the latter is probably rather the better instrument.

The Hunter Observatory has been symmetrically designed to avoid
lateral refraction, and stands well clear of all other buildings.

Two collimators were employed as a check on the constancy of the

deviation. Only one collimator was visible from each transit instru-
ment.

4. The astrolabe.—The astrolabe is of the Claudeand Drien-
court pattern ‘geodetic model) by 8.0.M., of 2 inches aperture and 154
inches focallength. It was used in the open on its usual tripod, and was
protected by a canvas screen. It was at first placed on the same meri-
dian as the transit instruments, but was afterwards moved to anotber
site 70 feet erst.  All its results have been reduced to the meridian of
the former station. The personal equations were determined directly
hyv an nstrament, made locally for the purpose, whieh is deseribed n
Chapter VIIL  Judged by comparison with the mean of the {ransit
instruments’ results, it worked satisfactorily with one observer and
unsatisfactorily with another. l

5. Chronographs.—The chronographs nsed were:—

(1) A two-pen drum chronouraph, by Warner & Swasay,
speed =71 of an inch per second. This was used for
the two transit instruments. T, was connected with



PrATE IV.

Photo -engraved & printed at the Offices of the Survey of India, Calcutta, 1929,

THE PRISMATIC ASTROLABE

GEODETIC MODEL.






Caar. 1] INTERNATIONAL LONGITUDE PROJECT 3

the pen on which seconds were recorded, and T, with
the other.

(¢) A single-pen drum chronograph, by Warner & Swasay,
speed -36 of an inch per second, used for the
astrolabe.

(¢) A tape-chronograph, by Adam Hilger, speed - 42 of an inch
per second, used for the personal equation apparatus.

The wireless time siznals were received by ear and recorded by
tappets on (a) and (4) (vide § 7).

6. Clocks.—'The observatory clock used was Riefler clock No.
450. The pressure ana temperature, under which the clock works, are
both controlled. In addition there are two elocks by Frodsham, about
50 vears old, known as clock A and elock B.  Neither of the latter are
provided with any pressure control. Clock A was p'aced in the tem-
perature controlled clock-cell with the Riefler clock, and clock B was
placed ina room where the diurnal temperature range did not exceed 1°C.,

The Riefler is an excellent clock, and the old ciocks A and B3 cannot
compare in accuracy with it. However, cloeck A was useful in connec-
tion with the reception of wireless signals (vide § 7). Clock B was
rated to mean time.

7. Wireless receiving set.—7The wireless receiving set was
manufactured by Niemens. It has three valves (high frequerey, detector
and low frequency) with tuned anode. The closed circuit is loosely
coupled to the aerial eirenit. A heterodyne wave-meter is employed as
a local oscillator. Three aerials were available—a vertical aerial of
100 feet and two inverted I’s—each of total length about GOU feet,
and of height 100 feet.

The Bordeaux and Saigon signals were generally clear and strong,
but those of Annapolis and Honoluln were never heard.

The method of reception was that the cloek, working through a
relay, cut out the heterodyne every second for a period slightly longer
t_han the lenoths of the beats of the signals, thus procuring the extine-
tion of a few beats about once every minute. Two or three observers
h‘stened for the first beat. to emerge,'and recorded it on the ehironographs,
For satisfactory reception by this method it is essential that the clock
shall beat very rezular sceonds, and that the lenath of its break shall
be adjustable (o that of the sionals. The break of the Riefler clock did
nOt.sa,tisF.\' cither of these conditions, and as a substitute a speeial
deviee working on the pendulum, was designed by Dr Hunter {r/de
Bulletin Géodésique No. 1l of 1927). Tt was not immediately possible
to fit the Iatter to the Ricller elock, and so elock A was utilised for the
l‘eeept!'m, ol sioenals, and a comparison bhetween it and the Rieller cloek
made immediately afterwards on the two-pen chronograph.

. 8. Personnel.— Dr. 1Tunter was in charge of the operations,
Six observers were emploved, divided mto two groups as follows, each
group working alternate woeeks :—

(2) Capt. G. II. Osmaston, Licut. L. W. Wright and
Lieut. 1. M. Cadeil.
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(4) Capt. G. Bomford, Mr. B. L. Gulatee and Mr. R. B,
Mathur. .

Capt. Osmaston and Mr. Mathur used the South Transit instru-
ment, Lient. Cadell and Mr. Gulatee the North Transit instrument, and
Capt. Bomford and Lieut. Wright the astrolabe. During the last week
of November Lieut. Wright was unable to observe and Capt. Osmaston
used the astrolabe.

Two recorders, working alternate weeks, were employed booking
level readings, ete., for the two transit instruments. 'I'he reading of
chronograph sheets, and computation of clock errors were as far as
possible undertaken by the three off-duty observers assisted by
Mr Banerjea and 10 computers.

Arrears accumulated, however, and the work was afterwards
brought up to date by the Observatory Section, under Mr. Mathur.

9. Nightly programme.—The star observations were made
in two serites. The first from 21" 30" to midnight, and the second
from 01" 30™ to 04" 00". The Bordeaux 20" 01™ G.M.T. and the
Saigon 19" 00™ G.M.T. signals were received between the two series.

The observers on the two transit instruments generally used the
same stars. Bach series consisted of 10 to 12 time-stars within 13° of
the zenith and fairly equally divided between north and south, and of 3
or 4 azimuth-stars at least 30° from the zenith. Generally there were
rather move of the latter above the pole than below it. South stars of
large zenith distance were also sometimes employed, and gave accor-
dant results.

The levels were read before and after each time-star. The colli-
mators were intersected before each azimuth-star, generally on one face
only. Nadir mercury observations were made at the beginning and
end of each series, but were not utilised in the computations. All time-
stars were observed in hoth positions of the instrument, as were also
all azimuth-stars after 19th October.

About 30 stars in each series were ohserved with the astrolabe of
which 8 to 12 were P.V. stars (/.. within 23° of the prime vertical),
and the remainder were fairly equally divided between the four
quadrants  No stars were observed within 23” of the meridian. Efforts
were made to have at least four stars in each quadrant, but unexpected
fatlures oceasionally reduced this number to three. 30 to 35 measures
of personal egnation were also made.

10. Pen-equation and relay lags.—The pen-equation of
the two-pen chronograph was obtained by running both pens on the
Riefler eclock for a few minutes on each sheet. The two pens were
actnated by two relays of ilentical pattern, whose “lags” were shown
to be identical (within less than 0¢-003) by vernier comparisons with the
mean time clock, heard in a microphone.

The lag of the single-pen chronograph was compared with that of
the standard pen of the two-pen chronograph hy making the single pen
itself break the circuit of one of the pens of the latter. The wircless
reception relay was similarly tested. These two comparisons were
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carried out only from 17th to 30th November. For this period the
mean correction to the single-pen chronograph was 0%-002, which is
not greater than the probable error of its determination, and so it has
been neglected. The correction for the lag of the wireless relay was
found to average 0¢-013, and did not vary greatly so long as the ins-
trument was in good adjustment. The correction has been applied
when available, and on all other days its mean value has been accepted.

11. Computation of transit observations.—Star places
were taken from the American Ephemeris, the corrections given on
pages 750-764 of the 1926 edition were included, and also the short
period nutation corrections.  Ior level, the spirit-level values were
accepted in preference to those of the nadir observations, as the latter
were less frequent. At the beginning of the operations the difference
between the nadir mereury and spirit-level was considerable and showed
some persistence of sign, averaging (0°-10 in each instrument during
the first fortnight.  During the remaining 6 weeks the mean difference
was only +0°-005 in the North Transit and —0¢-004 in the South
Transit instruments respectively.  On st and 2nd October the results of
the observations by both transit instruments, as computed with the
bubble reading, were clearly greatly in error, and the observations have
been rejected. Had the nadir readings been employed, these two days
would have been in fair agreement with the others.

As mentioned above, collimation was eliminated by observing in
both positions of the instrument, except for the azimuth-stars before
19th October. For these stars the nadir observations were at first
used. These gave a result involving the effect of both collimation and
any inequality of the transit pivots, and, as some inequality was appa-
rently present, there resulted a value of the deviation which was elearly
incorrect, as shown by a persistent disagreement between time-stars
respectively north and south of the zenith. The azimuth-stars weve
therefore entirely neglected, and the deviation was obtained from the
time-stars themselves. The programme was arranged for a close equa-
lity in the numbers of north and south stars, and this procedure has been
considered satisfactory.  After 19th October the azimuth-stars were
also observed in both positions, and the deviation obtained from them
In usnal way.

The results are given in Tables 1 and 2.

12, The astrolabe computations.—The stars were divided
into two classes, viz. P.V, stars (/. e. those observed within 23 of the
prime vertical) and quadrant stars, constituting the remainder. Time
and latitude® were derived from the quadrant stars by a method of com-
putation less rigorous than that of minimum squares, but which in
practice orives substantially the same results. The graphical construction
'\\‘!as'not emploved. For the P. V. stars no such computation is necessary.
Their computed times are insensitive to an error in the assumed lati-
tude and, provided the latter is well known, each star gives a value of the
clock error which is influenced only by errors in the assumed altitude
and casual errors of observation. If the mean values obtained from

* Latitude results wiil be found in Chapter V of this Geodetic Report.
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east and west stars be taken out separately, the mean of the two groups
gives a result which is unaffected by errors of latitude or altltude
The arthmetical difference between the times given by the quadrant
and P. V. stars averaged about 0*+05, and the simple mean of the two
was generally accepted.

The results are given in Tables 1 and 2

13. Reduction of wireless signals.—The time of coinci-
dence between elock and signal was recorded on the chronograph (r2de § 7).
To obtain the time of the first signal it is necessary to know the
number of the signal at which coincidence took place, and the interval
between siznals.  The latter is immediately obtainable 1f more than
one coincidence has been observed, but, if it is otherwise known, its
value may be utilised to make a comparison of subsequent coincidences
with the first, an'l thus obtatu increased accuracy. This has been done,
using for Bordeaux the reputed interval of & ‘of a mean second, and
for Saigon the value 0-9853 sideveal seconds publlshed by the San Dlego
observatory. The number ot the signal at which coincidence took
place is als> immediately found, if the approximate time of the first
signal is known. During November this was always recorded, but
dunng October reliance was placed on the reputed time of the emission
of the first signal. In the case of Bordeaux this time was strictly
adhered to and no difficulty avose; in the case of Saigon it was not.
For the Saigon siznals the necessary information has since been obtained
from the published resulis ot the other observatories.

14. Local sidereal time of reception of signals.—The
deduced times of veception, correcteld for eloek error, ave given in Tables
3toS. They are bwsedon the star observations of the nights immediately
precedinu and foilowing the reception of each sional,as given in Tables |
and 2. Individial nights’ results have not been smoothed to give a
move untform elock rate.  They are true sidereal times, the short peuod
tarms of nutation having been taken into account.

The actnal time ot reception is given, no allowance having been
made for the rate of propauation of the signals. The estimated time
of transmiszion from Bordeaux to Dechra Danis 0-023 seconds, and
from Saigon to Dehra Dinis 0-013 seconds.

The times of the first and last signals are given for convenience,
but they have not been independentlv Teduced. The interval between
consecittive signals has been assnmed to be 0-9863 sidereal seconds in
the case of the Bordeanx signals, and 0-9853 for Saigon. The Saigon
signals were irregalar in this respect, and to enable the times of Inst
and last siznals to be recomputed with a revised value if desired,
eolamn is wlded siving the partiealar number of the signals, at w hlch
the mean coincidences. ocearred : e, g. if coincidences were recorded at
the 89th, 147th and 213th signals, the mean coincidence was at the
147th, and 1f the interval l)ot\wen signals is thought to be 0-9852

instead of 0-9853 the correction to the time of first signal will be
+ 00001 x 116,

Owing to the great irresularity in the times of emission of the
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Saigon signals, there have, on some days, been doubts regarding the
approximate times of the first signal. The Dehra Din results have
been compared with those publlshed by other observatories, and have
been accepted only when an agreement exists with at least two others.
In Tables 5 to 8, A signifies agreement, D disagreement, and a blank
indicates that the signal was not received.

15. Performance of the instruments.—The value of the
Dehra Din clock error, which will make the daily value of anyare,as given
in Tables 10 to 13, equal to its mean value, 1s the clock error according
to the star observations of the observatory at the other end of the are,
affected only by the comparatively small errors of wireless reception,
and of the value of longitude as determined by the whole two months’
work. By this means the error of the Dehra Dun clock has been
obtained in terms of the observations at Greenwich, Paris, Washington,
San Diego, Algiersand T'okyo, in addition to those at Dehra Dan itself.
The mean value derived from these seven observatories is given in the last
column of Tables 1 and 2 and this is presumably very nearly the true
clock error. It is thus possible to find the actual error of each instrument
oneachday. Table 9 gives the fortnightly mean error of observerson
each instrument.

The table reveals very considerable differences between the ob-
servers. Although the ertries in Table 9 are described as errors, they
are really only differences from the mean instrument, and it is not
possible to say which is correct. The wide range of variation is most
unfortunate, and in consequence of 1t the probable error of the longitude
determination cannot be considered to be less than -+05-020. It was
expected that the transit instruments with their impersonal micrometers
would have given better results than this. It may be remarked that the
Dehra. Dan observers had very little previous experience of their
mstruments.

16. Deduction of longitude.—As soon as the results of all
stations are published in some such form as in Tables'8 to 8 it will be at
once possible to deduce the value of any arc of longitude. The forma-
tion of a net work for simultaneous reduction is at first sight an
attractive proposition, but closer inspection casts doubt upon its
utility, as will appear from the following : —

Denote the observatories by A, B, C, ete.
) » wireless stations by a, B, v, etc.
’s » different signals by a,, a,, a,, ctc.
" »  J1.8.T. of reception of a, at A by TAa,’ ete.

’ » longitude of A by L\. cte.
difference of longitude between A and B, as deduced
from all “ sl(rnalc received by both, by (L, = L)a,.

Denote the correction for the rate of propagation of wireless by
Aan 2707

- Aa — Ba .
Kip="- where Aa and Ba represent distances, and
v

v is the veloeity of propagation.
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] , _r — g
Then (L, —Lg)a, = Mean\alueof(TAal FBa,) K,.p¥¢ ol
where e is an error, which is made up of : —
Aag B
(1) error in star observations.

(2) error on account of clock’s irregularity between time of
star observations and time of signals.

(3) error on account of any irregularity in the earth’s rots.
tion. This is indistinguishable from (2).
(+) error in wireless reception.
(5) error in assumed rate of propagation.
That is to say,

€, p =the sum of 4 terms (a), (b), (¢) and (d),
b}
of which (a) depends on date only,
) »» signal and date,
(c) » 3 l! . ” ” b .
@ » position of A, a, and B, also possibly

on date, if v is not constant.

or, e =(a) [error in star observations at A minus that at B]
? "AqB \
+(b) [error due to clock and earth’s rotation at A at the
time of @, minuns that at B]

+(e) [error in reception of a, at A miuns that at B]
+(d) [distance Aa — Ba] x (error in %) ................ (1)

Let ¢ =e +e +.. ete, comprising all the signals utilised

AB A¢|B AﬂgB ’

for the arc AB
'Then if n,, n, ete., be the closing errors of different circuits,

eAB+PBC+ ......... teg, =M % @
e e e =ny .ete.y i
The equations (2) are to be exactly satisfied, subject to the condi-
tion that (eyg)+ (cuc)* + ...... etc., 1s a minimum.

Now, if at any station the same star observations be used in
ronnection with any two ares emanating from it, equations (2), in so far
as they are concerned with that station, will be identically satisfied with
rezard to the first term of equations (1). Auwain, if the same signals
ave utilised for more than one arc at a station, equation (21 will be
identically satisfied as regards the second and third terms of equations (1).
And again, if even sicnals from the same wireless station are used,
ilentity will result as regards the fourth term of equation (1). In
consequence, only one half or one third of the stars and signals
available can be used for the determination of each are, and if errors be
considered as traly accidental, the weight of the determination of each
are is proportionally reduced: the small increase of weight resulting
from adjustment is insufficient compensation for this. Systematic
errors are no doubt present, but it is obvious that as regards the first
three terms of equation (1), no adjustment will eliminate them.
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As regards the term involving the rate of propagation, the situ-
ation is a little different. There is reason to suppose that this rate does
not differ from the veloecity of light, but if 1t should do so, orif the
length of the path followed should differ materially from that of the
shortest are, two cases arise. Firstly, it may be variable with the
assumed rate as a mean value: in this case, as above, it is best to use
all possible signals in each are, and to forego adjustment. Secondly,
it may tend to some other velocity as its mean value: in this case ad-
justment is called for. The closure of the circuit Algiers— Zi-ka-wei—
San Diego—Algiers (preferably freed from error of star observations
by the use of the same determination of local time in connection with
the arcs on each side of each station) will show whether this ecompli-
cation is going to arise. If it does, it will become desirable to form
further cireuits in order that values of the velocity may be found which
may be appropriate to each are.

The condition mentioned above, namely, that no adjacent arcs may
be based on signals emitted from the same wireless station, places severe
limitations on the nature of the network selected.

17. Utilisation of all signals.—In one respect, however, the
results of outside observatories can usefully be employed in the determi-
nation of an are. It may happen that the difference in longitude of
two stations is required, which have received no signals, or few signals,
in common. The are Dehra Dun—Greenwich is such a case. At Dehra
Din four different signals have been received, only one of which
(Bordeaux 20" O1™) has bcen received at Greenwich. If now the ares
Dehra Dan-Paris and Paris-Greenwich be separately determined by
independent signals, a second measure of the arc Dehra Dian-Greenwich
is obtained. If the regularity of performance of the Paris clocks and
the accuracy of the Paris reception be considered perfect, it may be
assumed that the Paris results were errorless in comparison with those
obtained at Dehra Dian. Hence a value of the Dehra Duan-Greenwich
are, obtained indirectly through Paris, may be considered of equal
weight to one obtained from a direct determination.

18. Longitude of Dehra Dun.—Daily values of the ares
Dehra Dun-Greenwich (by Bordeaux 20" 01™), Dehra Dan-Paris (by Bor-
deaux 08" 01™), Dehra Din-Paris (by Saigon 19" 00™) and Dehra Din-
San Diezo (by Saigon 11"30™)are given in Tables 10to 13,and summarized
mn Table 14, The times of reception at Paris have been taken from the
“demi-définitif ” values given in the Bulletin Horaire No. 32 of 20th
February 1927, and those of Greenwich, San Diego and Washington,
from their published results. Using data from the same sources, (and
1t is immaterial whether the times of the intermediate stations Paris
and San Diego be based on the best possible star observations or not),
the are Paris-Greenwich, by two Annapolis and two Eiffel Tower
rhythmie signals, is found to be 0" 9™ 20°-912% ; and the arc San Diego-
Greenwich, by two Annapolis rhythmic signals, is found to be 7% 48
45-375%.  Combining these ares with the figures given in Table 14, we
have the following values for the arc Dehra Din-Greenwich :—

* These fignres are not likely to agree with the final values of the longitudes of
Paris and San Diego: this is immaterial. Any change will be due to a more complete
computation of their clock errors, and the two component arcs will be affected by
changes of opposite sign, lcaving the deduced longitude of Dehra Din unchanged,
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(1) Direct by Bordeaux 20»01™ 5h 12m 11=-793

(2) Through Paris by Bordeaux 08" 01 5 12 11 -801

(3) Through Paris by Saigon 19" 00™ 5 12 11-791

(4) Through San Diego by Saigon 11"30= 5 12 11 -790
The mean of these gives the final value of the are Dehra Diin-
Greenwich to be 5" 12™ 11°°79,. The good agreement of the four
different arcs is no measure of the accuracy of the result. All may be
equally affected by any errors in the star observations, and, as stated in
§ 15, the differences between different observers have been so great
that the probable error of the above result is as much as + 0¢- 1020
This is a disappointingly large probable error of the result of such an
extended series of obselvatlons, but in the past the repetition of the
measurement of various arcs has shown discrepancies greater than were
to be expected from their apparent probable errors, and it is to be hoped
that the large number of observers and the variety of instruments
employed in this are, will have resulted not only in a fair determination

of the longitude, but in one which 1s as good as its probable error
indicates.

The above figure may be compared with the old value of 5" 12"
11°-770, derived from the Indo- European telegraphic arc of 1894-96.
It is noteworthy that the inclusion of the more recent (1903) value of
the component are Greenwich-Potsdam, inecreasing Indian longitudes

by 0°-098, would apparently have impaired the accuracy of the 1894-
96 results.

Fuller details of these operations will eventually be published ina
separate volume.



11

INTERNATIONAL LONGITUDE PROJECT

CHar. 1. ]

‘POAJIISCO 90U pue pejeiodioquy

§1 MESW F1Y) WY POpDIOuUT UN( ®IYS( JO ONeA Y 4

‘PRIOS[OY o

81% 8¢ 6% RS || LIP-8S| OFP-8S] ¥5b.8S| OFF-8¢ “ 8¥¥-8¢| 29%-gg “ 8.€:8¢| cI%-89 “ L1—91
L3s. Log: 628- 1252 rand 185 * 829+ 919- |'W'a4g] sie- 9¢g- “ 91—¢1
629+ 629+ 089+ 8%9- iz & ogy - “ 618" T18- * 629" $2¢9- - CT—%T
JACE 808 F08- z18- ChL. 6g!- “ 68G-8S | €96-8¢ Y 632" gL .. FI—ET
9¥6-8¢ €16-8¢|! 806-89( 8I16-Re] cgl-gc) cLl- “ 690-6¢{ ¥£0-69 * 6eG-8¢| ¥16 g¢ ¢ e1—21
£e1-69 LP1-62) @91-68] T61-68| $L0-6¢| ¢86-82 M A B[ 62s- e62- OHY | 621-6¢! S1T-6¢( OICT | G(—11
YT . . - IT—01
tda & egh- | 98% - I 8z¢: CO¥ - 68 “ 0S¥ - £8¢e- ° 0cg. £6¢- “ 01—6
GLe: @6¢e- 969" 88¢. L09- LLre- «“ 0¢9- €69- “ 0gg- £6¢- - 6 —8
60L-6¢ 9%L 63| 6cL-69| 2el-6¢| szL-6¢| 1L9-6¢ “ 06L-6¢| 26L-69 “ +0%6-65 | #216-6¢ “ 8 —L
128 Lg 818-19| 2I8-LS| £88-L¢| 'g¢8L-Le] 29%-LS “ 1#8-L¢| 168-L¢ .. ._%.BT:@% “ L —9
a¥6- LS P66-49 ) 186-LS| 900-8¢)| ¢¥6-Le| 098 * 610-89| 1¢I.8¢ “ +AET-8¢ | +1BI wm_ «“ 9 —¢
L¥0-8? 090-8¢ | 480-8¢| ge0-82| ®Co-g8¢| Ten-le| ‘gD 191- eel- | ‘Wg |«l0g.  |aCFO- DrTd ] s —v
+_¢— . .. ..., . e . - san “er ses ase oee Q —¢
£F3- » . s 2S6I- | 4C91-8¢ . «L¥F- | .6€6- “ - ¢ —3z
68¢:89 * ., # | +P82-8914EL7-8S A M 'H] -569-8S +92L-8S| 'O H'D *Nmm.mmm +968-8¢1 "O'WT | &€ —T
‘wg MOTS |l MOIS | "aZ MO8 "ul MOIS] uf MO[S | ‘mZ MOTS ‘0@ MO[S) wZ MO[Q .smko.m__.eu a0(g 100
SOL1071BALIBQO| 521198 M o _[
L 30 wesm 930q | I S9MAg| T sardg T sonag| 1 SALI9R MRAIASqOYT] STLBG| I s9113g 1941859 II mm.ﬁmm_u BO113G |124195qQ (),
WOs] POALIAD 10 UweW _ | 3je
10418 Raely JUIWNIISUT UBd [y aqelonIsy jlsuwly Yjnog USULL], qII0N

086 4290190 ‘FwiL p4vpuviy uvipul ‘pybrupiu 1o JudmnIsuL Y03 £9 40445 Y307 3—'T ATIVL




[Vor. 1, ¥

GEODETIC REPORT

12

.Hvotwm.ﬂ.o jod puw

pojviodiajuy 81 wed™ Siq} Ul PApnRPRUl ung |IYI(] 3O F018A 3QT, o

(3499 v .. o |aoxere
L69- 069-9¢ | 269-95| @89-93] ¥%3-95| 1€9-9¢ H 8¥L-95| €0L-9¢| W'dd | 869-9%| €1L-9¢ .. 18—0¢
£z8- L98- 698- cog- ¥L8: 126- ‘a9 | 916-99| 2¢8-9S H 918+ 228: “ 0¢—68
806-99 $16- L36-99| T106- 028+ 68L. “ 9L0-L8| 800-L9 “ 98%. 216- “ 6c—S3
ST0- 18 ce6-9¢|| $00-45| 986-95| 268-9¢| 116-99 “ 691- aIl- t 6%G-92| 2€6°9S “ 82—1%
8vl. OeT- 49| 9SST- cn1-Ls| @s0-4g| 600-L¢S ‘ 98%: e13. “ 93112 | €60-1¢ N L2—93
03" 693- g63- S35 - 103+ LT "M'M°H| Llle- $38- | OHD | L63: Pec- | "OIWT | 9528

668 " . J—
geg. 08g- 167+ £99. g9g- 26g- “ 88¢g- %3g- “ 98¢+ BL3- “ Fe—E3a
L99- %%9- 099- $39. eL9: ev9- “ 899- £z9- “ 8€9. £09- “ £6—C%
Lo8- 18L- 68L- gLL. obL: 33L- - 908* €8s “ §18- g18. “ go—13
g¥6- L9 L26-.8| ez6-49| ®836-L9) c¢6-45| 968-LS Y 016-28| *#6-48| 'U'Ay| 016-L5| ¥T6-L¢ « 1¢—02
280-89 101-8¢| 080-8g| 11I.8¢] 610.83| 910-8¢ “ 081-89| $92-8¢ " 0/40-82| F90-8¢ " 05—61
£03- $7:z-8¢ 1| 3z-8s| 928-82| 90z-85| n12-8S| "A'D | 18z.8¢| €1g-8¢ "O'H'D | IST-8¢| £91-89] "D'TA 61—SI
RATHY = - - - - = - , ST—L1
w? MO[Y ‘m@ MO[S ‘wd MO[S | 'mg MO[S ‘mg MO[F | 'm@ Mmorg ‘'wg MO[S | 'mg MOIS ma MOIS ! ‘w7 M08 100

§9L199 __ == 1 ]
mwn._.wwua”ﬂ%”ﬁo ﬁ.—on « 1 moﬁuw_ 1 8owIdg |11 $9113g) [ SO113§ 13a13sqO|TI 931T9Q| [ 831IAQ [1941I3qQ]IT SIMAQ T RO J9AJIRQQ),
_H—O.C UQ\L._U@ 10 EGOE _ _ _ oudQ

10413 H50[) 1U9WNnISUT Uea |y EL 3 (FET 119UTI], YInog 1suRA], qION

(‘ppu02)—'9z61 4290120 ‘Fwi] pLvpuvig UVPU] Gybupim go quamnajiur yova hg 40442 y30;)—1 JTAVL



13

INTERNATIONAL LONGITUDE PROJECT

CrAP. L]

*P94I9sqo j0u pue pajejodisjur st

Ueaw 6143 Ul PIPR[IUL UN(] BIYI( JO 30U[CA YT, 4

BEF-$S 8PP -Pe|| OFP-¥S| 9PF-HS| $0S.-$S| €6%-%¢ 99%-%¢ | €9V ¥e “ 9/8-3G| £88-9S L1—91
9Lg- 669" 019- L8g- 099- 59 a9 | sy €19+ H geg. €0g- | O*1g | 91—¢1
689 . . v . o
908" 808-¥¢| ¥I8-$9| S€L-¥S| 089-%¢| 089-P9 "M M'H| 996-%¢| €.8-%¢| "Wa'd| 96L-%5| 829-%5| O'W'I | ¥1—¢1
«026+2 " . “ cl—zl
+£90-68 . . . BL—11
LT v . . . [1—o1
90¢g - 692-65 || 96%-SS| 1$3-GG| €35-99| 991-9¢ “ L38-¢G| 818-95| WA | Le8-¢¢| €vg-c¢ " 0I—6
E?, 8%+ 6Sp- 9¢%. BLe: €68+ “ Leg: 2%S- “ A3 2 2EY. ORI |6—8
<109 . . g —2
894" 0gL- F0L- eel. 1.9 329- “ 9¢8-9g| 218" * 904+ 2L “ L—9
888- 29 668" 688" oes- 0% L- 0%L:  |'M'AUB| €01-99]| 2I6-2¢|"O'H'®| €38: 228- “ 9 —¢
61099 PL6-9S| T196-9S| 986-9¢| 016-S99| ¥$86:9S Y L¥0: 310.99 “ L36-25| 296-¢9¢ “ ¢ —%
(5140 eer-99 || ¥¥I-99| 331-95| 990-9¢| 091-99 “ 881 - ep1- 8L1-9¢| €90-9¢ “  —¢
g82: Lve: L9z: 983+ 0eg- e91- “ 91g: 218" “ 903 - 2ez- “ € —%
9€¥-99 ¥3p-99 mow.wm evt-os| aev.99| eL¥:9g) ‘A'D | LOP;99| 29%:9G| WM | LLE.9¢| B6E9¢ DTa|8 —1
a? M0I§ | az 2015 || w2 2018 | ‘ug Mo =g s0S | wg MOIS ‘w@ K01 | 'wg MO[Q "ug MO[S| 'wF O[S ‘40N
sa1108 |

SSHOITAIASA0l  gqoq |11 semeg| [ seweg |1 sortag) [ soraag 19419511 sowag] [ saraag [10atasqOf[T sa1tag’ T somag 1311980

qwokwouwmwﬂ jo uvan “ a1t

10113 J20[D JuawIni1jsu Ued Py 3qe[0IIsY JISTBLY, [YIROS jI1suwl], YIJON ;

“QEQT L2qUIAON DUWLL PLDPUMYS uvipul YBruprus ;o jusumijsur Yovd £ Louss y30j)—'% ATIV.L




[Vor. m,

GEODETIC REPORT

P24395q0 10U pur pa3e[odIdNI §1 WEIW SIY3} Ul PAPO[IUL AN BIYI(J JO SUTEA QL ,
£c€-2g v6g-cs || 268-23 | 88e.zs| ovs-ze| tze.me o o¥%.29| 9FF-85| ¢ ¢8¢-3¢| ¢6g-2¢ *  Jroea-og
1Ly o18: _ ¥ag- c0g- 19%. ces- €ao g0¢- Sps-. " <09 SEv- «“ 0€—63
«L09- W 62—82
zel- ¥k | €FL. 162 %8L-3S| 99L-2% " FOL- 9FL- « §6—L3
gl8 2% omm.,mm , 9%6-29 26858 “ G86-39| 266-25) 1WA ©06-35| Y6L: “ 12 —9%
¢v0-89 L¥0-£S a 1L0-8S| LT0-8S| SP1-89| ©Y0-€S " = 900-€2| ©L6-2¢ “ 95—¢3
88I- 061- eIZ- e91. eve. L13. “ L80- eIr-£8 " %—F5
LLOg- Fo—eg
8EV - 129 4 1% Lev. F1g- 8I¥- ‘'O'H'D 8c%- cGT - DN | €e—<E8
+209- . cn—12
esL: Lvi-8e| LFL LyL-g2] 638-82| Bes-eg| ¢ €99. 199-e/ “ 1e—08
686-€9 430-%¢ || ¥.6-8¢| 6L0-¥S| 610-7¢| 880-F¢ “ 990-7S| ¥€0.1¢ “ ags-€9| FLI-FG . 06—061
ov1-1¢ ger1- PFL-¥G| 02l 6FI. el “ 961 - F¥I- Waa] 980-5¢| %01- : G1—81
E.N..*m mwm.do _ o:ﬁnvm »:m.._.vm aNN.._am ﬁmm...vm ‘40 um.ﬂ_—.m Nmmvﬂm ‘o'ay wﬁmnan mhnnﬂm b Tg §Ri—L1
‘wf M01Y [ «g MO[] M.sm.so_w ‘mg MOIS |'ml MO[F | 'mg MOIS ‘m3 MOQ | ‘el MO] ‘mG MO[S | 'wq MOTS CAON

91103 BAID8 mﬂﬂ% [T E2119Q| T SOLIAS | T $9119Q| [ 501403 [19A98 _ | |||_| ALID _ AJIBq(

. 30 uTor s 1196 LI33 119G 1193 | qOIT] S9T119Q| [ BITIIQ (IIAIIRAOIIT BALIDR| T RALI m‘.:.. 964 () -
wouj paAlIap p—— SRS S

I0119 J901D) juamnIsa) nedlyg vndﬂo.smq 1Isneay, 111008 JI=NEL], qUON
A.ﬁ\=e9v|.bw®.N LIQULIA0NT wa_N pPenpuni§ unipuy .E\@N&‘.ﬁ& JO JUIULILL]SUL YINI \Q Jd0443 3201)—'"C [TAVIL



Cuar. 1.

INTERNATIONAL LONGITUDE PROJECT

15

TABLE 3.—Local sidereal time of reception at Dehra Din India, of BORDEAUX
wireless time signals at 8* 0I™ and 20" 01" G.M.T. in Oclober 1926

8 8 01" G.M.T. 208 0l G.M.T.
@
A
3 By Series IT By SeriESI;II By Series 1T By Series 1-%11
:
g 1st signal i 306th signal || 1st signal [ 306th signal | 1st sigual | 306th signal || 1st signul | 306th signal
, §
hm s |h m s hm s | h m s hom s [ b om s k m s E m s
4 e . e 20411°22) 20912.04|f 20411+19| 2091201
61410 06-03(14 15 06 85/114 10 0604|1415 06-86
7 . 1600-93; 2101'%5 16 00-92 210174
8 1759-19( 23¢G0-01 17359.18( 2300:00 195743 24 5825 1957-42 24 58 244
9 2353-97) 285474 23 53-96 28 5458
10 .
11 2948.75 3449-57 2048-73| 344955 3147-02| 3647-84 3147-01 364783
12 3345-25 3846:08 334526 3846-07 354353 404435 354354 40 44+ 36
13 3741-80] 4242.62 37 41-81 4242-63 394007 44.40-89 3940-C7 44 40-89
14| 4138-35] 4639 17{ 4138.35| 463917 .
15 4534-87] 5035.69 4534-86] 5035-068 4733-180 5233 98 47 3314 52 33-96
16 493149 5432-31 4931-49%) 5432:31} 251 29-75 256 30-57| 25129 76! 2563058
17 5328-01|14 58 2883 53 28:02|14 58 28-84 .
18111457 24-62(15 02 25-44(|14 /7 24 63{15 02 25-45
1991501 21-20] 06 22 02)(15 01 21-20] 06 22-02] 303 19-48| 308 20-30|| 203 1949 3082031
20 0517-78 1018.60 06 17-79 1018-6) 07 15-99] 1216-81 07 15°99 121681
21 0914:31 141513 0914.31 1415-13 11 12°59 161342 1112-59 1613-4]
22 1560922 2010°04) 1509-21] 2010-03
23 1707-46] 2208-28 17 07-4%| 2208-29 1906-93] 2406-55 1905-56 24 06+ 6§
24 2103-99] 26 04-81 21 04-01 260483
25 2500:60, 3001-42 2600-59] 3001+41 26 58:95] 315977 26 58-93 3159-55
26 2857-19] 8358-01 28 5717 335799 30 55-47 85 56-29 3065-45 355627
27N B2AN-75 3754-57| 325354 375456 J
25 365020 4151-12 46 60-28] 4151-10 38 48:52{ 4349'3 38 48:51 434933
?9 104G-85| 4547'67 40 4G-85] 45 47-067 42 45-12| 4745.94 42 45-12 47 45-94
30 4443'37 49 44-19 444337 4Y44-19] 3464165 35142-47|| 34641:64] 351 42-4C
35 48 59-91(15 53 40- 73|15 48 39-91]15 534073 o
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TABLE 4.—Local sidereal time of reception at Dehra Dun India, of BORDEAT] |
wireless time signals at 8* 01™ and 20* OI™ G.M.T. in November 1926

3 gk 0lm G.NM.T. 20k 01m G.M.T.
g
E By Series IT By Series I+‘_2'II Dy Series II By Series I%"
a ,
]
:% 1st sigunl ',306th signal 1st signal | 306th signal} 1stsignal | 306th signal 1st signal | 306th sigmal
|
A m s |h m s h m s h m s B m s |h m s h m s | h m:
1115 5236-4415 57 37-26)155236-45(15 57 37-27] 3543470 35935:52|| 354 34-71| 3593855
2 3583125/ 403 32-07|| 35831-24| 403320
3! 40227-83[ 0728-65| 40227-82| 0728
+1604£26-07|16 09 26-89||16 04 26-08{16 09 26-90] 06 24-33| 1125:15 06 24:34] 112514
5 0822:64 1323-46 08 22-65 13 23-47 1020-95 1521-77 1020-96] 15217
(‘ 1219-15, 1719-97 1219-16 1719-98 1417-37] 1918-19 1417-39( 1918.2
8‘ 2012-28/ 251310 2012-28] 2513-11 2210'50] 2711:33 2210:50, 27113
9% 2408-80] 2909-62 2408-79| 2909-61
10 2805-28 3306 11 28 05:25 3306-07 3003°63| 35 04-45 3003:59] 3504-41
111 3201-90] 3702-73 3201-85 3702-67 3400-20[ 3901-02 3400-13] 39009
12 3558-46| 4059.28 3508:40| 4059-23 375674 4257.56 3756-69 42575l
13 39535-02] 4455-84 3954-99| 4455-81 4153-27] 4654'09 41 53:26| 465408
14 4351-55| 4952-37] 4351-53| 485235
5 i 47 48-11]  5248-93 47 4808 248:90] 4946-41 54.47.23 4946-40| 54472
i
167 31 44-65{16 56 4547 51 44-64(16 56 45-48] 53 42°95| 458 43°77 53 42.95| 4,58 43T
17| 5541-20(17 00 42-02 55 41-23:17 00 42-05] 457 39+46| 502 40°28| 457 39:51] 502 40-33
is 1659 37-74 0438-56165937-76] 0+ 38-58] 50136°08) 0636-90| 501 36-07] 0636K
19: 0532°66] 1033-48 05 32-71 10 33-53
ZU‘IU 07 30-98| 1231-80;170731-00 1231-82] 0929-20] 1430-03 0929-20( 14 30:03
220 1592421 2025:03 156 24°20f 2023:02 17 22-46| 2223-928 17 22.44] 22232
23 . 2119-01 2619-83 2116-99 26198
241 2317.31] 2818-13 2317-28) 281810 2515-53] 3016-35 2515-51| 3016-3
250 2713-78) 3214-60 27 1375 321457 2912-09[ 341291 2912:06| 3412
260 3110-39] 3611-21 3110-36 3611-18 3308-67| 3809 49 3308-64] 38094
27 i 370514 4205-96]| 3705-14| 4205-%
280 3903-4] 4&04-?.3I 3903-41 44,0423
2u0 4259-98) 4300-8011 42 59-98| 480080 445827 4959-09 44 58-26| 49 59'0‘
30517 46 5656117 51 57-38)|17 16 56-56.17 51 57°38] 548 64-84| 553 55-60| 548 54-84] 553556
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\BLE 5.—Local sidereal time of reception at Dehra Dun Indic, of SAIGON
wireless time signals at 11" 30" G.M.T. in October 1926

11 30m G, M. T, E 2 § Comparison with other ohservatories.
Pk
By Scries 1 I By Series [;11 "E E .é
'E 2 Toliyo Zi-ha-wei | San Diego
15t signal [3001h sigunl I st signal | 300th signal E E g
4| Q
hom s |2 m s h m s |k m s

1737 12-97(17 42 09- 57|17 37 14- 96|17 42 09 5¢ 178 D A A
4030+14| 452474 4030-15 4524.75 137 D A A
4913-75| 5408-36| 4913-76/ 54.08-3% 171 A D A
4854:39(17 53 49.00| 48 54-40|17 53 49-01 172 A A A
1759 56-59(18 04 51-20]| 7 50 56-6([18 04 51-20] 131 A e A
180334-64| 0829.24|[18 03 34-6:| 032921 136 A A A
o7 35'§E 1230-43| 0735.82] 1230-44 178 A A D
1100-34] 1555-14] 1100.55 155516 164 A A D
1500-44| 1955-05 1500-44| 19063504 128 A A A
335012 3844.73| 3350.12 3844.79| 184 A A A
3011:37) 4405-98] s8011-380 4405.98! 262 A A A
4254718 47 48-78|| 4254-19| 174880 182 A A A
1703-94) 5158-55| 4703 93| 5158-53 164 A A A
4944:21|  5434.81|] 1944-14] 543880 159 A A A
5321041858 15-65 5321-06]18 58 15-66 136 A A A
185815-32(19 020993/ 18 58 15 35|19 03 00- 97 142 A A A
190035-82) (15 30-42(|19 00 8583 05 30~ 14 146 A A*
0GLL-45]  1106-05| 0611-46) 110607 131 A A
0928-101 1122-71] 0928-11| 1422:7] 175 A A A
191225-80(19 17 20+ 41{|19 12 25-81{19 17 20 41 175 A A A

* Minuto not given,
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TABLE 6. - Local sidereal time of reception at Dekra Din Indsa, of 8
wireless time signals al 19" 00" G.M.T. in October 1926

8 19% gom G.M.T. "S' 2 3 Comparison with other obsersy
3 & w8
a - s A —
[ Q
E By Series | H By Series L*IT S84
3 3 528
2 é a t Tokyo Zi-ka-wel P
[
S || 1stsignal |300thsignal || Istsignal | 30othsignal | 3 & §
[ ]
A m s h m s A m s h m s
1
3 . .
41| 10033 43| 10528-04|| 10033-46| 105 2806 164 A A
6 -
8 2131.70] 2626-30{] 2131-70| 2626-30 153 A A
9 1825.24| 2319-85|| 18253.26] 2319-86 195 A A
10 ves veu
11 2836-80| 3331°50] 2836-91] 333151 138 A A
12(| 3214:91| 8709-52|| 321491 3709-51 117 A A
13 3L16-9%| 3911-58 3416:97 3911-58 190 A A
14 3842-17] 443677 3842-17| 4336'%78 152 A
15| 4830234 4756-94|| 4302-36| 4756:96 156 A A
16! 4619-06| 15113-66/ 4619-05/ 1511365 122 A A
189 159 34-35 20428-86(| 15934-25| 20428-85 193 A D
191 20310-65{ 0805-26|| 20310:64] 0805-25 158 A A
201 0705.91] 1300.51] 0706 91| 120051 189 A A
20 0935-900 1430°60|| 093600 1430-60 150 A A
22 1413.25 1907-85|| 1413-26| 1907-87 151 A D
23 175481 2248-91|| 1754-28] 2248-88 171 A A
250 253524 30 30-84‘ 2536-2¢| 303087 148 A A
| 290438 8350 4m| avossel azs9-an| 126 A A
27 310223 3556-83)| 3102'24] 35356-84 166 A A
291 8628-87| 4123 28| 362868 4123:29 153 A RN
200 4032-25| 4526.85| 4033-25 45 26-86 176 A A
B0 24235-19| 247 49-8C:| 24255200 247 4980 165 A D
| i
31 I
‘!1
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BLE 7.—Local sidereal time of reception at Dehra Diun India, of SAIGON
wireless time signals at 11" 30" G.M.T. vn November 1926

11h 30m G,M.T. 388 Comparison with other observetories.
£ w§
— %53
| <o Q9
By Series I liy Series LA” 5 £ 2
% E 5 Tokyo Z1-ka-wei San Diego
Ist signal | 300th signal)l Ist signal |300th signal é b3S E
i
| hm ¢ | h m s h m s h m s
i
11920155219 25 10-13/1920 15-51[19 25 10+ 11 110 A A A
| 2381-04) 2825-65/| 233105 282565 144 A A D
| 2712.720 3207-42  2712-73| 3207-33] 182 A A A
| 3141.15 3635-75|| 3L41-14] 3635-75 159 A A
| 3356521 3851-12 B835G-56 385116 185 A A A
Il
1 4203-111 4657 72l 4203 12| 465773 193 A A A
453271 502731 4332.71{ 502731 197 A A A
5110-66] 5605 16 5110 58 5605-19) 139 D A A
1954 26+ 22|19 50 20- 83|19 5426 - 27[19 59 20+ 87 88 A A A
12001 47-28(20 06 £1-%9[120 01 47-34[20 06 4194 169 A A A
| - e . . vae “es
i 0828-G8) 1393.201 0828.72| 1323 33 194 A A A
| 1714050 2208 66/ 17 14-06] 2208:66] 145 A A
| 205578 2350-39) 20r5.79 2550-30] 193 A A A
23 1444 28 09-04 2311-401  2409-01 ilg A A A
AT53.431 3248-041 27 53.420 3248703 159 A A A
B221-24) BT 1585 8221-21. 3715 81 156 A A A
3538.0% 403338 3538 91;J 4 3357 137 A A A
]
1014-88 45 O!)-4H‘\ 4014-88  4500-49] 142 A A A
16-86 1107 a416-880 4011 4 177 A A A
o281 5217 49 a7veese 5217-48] 167 A A A
‘ 02 02-365120 56 56971 5202-39) 10 56 57 00 14) A A A
‘ -)048-213’;'10\» 12 81! 55 48-24,2100 42-84 195 A A A
‘i205335-72‘j21(:: 30-32]|20 58 35-74&21 0330-35] 147 A A A
! e e e ! e ver
| | |
P |
o L
—
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TABLE 8.—Local sidereal time of reception at Dehra Dan India, of §4j
wireless teme signals at 19* 00 G.M.T. in November 1926

2 196 00w G.M.T. 428 Comparison with other obsery
a En W @
Q| — % 59 —_—_
o T O
.'g.’ By Series L By Series I+H c8 -g
g % g;' o Tokyo | Zikawei | 1§
D a
5 1st signal ‘it)Oth sigual | 1st signal | 300th signal ; g "a’
\ l : [
\h ik mos | h m s “
1| 251317 l 25626-30' 25131-68| 25626-28 146 A A
2 5400-81 25855-42( 5400-83| 258 55-43 135 A A
312582014 30323-75 25829-15| 30323-76 135 A A
1) 30242-78 07 37-%4' 30242-72| 0737-33 156 A A
5| 0553-95 1048-56. 03 54-01! 104862 1783 A )]
6/ 0022.-95 14 17-56I 0922.94] 1417-54 162 A D
-
4‘ |
8] 160142 2056-02l 16 01-420 20 56-02 194 A ) '
9 2127-1%7 26 21-775) 21 27-19 26 21-8) 162 A A
10| 2525247 3019-84 2525-20 3019-89 171 A A
| i
11 i . a
H 3402-11f 3856-71] 3102.16] 8856-76 142 A A
; \ . ‘
oo . " S
15; 4830-13 5:524-7!,1 830:15] 532475 150 A A
!
16, 5211-63] 357 06-"!‘% 52 11-63f 357 06-24 169 A
15 B541-45) 400 35-06] 53 41-40] 400 3601 137 A A
I8 85909 900 040451 35009-911  0404-52 163 A A
16 403 13-220 0807 -s:s‘ 4031317 080U7-78 132 A A
20, . | . | .. :
L 1532820 202713 15 33.84  2027-45 119 A D
230 17563100 2247-706 1753181 22 4773 160 A A
240 221921 :713-% 2219260 2713-8% 119 A A
3. 290306 B27-6TL 2503000 8257.70 185 A A
‘ ‘
26 42008-8% 43403101 42008-01| 434 03-51 141 A A ]
oy - ’
TR j i |
_'.Qi i i
30 , ’
! ! !
| | !
| ") i
| , |
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TABLE 10.—Daily values of the arve Dekra Din— Greenwich,
determined by BORDEAUX wireless time signals at 20* 01" G.M.T.

General

mean

————

=56 12 11-813

Corr. ction for time

of propagation = -

+020

Final Arc = 5 12 11-793

(ireen- Daily value | Green- Daily value
wich Are - wich Arc -
Date Mean value Date Mean value
Oct, A m s s Nov. h m ) s

1 . 1 65 12 11-793 —+020
2 . 2 +761 — 052
3 3 .818 + 005
4 5 12 11.834 + 022 4 <770 —-043

5 5 -869 + 056
6 6 <770 - 043
7 ‘874 + 062 7

8 -865 + 053 8 +813 000
9 845 +-033 9
10 10 <170 - 043
11 <831 +-019 11 753 — 080
12 792 --020 12 <779 - 034
13 791 --021 13 792 --021
14 14
15 783 - 029 15 839 +:026
16 -828 +-016 16 -838 + 025
17 17 -786 — 027
13 18 806 - 07
19 835 +-023 19 843 + 030
20 T3 - 039 20 <748 - +065
21 749 - +063 21
22 | 22 ‘841 +-028
23 23 -817 + 004
24 24, -813 -000
25 829 + 017 25 851 + 038
pH +R02 -+:019 u6 +883 +10%70
25 i 2 ‘837 + +02¢
23 704 - 048 28
2 (829 1+ 017 29 .863 +-0h0

L 756 | - 028 30 ‘878 + 065

Summmy
hm =
October mean =5 1211:812
November , =512 11-813
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TABLE 11.—Dazly values of the arc Dehra Diin—Paris,
determined by BORDEAUX wireless lime signals at 8 01" G.M.T.

(ireen- Daily valoe | Green- Daily value
wich Arc - wich Arce -
Date Mean value Date Mean value
Oct. L om s s Nov. ko m s s

1 1 5 2 50-912 +:011

2 2

3 3

4 4 +836 — 065

5 53 <887 ~-014

6 5 2 50:921 *000 6 -858 — 043

7 7

8 <948 + 027 8 <894 - 007

9 9 *855 —-046
10 10 826 — 075
11 ‘913 — 008 11 867 — 034
12 -891 —.030 12 *884 - 017
13 <905 — 016 13 +920 +-019
14 897 — (24 14 <904 + 008
15 <879 — 042 15 +902 + 001
16 1925 + 004 16 881 — 020
17 <892 —.029 17 <8706 —:025
18 +916 — 006 18 825 — 076
19 ‘942 + 021 19
20 <907 — 014 20 +908 + -007
21 .89%7 - 024 21
22 22 1965 + - 064
23 ' 887 — <034 23
24 928 +-007 24 -039 +-058
25 921 000 25 911 +:010
26 <935 + 014 26 980 + 079
27 -9553 +-034 27
-8 972 + .03l 28 938 + 037
26 <965 + 044 29 955 + 054
30 -935 +:014 30 a77 +:076
a1 +025 ++004

Summary
hm s
October mean = 5 2 50.921
November ,, =5 2 50901

General mean =35 2 50-911

Correction for time
of propagation = - (92

Final Arc = 5 2 50-889

P ——
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TABLE 12.—Daily values of the arc Dehra Din— Paris,
determined by SAIGON wireless time signals at 19" 00" G.M.T.

Green- Daily value Green- Daily value
wich Arc - wich Arc -
Date Mean value Date Mean value
Oct. A m s s Nov. ko m ] s

1 1

2 2

3 3 5 2 50-922 + 074

4 5 2 50-904 t *036 4 -843 —+005
b 5

6 . 6

7 . 7

8 8 778 —-070

9 866 - +002 9 715 —-133
10 . 10
i1l 865 - 003 11
12 786 - 082 12

13 <822 - 046 13

14 765 -+103 14

15 775 —.093 15

16 -820 — 048 16 783 — 065
17 17 764 - -084
18 860 -018 18 816 —+032
19 878 + 010 19 +913 + 065
20 20
21 <903 +:035 21 .
22 +930 + -062 22 -952 + -104
23 23 -925 + 077
24 24 ‘912 + 064
25 *893 +:025 25
26 -902 + 031 26
27 - 886 + 018 27
28 916 + -048 28
29 -026 + 058 29
20 +931 + 063 30

f
31 ‘
Summary
h m )

October mean = 5 2 50-869
November ,, = 6§ 2 50-848

General mean = 5 2 50-838

Correction for time
of propagation = + 021

Final Aroc = 5 2 50-879
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TABLE 13.—Daily values of the arc Dekra Din—=San Diego,
determined by SAIGON wireless time signals at 11* 30 G.M.T.

Green- Daily value | Green- Daily value
wich Arc - wich Arc -
Date Mean value Date Mean value
Oct. h m s s Nov. h m s s

1 1 13 1 0130 +:012

2 2

3 . . 3 <092 —-026

4 . 4 <079 --039
5 5 +141 + 023
6 13 1 0-136 - 014 6 +061 —-057
7 - 204 + 054 Vi

8 <236 + 086 8 -076 --042
9 -198 + 048 9 +129 + 011
10 10 -076 - 042
11 11
12 12 +128 + +010
13 +147 -+003 13
14 14 111 — 007
15 15 +143 + 025
16 +162 +-012 16 -123 ++(05
17 17 125 + <007
18 18 <090 --028
19 - 158 + 008 19 +135 + 017
20 20 -127 + -009
21 + 146 - 004 21 <150 + 032
22 <144 -~ -006 22 -139 + 021
23 ‘118 —.032 23 160 + 042
24 104 — <046 24
25 - 069 — 081 25 <124 +:006
26 -156 ++006 26 141 + 023
27 27
28 - 087 - 063 28
29 161 ++011 29

30 -178 +-028 30
31

Summary
Am s
October mean =13 1 0-150
November ,, =131 0-118

General mean =131 0134

Correction for time

of propagation = + 031

= 13 1 0-165

e — —————

Final Arc¢
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TABLE 14.—Adbstract of longitude differences,
corrected for speed of propagation.

Arc October November Mean
Dehra Dun—Greenwich, via Berde- L m s h om s h m s
aux signals at 30" 01= G.M.T. ... 512 11-792 512 11-793 512 11793

Dehra Dan—Paris, »ie Bordeaux

signals at 8" 01™ G.M.T. 5 250-899 | 5 250-879| 5 2 50-889
Dehra Din—Paris, vie Saigon
signals at 19" 00™ Q.M. T. 5 250-889 | 5 250-869| 5 2 50-879

Dehra Dian— Saa Diego, via Saigon
signals at 11" 30 G.M.T. . |13 1 0181 |13 1 0-149 |13 1 0-165
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CuHAPTER II

COMPUTATIONS AND PUBLICATION OF DATA

BY CapraiN G. BoMmFORD, R.E.

(i) Computations

1. Accuracy oftriangulated heights.—An investigation
was made by Dr. J. de Graaff Hunter into the reliability of triangu-
lated heights. As mentioned in the Geodetic Report Vol. II., Chap.
[§7, an attempt to construct a chart, showing the errors of the
triangulated heights in each part of the country, as revealed by spirit-
levelled connections, had failed on account of the comparatively small
number of connections and of the irregularity of the errors found. It
consequently became necessary to be satisfied with a knowledge of the
probable error of the triangulated heights at any place. This was
determined as follows : —

If by, by, and h, be the observed differences of height in the three
sides of any triangle, reckoned in one direction, it is clear that the sum
(hy + hy + h,) should be zero: let it actually be equal to V. The

quantity p = \/2:’5 V” has been computed for each geodetic series, n
n
being the number of triangles in each series.
0.6745 pis then the probable error of the observed height differ-
ence of each side, and the probable error after triangular adjustment

will be \/é x "674b p, i. e. *55p.

_p is analogous to the quantity m, used to express the quality of the
horizontal angles of each series. A second quantity P, analogous to M,
has also been computed, defined by the relation P = p iﬁ where /
is t_he average length (in miles) of the sides of triangles forming the
series, 18 miles being the average for the whole of India.

Then the probable error of height in a pendent series, at a poipt
distant; 100 S miles from the nearest spirit-levelled connection, is,
13 P /S feet, and 4 P /'S may be considered cxceptional. ~ When
a series, or part of a series, has been closed on spirit-levelled heights at

both ends, the probable error willbe 1-3 P VA \/K E T where 100 S
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and 100 KS are the distances in miles from the connections.
greater than unity, (i. e. if 100 S always be the distance to the nearest

connection), the value of the fraction \/ K i varies between (-]

and 1'0, and allowance for it is easily made

Vor. .

If K be

A chart is being pre.

pared showma the greatest error in height likely to oceur in any part

of the Indla,n trla,ncrulatlon

The values of p and P are given in Table 1.

TABLE 1.—Values of “p” and “P for all Geodetic Series
of the Indian Triangulation.

No.| Name of Series | Season | p| £ P|No.| Name of Series | Season | +p|+P
1 | South Parasnath | 1831-39 9'988'64“ 28 | Kathiawar Mer.... | 1852-56 |2-01{3-04
Meridional 1833-43 |7-47}7-23] 29 | Gujarat Lon. 1852-62 [1-37(1-5
2 ' Budhon Meridional| 1834-38 |4-%71|4-59 30 | Kathiawar Lon. 1853 |1-66[1-47
3 | Amia Meridional
1 B . 1834.64 (7:52(7-03] 31 | Sabarmati 1853-54 |0-91(1-6
4 | Rangir Meridional| 1334.69 |2+ 23(1-83] 32 | Great Indus 1853-61 |1-74(2+0
5 ; Calcatta Lon. ... 33 | Rihon Mer. 1853-63 |1 24140
6 | Great Arc Mer. | 1335.66 |4+ 26384
- Section 24°-30 34 | Assam Lon. 1854-60 |1-52{1-8
7 | Bombay Lon 1837-63 |12:19/1:-7%] 35 | Cutch Coast 1855-58 |1-80(2°1
8la b vy 36 | Kashmir Principal| 1655.60 |2-48(2+4
G e orgqe | 1838-41 |1-26[1-16
o | gaccyion 18 24 37 | Jogi-Tila Mer. ... | 1855-63 |1-67[2-02
| Section 8%.18°,.  1840-74 1-80|1-56] 38 | Sambalpur Lon, | 1856-57 1-48{1-43
39 | (Cutch) Coast
10 | Singi Meridional | 1842-62 |1 26/1-07 Line 1856 60 |1-44{1'8
11 | Sout Konk
Somth - Roukan| o o 67 |1-62|1-26] 40 | Rathiawar Mer.
12 | Karira Mevidional| 1843-46 (3463 62 No. 1 - | 1858-59 (0-87|1-22
‘ 41 | Kathidwar Mer.
13 | North Manlincha No. 2 1859-60 |1-39|L-70
i .;)Iell'lidioll{;al ch 1844.46 |3-69(3:65] 42 | Kathiawar Mer
14+ | Chendwar Mer, | 194469 |1-51/11-65 No. 3 1859-60 [3-36/4'5]
15 | Gorn Meridional | 1845-47 309332
; 43 | Bidar Lon. 1859-72 [1-21]1
16 | Caleatta Mer, 1845-48 (1-52.2-21) 44 | Eastern Frontier
17 . South Maldncha 1 or Shillong Mer. | 1860-64 |1-241-
' Meridional 1845-53 11°491-680| 45 | Sutlej Meridionul| 1861-63 |1-74(2-2
1S, Khaupisura Mer, | 8415-62 2'11“1'72
46 | Madrns Mer. and
19 Gurwani Mer. . 1846-47 2-57)2+ 94 Coast . | 1861-68 |1-28[L-17
20 North-East Lon, | 1846-56 (1-36|1°73] 47 | Kathiawar Mer
“1 : Harilaong  Mer. | 1848.52 |2-42|2:72 No. 4 ... | 1863-64
| 48 | Enst Calcutta
22 ! North-West Him#- Longitudinal ... | 1863.69 |0-96]1-26
| laya .. | 1848-53 |12-15(1+81
23 ;. Qurhagarh  Mer. | 1848-62 (1-44]1-66] 49 | Mangalore Mer. 1863-73 [1:14[1-0
24 ‘\ East Coast 1848-63 (1-58(1°63] 50 | Knmaun&Garhwal| 1864-65 |1-81{1-48
61 | Nasik 1864-65 (0-78/1-01
25 | Rarachi Lon. ... 1849-53 1-88|2:01
26 | Abu Meridional .| 1851-52 [1-53(1-63] 52 | Burma Const ... | 1864-82{1.27[1-21
27 | North Parasnath | 53 | Jubbuipore Mer. | 1865-67 |1-04/093
| Meridional .., I 1861-52 ]2-10 2-561] 54 | Madras Lon. 1865.80(1-23]1¢1
A | ——

( continued)
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TABLE 1.—Valuesof “p” and “ P for all Geodetic Sertes
of the Indian Triangulation.—(contd.)
No.| Name of Series | Season | +p [+ P]No.| Name of Series | Season | +£p |4-P
55 | Assam Valley 76 | North Baluchistan| 1908-10 [1-82(1-35
Triangulation... | 1867-78 [1:60|2-21] 77 | Gilgit 1909-11 |2-62{1-9¢
56 | Brahmaputra Mer.| 1868-74 |1-02|1-25] 78 | Khasi Hills 1909-11|0:76/0-99
57 | Coimbatore No. 1 | 1869-71 |2-50|2- 87
78 | Mawkmai .. 11909-11 |1-56/2-00
68 | Bilaspur Mer. 1869-73 |0-98(1-06] 80 | Upper Irrawaddy| 1909-11 [3-14{2- 41
59 | Cuddapah 1871-72 (1-32|1-34] 81 | Jaintia Hills 1910-11|0-49(0-79
60 | Hyderabad 1871-7210-78/0- 74
82 | Bhir 1911-12 |2-49(2-5
6L | Malabar Coast ... [1871,74,80[1.17|1-19] 83 | Ranchi 1911-12|0-61(0- 66
62 | JodhpurMer. ... | 1873-76 [1-11|1-19] 84 | Villupuram 1911-12 |0-46/0-59
63 | South Ilast Coast | 1875-79(1-33|1-65
85 | Sambalpur Mer. | 1911-141-28(1-07
64 | Eastern Sindh 86 | Indo-Russian
Meridional 1876-81 (1:25(1-45 Connection 1912-13{2-17(2-79
65 | Siam Branch 87 | Khandwa 1912-13 [1-71{L - 86
Triangulation... | 15878-81 |2-55(2-%0
66 | Mandalay Mer, 1889-95 |1 +46]1-1¢] S8 | Ashta 1913-15 (1-33(1:44
89 | Buldana 1913-14|0-98/1-184
67 | Mong Hsat .| 1891-93 |2-71|2.35] 90 | Naldrug 1913-14(1-91{2-08
68 | Manipur Lon. ... | 1894-99 |1-45{1-15
69 | Makran Lon. 1893-97 10 92(0-£0] 91 | Naga 1.ills 1913-14 |2-17}2-00
92 | Middle Godavari | 1914 15 (0-72,0-74;
70 | Mandalay Lon, . (1899-1909 [1.00[1-03] 93 | Kobima 1914-15 [1-48|1-62
1 Manipur Mer, (18991900315, 9515,
T Monipur MerHigisong ) 22220 o oo o | 1914-15 [1-17]1.53
72 | Great falween ... | 1900-11 [4-28[3-18] 95 | Bombay Island... | 1911.14| ... | ...
96 | Madura 1916-17 (1-49(1-71
73 | Kidarkanta 1902-03 (2:17|2- 3¢
74 | Kalat Lon. 1904-08 |3:15(2-12] 97 | Bagalkot 1916-17 [1-15(1-18
75 | Baluchistan 98 | 8ind Saear Irian-
Triangulation .. | 1908-09 |2:97(2-18 gulation 1017-18(1-05(1-64

they afforded any evidence of earth movement.

N " 3 . .
in Table 2. They have not been cleared of polar variation.

2. Latitude variation.—As a result of an enquiry from
Professor Wegener, the values of astronomical latitudes, found at sta-
tions in India at which observations had been taken at more than one
time, separated by considerable periods, were serubinised to see whether

The results are given
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TABLE 2.—Latitude Variation

) w B
o Qo
Epoch of| & g8, Method | Star catalogue
Station [observa- -‘fn Latitude é%s% Ins:rsl:gent of used in reduc-
tion g EEav observa- tion
A >5* tion
Diddagunta |1805-502/77 38(12 5950°51(—1°56| Z.8. R. | Z.D. | Hennessey (1)
1806477 51-71{-0-46} Z.S. No. 2 " R
1870-034 52-07 " " Sector "
Pachapalei- (1806-305(77 37|105940-68|—-0-21| Z, 8. R. Z. D. "
yam 1870183 40-89 Z. 8. No. 2 | fector "
Punne ... [1809-316(77 38/ 8 9 30-18/+0-52| Z.8.R. Z. D. "
1871-103 29.66 Z.S. No. 2 | Sector "
Damargida {1815-12¢/77 4018 3 14:56|-0-60| Z. 8. R. Z.D. "
1840- 967 1516 A. C. No. | " ,
Kaliaopur |1825-022|77 29|24 7 10-69|+0-22 Z. &, R, ' 2)
1839-98% 10-83| +0-3¢| A. C. No. 1 . @
1840-9€6 11-11}+0°64 , No.2 ) @
L¥GH- 148 11:37{+0.90} ,.  No.1 " Hennessey (1)
1865-901 10-83| +0-3 . No. 1 ” “
1899034 10-47 7. 8. No. 1 | Talcott |Greenwich 1880
Gogipatri ... |1860-411|74 41{43 5146.56| —0-34/. 8. 14 No. b
1922-387 46 9C Z. 1. . Newcomb
Poshkar ... |1860°398(74 3034+ 2 3-3%+0:G0[T, 8. 14 No. 5
1922-409 2-78 Z.. ” N
Mussoorie [1666-823[78 0130 27 4.13)+0-18} A, C. No.1 | Z. D. | Hennessey (1)
1867 7339 3-03/-0-92 ,, No.1 . "
1867 - 809 3-95 , No.2 " »
Sangalpnr  [1867 09875 02(3117 35-42]+0-09] A, C.No-1 | Z. D. | Hennessey(l)
1865021 3533 ., No.2 ,- "
Harnasn ... [1869-251/75 33|22 4726-50)-0-27) ,, No.2 " .
1869 - 862 2677 , No.2 " "
Khanpisura |1870.259/74 47\18 4522 62/ +0'15 ,, No. 2 » "
1893040 22-48 Z.T. Talcott | Greenwich
1880, 1872, 1t64
Kunduol .. [1871-987(75 1515 15 14-28/~0.24| Z. 8. No.1 { Sector | Hennessey (1)
1872182 14-52 ,» No. 1l " "
Agra (Long. 189383178 01{27 934 4¢|—0-17| , No. 1 | Taicott | Gr. 1872, 1880,
£tn.) 1864 1880
1898-189 94-6x Z.T. » »
Delira Dan (1905.05 1178 03[30 18 51-80{=9-23 . " Greenwich
1880& N ewcomb
1926-827 52:03 Astrolabe Americm
Ephemeris

Z.8. . = Ramsden's Zenith Sector, 7.8. = Strange's Zenith Sector. A.C. =
Astronemical Circle. 7

T. 8. 14 = Troughton ant 8imms’ 14-inch theodolite. 7.T.=Zenith telescope.

(I} A starcatalogne. redneed to 1st January 1850, was compiled by Mr. [Tennessey
of the Sarvey of India Ivom various catalegnes inclnding 6 adopted ones, "‘”“e,ly'
Greenwich 12-year 1840 and 1845, Madler 1850, (ireenwich 7-year 18¢0, Greenwich
7-year 1864 and (hieenwich 9-year 1872, and from 15 others of epochs varying from
1835 to 1878.  Thia was used for all observations prior to 1386.

(2). The first 3 values of latitnde at Kaliinpar were deduced in 1880 the star
places being taken from a modern star catalogue, nuthor uoknown.
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Five sets of observations, at Mussoorie, Sangatpur, Harnisa
and Kundgol, cover intervals of less than a year each, in spite of which
they show changes not much smaller than those of the others. Of the
remaining stations, four out of five show increases in latitude between
1800 and 1870, and three out of six show increases between 1870 and
1927. The changes at Gogipatri and Poshkar, which are situated 15
miles apart, are directly contradictory. It can only be concluded that
all the changes may be attributed to errors of observation or of star
place, and that there is no evidence of continental drift. Nor, on the
other band, is there any disproof of the existence of a drift of the order
of fifty feet per century.

3. Adjustment of Geodetic triangulation.—The adjust-
ment of the Bagalkot and Madura primary series was carried out.
These two series were observed in 1916-17. Table 3 gives details of
the series, values of M, and the closing errors which had to be distributed.

TABLE 3.—Values of M, closing errors §ec. of Bigalkot
and Madura Series.

Bagalkot series

Madura series

Length (miles) 102 68

M +0-83 +1:53

No. of figures 10 triangles and 1 quadrilateral 10 triangles
Closing error in latitude ~0"-06 -07-01
Closing error in longitude ... -0”-09 ~0”-09
Closing error in azimuth —-1"-14 +3717
Closing error in log side —0-0000068 —0-0000205
Closing error in height —0:6 feet Not availuble

4. Adjustmentof minor triangulation.—A large amount
of work has been done towards the adjustment of minor triangulation
m the North-West Frontier area, where the work of many different
observers has for a long time been allowed to remain in different terms,
and with unadjusted diserepancies at points of contact. No rigorous
method of adjustment is either practicable or necessary, and all that has
been attempted is to bring neighbouring pieces of work into mutual
agreement. The procedure followed was to compile a list of the dis-
erepancies at points common to adjoining pieces of work; and then, by
considering first the larger pieces, and those most closely connected to
primary triangulation, to decide on the correction applicable to common
stations, The common stations were then plotted on blank charts and
the corrections entered against them. * Lines of equal correction ” for
both latitude and longitude were roughly drawn on the charts, inter-
mediate lines being interpolated. The correction applicable to a station
or intersected point in any part of the chart can then at once be read
off. ' The azimuths and lengths of sides have not been adjusted, nor
will their values be published. When required, they will be computed
directly from the adjusted co-ordinates of the stations concerned.

The compilation of the list of discrepaucies, involving reference to
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old records, was extremely tedious. Data for 1/M sheets 38 and 43
were compiled in two months by a computer, sent to the Frontier Circle
Office at Simla for this purpose, and the adjustment in these sheets has
proceeded satisfactorily. The compilation for sheets 34 and 39 has not
yet been commenced.

5. Figure of the Earth.—Computations have been carried
out in connection with the investigation into the Figure of the Earth
These mostly involve the formation and solution of normal equations,

in which a comptometer manufactured by Felt and Tarrant has proved
very useful.

(ii) Publication of data

6. Levelling handbook.—A new edition of the levelling
handbook has been printed. The principal changes are : —

(1) The inclusion of a description of the Zeiss level.
(2) A fuller description of standard types of bench-marks.
(3) A new method of crossing wide rivers.

(4) A fuller description of the connection of triangulation
stations situated on steep hills.

(5) The omission of Appendix A. (Comparison of standard
tapes).

(6) A new appendix dealing with the procedure to be followed
when a new line of levelling closes badly, and a general
change of ground level is suspected.

7. Geodetic Report.--The Geodetic Report Volume I (1922-
25) and Volume II (1925-26), the first two volumes of a new series,
have been edited. The various geodetic parties and offices prepare therr
own reports, but the editing of these first two volumes for press bas
thrown a great deal of work on to the Computing Office.

8. Triangulation pamphlets.—Triangulation data of 32
Indian, 18 ’Iraq and 9 Aden degree sheets have been compiled. 10
pamphlets, comprising 20 degree sheets, have been printed off. 66 exist-
ing pamphlets have been photozincographed, to replace shortage of stock.

9. Professional forms and tables.—Traverse forms 1, 11,
1_5, 16, 24, 25 and 26, and levelling form 9 have been reduced to foolscap
slZe.

The following new forms have been devised and printed :—

(a) 9and 10 Ast. Two forms constituting an alternative to the
graphical method of computing time and latitude from 2
series of observations with the prismatic astrolabe. The
formula used is less rigorous than reduction by least
squares, but gives sensibly the same results.

(b) 28 Topo. Computation of the rectangular co-ordinates QE
cutting points for theodolite resection by the semi-graphic
method.
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(e) 29 Topo. Approximate determination of position by obser-
vation of horizontal and vertical angles to two known
points.

Tables.—A table (42 Sur.) has been compiled, giving the astronomi-
cal refraction for various zenith distances at a pressure of 29 inches and
temperature of 75°F. It is intended for use with rough sun azimuths
in traverse work, for which a precise computation of refraction is not
necessary.

10. Levelling pamphlets.—The editing of levelling pam-
phlets has also been transferred to the Preservation and Maintenance
section, the levelling party being, as before, responsible for their pre-
paration. A new series of pamphlets, giving the results of levelling
of secondary precision, carried out for commercial purposes, has been
introduced. The first two pamphlets of this series have been published.

11. Miscellaneous.—Triangulation data have been compiled
for the War Office, London, in connection with the production of a map
of part of the Aden Protectorate, also for the Turco-'Iraq boundary eom-
migsion, and for the Anglo Persian oil company.

400 miscellaneous requisitions for data and publications were com-
plied with,
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CHAPTER 111

OBSERVATORIES

BY Caprain G. BomFORD, R.E.

1. Summary.—The principal work of the observatories has
been :—

(1) Regular time and latitude observations.

(2) Comparison of standards of length.

(3) Magnetic observations.

(4) Seismograph and meteorological observations.

2. Time observations.—During October and November1926
the intensive programme of the International Longitude Project was
carried out. In common with many other observatories, Dehra Din
has undertaken to carry out a regular but less intensive programme for
an indefinite subsequent period, and for this purpose observations were
made twice a week with one transit instrument and one .astrola_be.
The Bordeaux wireless signal at 8" 01™ G. M. T. was also received daily.
In June, July, August and early September clouds make regular star
observations impossible at Dehra Din and atmospherics make the
reception of wireless signals difficult. Consequently there w1!l always
be unavoidable gaps in the continuity of observations during these
months. This year the wireless set was dismantled for alterations and
adjustments, and the break was complete.

The instruments used are described in Chapter I. Table 2 gives the
values of the clock error according to each instrument. On a few
days discrepancies are rather greater than would normally be expected
As soon as the times of reception of signals at some other observatories
are published, it will be possible to discriminate between the two
instruments, and to decide whether any vesults are to be rejected.
Pending this decision, the results of the two instruments have been kept
separate in Table 5 which shows the corrected times of reception of'each
wireless signal. The deduced values of the longitude will be publlshed
in a subsequent Geodetic Report.

3. Latitude observations.—The useof the astrolabe fortime
has resulted in a regular series of latitude observations being obtalnetzl-
Table 3 gives the daily results for October and November 1926, an
Table 4 gives a summary for this period, and the bi-weekly resulte
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up to the end of May, when astrolabe observations had to be
discontinued. The following are the monthly mean values of AN the
observed value minus the previously accepted value, which is based on
the old value of 30° 18" 51”80 for the Haig Observatory.

October 1926 +0-22
November ,, +0-24
December ,, " 4+0-26
January 1927 +0-12
February ,, +0-57
March » —~0-53
April . +0:06
May » —-0-26

If the present programme can be continued for an extended period,
it may possibly contribute something to the problem of latitude varia-
tion, although the astrolabe may prove to be an insufficiently precise
instrument for this purpose. Combined with a similar series of obser-
vations in the distant future, it should at any rate serve to test Wegener’s
theory of continental drift, for which purpose a long series of observa-
tions of lower precision are likely to be more useful than a single
observation of the highest apparent accuracy.

4. Standards of length.—The equipment of the observatory
includes a eomparator and a set of standard bars for the standardisation
of base-line apparatus and other work requiring the highest possible
accuracy. It was received in 1914, but has never yet been employed on
the work for which it was designed. The apparatus has been overhauled
and made use of for comparing the field tapes used by the levelling party
for measuring the lengths of staves. It is intended that this should in
future form part of the routine work of the Observatory Section.

A 100-foot sub-base which is correct to 1 : 20,000 has been laid down
on the floor of the base-line alley to facilitate the rough standardisation
of tapes required for bases in exploration or other topographical work.
There are intermediate marks every 10 feet, and also at 66 feet.

5. Graduation of levelling staves.—A bateh of 14 staves
recently graduated by the Mathematical Instrument Office was tested
for regularity of graduation at every foot. Table 7 gives the values of
actual length minus reputed length, and Table 8 shows the errors in the
regularity of the graduations, viz.:—

10 feet
latter expression is of course the true criterion of the staff’s worth.

A similar test was made of four staves, which had been in use for
some vears, but which were still considered fit for high precision
geodetic work. Tables 9 and 10 give the results. As regards their
actual lengths the old staves are better than the new ones, which are all
about, 00035 too long. As regards uniformity, the old and the new
ones are of similar quality. )

It is noteworthy that, especially in the old staves, these departures
from uniformity show considerable persistence of sign in any one staff,

(actual length) minus (reputed length actual total length>. This
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and that the signs of the errors in Table 10 are opposite to thosein
Table 9, indicating that the top end of a staff undergoes greater ex.
pansion and contraction than does the bottom end, as can be immediately
seen in Table 9, where the errors at 5 feet are very much less than half of
those at 10 feet. This persistence of sign might, under certain ecircumn.
stances, produce considerable error. When levelling up a steady gradient,
the back readings on the staff are always at 8 or 9 feet, and the fore
readings at 1 or 2 feet. If two staves such as No. 20 A were being
used, the back readings would have an average error of about 00003,
while the fore readings would be correct. In such a line as that from
Rajpur to Mussoorie, rising 3,200 feet in 13 miles and involving 600
stations the error introduced would be about 0:15. This is a very
extreme case as the line is an exceptional one, and staff No. 20 A is not
tvpical. In the other three staves the error at two feet is about equal
to that at 8 feet, and the error would be much less. But it might not
be quite negligible.

6. Magnetic obs.rvations.—The usual programme of
magnetic observations was carried out, comprising a continuous mag-
netographic record of declination, horizontal and vertical force, daily
observations of dip, and bi-weekly observations of declination and
horizontal force. Three exceptionally severe magnetic storms occurred
on January 26th to 28th, February 23rd to 25th and October 13th to

16th. The horizontal force magnetograms of these days are reproduced
in Plate V.

Sub-soil water percolated into the observatory between August 4th
and 9th. ‘
Declination and horizontal force constants;—Table 11 gives 1.;he
mean monthly values of the magnetic collimation, the distributlor}
P Qy
constants P, and P__, and the accepted value of log (1 +at —)
for Magnet No. 17.

Base-line values.—Table 12 gives the mean monthly observed values
of the declination and horizontal force base-lines which have been
used to compute the values of thesé” elements for 1926. The moment

of incrtia of the magnet was assumed to be the same as determincd
in 1919,

Seal ralues and temperature range—The mean scale values for
1426 for an ordinate of 1/25 inch were :—

Horizontal foree 4+ 32 gammas
Declination 1-03 minutes
Vertical force 9:86 to 11:59 gammas

The mean temperature of the year was 26°+5 C with maximum and
minimum mounthly values of 27°:3 and 26°:3 C. The temperature of
reduction was 27°-0 C.

Month?y values and annual changes—Table 13 shows the monthly
mean values of the magnetic elements for 1925 and 1926, and the
annual changes for that period. The mean values of the magnetic
elements at the Dehra Din observatory in 1926 are given below:—
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Dip Declination Horizontal force Vertical force
°o e C.G.8S. C. G. B.
N 45261 E 1263 32933 . 33436

Hourly values of the elements.—The monthly mean values of the
magnetic elements and the hourly deviations from these means are given
in Tables 15 to 18. These have been deduced from five selected qmet
days. A classification of the magnetic character of all days during the
vear 1926 is given in Table 14.

7. Seismograph and meteorological observations.—
The Omori seismograph was in operation throughout the year except
during October, November and December 1926, when repeated stoppages
of the clock necessitated a general overhaul. Table 6 gives a list of
the earthquakes recorded at “Dehra Din dunncr 1926-27. The usual
daily meteorological observations were ma je throutrhout the year and
rainfall te]ecrmms sent to the Director (‘:renela,l of Observatories at
Simla. The standard barometer, which had hitherto been kept in the
verandah of the main block of the office buildings adjoining the eclock
tower, was removed in January 1927 to the eastern verandah of the
Hennessev observatory. The helrrht of the cistern containing the
mercury 1s G feet 1110}](31 in its new place than in the old, the new helcrht
being 2 239 feet,

TABLE 1,—Temperature and pressure of Riefler clock No, 450 and its
rate, by transit instruments, 1926-27

Clock
Dntc Cell :empera- Rate (lu_l'il;(.: - Remarks
ure g;:ili)eciii;g Pressure | Temperature
day !
F s | mm ¢
1926 . \ .
Dec. 25 80.6 +0-07 G4l 26-8
29 79-7 +0-17 | 640 26-6
1927
Jan. ] 78.0 +0-21 | 610 261
|
4 79-8 +0-05 | 630 . 264
8 79-6 +0-16 : 6140 | 264
12 789 +0-17 641 = 266
15 79.9 FO-18 641 . 27-0
18 79.9 +0-11 641 2741
2 80-1 +0-13 642 | 27.0
26 79-3 +0-20 641 267
Feh, 3 8.5 +0.16 639 258
" 801 +0-12 610 26-0
10 79.1 +0-10 639 261
18 706 +0:18 640 267
24 80-0 +0:20 . G40 ' 268

NoTg— +verate = gaining
—ve rate = losing
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TABLE 1.—Temperature and pressure of Riefler clock No. 450 and ih
rate, by transit instruments, 1926-27—(contd.)

GEODETIC REPORT

[Vor m,

Clock
Date Cell tﬁipem' Rate during Remarks
g;:ic::;g, Pressure | Temperature
day
1927 F s m m C
Feb. 28 80°0 +0-19 640 26-8
Mar. 4 800 +0-21 640 269
11 79.9 +0-20 640 26-7
15 80:0 +0-2% 610 268
19 80-0 +0-26 640 26-7
26 79-8 +0:17 640 26-8
31 80-0 +0:04 640 26-8
April 5 80-0 +0-12 640 26-7
11 80-2 +0-09 640 267
18 80-3 +0-13 641 26-8
22 80-0 +0.09 Gl 265
29 79.9 +0-13 640 266
May. 4 799 +0-15 640 266
10 80-0 +0-08 640 266
15 80-1 640 26-6 On 15th clock stopped,
& was restarted on LTth|
17 82-0 Pressure was unsteady
from 17th to 22nd.
20 81-4 -1:61 27-3 On 23rd pressure wos
adjusted to 642mm.
26 83:2 -1-32 643 28-3
31 85.0 -1-18 645 29-3 On 2nd June pressure
rose to 695 mm.
June 10 84-8 -1:91 699 29-2 Pressure was unsteady
from 11th to 17th,
13 87:0 -1-40 30-4 On 18th pressnrze was|
i to 602 mm.
20 87.9 -0°18 602 30+7 adjusted to
22 86-8 -0-16 602 30-4 Pressare was unsteady
on 23rd and 24th.
24 86-6 -0-40 30-2 On 25th pressure wat
adjusted to 598 mm.
Juoly 1 86-7 -0-28 398 30-2
11 86-7 -0-22 596 302
15 85-1 —-0-24 594 29 3
23 842 -0-29 593 28:8
Aug 6 83-1 -0-24 592 28-3
S 81-0 -0-28 588 271
13 80-8 -0-28 588 27-0
18 80-1 -0°03 587 268 On 19th pressure W :
reduced to H61mm.
26 811 +0°10 60 272
Sept. 13 RL-0 +0.17 560 271
16 80.5 +0-21 560 26 R
21 ]0.8 +0-12 560 26:9
23 81-2 +0-19 560 27.4
29 81-5 +0:17 560 274

NOTE— + ve rate =gaining

—ve rate =losing

-




Crap. 1L] OBSERVATORIES 39

TABLE 2.—FError of Reefler clock No. 450, at 20 hours, Indian
Standard Time, by transit instruments and astrolabe, 1926-27

South North § South North
Date Transit Transit AS“OI"be_ Date Transit Transit Astrolabe
i
1926 m s m s m s 1927 m s m s m s
Dec.3 |- 2 5200 April11)-231.35 -231:40
" 51-23 -2 51.24 18 30.43
10 50.77 50-83 22! 30.08 30-11
15 -2 50-22 50-2p 29 24-19 29-37
18 49-93 49-85 | Muy 4 28.43 28-39
22 4927 49.39 10 27.97 27-83
25 49.05 49.03 17|+ 019-57
29 48-39 45843 200  14.73 +014:75
1927
Jan. 1 47 .75% 4787 26 6-81 6-64
4 47:60 47-58 31 0-90 0-67
8 46:95 46 89* 46-82 Pune 10_g 18-21
12 4628 46-25 18 —029-39%
15 45 74% 4589 20 2975
18 4510 45.52 22(  30.06 30-05¢
21 45-02* 4495 24 30-86%
26 44-00 44.10 JJuly 1 32.80%
Feb. 3 42-73 42-89 11 35-04t .
5 42-49 42-44 15|  35-99% 35-99%
10 41.53 4150 23 38-34¢
18 40-07 40-11 JAug. 6 41-68t
24 38-88 8 42-23%
28 3813 38-26 13 43.61t
Mar, 4 37-28 37-47 18 43.78%¢
1 3585 35-91 26  43-00%f
15 34-89 . 35-13 [Sept. 13 . 39-87%
19 33.87 34.07 16 39-23% 39-23¢%
26 32.67 21 38-64
31 32-48 32.58 23|  38-26§
April 5 31-88 31-91 29  37-23%
A |
NOTE—I1. The transit observer was Mr. Mathur, except for items marked* for which

the observer was Mr. B. H. Lall items marked t for which the observer
was Mr, H. C. Banerjee, and iterns marked§ for which the observer was
Mr. P. K. Ghosh. The astrolabe observer was Mr, H. C. Banerjea.

2. The clock stopped on 15th May, and was restarted on 17th May 1927,
8. For October and November 1926, vide Chapter I, Tables 1 and 2.
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TABLE 3.—Latitude by astrolabe.

GEODETIC REPORT

[ VoL 1y, :

October and November 199

(A X = Observed latitude—accepted latitude, in seconds of are)

AN AA
Obser- | = = | Mean Obser- - = | Mean

Date ver 8 » AN Date ver 2 E AA

-t - P~ o

1 926 ’ n " 1926 1 n "
Sept.21-22| G.B. |+1-13 +1-13] Oct. 26-27) H.W.W.|+1-67 {—0-38/+065
. 23-24) G.B. |-0-06 —0-06] ., 27-28/H.W.W.[+0-24 [—0-23[+0-01
» 25-26| G.B. |+0-29 +0-29) ,, 28-29| HLW.W.|+0-19 |~0-89/~0-10
Sept.28-29| G.B., |+0-41] 4+0-41] Oct. 29-30{ G.B. |+0:62 [-0-68/-0-03
29.30| H.\W. W, |+ 106 +1-06] .. 3031 G.B. |+0'48 [—0-23(+0-13
»33-0ct.1l G.B. |-0-41 —-0-41] Nov. 1- 2| G.B. |+0-25 [+0-02/+0-14
Oct. 1- 2 H.W.W.|+0-40/ +0-14{+0-27| Nov. 2- 3| G.B, [-0-32{-0-32/-032
w 2- 3JHW.W. +0:08-0'18-005] ., 3.4/ G.B. |+0-80 |—0-32/+0-%
w 4+ 5 GB. |[+0'32+0-99(+0-66] | 4- 5 G.B, |[+0-12 |~0-36/-0-12
Oct. 5- 6 G.B [—0-31]-0:20/-0-26] Nov. 5- 6 HW.W.[+2.81% ... [+2-8]
w 6-7 GB. [+0:33(+0-88/+0-61] | 6. 7/E.\W.W.|+1:43 |+0-23(+(88
» 7-8 @B, |+0°19(+0-96/+0-68 | 8- 9 H W.W.|[+0-95 {—0-47/+0-24
Oct. 8- 9| G.B. |+0°43/+0-21;+0-32] Nov. 9-10| HW.W.|+1-17 [~0-57|+0'30
w 9-10| G.B. |+0:12/+0-70(+0-41] , 13-14 HW.W [+1:20 .. |+1'®
o 11-12/H.W,W|-0-30+0-00—0-15] | 15-16) G.B. |[—1:01 |—0-54/-0'78
Oct. 12-13|HW. W |+0:34-0-09+0-13] Nov. 16-17| G.B. |+0-33 |+0:48/+04
v 13-14 HW,W.|—0-86{40-83/—0-01] , - 17.18) G.B. |[=0-49 [+0-64/+0-08
o M-15/|HW.W,[+0:40-0-11/+0-15] ,, 18-19] G.B. |[+0:40 |+0v-78{+0B0
Oct. 15-16) H.W.W.|+0:02[ +0-00| + 0-01] Nov.19-20| G.B. |[+0-45 [+0-26/+0-36
» 16-17/ HW.W.1+0:72/+0:01{+0-37] ,, 20-21| G.B. |+0:40 [+0-51{+046
» 18-19 G.B. |-0-89/+1:19(+0-15 |, 22.28) G.H.O.|+0-35 [+0:43/4 03
Oct. 19-20; G.B. |[+0-07|+1:51/+ 0-79 Nov.23.24| G.H.O, |+0:61 | ... |+06l
» 20-21 G.B. |-0'83]-0-77-0-80] , 24.25 G.H.O, |+0:40 |+0-04/+0:22
w 21-22) G.B. |+0°35|-0-22 +0-07] ., 25-26| G.H.O.|+0-66 |—0-13/+0-27

|
Oct. 22-23) G.B. |+0:-6440 15, +0°40| Nov.27-28| G.H.O. | +0:50 | +0-14/+03
o 23-24| G.B. |+0-55/=0-02/+0-27] ,, 29.30| G.B. |-0-05 |+0-48) +0-22
W 25-26| HW.W.|+0-59 -0-14l+o-23 ,30-Dec.l| G.B. |+0-09 |+0-96]+0-53
* Cloudy. Incomplete programme.

Note—1. The accepted latitude is based on the old value of 30 18' 51780 for the
Haig observatory,

2.

18 002

Series 1 was from about 21" 30 to 24" 00®, Series II from 1! 30% b

Each series consisted of about 5 stars in each quadrent.
averaze probable error of each series is about 0”3,
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TABLE 4,—Latitude by astrolabe 1926-27
(Ax=0Observed latitude—accepted latitude, in seconds of arc)

Date AA Date AA Date AAX Date A
1926 o 1926 ” 1927 " 1927 "
Sept. 21| +1-13 |Nov.13| +0-32 JJan. 1 +0-26 {March1l5| -0-23

251 +0-12 16| -=0-41 4 +0-92 19 -1415
28| +0-:41 19| +0-s8 8 —-1:75 31| +0-83
Oct. 1 +0-35 23 +0:43 12 +0.38 JApril 5 -1-21
5] +0-17 26| +0-37 15 —-0-79 11} -0-75
8 +0-43 30 +0-17 18 +1:88 22 +0:62
12} +0.18 |Dec. 3| +1-14 21 -0-19 29/ +1-58
15] +0:03 71 -0-61 26 +0.24 | May 4/ -1.28
191 +o0-18 10| —-0:55 |Feb. 3 +0-46 10 +0-67
22 +0-11 15 +0:60 5 —-0:04 20] -0-20
26 ~0-47 18 +1:08 10 +1:40 L6 -1:03
29 - (01 22 -0-27 18 +0-39 31 +0:52
Nov. 2| ..0.08 25| —0-16 28 +0.65
5] +0-46 29| +0-88 {(March4 | -0-47
9 +0:66 11 —1.14

NoTe—1. The accepted latitude is based on the old valuc of 30° 18’ 51 -80 for the
Haig observatory.
2. The results of October and November 1926, are summarised from Table 3.
The remaining entries are ench bused on one series containing about 4
sturs in euch quadrant. Observer was Mr, H. C. Banerjea,
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TABLE 5.—Local sidereal tvme of reception of Ist wireless signal of
Bordeaua at 8* 01™ G.M.T,

GEODETIC REPORT

[Vor. m. !

L. S. T L S. T L.S T L 8. T
according to | according to according to | according to
Date transit in.;tru- astrolabe Date transit in:tru- astrolabe
ment ment
1926 h m ) h m N 1927 h m s b m s
Dec. 1 |17 50 53-124 | 17 50 §3.059 | Jan. 1 | 19 53 06-187 | 19 53 06-301
2 54 49-642 54 49-532 2 | 19 57 02-840 | 19 57 02-926
3 | 17 58 46-217 | 17 58 46-062 3 | 20 00 59-480 | 20 00 59-521
+ 118 02 42-715 | 18 02 42.545 4 04 56-139 En; 56135
5 5 08 52694 08 62-657
6 10 35-783 10 35-603 6 12 49-174 12 49-110
7 14 32-439 14 32.254 7 16 451709 16 45-618
8 18 28.987 18 29.008 8 20 42-277 20 42-159
9 22 25.531 22 25-568 9 24 38-832 24, 38724
10 26 92-152 26 22205 0 28 35-454 28 35371
It | 3018748 30 18-801 11 32 31-940 32 31-882
12y 12 36 28470 36 28-437
13 38 11-787 38 11-830 13 40 25.015 40 25-081
14 42 08-306 42 08-343 14 44 21-543 44 21-619
15 16 04-849 16 04-880 15 48 18-103 48 18-239
16 50 01403 50 01-406 16 52 14681 52 14-825
17 53 57-818 53 57-786 17 | 20 56 11-278 | 20 56 11-410
I8 | 18 57 54-577 | 18 57 54-510 18 | 21 GO 0%7-872 | 21 00 07-992
19 |19 01 51-172 | 19 01 51-133 19 04 04-478 04 04552
2 03 47-719 05 47-730 20 08 01-.087 08 01-100
21 09 44203 09 44.264 21 11 57628 11 57680
22 ‘ 13 40-736 14 40-847 22
23 | 17 37.281 17 37-374 23 .
24 21 33-906 21 33-957 24 23 47.015 23 47:041
5 25 30-625 25 30-634 25 27 43727 27 43-787
26 | 20 27-041 29 27.049 26 81 40-236 31 40-330
27 1 33 23587 33 23605 27 35 36795 35 36-903
| .
28 1 37 20218 37 20-246 28 30 33.447 | 30 33562
200 41 16-746 11 16-784 29 43 29.993 43 30-115
30 30 47 26.516 47 26645
31| 19 49 09-704 | 19 49 09-792 31 |2 51 ¢3-067 | 21 51 23203
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TABLE 5.—Local sidereal time of reception of 1st wireless signal of
Bordeaux at 8" 01™ G.M.T.—(contd),

L. 8. T. L. S, T. L. S. T. L. S. T
Date according to according to Date according to | according to
transit instru- astrolabe transit instru- astrolabe
ment ment
1927 kb m s h m s 1927 L m s k m ]
Feb. 1 | 21 55 19:-593 | 21 55 19:736 | Mar. 1 23 45 43:226 | 23 45 43:366
2 21 59 16:192 | 21 59 16.342 2 49 39-716 49 39-871
3 3 53 36-251 53 36-421
4 4 | 23 57 32-7188 | 23 57 32-973
5 | 22 11 06-002 | 22 11 05-983 5
6 15 02.602 15 02-458 6 0 05 25-926 0 05 26.08¢
7 18 59-118 18 59.078 7 09 22-465 09 22-606
8 vee R 8 .
9 26 52-256 26 52-224 9
10 30 48-763 30 48-735 10
11 34 45-316 34 45-295 11 25 08:613 26 08681
12 38 41-839 38 41-827 12 29 05-176 29 06-271
13 42 38-400 42 38-397 18 33 01-683 33 01-823
14 46 34.-992 46 34-998 14 30 58+274 36 58.458
15 50 31-481 50 31-496 15 40 61-826 40 55054
16 54 28-013 54 28-037 16 44 51-390 44 51.621
17 22 58 24-590 | 22 58 24-623 17 48 47-955 48 48.175
18 23 02 21.085 | 23 02 21-127 18 52 44-537 52 44-9746
19 06 17-6%7 06 17-729 19 0 56 41-090 0 566 41+288
20 10 14.-282 10 14-347 20 1 00 37:695 1 00 37.925
21 21 04 34-309 04 34-587
22 e e 22 08 30-885 08 31-211
23 22 03-886 22 03-990 23 12 27-874 12 27-748
24 26 00-455 26 00-572 24 16 23-921 16 24-343
25 29 67-004 29 57-129 25 20 20-490 20 20-960
26 33 53-526 33 53.654 26 . v
27 e R 25 28 13549 28 14:021
28 23 41 46-716 | 23 41 46:850 28 . oo
29 36 06:736 36 07-038
a0 40 03-302 40 03-519
31 1 43 59-895 1 44 00-027
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TABLE 5.—Local sidereal time of reception of Ist wiveless signal of
Bordeauz at 8* 01™ G.M.T.— (concld.)

L.S. T L.S. T. L.S.T. L. 8. T
according to | according to according to | according to
Date transit instro. astrolabe Date transit instru- astroln%e
ment ment
1927 h m s E m s 1927 h m & Em s
April 1 1 47 56-451 1 47 56-544 | May 1
2 51 52-983 51 53:061 2 .
3 3 .
4 1 59 46-054 1 69 46-102 4
5 2 03 42:564 2 03 42-597 5
6 07 39.087 07 39-119 6 4 05 55-861 | 4 05 53-79
7 11 35-692 11 35.728 7 09 52-452 09 52-368
8 15 32.234 15 32-274 8 13 49033 13 45.932
9 9 17 45-606 17 45488
10 10 21 42.134 21 41-999
11 11 25 38°706 25 38-587
*12 31 18-419 31 18-483 12
13 35 14-949 35 15:026 13 33 31:800 33 al-617
14 39 11:495 39 11585 14 37 28-346 | 4 37 28-146
156 . 15
16 47 04-614 47 04-730 16
17 51 01+119 51 01-:48 17 4 49 17-953
18 18
19 2 58 54-1%2 2 58 51-308 19
20| 3 0250-743 | 3 02 50-839 20 6 01 07-721
21 06 47-291 06 47-357 21
22 10 43:900 10 43-936 22
23 14 40-472 14 40:516 23 12 57:004 6 12 57-073
24 24
26 22 33-635 22 83:720 25 20 50-191 20 50-324
26 26 30-205 26 30-311 26 24 46-810 24 46-975
27 27 b 28 43:374 | b 28 43'530
28 3 34 23-283 3 34 23-431 28
20 . ves 29
30 30
31
|

NoTE—1. lheee times are based on the star observations of the nights closest pre:
ceding and following the reception of each signal. Individual nights
resuits have not heen smoothed to give a more uniform clock rate.

2, These times are true eidereal times, the short period terms of nutation
having been taken account of,

3. No account has heen taken of the rate of propagation of radio gignals.
4, For October and November 1926, vide Chapter I, Tables 3 and 4.

5. From 28th May 1927, reception of wireless signals was discontinued.

6. Wireless reception by Messrs R. B, Mathur and H. C. Banerjea.

7. Throughout this period the Astrolabe Observer was Mr. H. C, Bancrjes,
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TABLE 6.— Earthquakes recorded at Dehra Dun during 1926-27

Time of beginning. Distance of
lndian' standard epicentre
Date time Duration Intensity | Remarks
Hebra | gimla» Debra | Simlax
h m ko m n miles miles
16-2-27| 7 16| 7 16 148 4,400 4,800 slight
28-2-27 1 20 59 e 30 2,000 slight
7-8-2715 07|15 oO7 90 3,400 3,600 great
16-3-27| 3 23| 3 23 9 1,300 1,300 slight
16-3-271 22 31| 22 31 10 700 700 slight
18:4-27 | 20 35 | 20 24 | uncertain 300 300 slight
194-271 23 08 | 23 08 | uncertain 2,100 2,900 slight
28-4-271 1 05 26 4,000 slight
9-5-27 (16 07|16 06 19 2,000 1,300 slight
21-5-2713 39|13 38 5 500 500 slight ‘l
23-5-27| 4 08 4 08 147 2,000 1,800 severe (Kansu, Chin
2-6-27122 11|22 10 18 400 600 | moderate
3.6-27 1 12 53|12 53 63 3,500 4,400 | moderate
8727 1 42 1 40 9 700 500 slight
11-7-27| 18 46 | 18 47 17 2,000 | 1,900 | slight Palestine
227-27| 9 29| 9 30 29 1,500 | 1,400 | moderate
24.7-27| 1 52| 1 58 22 1,500 1,500 slight
247-27) 4 18| 4 15 12 1,600 1,500 slight
29.7-27| 5 39| 5 38 20 900 1.300 slight
6-8-27| 2 52| 2 52 42 4,000 | 3,900 | moderate
10-8-27 (17 16 | 17 16 41 2,000 4,200 slight
12-8-27| 15 58 | 16 56 5 300 600 slight
12-8.27 | 21 55 2 slight
19-8-271 1 16| 1 o7 43 2,500 3,700 slight
24-8-27 | 23 46 | 23 47 25 3,000 | 2,800 slight Tokyo
12.9.27 | 3 53 3 53 57 3,000 2,400 slight Black sen.

* From Daily Weather Report.

N B.—The seismograph was not in working order from 1st October 1926 to Sth

Jnnuary 1927,
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TABLE 9.—Graduation of old levelling staves
(Actual length—Reputed length)
Reputed length No, E, No. O, No. 16A No. 204
feet feet Jeet Seet feet
1 —0-0001 —0-0000 +0.0000 +0°0001
2 +0-0002 -0-0003 +0-0002 +0-0002
3 +0-0002 +0-0001 —0-0002 +0-0003
4 -0-0002 +0-0003 —-0-0006 +0-0003
5 +0:0002 +0-0001 -0-0007 ~0-0001
6 +0-0004 +0-0001 —0-0006 -0-0001
7 + 00008 -0-0003 —0-0010 +0-0001
8 +0-0008 + 0-0002 -0-0014 +0-0003
9 +0:0012 +0-0002 —0-0018 +0-0006
10 +0-0014 +0-0006 -0-0024 +0-0007

TABLE 10.—Graduation of old levelling staves
' Actual total length)

(Actual length—Reputed length x

10 feet

Reputed length No. E, No. 0, No. 16A No. 20A

Seet feet Seet Seet feet
1 —~0-0002 -0-0001 +0°0003 +0:0001
2 —~0-0001 —0:0004 +0-0007 0-0000
3 —0-0002 00000 +0:0006 00000
4 -0-0007 +0-0001 +0+0005 0-0000
5 —0-0005 —0-0002 +0-0005 — 00004
6 —0-0004 —0:0003 +0-0009 —0-0008
7 -0-0001 ~0:0007 +0:0006 —0-0004
8 ~0-0003 —0-0002 +0-0006 —0.0003
9 —0-0001 —0-0003 +0°0004 0-0000
10 00000 0-0000 00000 00000
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TABLE 11.—Mean values of the constants of
Magnet No. 17 at Dehra Din in 1926

Declination H.F. Constants
constants '
Months Menn Distribution factors Mean values of m
magnetic . P, Q=1 Monthly | Accepted
collimation Pl.2 P2‘3 log (1+ ptg meansy n‘:
A cm? cm? C.G.S. | C.G. 8.
Jannary | — 6 238 [ 580 | 674 2 80666
Febroary ] — 6 26 5-93 6-78 5] 80664
March .| —6 18 | 596 | 643 =) 806-60 |
B =3
Q
April .| — 6 20 | 5-82 | 6-90 a 806-62 <
May | =6 21 | 577 | 6°96 o 806654 5
Juze | —6 20 [ 5-88 | 687 K 80653 c
%4 e
July .| =6 20 5-68 6 85 = 80639 ®
Angust — 6 23 5-60 688 & 80649 >
September ~ 6 25 576 7-01 3 R06°58 )
-
October | -6 22 5-68 6-88 8 806-61
November ...| — 6 24 562 6-86 - 80667
December ... - 6 26 5.64 6-93 806-81

TABLE 12.— Base-line values of magnetoyraphs
at Dehra Din in 19206

Horizontal
Declination ! f(;rce
Months B -
Mean AMean
value of value of
basc-line base-line
° ! C.G.S.
January L]0 454 .32628
February e | 0 456 32628
March 0 45-9 -32630
April 0 458 32621
May 0 459 - 32636
June 0 45-9 - 32641
July 0 459 32645
Angust, 0 d45.9 32647
September 0 458 -326140
October 0 16.0 + 32637
November 0 460 <3248
December 0 4641 A20695
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TABLE 13.— Monthly mean values of the magnetic elements and
annual changes at Dekra Dian in 1925-26

Horizontal force] Declination Dip Vertical force
32000 C.G.S. + E.1°+ N. 45° + -33000 C.G.S, +
Months
ozl Annual =|1qve| Annual 2| Annual A

1925(1926 change 19251926 chm}’é; 192511926 cha‘n}“e 19251926 cl:l:n“g‘:
o I % A IR B i AL

January o |9451925| —20 [32-7]28:2| - 4-5]18-8[24-4| +5-6]308|397| +8
February 9451918 —27 [32-4(28-1| —4-3]19-224-7[ +5-5]315(395] +8
March 951 (921 =30 |32-1|28-1| —4-0]19°3[25-6| + 6-3]|322 [414| +%
April . |9591927 32 I31-7|127-4; —4.-3]20-1{25-3( +5-2]346 | 415| +6
May .. |961 941 | —20 |30-8{26:9 ~3 9J20:5(25-7| +5-2]357|437( +8
June . |9531941 ) —12 |30-6(26-3) —4-3§20-7(26-2] +5-5]351 [ 446 +%
July ... 1950|948 | ~02 [30:0|25:9] —4-1]21-3|26-0) + 4-7|361(450]| +8&
August . 19491949 00 |29-6|25-3| —4-3121°8|26-2| +4-4]3701455| +8
September . 9391941 +02 |29-4[25-0 —4-422:7|27-0| +4-3]377462) +8
October o 19411924 —17 [29-3|25-0| —4-3|21-9|27-6| + 5-7] 364|457 +%
November . 9401931 —09 [29-1|24-5, —4-6]22-9]27-0 +4-1]382(453| 471
December 19401932 —08 |28-724-4) - 4-323.0{27-0| + 40| 384 452| +68
Means - 19481933 —15 B0'5126-3) —4-221-0|26-1| +5-1]353 |436] +8

* vy =-00001 C.G.S.
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CHAPTER IV

TIDES

By Carrain G. BoMrorp, R.E.

1. Tidal observatories.—During the year under report, re-
gistration by automatic tide-gauges was continued at the following
stations :—Aden, Karachi, Bombay (Apollo Baundar), Madras, Kidder-
pore, Rangoon, Bassein and Basrah. These operations were conducted
under the direction of this department, the immediate control of each
observatory being entrusted to the local officers of the port concerned.
In addition to the above, the actual times and heights of high- and
low-water were observed on tide-poles during daylight only, under the
supervision of the local port officials, al Bhavnagar, Chittagong and
Akyab. These ebservations were compared against the predicted values,
with a view to testing whether the predictions, which were based on
tidal observations taken many years ago, still maintained a sufficient
degree of accuracy. Table 1 is a complete list of stations at which
tidal registrations have been carried out since 1874, the year in which
tidal operations were commenced in India. The stations at which
automatic tide-gauges are still working are shown in italics. Minor
stations were closed after a few years on the completion of the requisite
registrations.

TABLE l.—List of tidal stations

L] m E g 0 o @
. S : a b=
.f,’ | S _S 4t qEJ é % g c b g
; . 85| o389 | 3.% | 5.3 :
= Station 2 g g 28k on s 2eg Remarks
= g2 R 8 ° g g4 E
3 298 AEA @ 3 S 22
0 == - 2 b %

g 5 2 w2
< ©° O a © ©
R
1 ! Suez ...| auto- 1897 1903 7
) matic
"Z Perim " 1898 1902 5
3 | Aden " 1879 atill 48
working
4 Maskat “ 1893 1898 5
5 | Bashire " 1892 1901 8
6 | Karachi $ 1863 '830 *¥13 59 * Small “d-G.
" L1881 still 46 ) Y| gauge working
; working
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TABLE 1.— List of tidal stations—(contd.)
- - B0
. 5 2| 88 | 8 2z |y 7
° 0o® o o g5 8 =) Cuy o
z =25 °cv= z. B 5 o3
3 Station ags Sazg RN RS Remarks
f S ~ g ® OO (=] £~ [5 d
@ 282 | Ag4 9 @ R
“ 33 85 | 2 3 |%°%
< c -
7 | Hanstal auto- 1874 1875 1 Tide-tables
matic g not
8 | Navanar " 1874 1875 1 published
1874 1875 1 .
9 | Okha Point . re-started 1y | Year 1190d4-((1)5 is
1904 1906 1) exclude
10 | Porbandar personal 1893 1894 2
10A | Porbandar auto- 1898 1902 2 Years 1898,
matic 1899 & 1902 are
excluded
11 | Port Albert Victor personal, 1881 1882 1
(Kathiawar) !
11A | Port Albert Victor auto- 1900 1903 4
(Kathiawar) matic
12 | Bhavnagar " 1889 1894 5
13 | Bombuy (dpollo ”» 1878 still 49
Bandar) working
14 | Bombay (Prince's " 1888 1924 37 Dismantled in
Dock) May 1924
15 | Marmagao (Goa) " 1884 1889 5
16 | Karwar ” 1878 1883 5
17 | Beypore " 1878 1884 6
18 | Cochin " 1886 1892 6
19 | Tuticorin " 1888 1893 5
20 | Minicoy " 1891 1896 S
21 | Galle " 1884 1890 6
22 | Colombo " 1884 1890 6
23 | Trincomalce " 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 42
l 1895 working 32
271 | Cocanada " 1886 1841 5
28 | Vizagapatam " 1879 1885 6
2) | Falsc Point . 1881 1885 4
30 | Duhlat (Sagar " 1881 1886 5
Island)
31 | Diamond Harbour ... “ 1881 1886 5
32 Kiddm'p(n'e " 1881 stil] 46
working
33 Chitlagong " 1886 1891 5
34 | Akyab 1887 1892 5
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TABLE 1.—List of tidal stations— (concld.)

5w FIE I ®
3 38| w83 | B § |3,
“ : SER| 985 | SuE | Ba%
3 Station ga>| 838k - g&¢ Remarks
3 $23| AEZ | o 8 [22%
n 3 2 870 2 2 |&w™4
< © S g © °
5 [=]
35 | Diamond Island ... | auto- 1895 1899 5
matic 7 | Registrations
. 1402 1903 2 re-started at
36 | Bassein (Burma ... " <| re-started still l}G Dew observa.
| 1923 working 4 tory in Nov-
L J ember 1923
1880 1881 1 Year 1880-81
37 | Elephant Poiat " g re-started }5 is excluded
1884 1888 4
3TA | Pilakat or Deserter’s re-started still Observations
Cresk : . 1927 working resumed at
new observa-
tory in March
1927
%8 | Rangoon " 1880 still 47
working
39 | Ambherst . 1880 1886 6
1880 1886 6 Tide-gauge
40 | Moulmein “ ) re-started ;22 dismantled io
l 1909 1924 16 November 1924
+1 Mergui o 1889 1894 5
42 Port Blair - 1880 1926 45 Tide-gauge
dismantled io
April 1926
43 | Basrah ... | personal 1916 1922 7 Observations
12| taken on a tide;
13A | Basrah .| anto- 1922 still ag pole until
matic working 31-3-22: after
! which date an
| automatic tide
! recorder was
‘ installed

2. Inspections.——The tidal observatories at Bassein and Ran-
goon were inspected by Mr. D. H. Luxa, the tidal assistant, between
February and March 1927. The Port trust surveyor, Bombay, carried
out an inspeetion of the tidal observatory at Apollo Bandar between the
t1th and 15th May 1926, and again between the 20th and L’;an_AP”]
1927, The Kidderpore tidal observatory was inspected by the Assistant
Chart Superintendent Port Commissioners’, Calcutta, in October 1926
and again in January 1927.

No reports have been received from the port authorities at Aden,
Karachi, Madras, or Basrah as to whether the observatories at those
places have been inspected or not.  These observatories were last inspect:
ed by officers of the Survey of Inlia as follows :—

Aden:—In October 1924 by Iit.-Colonel S. W. S. Hamilton, D.8:04
R.E.
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Karachi :—In December 1924 by Mr. D. H. Luxa, tidal assistant.

Madras :— In November 1924 by Mr. D. H. Luxa, tidal assistant.

Except for minor stoppages, all the tide-gauges worked satisfactorily
except that at Madras, where there was a break of 10 days in July 1926,
while the cylinder was being renewed. Between January and April
1927 the registrations at Madras were also extremely faulty, on account
of an undetected stoppage of the inlet hole.

3. Resumption of tidal observations at the mouth
of the Rangoon river.—A tidal observatory has been opened in
the Pilakat or Deserter’s Creek near Elephant Point at the mouth of
the Rangoon river. During 1922 to 1925 comparison of the predicted
times of high- and low-water at Rangoon with those actually recorded
had revealed regular errors which were repeated from year to year. The
port engineer made some rough tidal observations at Elephant Point in
1924 and 1925, which showed the predictions there to be similarly in
error. It was consequently decided to make fresh tidal observations at
the latter place with an automatic gauge for a few years. Mr. D. H.
Luxa installed the gauge in March 1927, and registrations were begun
on March 16th. Observations were made at Elephant Point in 1880-81,
but ewing to rapid erosion the gauge had to be removed to Pilakat
Creek about two miles up the river, where observations were made from
1881 to 1888. Since that date the river bank is said to have been
eroded about 2,000 feet, and the site of the old observatory has dis-
appeared. The new site is a short distance up the creek about 800 feet
from the former site.

4. Reduction of the Bassein tidal observations.—
The registrations of the year 1925 have been partially reduced by
harmonie analysis. The results are given in Table 2 where those for
1924 are also given,

TABLE 2.—TValues of the tidal constants for Bassein
1924 and 1925

1924* 1925¢%
Tide A —8-330 Tide A, =8:162
symbol 0=00 svymbol 0=
R ¢ |u| o« S S L "
Sl?\r; o - Short
period | feet Seel period Seel fed
g 0-078| 149-29 | 0-078! 14020 g, | h-080 ] 160-50 | 0-060| 160-50
s, 0-696| 92-20 |0-696| 92.29 S, 743] 01.99 {0-743( 91.99
Sy 0:009| 93:86 [0.000| 0386 S, 0:016| S0-84 |0-016] B80-84
S 0:002 | 242:10 (0-002| 242-10 S 0-002 | 120-96 | 0-002 | 120-08
Sy 0-040| 92.03 |0-040| 92.03 S, 0-003| 111-80 [0-003| 11180
M, 0-030| 244-65 |0-028 | 267-11 M, 0-034] B7-13 [0-036] 1281
M, 2:242] 27464 [2.175] 50-13 M., 2.271| 200-36 [2-222| 51:71
M, 0-022| 213-76 |0.021 | 57-01 M, 0-00G| 101+69 [0-006| 27872
M, 0-252| 6104 |0-237] 932-03 M, 0-251 | 274-83 [0-241| 33753

* 1924 was worked as an open coast station,
t 1925 was worked as a riverain station,



60 GEODETIC REPORT (VoL m,

TABLE 2.—Values of the tidal constants for Bassein
1924 and 1925.—(conid.)

1924% 1925+
Tide Tide
symbol A,=8 330 symhol Ay=8-162
R ‘ ¢ ) H ' x R| ¢ | B «
Short Short
period | Jeet Seet period | feet Jeel
o
M, |0-092| 198°15 |0-084| 244765 M, |0-092| 338%6 |0-086| 252°72
o, {0-022| 34087 |0-020| 162-87 My |v-020| 67.03 |0.018] 192-44
Ol 0-142| 90-81 |0-167 4552 0, 0-148 1:55 {0-164| 34:33
K, [0-335] 222.95 [0-369| 4681 K, 0-344| 22270 | 0-366| 45-22
K? 0-147 | 27905 | 0-185| 107-62 K,
P, 0-120] 252-03 |0-12v| 6242 P, 0-135] 243-55 |0-135| 53.19
J, 0-022| 202-24 [0-025| 03-42 I 0:009| 267-43 |0-010| 168-19
Q 0-021| 106-83 |0-024| 81-15 Qo 0-0i%| 89:50 [0-013| 4010
L, 0-212| 109-99 |0-187 | 38-57 1,
N,  |0-381 256-35 |0-372| 51.46 N,
v, 0-143| 107-36 |0-139 | 350-96 ve |
e 0-254| 261.10 |0.239 | 172-39 e ‘
T, 0-065| 48:01 |0-065| 4803 T, k
(M8), |0-183| 230-97 [0-178! 16-47 | (MS),
(2SMy, |0-086] 83.75 |0-08¢| 308-25 | 2SM),
2N,  |0-138| 143.87 |0-134] 318:59 | 2w,
(3,N), |0-093| 3235 [0-088 | 322.95 | (M,N),
(MK, |0-052| 317-39 [0-056| 276-74 | (M,K,); |0-093| 260+80 |0-096 | 204.67
(2M,K,), |0-057| 157-38 |0-050 | 274-52 | (2M,K,), |0-061| 26-57 |0-082| 266-75
~ Mwm |0-101] #3-39 0-172| 3377 | o Mm !
.8 Mt 0:001( 351:41 |0-130| 37-49 2 M :
o MSf |0-226) 196-00 [0-219( 60-51 s AISf ,
=7} =7 '
o sy [2:301] 23348 [2:304| 15310 ] & s ;
S Sm (0-126] 83:12 0125 | 29734 § Sea |

* 1924 was worked as an open coast station.
+ 1926 was worked as a riverain station.

5. Corrections to predictions.—Comparison of the predic-
ted times and heights with those actually recorded has indicated that
the following corrections should be applied to the predictions at Chitta-
gong, Basrah and Rangnon. They have been included in the tide-tables
for 1928, and are instead of (not additional to) the corrections included
in the 1927 tables referred to in the Geodetic Report Vol. IL.

Chittagong,—Based on comparisons in 1922 to 1926,

TABLE 3.—Corrections to Chittagong prediclions

Time Meight
minnles JSeet
High-water +12 +0-1

Low-water +13 +0'7
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Busrak.—Based on comparisons in 1928 to 2.

61

No correction to

heights.
TABLE 4.—Corrections to Basrah predictions.
Dates

Month Tide Ist-5th | 6th-10th ({11th-15th |16th-20th | 21st-25th |26th-3]st
minutes | minutes | minules | minutes | minutes | minufes

January High + 20 + 18 + 15 + 13 + 11 + 10
Low + 30 + 27 + 24 4+ 22 + 21 + 20

Febroary ... | High + 9 + 8 + 8 + 8 9 + 10
Low + 18 + 17 + 17 + 17 + 18 + 18

March Hich + 11 + 12 + 14 + 15 + 16 + 18
Low + 19 + 20 + 22 + 23 + 24 + 25

April High + 20 + 22 + 2% + 26 + 27 + 28
Low + 26 + 28 + 29 + 31 + 32 + 33

May High + 29 + 29 + 29 + 29 + 28 + 27
Low + 34 + 34 + 34 + 34 + 32 + 32

June High + 28 + 25 + 24 + 24 + 24 + 25
Low + 32 + 31 + 30 + 29 + 28 + 28

July «.| High + 26 + 7 + 28 + 30 + 32 + 34
Low + 27 + 27 + 27 + 27 + 28 + 28

Angust High + 37 + 39 + 41 + 43 + 45 + 47
Low + 30 + 31 + 32 + 34 + 36 + 39

Septembor Hieh + 49 + 50 + 52 + 53 + hd + 55
Low + 42 + 44 + 46 + 48 + 50 + 52

October High + 56 + b7 + 58 + B8 + b8 + 57
Low + 56 + 08 + b9 + 60 + 61 + 62

November... | High + b6 + 56 + A4 + 53 + 50 + 48
Low + 62 + 63 + 63 + 062 + 61 + b9

Decembor . High + 45 + 41 + 36 + 32 + 28 + 24
Low + bG + 052 + 48 + 44 + 40 + 3b
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Rangoon.—Based on comparisons in 1923 to 26.

to heights.
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TABLE 5.—Corrections to Rangoon prediclions.

No correction

Dates
Month Tide | 1st-5th | Gth-10th |{11th-15th [L6th-20th [21st-26th | 26th-31st
minutes | minutes | minutes | minules | minutes | minutes
January High - 14 - 17 - 19 - 2] - 23 - 2%
Low - 8 - 11 - 14 - 15 — 17 - 18
Febrnary ...| High - 25 - 26 - 27 - 27 - 27 - 27
Low - 19 - 20 - 19 - 19 - 18 - 18
March High - 27 — 26 - 24 - 22 - 20 - 18
Low - 17 — 16 - 14 - 12 - 10 -9
April High - 7 - 15 - 14 - 13 - 12 - 10
Low -1 - 6 - 5 - 3 -2 - 2
May High - 9 - 8 - 8 - 8 - 8 -9
Low - 2 - 2 - 2 - 4 - b5 - 6
June High - 10 - 11 - 12 — 14 - 16 - 117
Low - 6 - 6 - b - 8 - 9 - 10
July Hich -~ 16 - 16 - 17 - 19 - 22 - 25
Low - 12 - 12 - 13 - 13 - 13 - 13
dugust Hich | —~ 28 - 30 - 30 - 29 - 27 - 23
Low - 13 - 13 - 12 -1 -9 -1

|

September...| High | — 19 -16 | ~ 12 -9 - 6 - 3
Low -~ 5 - 3 - 2 0 + 2 + 3
October High - 1 0 + 2 + 3 + B + 6
Low + 4 + 6 + 7 + 8 + 9 + 10
, : N I
November ... | High + 7 + 7 + 8 + 8 + 7 + 6
Low + 10 + 10 + 10 + 10 + 9 } + 8
~ _ L R P R S
December ... | Hich | + 3 . 1 - 2 - 5 - 8 -1
Low + G + 4 + 2 0 - 2 - 6
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6 Tide-tables.—The tide-tables for 1928 for Basrah and
the Indian ports were prepared and published.  Distribution was
completed by October 1927.  Advance copies for the 1928 tide-tables,
for Suez, Aden, Bushire, Karachi, Bhavnagar, Bombay, Marmagao,
Colombo, Trincomalee, Madras, Dublat (Sagar Island), Chittagong,
Elephant Point and Mergui, were prepared and despatched by the end
of March 1927 to the Hydrographer to the Admiralty for incorporation
in the Admiralty tide-tables for 1928. The amount realized by the
sale of tide-tables during the year ending 30th September 1927
amounted to Rs. 5997/7/-, excluding commission charged for by agents
and the cost of copies 1ssued gratis.

7. Comparisonsbetween actual & predicted values.—
From comparisons made between the actual and predicted times and
heights of high- and low-water, the predictions for 1926 were found
to be as accurate as those for the preceding year, except at Bhavnagar,
where a great deterioration had taken place. At Bhavnagar observa-
tions were made with a tide-pole, with which it is not easy to judge the
times of high- and low-water. In spite of this, previous years’ compari-
sons had indicated extremely small average errors, much smaller than
at stations where automatic gauges are installed. It is believed that
the change is due to stricter supervision by the port authorities and that
the previous excellent agreement was fictitious. The port is situated up
a creek and the range of height is large: although the predictions are
bad, they are not much worse than might reasonably be expected. At
Basrah, on the other hand, there has been a considerable improvement,
especially in the heights.

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

Kidderpore.—Predicted minus actual +2+2 feet on 18th July and

: 22nd & 23rd October 1926.

Rangoon.— ’ . » —3-4 feet on 25th & 26th
August 1926.

Bassein.— " ’ ” —4-+1 feet on 25th August
1926.

Basrah,— ' ” ’ —8:0feet on 28th December
1926.

Tables 6 to 16 give the fortnightly mean errors of the predictions
for all stations at which comparisons were made.
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TABLE 6.—Mean errors E, and E, for 1926

® K, is with regard to sign: Eg is without regard to sign.

ADEN
MEAN ERRORS
(Predicted—actual)
PERIOD E* E* :;‘rs:%::
1626 H. W, : H.W, Lw, |
Time Height Time Beight 1nne Ht. ‘Iime Ht, :\:
minutes ” Sfect minutes I[ feet | minutex| seet mnmh-a; Seet =‘..
+ - + - + - + - )
Jan, 1-15] 4.0 0-0 61 0-0) 65]o-1] wv.ejo-1foje
16-31] 59 0-0 3-0 0.0 8:8]0-1} ¢-ijo-1]0 o]
Feb. 1-15] 0-4 0-1 48 0-1 5:9/0-1] s-1l0-1]0]0
16-28] 7-3 0-1 7-8 0-1 13:1]0-2] 1t-0}0:0] 811
Mar. 1-15) 23 0-0 81 0-0 8-8l0-1) 1z-0j0.1l2le
16-31] 541 o-0] 10-3 01 13.2(0-1] 14.5]0.2]2}s
April1-15] 1.0 | 0.1 49 0-1] 11-6{0-2] 12-1]0-1} 2|1
16-30] 3-% 0-1 0-7] 00 8:110-1] %7-2{0-1}]1
May 1-15] 2.4 0-2] o1 o-2] #7-3j0-2) 10:1]0-2]0|1
16-31] o5 0-1] 48 o-0f 7-2]lo-1f 9-sjo-1j1](0
June 1-16] 4-4 0-2] 43 o1l 7-6lo-2] 7 7%jo-1]0|0
16-30] 4-2 0-3] 68 0-3) 5-6lc-3f 8&.7|0-8)1]0
July 1.16} 7.0 0-3] 2-2 0-2] 1o-1{o-8] ©-6{0-2]2)0}
16-31y 7.8 0-11 82 0.1} 7-9fo0-1} 10-710-1102
Aug. 1-16] 66 0-0 11-0 0-1 10-1]0-2] 12:0l0 2} 1|2
16-31 4-2{0-1 6-7 0:1 18-910-1] 11-¢lo-1] 52
Sept.1-15) 78 0-0] 164 00 8:9,0.1] 18.0lo-1}o|!
16-30 18 0-1] 60 0.1} 11-3)0 2] 14 cjo1f2|3
oct. 1-15] 92 ‘, 0-1] 9% 0-1] 12.2|0.1} 13501} 2 |0
16-31] 26 101 2:2 0-0] 9:2lo-1] @ajor}2 0
Nov, 1-15] 3-1 0.1 8.0 01 7.0l0-2} o.aloln|o
16-30] 2-3 0:0 0-1 n-1] 10-¢lo-2} 10.3]02 1|0
Dec, 1-15 5-0 0-3 2.1 0-2 norlo-sl 11foef1|o
16-31 8:80-3 4-8 0-2 14-1]0-3] 12:7]0 2] 3}?
JE
TOTALS... 92-3\ 14-8\1-1\1-(’. 133-3 o.s\roill-a 231-7 |39 2,«,-4!‘;1 NEREL
-
MEAKS .. + 3.2 ” - 00 + 55 ~ 00| 9-7)o2| 107|0-1 e
; aomm—



TABLE 7.—Mean errors £, and K, for 1926
BASRAH
o . Numis f
MEAN ERRORS errorsgxgge?liv1g
(Predicted — actual)
.30 ob
FEmIOD . e | rest of
1926 H.W, L. W, H. W, LW,
Time Height | Time Height Time IIt, | Time Ht, g' B E |
—
minufes ” Jeef minufes “ seet minuten| reet |ninutex| feet o = o =
+ ‘ + -_— + -— + -—
Jan, 1-15 17-1|0-4 12:7/0-3 30-210-4] 53.0l0-6]|13[21] 9|11
16-31] 42-2 0-1] 375 0-9 62 5]0-4) 78-5(0-8]12]|20] 6|12
Feb, 1.15] 24 0-3 9.8 0-5] 28-370-4] 45.9{0-8)10[17] 6|11
16-28 19.0 05 u8.7 1.0] 39-90lo7]| s7-1|1-2}10l19}15]19
Mar, 1.15] 10-8 0-2 13:2 1.1] 37-5]0.6] 40-1]1-2}14|18]138 123
16-31 5.5 05 98- 6 1-3f 51-5]0-6] 59-8|1-3[17| 20116 24
april 18] 1.0 0-7 11.3 1-5] 41-3|07| 25-1]|1-5)16|10] 10|28
16-30 95.7 05 30-4 1-0] 57.0lo-5] 30-s{1-0)23l15]13]e5
May 1-15 19-4 06 35-9 1-o} s51-2|0-6] 36-1]1-0}18|13]15 26
16-31 31-6 0:5 265 0-6] 62-0{0-6] 44.6}0 6]24|20]14 1%
June 1.15 24-2 0-4 29.9 0-6] 47-1|0-6] 49-6|0-7]19:19]16]|20
16-30 54 0-2 3.8 0-6] 47.9|0-3} 44:-5]{0-CJe1|17] 7|13
Iy 115 456 0.1 53-8 o-5] v7-6|0-4] 73-5|0-7)15|21) 4i19
16-31 15-2(0-3 15-0 0-1] 32-2|0-3] 42-9|0-4)14|19] 3} 7
Aug. 115 43-7/ 0-0 31:6/0-1 36-0|0-4] 52-0]0-5]16|18] 8]13
16-31 15-3|0-8 12-30-1 33-310-4] 46-3|0-5]13]18] sin
Sept. 115 41-5[{0-3 82:9/0-6 51-8|0-4] s1-8{06]22|21] 9|16
16-30 49-9{0-6 53-0/(0'5 60-8l0.6] 62-8|0-8]20|21]10]|20
Oct. 115 £5.2(10:8 49.0/0-8 58-6|0-5] 49-3/0-6]18]16]16]17
16.31 55.4(/0-4 531 0-1 61-8|0-4] 54 6{0-5]20}21}10 10
Nov. 1.
ov. 115 72304 64-6 0-0] 74-9(0-6] ¢8-6{0-5|2010)16| s
16-30 41-0 05 48.9 0-8] 47-90-5) B3-5|1-1|13] 13|15 21
Dec, 1.
e 1-15 0.6][0-3 80-0 0.0| 43-1|0-¢] s1-3l0-6]16}19]10] 9
16-31 41.5|(0+3 61-8 01| 49-9{0-5] ¢8 9lo-nlesloe] 9l1a
————
; .
orans b r8-4lo24.13.85.1] 37 5'746 72 2107|1164 312 2h240- 6 18- faorlrheca|so:
— ! | [ ! !
Mpay T B "" - _ i
Pl mwmr -0 | —206 ] -0 [ass fos{afos) ot ]|

¥ E, is with regaxd to sign: L3 is wilbout regard to sign
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TABLE 8.—Mean errors K, and E, for 1926
KARACHI
MEAN ERRORS
(Predicted —actual)
PERIOD - £ E® :r.'%;‘:;;
1926 H W LW, H.W. LW,
Time Height Time Height Time Ht.{ Time Ht, 3 N ':’
minufes ” feer minutes “ feet  Uminutes| seet Iminutes| reet | 5 | 512
+ - + ] - -+ - + -
Jan, 1.16 0-1 0-1] 96 0-1 7-8lo-2] 16:9]0.1] ol 2
16-31| 5-2 o-2] 7.0 Vo1 10-4(0-2] 11.8[0 2} 0|
Feb. 1.15 0-1 0-3] 99 00 5.3/0-3] 17-5/02] 0
16-28 07 0-4] 11 0-2] 12.0]0-4] %-5(02]1
Mar. 1-15 5.8 0-5] 28 0-1| 11-8[0-5] 13.3|0-2] 0
16-31 | 56l loe1] o7 01 10-7{02] 7-9|01f 2
April 1-15 10 0-4] 5.0 0-1| 15-2]0-4] 9202} 2
16-30 5600 1-110-2 9-4(0-2{ 11.2{0-3] 1
May 1.15 83 0-1] 66 0-2 10-2|0-2] 10-1)0-3] 1} 1}t
16-31 7-4 0-2 01 0-0§ 9-1(0-2] 10-5(0-2] 1] 1}¢
June 1-15 4.4 0-0 0-91l0-2 7-6lc-1( 10-3{0-3] 0} 0f¢
16-30 00 04f 41 03] 7-4/0-4| 101)0-31 11 2|0
July 1-15 | 0-6] 05 2.6! 0-3] 9-5{0-5] 51lo3f 1 ofi
16-3) : 2-8;1 o-z| 109 o1 7.5\0-3] 14-5]0-2} o 2}
Ang. 1-15 2-2 Lol 1‘1:‘, 0-1] 6-9|0-3] 11:3)02] 0} Of¢ ;
1631 o8 : '0-4 85 0-2| 5-9)0-4] 10-7 03| €]
Sept. 1-15 0-7! {0'5 3-1 | 0-3] 6.3lo-s 10-31‘0-4 0“ i ‘.
16-30 1-aii %0'6‘ 2-6 ? 0-4) 8906 11-3%0-4 1| 2 ‘\
Oct. 115| 25 LoJo-8] 13 I loo1| s-3loa] 117 02f 1. ofe
16.31] o.7 [ o-1] a3 EiO-O s8-¢lo-2| 10 1{0-2 1% (e
Nov. 1.1 02 0-4] f%.0 0-2] 8-6{0:41 10302 ]l 2] 0 |
16-30 0-7i‘ 0-2] 5.9 01| ¢-9/o-s] 11-4(0-2f 0! 2f¢ ’
Dec. 1-15 09 0-2 3.0 o1| 4%lo-3| e202 ol of i
16311 0.7 o1 44 0.1} 6-8lo-2] 12-1]01 Oi g
! e
Totaws... | 12:1| 682/ 0.0/ 65 937 510927 207-3}7-7 66-315 “l”“L,iﬁ
Mene |t | Cow | wan | Cou | sslea| 11 v |

*® E, is with regard to sign: K, is withous regard to sign,
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TABLE 9.—2fean ervors E, and E; for 1926

BHAVNAGAR
o MEAN E RROBS errli:sr:t;zzeg'inu
(Predicted — actual) I 10
PuRioD c o] S
1928 LW, L. W, H. W, L.W,
Time Height Time Height Time Ht.| Time Ht. |y B .'3 e
minutes | feet minutes u feet  [minutes| feet | minutes] feee | T | = | = | <
+ - + | - + - + | -
Jan. 1-15] 07 0-8 2.7/ 0.3 8:0/0-8] 4.9(07]0|0]6 |2
16-31| 130 1-5 11-4/0-8 18-6{1-5] 12-7]0.9]2 | 3]10| 7
feb. 1-15] 206 1-8 5.4 1.6 23.4(1-8] 21-4(1-9]7|4}14|11
16-28] 195 1.2 5.3/0.9 21-9|1-2| 17-6|1-1]3|2]9]|7
Mar. 115] 20-9 9:1 4:4][0-0 20-9|0-3] 17°6|1.0]4|2]0]|C
16-31] 16-8 0-2 74 0-3] 16-8|0-5} 143/0s]1]|3]0]4
april 1.15] 20-3 0-4 69 0-4] c0-610.5] 22-1|1-1]3|5]|2]|6
16.30] 15-6 10-4 4104 56|0-8] 12.5(0-5]0|0f4]|0
May 1-15] 11-3 s 0-4 18-8110-0 13-5|0-7] 20-5|0-8J]0}6]5|5
1681 116 ‘i!o-a 2.9/ 0.3 17-200-7] 12.8|0-5]2|0]2]|2
June 1.15 17-0} \‘ 0-3 £-6|[0-3 17 5/0-8] 12.0{0-4]2|1]4 |0
16-30| 18-4 {l 01 7.2/0-3 20-710-3] 15-6|0-6]3|3]o|3
July 1.15] 20-3 '[ 0o-5] 0-9 0-:1] 20-3|0-6] 9-5(0-6]2|0]2}3
16-31] 18.9 M 0-1 16-9 0-8] 26:-6.0-6] 26-1/0-9]6|6]2{6
Aug. 115 181 0-4 7-1{0-8 18-1{0-5] 11-2j0-8)2|0]1|3
16:31] 12-4 0-6 158 |o-af 18:5]06) arsliafi[7]als
fept. 1.15] 113 08 5-9(0-4 1-5|o8] 99j0.8fofo]c|4
16-30) 10-9 0-8 18:2 1-4] 12:710-9] 31 0/1.6]1|8]5]8
Oct. 115} 1661 0-3 4-3/l0-9 17-1]0-4] 137{10f2 006
16.31] 105 0-1 231 0-6] 14-4|0-3] 20.9(1-2)=2]6]1]7
Nov. 1.15] 65 0-3 5608 1a-8l0-4] 12.8loafo| 1|1}z
16-300 10 5| 0.2 239 0-6] 14:1|0-5] 24-1|j0-9J 0O [ GY1 |5
Dec. 1.1 e 196 02| 195)0-¢] 1961045 2|10
16-31) 44 a'gi 0-2 131 v-6| 15-8/0-4] 19.5/08f1|6]0 |6
N l
T“f_“_' 327-9‘1 3.9 G.7|5-2 o-:)lzfu-c ’7-3]4,-9 4.13-0’1(;-4. 413-1!21-1 471 fill_l
MEans +}l—3 d >+_0‘1— o V__9_7> ]Toﬁli 17-2!5-’;' —17213_0 |—~|—

® E, is with regard to sign: E; is witheut regard to sign.
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TABLE 10 —Meun errors E| and E, for 1926
BOMBAY (APOLLO BANDAR)

MEAN ERRORS oroumbetd
(Predicted—actual)
1026 L. H.W. L.w. | .|,
Time Height Time Height Time Ht. | Time Ht.|& |
minutes ” feet minufes n feet  \minutes| feet minuml Jeet | B |
- + - + | - + - + | -
Jan. 1-15 7702 44104 9-2l0-3] s6-2(0-4} 1|1
16-3t 61§ 0.0 9.41l0-2 6-1]0-2] 11-0|0-2] 0} 0
Febh. 1.15 8-0 0.1 460102 86102 67103100
16-28) 45 00 6-6 01 g-6lo.2] 8zloz]o|o
Mar. 1-15) 12 0:2 1-0) 0.2 51]0-3] suj03f0
16-31 34,60 7-7(0-3 4-5/0-3] 8:6{03] 0
Aprii 1-15 06 04 2.910-°0 7.4]05 71021 1
16-30 2.3/0-0 7-610-3 10-2/0-3] 10:7{0-3] 1
May 1-15 0-8 02 4-2/0-2 4-7\0-4] 6-6|0-3] 0
16-31 4.8 o-1] o0-1 0-0 6.1/0:3] 5-3|0-2] 1
June -13 1-0/0-0 2.81l0-2 5-1/0-3] 59|0:3] 0
16-30 16 o3l 22 0.2] 3-4)o-8] s-¢jo2]0
July 1-15 06 o-el 61 o-¢] s7|0o6] 75|06]90
16-31 19 o-2] 22 03] 4.8(0-3] 6:0/03]0
Aug, 1-15] 53 0-4] 71 o-4] 8:6|o-4] 7:6loa] 0
16-31 06 -3l o2 0-5] 60[o03] 70]05 (:
Sept. 113 | ‘1‘-‘1‘\{ 0-1] 14 04] 96|03 5zjod!?
TR I ; o2l s o-2| 6202l 57|05 0
Oct, 1-15 2 !l\ 10.;1 9.2 01 3-6lo3 5_33’“,3 0
1631 7 1 .0-2 $.2100°2 8-6|0-3] s-4f08]0 _
Nov. 1-15 2 (,i 0-0 05 01 9.7 101 a-1l0e] op v
16-30 54 io.g 75lloe2 6-4l0-4f 9.8|onf o2 )
Dec. 1-15 o-sun-o 19 ool arlog] s-2jozf 00 v
16-31 6-7‘ 01 ¢-0[01 10:2]0-2 R-l.‘ﬁ 2| 2| 11" )1
. -
ToTats 15-2] 6541 ]0~9‘¢1-2 31 c-i] orol2 7|2 7|ise1 |72 1655 [7.2) 7|7 ik
AN B 1 o N NUR ﬂ._ |
_x\i&mi- - 21 ‘ - 01 - 14 +00) 65j0-af 690 1

* E, ie with regard to sign : E, is without regard to sign.
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TABLE 11.—Mean errors E, and E, for 1926
MADRAS

89

MEAN ERRORS

Number of

errors exceeding

(Predicted—actual)
30 0+4
PERIOD e £ e | Teient
- Time " Height | Time T Height | Time " He|Time © Ht ElElE |2
: . g
minutes ” Seot minutes || et |minutes| fect |minutes | sect CREN ERES
+ - + | - + - + | = o
Jan, 1-15) 11-3 0-1 124 02 11:4|0-1| 12:4{0-2] 0| 0] O] O
16-31| 11-0 0-0] 127 0-1 1n-1fo-1}f 12-5]0-1] o 1y 0] 0
Feb. 1-15] 8-8! ool 69 0.2 9-6/0-1] 8-6lo-2] ¢| o] 0f @
1628 7-0 02 75 03 77102l #79lo3] 1| of 1] 6
Mar. 1.15] 46 0-1 4-4 03 5:5[0-1) 7-0lo-3) o] o] of 0
16:31] 4-0 0-1 61 0-2 6-olo1] 7-4l0-2] o] o] of 0
aprit1-13] 61 ! o0 51 0-1 6-3j0-1] 5-8/o.2] v| of 1] 0
16.30| 4.0 0-4 62 106 c-1{0-4] s-3{o-s| of of16]26
May 115| 4.3 01 5-6 “o--t 5:410-2] ¢-ajo-4] o] o] 4|12
16-31] 3.1 ? 0-1] 65 01 6102] %1o2] 0| of 1] 0
Tine 1-15] -1 i 0-1] 58 0-1 791021 6:.9(0-1] 0] O] 1| O
16-30] 65 g o0l 9.3 0-2 6-510-2] 9-3lo-2} of of of 1
hly 115 3.5 05 117 05 4-1l0-5] 11:7|0-5] o) of 6] 7
16511 6-0 0-3 56 0-4 7.10-3] ¢.0|0-4] o] o} 3|12
Ang. 15| 47 0-0 79 lo.2 5-310.1] s.2|o-2] oy 0] 0] O
16311 71 0-2 67 ;;o 1 7-4l0-2| 6-9/0-4] 0] o 2| 8
Sept. 1-16] 2.1 0-2 2.7 03 4-1)0.2] 4-0lo3] of o] ol 4
"16-30 2-0(/0-2 16 0.3 s-¢6lo-2| 4-oloa]o| ]2 ¢
‘
Oct. 1-15] o0-2 01 1-4 0-2 s-2(01] 18|o2] o] o] of 4
16-31 9.5110-0 04 o-1] s-9/01] s-1{0-1] o] of o] 0
Nov. 1.15 36 0-1 1-9/0-0 7-1]01] 11-9/0.1] o] 1} o] ©
16-30 s-alloo 9-0l01 10-0|0-1}) 10.9[0-2] o 1] of 2
Dee. 1-15 11000 0-5/00 71lo0.2] ¢-2lo2] 1] o] 1] 2
1631 01 0o-1] =2 0o-1] s-4]a-1] 10.2lo] 1] 2} o] 0
\—'—-‘— — —
Torars 100-4% 17.9‘52-5!0-4 l:!u-T\ 114 |s-2]02f162-9)1-2]180-6|6 0 3{ ulnb 59

* B, is with regard to sign : E, is without regard to sign.
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TABLE 12.—Mean errors E, and E, for 1926
KIDDERPORE
MEAN ERBORS
(Predicted—actunal)
PERIOD E* Er
1926 H. W. w. H. W, L. W,
Time Height Time Height Time Ht. Time Ht.
minutes ” feet mintes ” feet | minuten| feot |minutes) foet
R NEEE
Jan. 1-18] 16-6 \ ‘;o-o 9-4 0-2 18-3(0-2] 11-1|0-4
1631 14-9 jo-2’ 17 0.2 15-5(0-3| 17-5/0-6
Feb 1-15 19-1'1; ‘oa‘| 7-8 03 19-1]0-3] 10.7|0°5
16-28 20-1{ ‘02‘ 15.0 0-3 20-2|0-4] 17-5/0:5
Mar. 1-15 13-9% 110-1! 6-4 0-2 16-6|0-4| 12-3]0-4
16-31 2-7% 01 7-8 0-5 8-7/0-5] 10-5)0-5
April 1-15 7'6; to-3. 5.7]10°5 12:5/0-4| 8-0|0-5
16-30| 7o+, 04" 84 0-7 9.9(0-4| 13.4{0-7
May 115 0-7“ 04‘ 13-00-4, 9.710-5] 14-0[0-4] 0] 1|31
16-31] 9-2 11-3‘E 95 0-4 13-5(0-3] 13-2|0-5} 1| 4] 0!
June 135| 70, 03 41 0-1 g-1{0-3| 11 4[0-3] o 1f 1!
16-30 ﬂ-b'i o-sil 10 9 lo-6 15-1]c-8] 12.1|0-6] 8| 8] 7!
July 1.15 \ 0-5[1-7 14-2 13 11-6]1-7] 19-8]1-3] o] 8u"
16-31 i‘ 2:0 11‘ 1-8)1-2 10-211-1) 11-2|1-2] of 2]B:
Aug. 1-15 7-3j ’0~2% 18-2 \50-9 11-4]0-6} 24-5|0-9] 1| 6] 37
16-31 10-31 io-l’g 15 | o-9] 12.1]o-7| 9-5]0-9] 1| 2|8
Sepr.115| 20| l | )0-5 7.4,0-4] 8-0/05] 0f 2]!
1650|171 ’ l0-1 3.2/0-4 6-4|0 5] 10-6]0-5] 1| 2|?
Oct. 1-15 ‘ n-ﬂHo-z 3-l‘o-9 77lo.6l roli-of of ofsF
16-31 126106 87115 14-8{07| vrrlin] 2l 10
Nov. 1-15 18-0](}.5 11-8l1-3 18-1]0.5) 14.81:3] 3] 1 0
16-30 | R-2 %0-1 47|l 13-6|0-7] 19.7|0-7] 0| 6]°
Dec. 1415 \ Jl‘i n-1 7-0(0-4 7.8|0.2] 9.9]0-4] o] 1}°
16.31] 50l i 0-1] 8.4 0-3 17-60-5] 13:5]0-4 3u 1
l il | -
Totats... {1335-00 465082005 135«-0'l rz-s§\13-310.9 305-&!13- 318-8]16--‘ 31|66 jﬁl
MEANS + 15 \ £ 03 + 3.1 }} + 0.5 ;;7|3—5 _?3—:13})7 ‘ .

* E, is with regard to sign: E, is without regard to sign,
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TABLE 13.—Mean errors E, and E, for 1926

CHITTAGONG
Numb ]
MEAN EERORS errors exg;e?linz
(Predicted — actual)
oD '.'in 10
el X = i Jks
1926 H. W, L. W, H. W. L. W.
Time Height | Time Height Time Ht. | Time Ht. |3 FE ERES
minuter feet minutes H reet minutes| reet Jatnuten| feet x4 !11 e
—_
+ - + - + - + | -
I, 1-15 12:1 01 80 o-6] 14-0{0-2] solo6] 2| o] of 0
16-31 11:6/0-2 111 o-4] 11-6|0-4] 11-1]0-5} 1| ¢f of 2
Feb. 1-15 7-30-3 8.7 0.3l s.1l0-3] s7losl o) of o} o
16-28 20-0 0-4 5-9 0-9] 20-0]/0-6] 10-5|0-9] 3| of 4| 6
Var. 1.15 14-6 05 54 0-7] 21-0/0.6] 11:5|0-7] 5| 0] o] 3
16-31 6-1)0-4 2.4 o2l s-slos|l 5.4/04] 0l o]l 0] 0
april 1415 10-4//0-2 12-2 0-4] 11-2{0-2] 12:7|0-6] of o] 0] 4
16-30 15-8(/0-4 12-4|0-2 15.8/0-5] 12°4/0:3] 1| 1] 2| o
Vay 115 9.710-6 16:6 | 0-2 9-710-8] 16-6{05] o| 0] 6] 0
16-31 129/ 0.4 12-3 0-4] 12:0]0-5] 12.3]0-7] ol o] o] 1
June 1.15 13-4|0-1 11.9 o-21 18 4lo-6] 11-9{0-4] o] 0] 1| 1
16-30 8.0 0.0 9.0 o-6] s.olo-5] 9.0/0-6] o] o] 0] 1
July 1-15 10-510:6 79 0-4 10-5/0-6] 10-1]0-5] o] 1] 4] 1
16-31 10-5(0-1 13:6 o8| 10-5/0-5] 13.6/0-8] 0| 0] 0| 5
fng. 1.15 2.9 0-8 5.6 1-4] 7-4|0-8) s-7(1-4] Of 1| 4| 8
16-31 13-7 0-2 10-1 0-5| 13-7]/0-9] 10-1f0-5) 2| 1] 5| 2
Sept. 1-15 15901 23.8 o-+] 16:0/0-6] 22-5|05] o] 3] of 2
16-30 21-3|l0-2 28.5 o-sl 21-3/0-7] e3-5l0-8] 3] 5] 1] 5
Oct. 1413 32.1 0-3 43.7 1-3] 32-1]0-4] 43-7(1-3] 8|12} o] 9
16-31 16+5 0.1 419 11| 46-5]0-4] 41-9[11{15]14] 210
Nov
tov. 1-15 33.5) 0.2 33.8 o-5] 33-5|o-4] 33-8|0-5]10] 9] 0] 1
16-30 290 0.1 5.5 o-s] 20 0l0-9) es-1lo-8} 4| 5] 5| 5
Dec. 1.1 265 0-1 21.7 o.7] 25-510-4] 21.7]o%] 3 1] 1] 0
16-31 179 06 16-5 o-8| 18-0lo-¢] 16-5(0 8] 1| o] 4] 3
S ———
- .
TALS )4‘01-2 3-sl3-2 '3.‘«2-4 0-8113-3 4185 [12-9) 402-0’1(;-4 5854 ‘IOy(‘,ﬂ
—_— | |
Meaxs POt (Al et -
EANS | - 165 + 00 - 159 — 05 174 ‘0-0 16-8 |0-7}... ( ‘

* E, is with regard to sign: E; is without regard to sign.
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TABLE 14.—Mean errors kK, and £, for 1926
AKYAB
MEAN ERRUKS errﬂl“l!n::u{:&in;l
(Predicted —actual)
PERIOL e o mmute |t
1 4 of time| beigh
1926 H, W L. w, T2 LW, ]
Time Heieht Time Hei ht _'Iiilne___l'-lt_ Time _Hf B B ; 3
minutes H feet minutes “ Jeet  minutes| feet Iminutes| reet i1 | & |4 |
+ - + | - + - + | - I
Jan. 1-15] 5.9 0-2] ¢-4 0.2 5.9/0-2] 6-4/0-3] of of o]
16-31] 7-1 0-0] 69 0-0 7.1/0-1] 6-9[{0o2] 0y 0]
Feb. 1-15] 59 0-8] 69 0-2 5-9(0-3] ¢ 9|o-3] of o] 1]
16-28) 7.0 o-2] 63 0:2 7-0/0-3] ¢-3|o-2] o o] 114
Mar. 1415] 7.2 o2] ¢y 0-2] 7.2/0-3] 6-7/0-4] of ofo}s
16:31] 63 o-z| 70 0.2] 6.3{0.3] 7.0l04] o] o] os
April 1-15]  7-04 oz2] 66 0-1 7.0/0-3] 6 6[0-3] o ofo|¢
16-30 3-9! o-2] 6-s 0-3 5-9(0-3] ¢6-8/0-3] o] oo}l
May 1-15 6-5! 0-3] &% 0-6 6-5/0-5] 6-7/0-7] o) of 3
16+31 71; o-1] 66 o-0l 7.1|0-2] 6-6|0-4 o[ o] ol
June 1-15] 6-4! 0-1] 6-2 03 6-4(0-4] 6 2|0-4] 0| O] 3|¢
16-30] 6.2 o0l 71 v-2] ¢.2|l0-2] 7 1j0-2] o} ofoft
July 1-15] 69 0-3] 6.5 0-1] 6.9/0-3] 6.5[|0 1] o} o]0t
16-31] -8 v-2| 6.3 0.0l e8jo-2] 6-3|0.1] 0] of 0 ¢
Aug. 1-15] 5.9 1 0-2¢ 7.1 ‘0-0 5-9(0-2] 7-1|0-1] 01 of 1)U
16:31] 65 E o-2] 6.9 0.1l 635j0-3] s-9/0.2] 0l ofN)?0
Sept. 1-157 6.5 l 0-21 6-3 0-1 6-5/0-3] 6-2]{0-z| of of ¥
15-30| 6-8 oo ¢ ; 0-0] 6slo4| 6-clo1| ol offe
Oct. 1-15| 8.5 ‘ i0-1 68, 0-1 8-5/0-2| 6-8j0.2] 1 0|00
1631 63 03 b_» 0-0] 6-3fo-2] s 2]0-2f of of 0|
Nov. 1115 6.7 } 02| 69 0-2 ¢-7|0-4] 6 9]o-3] 0y of 1]°
16-300 69 I 0-2] 5.0 ool colo2) s.9loz]o 0"
Dee. 1-15] 6.0 ! o-1] %0 0-1 6-9/0-1] f7.0l02| o o] O}"
15-31) 8.0 J -2} 6-0 00 s-alo-2} c.ofo-1] 0 o0t
ToTALS ... 162-1‘ ; E4.1 1586 |2-4]0-8]162-1 6.4)158-6|6-1] 1] 0 “i“_
teass | vos | cox| e | vor | 6-8 03| 6-6[03 |

* E, is with regard to sign

: K, is without regard to sign.
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TABLE 15.—Mean errors E, and F, for 1926
RANGOON
Number of
MEAN ERRORS errora exceeding
(Predicted—actual)
30 1-0
PERIOD E* E* minutes § feet of
' ? of time | height
1626 H. W. L. W. H.W. L.W. . -
Time Height Time Height | Time Ht. ] Time Ht. B B 5 B
minutes ” JSeet minutes ” Seet minutes| feet |minutes| feet glHlg | &
+ - + | = + - + | -
Jan, 1-15§ 14-9 01 14-3 0'3 14-9(0-3] 16-7(0:5) 1| 5] 0] 2
16-31| 17-3 0-2 14.0 0-2 17-3|0-3] 17-0|0-5] o] 6] o] 7
Feb. 1.15] 23.7 04 17-0 0-4 23-7(0-5] 18-8(0-7p 7| 7} 1| 4
16-28] 20-8 0-1 169 0-2 21-8(0-4] 169|004 2] 5] 0| 2
Mar, 1-15| 25-1 0:0 132 0-3 25-1(0-3] 14-1|0*6] 6 1] 0] 3
16-31] 14.7 02 13-3 0-1 16-8{0-3] 13°6]0-4] 1| 3] 0| O
April1.16] 12-1 0-2 0602 13-3{0-4] 9-1|0-6] O o] of 1
16-30fy 69 0-3 67 0-4 10-1(0'4] 10-4(0.5) 2| 2) o] 3
May 1-15 50 01 4-710-2 6:8(0-3] 10-0|0'6] 0| 0] 0] 1
16-31] 7-9 0:1 115 0.1 8-8(0-3] 14:6{0-6] 0| 4] 1| 6
June 1-15] 41 0-3 4-3 0-0] 5904} 11:7(0-4] O 2] o 2
16-30] 13-9 03 146 0.-2] 14-4|0'4] 16:7{05] 1| 5] 2| 2
fuy 1.15] 12.8 05 10-9 0-6 13-2(0-5] 15 7|o'%| o] G] 1| 8
16-31] 19-1 0'b 13:0 02 19:1]0-7] 16-2(/0-6] 4| 7} 4| 1
Aug, 1-15] 17.7 o-3] 177 01 17-710-4) 17°8|0-4) 1| 5] 2| 1
16-31] 35.¢ o-4l 70 1-5] 35°6|0-G} 12°1|1-5)24| 2] 6|22
Sept. 1-15[ 10-8 0.0l 60 03 1-6{va|l 9705l o] o] o| 0
16-30 I 0-9 0-5 o-2] 11.9(o7 11:6j0-4] 3| 1] 5| O
Oct. 1-15 $1)02 1.0]|1°0 9104} 79lrop | ] )18
16-31 1.7 0-2 9.7 06 9-410:4f 14-1)0-7] 0 1 1 5
Yov, 315 10:6/10°1 12-3(0:3 11.0/0-2] 12:3[0o 4} 3] 11 0f 1
16-30 8-9lo.3 g-2ll0-0 1i-2los] 1s-1{o.6] o sluf +
Dec. 115 1-2{ 00 8.6 06 t-1]0-3] 10-8]0-6] of of o] 1
16-31] 10.5 02 7.1 0-2 11:5|0-4) 153051 3| 21 0| 4
e
Torats lost-4| 50.5][4-3]0-0]187-5] 45615 6|2 cfasi-a]io-ofsat-ajiad )9\71 37| 98
Mens | | T SUEP T PO N *'| """""
] . . - 3 : 3 8|0.6 R [P I
+ 105 + 0-1 + 50 + 01 ) 1a3|0a] 13 8|0 \ [

* [0 is with regard to sign: I 1+ without regard to xiem,
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TABLE 16.—Mean errors E| and E, for 1926

BASSEIN
MEAN ERRORS Number o
errors excecding|
(Predicted — actunal)
30 06
FERIOD E* E* minaufes| festol
1 v of time] height
1926 H. W, L.W. H. W. L. W, 1
Time Height Time Height Time Ht.| Time Ht |p $ 33
minuter “ feet minutes “ Seet minutex| feet | minutes| feel |4 £|d
+ - + - + - + -
Jan. 1-15] 14-2 07 9:110-0 2).9/0-7] 15-7|0-1] 9| 2}19]0
16-31] 86 05 17-1/|0-3 14-6|0-5] 17-6|0-3] 5| 4|13}
Feb. 1-15] 9-1 0.2 9-4110-8 17.6]0-8) 22-2/0-8) 8] 9} 0)a
16-28 01 0-2 23.8(0-7 16-9(0-8] 28-4(0-7] 4|14 2}13
Mar. 1-15] 1-1 0-3 14:-6(/0 8 10-5|0-2) 24-8{0.8] 2|11 3!19
16-31 10 0-2 24-2/0-7 15.7]0-8] 28-3l0.7] 3]13] 42
April 1-15] 14 0-4 21-6( 05 9.0/0-4] 25-8|0.5] 1|12 4111
16-30 440 0.0 32-1(0-8 10-3|0-4] 32-2{0-8] 1|15 4510
May 1-15 09 06 33.7/0-4 9.8]|0.6] 33.%|0-4] 1|17 10]6
1631] 03 0.5 28:G| 0.2 14-8l0-5] 28-6|o0-3] 3|12| 9!
Jape 1-15 13-1 0:5 23-3i0-1 15-810-5] 23:-3/0-3] 5| € 12\1
16-30 108 0.2 25:5(0:3 21-8|0-3] 25-5|0-4] 8{10 255
July 1-15 1-91‘ 0-0 26.4|0-4 10-6|0-2] 26-4|0-4| 2|10] 118
!
] 69 05 16700 18-2]0-5) 24-0]0-7) 5| 8] 9¥
‘ i
Aug, 1415 | sulios 99.2 11] 21-4)0-3) 23-5j11] 8| 8] 3
i i ';
10-31 1 21-2S 0.3 15.8 3.1] 20.8|0-3] 21-0{3-1]17) 10} 8¥
| i H
! i
Sept 115 \ 13-0‘\0-5 27.9 1.2} 21-alo0.5) 28-8}1-2] 7|12 6%
! i 1
-3 \ 0~3H‘n-5 27.0 1-1] 15.3]05) 20-6{1.2} 1]16] 82
g, 1-1a { 34\00 40.7 0-41 24.710-5) 40 7{0 4 7 15{10 %
‘ : !
10,31 [ 12 3\! 0.6 48.2 1.4) 145]0-6] 03|19 4 28f 98
| | |
Nowv, 1-1 b1s 0-9 453 0.0 217(0.0) a5-3l1.0f 7laz[2T
| \| | |
1--30 C B0 !i 0-9 52.3 o-6] 30-40-9] 52-3{0-0 Jla‘u’ﬁ 19,1
i | |
Dee. 1-15 Pasesl 101 383 0-4| 22:0({1-1| 38 3]0 i} 7 238 *
L | ‘ ?
16-51 l-f"\ |08 19-5 ln.s 17-910-3 20.0{0:5 c’ 712,
i | J_A. ;
. . : . i 20! i
Torars ] 4351795 12.3(8:9 643.3 6'4“0'?’ 42651122 700‘1{19.1 130'310£225;
) J i ! -
—}- - : — — 1
MrEawa . - 5% ji - 03 - 208 - 0-2 17.710.5 29.4“,.& ) !

® E, is with regard to sign: E, is without regard to sign.
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CHAPTER V

GRAVITY AND DEVIATION OF THE VERTICAL

BY CapTaiN G. BoMFORD, L.E.
(i) Computation of Hayford anomalies

1. Observations for latitude and gravity at identical
stations.—The only gravity work undertaken during 1926-27 was the
computation of the topographical and Hayford anomalies for the obser-
vations made by Captain E. A. Glennie, p.s.0., ®.E., in Kashmir in 1925.

At the majority of these stations gravity and latitude were obser-
ved at practically identical places, a fact which involves some change in
the existing system of reduction, if one estimate of height is to serve
for both. In the past the zones for latitude stations were so chosen that
the ratio of each ring to the next was 1426, while for gravity stations
the zones were bounded by conveniently sized rings measured in round
numbers of feet and miles. So long as gravity and latitude stations do not
coincide, this system is the most convenient, but when they are coincident,
its advantages do not outweigh the disadvantage of having to repeat the
height estimates. In view of the complexity of the gravity tables, it
was decided to retain the gravity zones and to use them for both reductions.

2. Zone factor.—The northerly deflection in seconds caused
by a mass / feet high, bounded by ares of radii r, and 7y, the radi1 being
inclined at angles a, and a, to the meridian, is given by :—

5 . % S. )
D=12”'44—Z— h (sin a;—sin a, ) log. 7;;2, where s the ratio

of the surface density to the mean density of the earth. ;-1’- has been chosen
equal to 1-426, and sin a,—sin e, equal to 0-23, resulting in the con-
venient relation D=l—0’—f)o—; so that 0”-01 is recorded for every 100
feet in the average height of the compartment. In the gravity zones
;? is not equal to 1-426, so that, after computing the effect of all the
compartments in each gravity zone by the above rule, it is necessary to

equal to log :—2/ log 1-426.
1

multiply the results by a “zone factor”
This factor is aiven in Table 1. No refercnce is made to zones beyond
zone 12, as the Hayford corrections for these zones can be obtained sufli-

* ¢f. Clarke’s Geodesy pages 295-296.
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ciently accurately by interpolation from stations which have already
been reduced.

3. Height correction.—The formula quoted in § 2 involves
three approximations. Firstly the curvature of the earth is neglected—
as far as zone 12 no correction on this account is necessary. Secondly,
the compartment is assumed to be everywhere of equal height: any
departures from this approximation have been neglected in the past, and
may continue to be neglected in future. Thirdly, a minor correction has
to be applied, when the height of the zone above the station is not
negligible in comparison with the radius of the earth. The formation

of the new zones necessitates a recomputation of this correction. The
formula is ¥ :—

- Ry .
C=12"44 S h (sin a;—sin a,) [-log,3 7M - logetg]. This
A L SRV &

. . . B(r?
approximates with sufficient accuracy to C=-37 '—L—z G%—l) for one

g \"

compartment. C is in seconds and £, 7, and 7, are in feet.

The correction for the new zones has been calculated by this for-

muala. It should be noted that this correction must be applied after the
total for each zone has been multiplied by the zone factor.

4. Hayford factor.—As Hayford has shown, compensation is
allowed for by multiplying the effect of each zone by a factor dependent
on the radii of the bounding ares of the zone, and on the assumed depth
of compensation. This Hayford factor, which must not be confused
with the zone factor, defined above, is given by the formula t:—

log 72 VT
® r ¥ /iy fe?
Hayford factor =1~ RAVANEY )

7y
log .

where 4, is the assumed

1
depth of compensation. Taking 4, as 70 miles, this has been computed
for the gravity zones, and is given in Table 1. '

TABLE 1.—Zone factor and Hayford factor ’

Zuone rs ) r Zone factor | Hayford factor
miles ' miles
12 399-0 2985 0-816 0-018
13 2085 | 2100 0-979 0-036
11 210-8 . 177-1 0-490 0:058
15 177-1 1519 0-433 0 082
16 151-9 ‘ 132 2 0-389 0-095
17 132 2 1165 0-354 0-126
18 1165 1036 0-332 0-159
1§ 1036 60°G 1:538 0-254
O vo 0 32:0 1-771 0-469
N 2.0 20-0 1-324 0-0658
M| 20 0 12:0 1-440 0-732
L 120 8-0 1-142 0-863
* Hayford. Figure of r_her}ﬂnrth and I'i()ﬂta\_yplge).'iJ -
t Hayford. Figure of the Earth and Isostasy page 70.
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TABLE 1.—Zone factor and Hayford factor— (contd.)

77

Zone 7q 7 Zonc factor | Hayford factor
miles miles
K 8:0 5-0 1-324 0-908
J 50 3:0 1440 0-945
1 3-0 20 1-142 0-963
H 2-0 1-5 0-810 0:976
G 1-5 1-0 1-142 0.983
F 1-0 0-5 1-954 0-990
E 05 1400 feet 1-788 0-996
D 1400 feet 600 ,, 2.388 0-996
() 600 ,, 200 ,, 3097 0-999
B 200 ,, 10 §-442 1-000

5. Procedure when longitude is also observed.—In
future years, gravity, latitude, and longitude may all be observed at one
station, and the simultaneous computation of the meridian and prime
vertical deflections will involve a further modification of the system.
The simplification sin a, —sin @, =025 will have to be abandoned and the
spacing of the bounding radii altered to 15° apart. Then in addition to
the zone factor, there will be a “compartment factor”” of 4 (sin a,—sin a,),
by which the effect of each compartment will have to be multiplied before
the summation into zones. This factor will not be the same for both
meridian and prime vertical deflections. In the former a, and a, will
be measured from the meridian, and in the latter, from the prime vertical.

The present “height correction” (vide § 3) will also be different for
each compartment, but it is very small and the following approximation
will suffice. Use the formula as given above, and for the 12 compart-
menﬁs lying nearest the meridian (or nearest the prime vertical, for prime
vertical deflections) take the correction as it stands; for the remaining
compartments divide it by 3.

. 8. Gravity reduction.—For gravity stations the horizontal
direction of an attracting mass is immaterial, and nothing more would
be required than the mean height of each zone above the station, but
for the fact that in the inner zones the effect of a zone or compartment
does not vary linearly as this height, but more nearly as its square.
Consequently it is only allowable to mean together the heights of
compartments which lie at similar heights above the station. Inspection
of the reduction tables immediately shows what range of heights may be
meaned together in any particular case. The heights of various compart-
ments having been meaned in groups in this way, the reduction tables are
entered scparately with each mean. The results are multiplied by the frac-
bion of the whole zone which they represent, and are then summed to give
the total effect of the zone. The variation of the Compensation tables is
more nearly linear with height than that of the Topography tables, and
more general means can eonsequently be taken before entering the tables.
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7. Systematic error.—The fact noted above, namely that
the effect of an inner zone depends not on its mean height above the
station but more nearly on the root mean-square height, introduces a
systematic error. Any process of finding the mean height whatsoever
whether by estimating the mean height of a compartment or by the
meaning of compartments into larger fractions of a zone, reduces the
computed effect of the elements so meaned. An estimate has been made
of the error likely to be caused by the system outlined above, and it is
found that for the most uneven type of country ( e.g., Murree ) the
systematic error is likely to be between ‘001 & 003 cm/sec®. Such an
amount of error does not seriously affect the usefulness of the com-
putation, but any increase over this amount requires to be guarded
agaiost.

8. Average height map.—For zones outside No. 12 ( about
400 miles), the effect can be obtained by interpolation from stations
already computed. o facilitate the computations for the larger zones
inside this hmit, Major E. A. Glennie is preparing an “average height
map of India” showing the average height of each 30-minute square,
carefully estimated once and for all from the best available maps. In
the zones beyond zone P (103'6 miles) the root mean-square effect
(vide § 7) is of no consequence, and the simple mean height of the zone
is all that is required. With the help of the map, this is very easily
obtained.

9. The results for Kashmir and Punjab, 1925.—Tables?
& 3 show the results for the Kashmir and Punjab latitude and gravity
stations respectively. The heights have been estimated by Mr. Abdul
Karim, B.A. The average height map has been used for zones 18 to 2.

TABLE 2.—Latitude deflections in Kashmir, 1925
(referred to Everest’s spheroid)

| | 3 £ | &2
| ' | PR o'+ 2
Loe ! Geodetic :Ei _’g"g’* (-.g 55 ga
satton | | Longitade | latitade \FEZ 259 32| B2 | 52
L3 ’ SE2 A2 | 38| 83| 23
-] E ! N JES| o< | ga g 5 me
j 1 : o=l 29 R R
| } <—' ‘;J'U 5z
| ! i = =R
‘ ; !
: feef ! s ” : o ” ” ' ” ” v’ »
Biramila ... .. |74 21 01-12/34 12 25 23-95,— 1 —42 |- 254+ 2..
Snadiprr 0 3193(74 #1 00-35 34 11 12-39156-70! =15-89| ~ 44 ~10-16]= 5;
daadarhal Lo, 3200 T4 W 08-537 738 12 43:03]29-79 | - 19-24) ~51 BT IRt P
Hasan L R0sH 76 58 99.04,30 13 54-49033-68 | —20-81| —49 |—15 00— 48
Somimarg L 0050l75 15 10 34 18 03 15— 12 Z38 |- n-29 - 41
Uharawan '. QU174 56 00-01134 30 3160 15-G4| — 1605 — 42 |- 1259 - 3.
1
! ! | ; o .
Minmarg .1 9331075 04 31-57 34 47 30.2113? 67! _07-54 —33 |- s+ 0.;4
Daoeai T .. (1431175 16 $1-34 34 57 20-761201-20 +00- 41| =26 |- 510+ 501
Do AL . ill‘l‘*"-?i?e" 23 46:32195 02 03:92] LL-78 4 07-9¢) — 24 [ = 570 +13°F
1
| ! -

* A positive value of A\ =} denotes a southerly deflection of the plnmb-line.
t Dus to tapography within H0 m-les of the station only,

(caatinued)
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TABLE 2.~ Latitude deflections in Kashmir, 1925— (conid.
2
(referred to Everest’s spheroid)
S .
s & »8
3 gz -] O 4+ - —
= Longitude Geodetic < fo "‘EE&’ S g 'D:§ rg ]
Station o0 g latitude a g.'g 29 88 g oo
d cown|Hm @ © € a
[I et < %
& T N [855|E28T|ET| Hs | mE
A 2o | %8
] =
feet -] ’, ” o 1 ” " " ” ” "
Deosai 111 ... (12391|75 256 38-30| 14 65 47-20|65-42(+18-22] —23 [— 2.72|+ 2094
Lalpur 5633(74 32 11-69|34 05 36-93|40-19|+03-26| —32 |+ 1-06/+ 2-20
Srinagar 5198/ 74 49 27-27|34 04 3G-61{19-42|-17-19( —43 [~ 9-92(— 7.27
Pingalan 5227|74 55 59-16|33 54 22-49/06-32|-16-17 —42 |- 7-91)/— 8-26
Yis Maidan | 786774 39 57-26(33 49 56.55(59°08|+02:563| -32 |+ 2-84/— 0°31
Korag . [10952| 74 33 20-90|33 48 31-37|33-36|+01:99| —33 |+ 2-25|— 0-26
Tosh Maidin (10315|74 29 £8-13 (28 55 17-33|19:01|+01:68] —27 (+ 3:43|— 1:75
* A positive value of A — G denotes a southerly deflection of the plumb.line.
t Due to topography within 400 miles of the station only.
TABLE 3.—Results of gravity observations in the Punjab
and Kashmir 1925
2 < -
Stati E = "8 - -
tation et e - Yo Ya Yo g I=7, |9 Yo
3 8 =
o tu| o 1| feet |cm/sec? |em[sec | em/sect | cm[sec? | cm/sec? | em/sec?
Wazirabad ... |32 26 4874 06 28| 756(979+517(979:446/979- 394 979-39,|-0:05,| 0°00,
Jhelnm . 3255 20(73 42 41| 764/979-556[979-484/979-418,979-39,| ~ 0084 |- 002,
Rawalpindi |33 36 41|73 01 07| 1754/979-613(979-419/379-393(979 34, [~ 0+105 |~ 0+ 04,
Marree ... 1335407 732315 6885}979-637 978-992|979.049(979:02,1+ 003, ~0-02;
Domel .. |312108(73 28 07| 2239.979-875(379- 465979+ 346/979-29, |- 016, | - 0-04,
Shiadipur 341114[74 4100 5193/979-661]279 - 174/979: 083979064 | - 0+115|—0-03,
Gandarba! ... (3419 48 74.46 09| 5200,979-663(979:176(979-072:979-08;|-0-09,( + 0:01,
Eﬂy_ﬂn . 3413 54(74 58 29| 6084 979 G65[079-095/078-973,978-99,1—0-10,| + 0-01,
S0namary .. (34 18 02|75 16 19| 9050,979-671|073-823978-765/078-81| = 0:015] + 004,
1 [
Churawan ... 13139 32|74 54 01| 8151479 701'078- 9379788191978 88, | =008 | + 0-03,
M‘“m?rz V4 47 30[75 04 49 935]'979-712|97‘1'830'.)78-769}979'803 ~0:08;1 4003,
Deosai 1 fu B721(75 14 4118311 179726 473 479.978-535,078 G2, i+ U145, +0-08,
. ! ! [ ! |
Deosai 1T ... 4502 04(75 23 47 12806'979 733/978 - 533/978- 565/478:62.| + 000, 1 + 0-08,
Deosai 111 ... 3155 47|75 25 3812391 979- 724974563978 57907867, | + 011, | + 6. 09,
La'pur . [3403 37|74 32 12| 5633979653 :179'125979~063i‘)79-080 005, +0.01,
i * ! | i
Srinagar 123 04 36|74 49 27| £198'979-652/979.165/979-074/972-09. | -0-07,1 +0°02,
gl_"snlnr) - 1335423174 55 59, 5227 970-638/979- 144/979-063070 07, —0-073! + 001,
is Maidin |73 49 57|74 39 67| 7867 9%79- 631 978-894‘978-910(978-91g +0-02, | +0-004
i i ' X
;(0';‘2 - 1334832174 331910072 979629 979'("03!978-718;979-752 +O 141 +0°03,
oy Mau]nn §33 55 1K{74 29 5810315 979-0639 n78- G73ig7ﬂ-75ﬂ:g78.311n + 0 1;.15‘ + (;.()an
m——— i i

Y al8 7 corrected for height (Free a'r)
Yc i8 ¥ 4 corrected for topography & compensation on Heylord's system.

4

is the observed valne of graritye

NOTRS.—y_ =978.030 (1 + 0-005302 sin? ¢ — 0-0000)7 sin? 2¢) em sec?.
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(ii) Gravity in Kashmir

10. Discussion of results.—The following discussion i
principally concerned with the gravity and latitude observations made by
Major Glennie in 1925. Two of De Filippi’s stations and two older
stations of the Survey of India are also considered.

The stations are shown on Plate V111.¥ The Hayford anomalies
are given in Tables 4 & 5. The deflections are given with reference to
three different spheroids, (a) the Everest spheroid, (b) the International
spheroid, so oriented as regards the assumed deflections at Kalianpur,
as to make the best possible fit with the ¢ compensated geoid "t in India
and (c) the Survey of India spheroid No. II, namely that which best fits
the Indian “ compensated geoid””. It will be noticed that, except in the
north, the deflections relative to the International spheroid are generally
of opposite sign to the Everest deflections. The Everest spheroid is
not a satisfactory one, and there can be no doubt that either ot the two
latter spheroids should be accepted in preference to it.

The Hayford gravity anomalies are given with reference to Helmert’s
gravity formula of 190]. This also may be imperfect, but a better can-
not be suggested]. It is not possible to affirm that all the gravity
results should not be changed, more or less equally, by as much. as (say)
0°010 em./sec? in either direction, but any much larger change would
probably be inadmissible.

Then, taking the deflections with reference to the Internationsl
spheroid, and the gravity anomalies with reference to Helmert’s formuls,
we see that practically every deflection anomaly is to the south, and
that practically every gravity anomaly (excluding the Punjab) is posi-
tive. Here is a fundamental contradiction. The north Punjab is an
area of defect, (as is apparent from gravity observations there, and also
from charts II & III of Dr. Hunter’s address to the Indian Seience
Congress, 1928), and the southerly deflections in Kashmir indicate that
the “ compensated geoid ” falls lower and lower as we proceed into Kash-
mir. The obvious deduction is that Kashmir is an area of defect of
gravity. But the positive pendulum anomalies deny this.

Plate IX Fizure I shows the deflection anomalies generalised along
the line of the section AB in Plate VIII. Stations far off the line have
been omitted. To allow for the fact that total deflections probably lie at
right angles to the line of the hills, the observed latitude deﬂections' have
been multiplied by a factor of 1+3 to convert them to deflections in the
plane of the section.

Figure II (solid line) shows these deflection anomalies, integrated
up to give asection of the compensated geoid. The datum of — 20 feet at
Ranjitearh is taken from an unpublished chart, showing the compensated
geoild in India, with reference to the International spheroid.

Figure ITI shows the aravity anomalies.

There is a possible explanation of the above contradictory results
which is as follows : —Between Ranjitgarh and Korag there is a large
gap which has been filled by assuming the deflection anomalies in the
interval to be the same as the almost equal anomalies at the ends.
This is an improbable assumption. Analogy with the rest of the outer

_." From Geodetic Report Vol. I. ¥. B. The anomalies there shown are " Free
air ” and o not come into the present disrnssion.
t For “ Compensated geoid "', ride §13.

 Introdncing a coeficiant i sin? ¢ conformable with a flattening of 1/2497, changes
all stations ahont equally by 0Ny









KASHMIR
Fig. |. Deflection Anomalies ' Plate IX.

Hayford Compensation
Reference Figure is the international Spheroid with deflections at
Kalianpur of 3-02S & 317 W i.e. as best fitted to the Compensated geoid in India

.
(= =
<
£ 3 L3 == 2
H) 22 3835 £ ro-== L,
TR w.% 233 €59 3 w C E 323 3 P
3 L an B Cim S > € El c a6 o o ]
. o 002 wf Tc® ® o ra = QoS x
W, X F> d& wnU I w 0 = QaaoQ 3 w -
i
a0’
wo, o ‘
10 ‘ ) '
L v /
\ ’
0 ~ yi .
0 :\\ 50 // 160 160 200 Miles
4 : .
10 \\\ /
N /
" \\ ’
w0 . ~d  The broken line ind!cates hypetheticaj anomalies §. E. of the Pir Panjal

Fig.ll. Geoidal Anomalies Section of the Compensated geoid

eel
International Spheroid

” —_—
- i —— -

=

-
o

~. S.of | Spheroid I
N\ T

N

' The brokan line results from the hypotheélical andomalied
t S. E. ol the Pir Panjil

Fig 111, Gravity Anomalies

Hayford Compensation

o 22 M
tM-0.1920(C.008 1. 00 To accompany Qeodetic Repart Vol  ill

thetum







Cyar. v.] GRAVITY & DEVIATION OF THE VERTICAL 81

fringe of the Himalaya would suggest large northward anomalies in such
a place. A small northward anomaly does occur at Murree, near by,
and on the line of the section the outer range is more fully developed
than at Murree. It is not unreasonable to assume a maximum anomaly
of 15 seconds north* .

This assumption is shown in figure I with a broken line. The
resulting corrected geoid i1s shown by a broken line in figure II.
Kashmir remains a depressed region, but this conformation could be
produced by some excess density under the Pir Panjal and the Srinagar
valley, in combination with an overwhelming defect to the north.

If we reject the International spheroid and use the Survey of India
spheroid II of 1927 instead, the observed southerly deflections are
lessened ( vide l'able 4 ) and the initial geoidal depression at Ranjit-
garh is also lesst, namely 5 feet instead of 20 feet. This spheroid is
shown by the second datum line in figure II. With reference to this
datum, the broken line section is reasonable. We have defect in the
Pupjab and excess in Kashmir in agreement with figure III. A large
defect to the north is still indicated, of which we have no direct evidence,
though it is not unreasonable. The Nepal Himalaya has a great defect
beyond its outer margin, and there may quite well be a similar} tendency
on the 8W. side of the Kara-koram.

A flaw in the argument is that the very large positive gravity ano-
malies observed on the Deosai find no counterpart in the geoidal section.
We can only conclude that they are very local, a conclusion which is
supported by the rapid changes in the deflection anomalies in these parts.

11. Conclusions.—Contradictions can be avoided if the follow-
ing propositions can be admitted, but the propositions cannot be accepted
as well established.

(I) Considerable northward deflection anomalies are likely to be
found between Wazirabad and the Pir Panjal pass. This
is a point which could be fairly easily verified.

() The Kashmir results agree well with those in the rest of India
in being better fitted by the Survey of India spheroid II
than by the International spheroid.

(3) The large anomalies under the Deosai are of very local extent
and have little effect on the geoid.

(4) There is a large defect of density NE. of Skardu.

12. A note on the “compensated geoid”.—Just as the
geoid is an equipotential surfaceof the whole earth (referencespheroid, ln.lls,
compensationand anomalies), sois the compensated geoid the corresponding
equipotential surface of the reference spheroid and anomalies only.
Just as a ceoidal section is obtained by integrating observed deflections.
$0 18 the Eompensated ceoid obtained by integrating Hayfm“d (orothgr)
anomalies. Alternatively the height of the compensated geoid at a point
may be obtained by calculating the potential, at that point, of all_ the sur-
rounding topography and compensation, ca‘lculating'thg geoidal rise
corresponding to such potential, and subtracting that rise from the height
of the peoid. The latter is an easy computation. 'Tables have been
Prepared for it, and a chart showing the compensated geoid in India has
been drawn.

—
* cf. Dehra 19”7 N., Kaulin (Nepal) 18” N, Kurscong 28" N. These are with reference
to Everest’s spheroid and require reduction by about 4” to change them to the Inter-
national, i .
t From unpublished computations. It is the residual at point B in the solution
for apheroid 11.
1 But far less ¢ xtensive,
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TABLE 4.—Hayford residuals for latitude observations
in Kashmir § surrounding country

Hayford Hayford rﬂnﬁfor]d

Stati Authority for residual, residual, 4 Ses1 u i
tation results liverest’s lnternam_onal "Irl‘:siy:

spheroid spheroid spheroid It
N T L4 " L4
Ranjitgarh ... | Survey of India - 09 + 53 + 25

pubiished

Murrec " —-10-4 - 3-6 - 63
Korag Glennie 1925 - 03 + 65 + 88
Tosh Maidan ... . - 18 + 50 + 2-3
Yus Maidan " - 03 + 65 + 38
Pingalan " - 83 - 15 - 41
Lalpur ”" + 22 + 91 + 65
Baramula ' + 2.C + 90 + 6:4
Srinagar " - 73 - 0-4 - 30
Shadipur " - b7 + 1-2 - 14
Gandarbal " - 18 + 62 + 26
Hayan “ — 4-8 + 2-2 - 04
Sonamarg " - 4.0 + 30 + 04
Churawan “ - 32 + 4-0 + 14
Minmarg R + 05 + 7.7 + 5.2
Deosai [ " + 56 +12-8 +10-3
Deosai 111 " +20:9 +28-2 +25:7
Deosai I1 . +13-6 +21:0 +18:6
Wozul Hadur .., Do Filippil + 6.0 +13°5 +11:0
Skardu ] y - 1 +21-0 +238:5 +26°0

* With deflections at Kalianpur of 3”02 8. and 3”-17 W. (i. e., as best fitted to the
compensated geoid ia India),

t aA=6,378,641. 1/e=292-4. Doflections1” 98 S, and 2”81 W. (i. e., the spheroid
which best fits the compensated guoid in India).

} Preliminary value of the Hayford residual computed by the Survey of India,



Cuar, v.] GRAVITY & DEVIATION OF THE VERTICAL 83

TABLE 5.—Hayford residuals for gravity observalions in
Kashmir & surrounding country

. Authority for Hayford

Station results residual
Wazirabiad Glennie 1925 0:000
Jhelam " -0-022
Rawalpindi " - 0-047
Murree e -0-025
Korag " +0:034
Tosh Maidan . +0-050
Yas Maidan " +0-008
Domel " —0-048
Pingalan " +0-012
Lalpur “ +0:017
Srinagar " +0:021
Shadipur " -0:030
Gandarbal " +0 010
Hayan . " +0:017
Sonamarg " +0:045
Churawan o +0-032
Minmarg " +0:035
Deosai 1 " +0-090
Deosai 111 .. " +0-095
Deosai 1T “ +0-062
Wozul Hadur De Filippi* +0-036
Skardn " * +0-014

Standard gravity =978-030 (1 +0-003802 sin’s—0-000007 sin? 2¢)
. Preliminary vaiue of Hayford residnal computed by the Survey of India,
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CHAPTER VI

TRIANGULATION

BY CaPraiN G. H. OsmasTON, M.C., R.E.

1. General.—The triangulation commenced last year in Lower
Burma on the Rangoon Series, was continued and completed by No. 15
Party. The series breaks off from the Burma Coast Series, whereit
crosses the Pegu Yoma hills, and extends southwards for a total length
of 100 miles. Connections were made with No. 10 and 11 parties
(topo), working to the east and west respectively, as a control for their
minor triangulation; and a number of points were accurately fixed in
Rangoon itself at the request of the Local Government.

The headquarters of the party was established at Pegu early
in December and moved to Insein at the end of January, where it

remained until work was completed in the middle of March when the
party returned to Dehra Dun.

2. Personnel.—The party took the field under Captain G.H.
Osmaston, M.c., r.E.,, with 2 computers and 75 khalasis. To avoid'the
heavy casunalties experienced among the Dehra Din men in the previow
season from malaria, all the menials, excepting a few skilled lampmen,
were recruited from Hazaribagh.

M. B. L. Gulatee was attached to the party for three months for
instruction, and took charge of the reconnaissance. X

3. Triangulation.—The new series consists of nine simple
triangles running from the Burma Coast Series, starting in the north
astride the fovest clad Pegu Yomas and descending further south to the

flat paddy fields of the delta, the terminal station being 20) miles south-
west of Rangoon.

The difficulties of triangulating in this type of country, and *.the
fact that the series was short, and incapable of great extension, ma(]e i
simple chain of triangles preferable to more complicated figures
Definite connection with the minor triangulation of 1878 was made at
one point only (Chanakpho h.s.), where the new value differs from the
old by 3 feet in longitude and 28 feet in latitude. Several of the nev
stations were apparently close to the old sites of minor stations, but 1o
mark could be found.

12-inch theodolite No. V by Troughton and Simms was used
thronghout the season. The graduation error of this instrument, “:
determined by comparison of readings of the same angles on differen






Referenco numbers and Values of “m ™ and “M " for all Geodetic Series of the
Indian Triangulation: (See Records of the Survey of India Vol. IX, . 137).

For 42 Series entering the Simultaneous Grinding (shown in italics below) Mean Square M=+ [y

For Series up to No. 99 Mean Square M= 3 |45
No, Name ol Serica Seasons | +m [+ M |No, Name uf Series Sensons +u |+ M
1| South Pirasnith Mer. ... [1831-39{3°308| 3°26] 52| Burma Coast .. 11864-8210°380: 039
2 Budhon Meridional ... (1833-432:242] 2-46] 53 Jubbulpore Meridional . [1865-6710-340{ 031
3 Amua Meridional o |1834-38]1°647| L'e8] 54(- Madras Longitudinal ... |1865-80(0-384| 03]
4| Rangir Meridional ... [1834-6-H1'643| 1°70] 55| Assamn Valley Trmngu-
5| Caleutta Longitudinal ... [1834-6%0:369] 032 lation . (1867-78/1'690; 2:6
6 Qreat Arvc Meridional, 56| Brahmaputra Mer. ... |1B68-T.40"564| 030)
Section 24°-30° ... |1835-66/0°708(| 0°71] 57| Coimbatore No. 1 oo (1869-71(1"547| 207
7i Bombay Longitudinal ... (1837-63(0'844| 0°74] 58( Bilispur Meridional ... |1869-780-302| 033
8 Great Are Meridional, 59| Cuddupuh .. |1871-72/08261 0:9§
Section 18°-24° .. |1838-141/0"567| 059 60| Hyderabad ... [1871-72|1"405| I3
o (lreat Are ’llrndmn«l .
Section 8°-1KR° . |1840-74/0°390] 036 61| Malabay Coast +.o (1871,74.80|1°532( 182
62) Jodhpur Meridiona] ... 1873-76}3'29] 03
100 Singi Meridional .. 1842-62(1"187 1'14L 63( South East Coast ... |[1875-7910-529| 065
11! Sowth Konkan Const ... |1842-67/2:176]1°93 . - .
12 Kariva Meridional . [1843-13/1-507| 1'31| 64) Eastern Sind Mer. ... [1676-810'244 0%
65( Siam Branch Trmngu—
13| North Maliincha Mer, ... |1844-16|1°266! 1-42 Iation . [1878-81[3711)43
LY} Chendiwdr Meridional .. |18 4+1-69(0°8 11| 1°06] 66 Mandalay MP[llelml ... [1889-9510°418035
Sy Meridional . 1845470973 1°21
1 )i ora Meridiona . »-47/0°973 67| Mong Hsat l1g91.0353054 301
16 Calentta Meridional ... |1845-18]1173 1-094 68 Manipur Lonmtudmal . {1894-9910"453 0°3§
17; South Malimcha Mer. ... 11845-53|1:606| 1:97] 69| Makrin Lnnfrltudmn] . [1895-970-285(0°26
18} Khdnpizura Meridional .. 11845-62/1-227| 107 g 14
70| Mandalny Lon. llg;?i;&og 1°696) 196
190 Gorwiing Meridional ... [18146-47|1°165] 1°35] 71| Manipur Mer, oo [sime} 07750/ 081
20{ North-East Lon. .. (1846-5510" 146/ 0°65] 72| Great Salween ... |1900-11{0"404) 032
21 Hurili dional .. 1818-52[1'502|1'02 ol
uriliong Meridiona 521°502|1 73| Kidarkanta ... [1902-03 1'21%.., lf“
29| North-West Himilaya ... (18 18-33(0°641] 0°55{ 74| Kalat Longitudinal ... 11904080365 24
23] durhigarh Meridional ... |18 18-62/0°014] 1'21] 75| Baluchistin Triangu- J o
24| Erat Coadt ... IR 18-63|0-608| 0" 70) lation .. |1908-09/ 1348 1UF
25| Knriehi Longitudinal .. [1819-5310"558) 0604 76| North Baluchistan ... 1908-]00'22] 01‘
26: Abu Meridiomal ... 1851-52100617) 0°68] 77| Gilgit 19()9-110'1‘13 0_']‘
27 North Paramith Mer. .. 11851-52(0-895( 125 78 Khisi Hills .. |1909-11J2038 301
28\ Kathigwir Mevidional ... [1852-56{0990| 1-11] 79| Mawkmai ... i1909-11 1-,:)75 Nr:
20! wjarat Longitndinal ... [1852-62(0°859| 1'12] 80] Upper Irrawaddy 1909-110';}96 04“
30/ Kathiiwar Lon, o] 1853 11-481| 1'34] 81] Jaintia Hills .. [1970-11{0"086| 1%
21 Sabarmati ... 11853-54|1'348| 2-R. )| 82| Bhir ... (1911120704 qf:
32 (reat Indws ... 11853-61/0-359] 0-43] 83 Ranchi .. 1911121840 7
‘l'{l Rihon Meyvidional L |18583-630°327) 0°37) 84 Villupm'am ... [1911-121°184 I
H‘ Assam Longitwdinal . {185 1-60{0°579| 07 1] 85 Sambalpur Meridional.. lﬂl]-“o'gm 2;1
35 Culeh Coagf ... [1855-5R(0°986] 1'27] 86| Indo-Russian (_‘onne(‘tlon 19!2-]32:490 .I"‘:
36 Kashmir Principal ... [IR35-60/0'8& 1| 0-86] 87 Khandwi C | 1912130999 T
N7 Bgi-Tida Movidimal . | 1855640481 0-50] 24 Ashta - (19131510 11)}:
A% Sambalpur Lon, ... |1856-570°806] 0-87] 89l Buldina . 1913 140‘40;118’
30 (Cutel) Coast Line ... [1856-60{0975] 1'47] 90 Naldrug ... |1913-14{1°46
0 Kithiawar 91 Niga Hills BRITIERE 0015""‘
. Meridional No. 1 .., [1853-590-930 1:51] 92! Middle Godavari .. [1914-150013 1 1;
U Kathiawar 93 Kohima e 1.,100*
Meridional No. 2 LRS00 247 1075 (&
£ Kithitwar T od cachar 1914.1.,10/‘!1'
i Meridional No. 3 ... |1859-60/0-969| 1-48] 9 Bombay Tsland coflont-Th qag 15
i ' 96, Madura - frone-il ;
430 Bidar Longitudinal .. |1839-72|0°311] 0°30) =01 08
44 Enstern  Fromtier or (),‘ Bagalkot 1916 ll(l)é(')!ll g'?l
. Shillang Meridional .. [1860-6 0" 409} ¢*49] 98! Sind gnﬂannanﬂu]ahnn 1917 18] o;'ﬂ 123
e Sutlej " [1961-6300-:346| 0-53] 99 Rangoon o 102537 PEE
46 Madroa Mer. and Coast . 1561-68(0°426{ 0408 : !
+7 Kathidwar [ ! i
Meridional No. 4 18636417154 1°73] | | |
V9 East Calentta Lon. .. |1863-60l0°3791 057 | ’ ‘ f
: . | S
A9 Mangalors Mervidional . 11%&@0 440/0-43] | 5
50: Kumaun and Garhwal . 1864651742 1-50] | ’
51| Namik .. 1864852033 319 | ; !
) ] ; i | . I I S

Mer. ~ Meridional. Lon. = Longitndinal,
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zeros, was unduly large. The mean value on one zero sometimes differed
by as much as 8 seconds from that on another, and the graduation error
accounted for 90 °/, of the ‘probable error’, in spite of observations
always being taken on at least 12 different zeros.

This limitation, as well as the great weight of such an instrument,
make it most desirable that new modern theodolites of much lighter
design be tested with a view to their adoption for even the most precise
triangulation. It remains to be seen whether small modern instruments
with 3- or 4-inch circles are divided with sufficient accuracy to replace
the older type.

The reconnaissance having been pushed well ahead during the last
season, the work of observing progressed without interruption from the
north; however on reaching the low-lying country round Rangoon in
February the visibility became bad : owing to this, and the necessity for
erecting towers and masts for observation purposes, the work then
became rather slow.

The portable observation tower, designed by Dr. Hunter was em-
ployed. In this tower, the theodolite and observer are both supported
by the same structure, but a system of independent stays and gimbals
ensures that movements of the observer and tower are not imparted to
the theodolite to any great extent.

This system has proved very effective, and, when tested at Dehra
Din before starting for Burma, no difficulty was found in keeping the
theodolite sufficiently level to take aceurate vertical angles. On reading
horizontal angles however, it was seen that the tower was inclined to
twist, especially when sudden changes of temperature occurred, such as
happen on a cloudy day with intervals of bright sunlight. This twist
was never entirely eliminated, and the results show that the weight of
an angle measured on the ground was four times that of one measured
from the tower, but it is hoped that, by experiments, the results obtain-
able from such a tower will be improved. The convenience and economy
effected show at once the tremendous advantage of a tower of this des-
eription over the old fixed trestle or masonry tower. It can be erected
130 a height of 60 feet in eight hours and the total weight is less than a
on,

Lattice-work masts 100 feet in height were used in ten-foot seetions
to support signals. A “ Storm-King ” pressure fed petrol lamp of about
"0_0 c.p. was hoisted to the top at night and could be seen well up to 20
miles. Tt however failed on longer rays, owing to the mist. By day a
New system was used, whereby the light of the sun was reflected by a
helio situated on the ground, up to a second mirror fixed at the top of
the mast, and thence to the observer. This method was very successful
and should be of great use in close country, or when, on account of the
hazy atmosphere or the length of the side, an opaque signal cannot be
used.  For details of the method vide § 7.
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TABLE 1.—Pasrticulars of triangulation—Rangoon Series

Serial No. ... .. 95
Name Rangoon Series
Seasons 1925-27
Number of new stations built 9
Number of stations observed at 11
Nnmber of triangles observed .. Y
Other figures observed ... .. Nil
Length of triangulation in miles ... 105
Area of triangulation in sq. miles .. 2217
Mean length of side in miles 2433
Average triangular error in seconds 1-57

m . . 1-246

M . . 1:25
Order of merit . b4 B
Instrament used oo | 187 T& 3 No, V (17)
Number of intersected points fixed 35

4., Latitude observations.—An astronomical latitude was
observed at Syriam station using the Talcott method with the 12-inch
theodolite. The result showed a deflection of 6”04 to the south, with
a probable error of + 0:67 of a second. The observations extended
over 6 nights and included 55 distinct results, taken from 17 different
pairs of stars. Stars from the Nautical Almanac alone were used.

5. Miscellaneous.—In spite of the locality being somewhat
notorious for dacoities and other crimes, only two thefts, and these of
minor importance, occurred, the inhabitants being everywhere most
hospitable. It was impossible to avoid using old pagodas as stations to
observe from, as every eminence was surmounted by a pagoda or shrine
of some kind or other, some of which were in ideal positions. Objec-
tions were sometimes raised by the local people to permanent marks bell}g
left on a pagoda or shrine. In such cases a subsidiary station was built
near by, although observations were actnally taken from the top.

The district is malarious and a number of the personnel were affec-
ted during the season, but to nothing like the same degree as in the
previous year, when adequate supplies of quinine were not taken.

Four elephants were lent to the party, while in the jungle, by

Messrs Foucar & Co. and were invaluable for transport. Coolies were
difficult to obtain in large numbers locally.

The climate of Lower Burma is suitable for principal triangulation
from November till the end of March. In order to maintain figures of
any size in the delta land, a tower and elevated signals are essential.

8. Heights.—Comparison of heights obtained by triangulation
and other sources is given in Table 2, the heights of the former being fairly
consistently a few feet lower than previous determinations, althpugh ab
Kyanathpo (Chanakpho) the results are identical ; at this station con-
nection was made with a G. T. S. Bench-Mark a few feet away.
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TABLE 2.—Comparison of heights
(1) | (2) (3) (4)
o ! Height Height .
Station | by 1926 A" from other sources (3)—(2)
Ject Seet Seet
Taungnyo H.S. 884-3 893 + 87
( Minor A" 1878)
Mahazedi Pagoda S. 2326 2374 + 4-8
(B.M. 1 mile
distant )
Kyanathpo 8. 1547 168 +13°3
( Minor A" 1878)
" S, 154-7 154-7 00
(Q.I.8. B.M.)
Syriam S. 1361 151-2 +15-1
( Minor A" )
Talokkon S. 40 105 + 6+
(Auxiliary Mark) (from P.W.D.
B.Ms.)
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7. Note 1.—Must signals.—To ensure accurate centering, 3
rocking arm was arranged at the top of the mast, which tilted up, whes
the lamp reached it, and allowed the lamp to be lowered on to a smal]
bracket, a tapered spike on the bottom of the lamp exactly fitting into
a hole in the bracket.

A 12-inch circular mirror was fixed directly below, tilted forward
at some angle rather less then 45° with the vertical, and having its
centre directly below the lamp hole.

When erecting the mast, the bracket and mirror were arranged so
as to be on the side towards the observer.

To use the mirror as a heliograph, all that is necessary is to direct
the sun’s rays on to the upper mirror by means of a second large mirror
on the ground, from a point where the observer’s station is visible in the
upper mirror.

Fig. 1

To
wa fds °°Serva r

C

In figure 1 the mast is shown in plan at ‘0’ and ‘m m’ represents
the mirror at the mast-head. The problem is to find a point on the
around, from which the observer’s station can beseenin the mirror m M.
First, the position ‘A’ on the ground, where one’s own reflection can be
seen in the upper mirror, is found and marked with a peg. Using a
plane-table or compass, the line ‘O B’, towards the observer, 13 then laid
out. Now, in order to send light to the observer, using the mirror m m,
clearly the source of light must be situated somewhere on the line O C,
where the angle C OA=the angle AOB This line O C can easily be
marked on the ground, and also a point found on it, from whieh th,e
horizon is visible. From this position, or very near to it, the observers
station will be visible in m m.

The procedure adopted was for the observer to shine a powerful
helio in the direction of the mast, at a prearranged time. The lamp-
man at the mast, having already found or been shown the appl:ox’mate
position from which he should see the ohserver’s station, soon picked up
the observer’s light (by the method just described). Having once see
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it, there was no further difficulty. He adjusted his ground helio at the
same place and kept the light of the sun focussed on the top mirror, as
long as required.

8. Note II.—G.T. Pillar ut Kyanatkhpo (Chanakpho).—Observa-
tions at Kyanathpo (old Chanakpho) were taken from the Hunter tower,
the instrument being 57 feet above the ground. This elevation was
necessary to observe the rays to Taungnyo and Syriam, but, in any case,
the station is surrounded by rubber plantations, and to see anything of
the country for minor triangulation or plane-table work, the surveyor
must be at least 20 feet above the ground.

A pillar of original design, of which a detailed description is
appended, was therefore built over the old minor station. The dimensions
of the pillar are shown in Fig. 3. The foundation was formed of Portland
cement concrete, and the main core of first class brick, with concrete
blocks at the four corners, reinforced with iron rods running up
through them for the whole height of the pillar. These 4 rods pass
through the flanges of two ‘H’ girders near the top and are secured to
them with nuts. The 2 girders form projections, to which a platform
can be tied very rapidly, and from which a triangulator or plane-tabler
could work easily and comfortably, the plane-table or theodolite being
entirely supported by the pillar. The centre of the pillar is hollow to
allow for the accurate centering of a theodolite over the G.T. mark
below, but the opening at the top is normally cemented over, as a pro-
tection from the weather. An arched opening at the base of the pillar
gives aceess to the mark-stone, and metal rungs form a ladder to the
top. The pillar was built entirely by Hazaribagh khalasis, the total
cq;]t of materials being Rs. 400. Fig. 2 isa photograph of the completed
pillar,
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LEVELLING

BY N. R. MazuMDAR

1. Organization.—No. 17 party was under the charge of
Lt.-Colonel V.R. Cotter, 1.a., until lst May 1927 and then under the
charge of Mr. N. R. Mazumdar up to the end of the survey year.

The field work of the party was divided between one main group
for the Haveli irrigation project, and six detachments, as given in detail
below. Field work on the Sutlej Valley project had been completed
during the previous season, so the greater part of the personnel was
diverted to the Haveli project, and this main group was at the same time
re-entitled the Commercial Levelling Group. Work in this new ares
could not be commenced until January, when the rectangulation was
sufficiently advanced, and field work continued until April. The other
detachments of the party left Mussoorie for the field in October 1926;
some returned to recess in April, but one stayed in the field until June,
which is really too late for economical work.

(a) The Commercial Levelling Group under Mr. N.R.
Mazumdar (Class II), with field headquarters at
Multin, did the following levelling :—

Secondary levelling . 813 miles
Tertiary double levelling ... e 1,140,
Tertiary single levelling ... ... 10,587

(%) No. 1 (single) detachment under Mr. I. K. Ponnappa
(U.S.S.) did 38 miles of high precision levelling in the
United Provinces and was then transferred to the
Commercial Levelling Group.

(¢) No.2 (single) detachment under Mr. L.D. Joshi (U.8.8.)
did 365 miles of high precision levelling in Sind and
the Punjab.

(4) No. 3 (single) detachment under Mr. P.B. Roy (U.8.8.)
did 422 miles of high precision levelling in Bombay.

(¢) No. 4 (single) detachment under Mr. A.A.S. Matlub
Ahmad (U.S8.8.) did 457 miles of high precision level-
ling in the United Provinces. .

(f) No. 5 (double) detachment under Mr. S.C. MukerJl
(U.8.8.) did 550 miles of secondary levelling 10 the
United Provinces and Bengal.
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(9) No. 6 (double) detachment under Mr. D.H. Luxa (Class
IT) did 111 miles of secondary levelling in Burma.
Mr. K. K. Das (U.S.8.) was in charge of the computations
at headquarters.
2. Summary.—The levelling completed consisted of:—
427 miles of high precision levelling in the
fore direction.
8541 miles of high precision levelling in the
back direction.
974 miles of secondary levelling.
11,727 miles of tertiary levelling, covering an
area of 1905 square miles.

3. Commercial Levelling Group.—This group was em-
ployed in levelling for the Haveli canal project of the Punjab
Irrigation Department. Mr. I. K. Ponnappa was in charge of the
secondary levelling detachment and completed 313 miles of levelling
with Mr. B. P. Rundev as second leveller. On completion of this work,
the detachment was employed at headquarters for computations and
preparation of charts.

The organization for tertiary levelling was as follows :—

Area in
Section In charge Ll:voéli):rs 100-acre 25-acre
rectangles rectangley
sq. miles sq. miles
1 Md. Faizul Hasan 14 42 437
2 Saiyid Nayar Hasan 12 324 317
3 Md. Ishak Khan 13 705 80
Total ... 1071 834

The tertiary levelling was carried out on the same lines as in the
Sutlej Valley project. Levelled heights were given to ground level
ab the corner stones of 25-acre and 100-acre rectangles, and alsq at
intermediate points. Main rectangles were 25 miles by 15 miles.
These were subdivided into 4 blocks, and double tertiary levelling was
ran round the sides of these blocks, conunection being made to the tops
of stones.

In previous seasons the staff had been placed divectly on the top
surface of the stones, but, as these surfaces are seldom horizontal, error
was introduced when turning the staves from fore to back. To meet
this source of error, conical brads were used this season. Plummets
were also provided for the staves. .

The rectangulation and levelling of this project were done in the
same season. As the rectangulation was not sufficiently advanced when



92 GEODETIC REPORT {Vou m.

the levellers took the field, their progress was checked: it is most desir.
able that the rectangulation should be done a season ahead of the
levelling.

The cost rate of this tertiary levelling, including the double
tertiary control for 25-acre rectangles, was as follows. The cost rate
for 100-acre rectangles would be half as much.

I
Nature of work S;.S;Rf: i Coxilr:a er Remarks
Field Rs. 487 Rs. 6°'3 Inoludes 14°/, for supervision
and instrument charges,
Recess » 8°6 w 1°1
Total Rs. 573 Rs 7°4

4. No. 1 Detachment.—This detachment under Mr. I. K.
Ponnappa was employed on high precision levelling between Dehra Din
and Mussoorie, taking temperatures at both staff and instrument. This
special levelling was undertaken to assist Dr. Hunter in his investiga-
tion into refraction errors when levelling up continuous gradients.

The probable systematic error of this levelling worked out at
+00135 feet per mile; the permissible error is +00106. The length
of the line was 19 miles, in which there is a rise of 4,500 feet. To
keep within permissible limits, the discrepancy between the fore and
back levelling at the end of the line should not exceed 0°060 feet
whereas the actual difference was 0:076 feet. If there is an undeter-
mined difference of -0001 feet between the length of the staves of the fore
and back levellers, there would be a discrepanoy of +045 between the
two levellers in the measurement of a height of 4,500 feet. Moreover,ina
short line like this, it is doubtful whether accidental error will cancel
out; the effect of these two causes might amount to - 060. To atti_nn}
high standard of precision in a short line with a large rise like this, it
appears necessary to use staves made of a material such as invar, whose
length can be very accurately determined and will remain constant.

On completion of the line, the detachment was transferred to the
Commercial Levelling Group.

5. No. 2 Detachment.—This detachment under Mr. L. D.

Joshi did the following levelling :—

(a) Tatta-Nakhtarana Mota (part of new net-line 104 Viram-

gam-Tatta). TLevelling in the fore directhn was done
from Tatta to Buhar, 66 miles; on arriving at Buh_llr
it was found that on account of the season’s heavy rain,
the Rann of Cutch, through which the line passed; W“;
flooded and impassable. The rest of the levelling o
the line was therefore postponed until the next season-
Heights of 5 primary and 57 secondary bench-marks

were determined.
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(0) Parts of line 101 A. Previous levelling over the new net-
line 101 A (Hyderabad-Sukkur) had closed with an
error of over a foot. Several parts suspected to be
weak were now revised by Mr. Joshi but the revision
has not disclosed any error. The whole Jine (168 miles)
will be relevelled during the ensuing field season. 2
Primary protected and 99 secondary bench-marks were
connected during the operation.

(¢) Amritsar-Lahore (part of line 137 Ambala to Lahore),
and Lakore to Wazirabad (part of line 136 Jhang to
Lahore). This involved 116 miles of levelling connec-
ting 16 primary and 132 secondary bench-marks;
levelling was done in the fore direction only, back
levelling will be done next season.

6. No. 3 Detachment.—This detachment under Mr. P. B, Roy
did the following levelling :—

(@) Rdjkot-Porbandar in both directions (264 miles). This
is the new net-line 152. The route was along the
Kathiawar Trunk road, the Shapur-Saradiya branch
of the Junagad State railway and the Kutiyana-Por-
bandar road. 16 primary and 161 secondary bench-
marks were connected. The fore levelling was done in
the beginning and the back levelling towards the end of
the season. The percentage of relevelment was 5°/,.

(6) Swrat-Dhilia (140 miles). This is the new net-line 113;
the route was along the road via Bardoli, Kundaiban
Pass and the Tapti Valley railway. 18 primary and
141 secondary bench-marks were connected. The fore
levelling of the line was done in 1921-22, and the back
levelling was done during the present season. The
percentage of relevelment was 43°/_, and in most cases
the new work was found correct. The discrepancies are
believed to be due to movements of bench-marks during
the five years which elapsed between the fore and back
levellings In future such a long interval should be
avoided.

(¢) Check-levelling at Nindgaon (4 miles). To give a height
to the standard bench-mark at Ahmadnagar a branch-line
was run from Poona to Ahmadnagar in 1910-11. To
strengthen the value of Ahmadnagar S.B.M., a line
was run in 1921-22 from Nindgaen via Manmad to
Ahmadnagar . it closed with an crror of 0°7 of a foot.
In 1922-28, the line was continued up to Dhond. The
circuit Poona-Ahmadnagar-Dhond had previously closed
with an error of 0-05 of a foot which confirmed the value
given to Ahmadnagar S.B.M. in 1910-11. The line
Nandgaon-Manmad-Ahmadnagar was adjusted provi-
sionally, as no check-levelling was done at Niandgaon 1n
1921-22. During this field season, check-levelling was
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carried out at that place; it was found that the bench.
mark had not altered. It is proposed to accept the
provisional adjustment and treat the line as a secon.
dary one.

7. No. 4 Detachment,—This detachment under Mr. A. A, S,
Matlub Ahmad did the following levelling :—

(a) Muttra-Cawnpore.— This is the new net-line 108. The
route was by the Mainpuri-Agra-Muttra road, and then
along the Ganges Canal. 18 primary and 272 second-
ary bench-marks were connected. The fore levelling
had been done in 1925-26, and back levelling only was
done during this season. The percentage of relevel-
ment was 7°/_.

Check-levelling at Agra showed that the S.B.M. at Agra
has sunk by 0-1 of a foot.

(b) Cawnpore-Benares—This is a part of the new net-line
119 (Cawnpore-Aurangabad). The route was along
the Grand Trunk road, crossing the Ganges over the
B.N.W. railway lineat Allahabad. 18 primary and 229
secondary bench-marks were connected. Fore levelling
had been done in 1925-26 and back levelling cnly was
done during the present season. The percentage of
relevelment was 6°/_.

Levelling at Allahabad showed that the S.B.M has sunk
by 015 of a foot.

8. No. 5 Detachment.—This simultaneous double levelling
detachment under Mr. S. C. Mukerji levelled the following lines :—

(a) Ghazidbad-Cawnpore (283 miles) via Aligarh and Tindla
along the E.I. railway line. This work was done for
the E. I. railway. 6 primary and 307 secondary bench-
marks were connected.

(6) Khulna-Madaripur (77 miles) via Alaipur to Mollahat
along the canal banks. 13 primary and 50 secondary
bench-marks were connected.

(¢) Molidhit to Barisil (97 miles) via Kachua along river
banks and roads. 10 primary and 52 secondary bench-
marks were connected.

({d) Kachud to Alaipur (62 miles) via Morelganj along the
river banks. 6 primary and 35 secondary bench-marks
were connected.

The lines (b), (¢) and (d) were done for the Government of Bengal.

(e) Hastings-Dakhineswar 11 miles
(f) Hastings-Pujali 18
(9) Levelling in Bally (Uttarpara-Uttarpara) LY

The above 3 lines were done for the Calcutta Port Trust.
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9. No. 6 Detachment.—This detachment under Mr. D. H.
Luxa who was temporarily lent by the Officer in charge, Computing
and Tidal Party, did the levelling of the following lines for the Burma
Government :—

(a) Thanatpin-Tongyi (26 miles) via Ohne partly along rail-
way line and partly along roads. 1 primary and 37
secondary bench-marks were connected.

Discrepancy with the old levelling

at 12th mile ... — 007 ft.
Discrepancy with the old levelling
at 25th mile + -014 ft.

() Ohne-Thongwa-Ohne (85 miles) via Kannyinaung-Simmi-
' naing and Kayan partly across country and partly along
the railway line. 67 secondary bench-marks were con-

nected.
10. Probable errors.—Probable errors of high precision lines

A3
were computed by the formule:—0o, = 3—SI—J; 7= /\/[?—L -a} T?]

where ¢, = Probable systematic error.
7, = Probable accidental error.
A = Discordance of the results of the fore and back levelling
between consecutive bench-marks.
S = Total discordance.
r = Distance between consecutive bench-marks.
L = Total distance.
These are given below in foot and mile units :—

i Probable Probable
Line accidental error | systematic error
Seet Seet

614  Dehra Diin-Mussoorie £ -00278 + 00185
}13 Dhilia-Surat 4 00320 + 00047
152 Porbandar-Rajkot £ -00298 + +00022
108 Muttra-Cawnpore + 00316 + 00061
19 Cawnpore.Benares + 00289 £ 000

Permissible probable accidental and systematic errors are + 01416
nd 400106 feet respectively. For remarks regarding the large
Systematic error in the Dehra Din-Mussoorie line vide § 4.

Probable errors of secondary levelling were computed by the for-

mula; — —1 JA?
. P-e.—a—/\/__
L.

These are given below in foot and mile units :—
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Detachment Line Probable errer
No. 5 Dett. Gbaziabad-Cawnpore .., + 002D
" Bally (Uttarpara-Uttarpara) v &+ 0027
w o Hastings-Dakhineswar ... & 0016
" Hastings-Pujali + 10022
” Khulna-Madaripur .. =+ -0018
. Mollahat-Barisal + 0031
» Kachui-Alaipur %0031
No. 6 Dett. Thanatpin-Tongyi + 0081
" Obne-Thongwa-Ohne ... % -0033
C.L. Group, [ Garhmahiraja-Damimia % +0042
" Damamia-Abharbelid " +-0036
” Rangpur-Muzaffargarh ... %0041
" Muzaffargarh-Basti Malik ++0069
" Shujabad Sabuwali & °0038
" Basti Malik-Kabirwala ... & 0088
" Aharbela-Multin + 0036

11. Pamphlets.—No levelling pamphlets were published during
the year but Nos. 39 and 41 and addendum slips for Nos. 35 and 40 are
under publication. Secondary line 90 B situated in degree sheets 85L
and P was published.

12. Closure of circuits.—The new net circuit Agra-Hathrss-
Bareilly-Sitapur-Lucknow-Agra was completed during the year; 1t closed
with an error of 0125 of a foot in 527 miles.

A chain of new levelling from the referring bench-mark of Kidder-
pore Tidal Observatory to that of Karachi Tidal Observatory was also
completed by the shortest route via Aurangfibid-Benq.reS-C&W“PO.'el;
Muttra-Ajmer-Marwir Pali, Barmer and Kotri. This line closed.Wlt
an error of — 1803 feet in 1663 miles between the old accepted heights
above M.S.L. of the two referring bench-marks. In page 113 G.1
Vol. XIX it was explained that differences like these are no Pr°°fd°
differences of level of Bay of Bengal and Arabian Sea, but 8re “;
minly to levellinz errors.  The difference is a large one, bat, "lt’h“%d
the present levelling is of a higher degree of precision than tht‘:d: ,
levelling, it is premature yet to torm any conclusion from it. Accidel
tal error in a long line like this will have little effect and the sy stemstd
error per mile is therefore + 00109 feet, which is rather large.

13, Progress of the new level net.—A list of new level e
lines with the mileages completed is given in Table 1.

14. Bench-marks.—It has recently been decided that @hedsur::z
of India can only be responsible for the maintenance of a limite I;um
her of banch-marks. Abont 1,000 reliable existing bench-marks our
been selected and torimel Primary Protected Bench-Marks. They Olcl be
at intervals of ahout 50 miles along all lines. Their nllmbers wi 0
alded to every year. The Survey of India will maintain these ben of
marks, but will leave all others for the local authorities to maintait
not, as they wish.

Table 2 gives a list of these so far selected .
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TABLE 1.—Lines forming new level net of India as completed up to

1927
Miles
Igg'e Name of line cg:::lg]l:::lt]ad Remarks
lines
101 | Karachi-Khanpur (1920-23 & 24-26) 634
102 | Khanpur-Marwar Pali (1921-22 & 23-25) 363
104 | Viramgam-Tatta (1921-22 & 23.-24) 847 Portion Nakhtarina-
Tatta not yet doue.
105 | Khinpur-Jhang (191415, 21-22 & 23-24) 2535
106 | Jhang-Muttra (1916-16) 592 Portion Delhi-Muttra
not. yet done,
107 | Muttra-Marwar Pali (1920-21) 323
108 | Muttra-Cawnpore (1925-27) 210
109 | Cawnpore-Bhopil (1917-18) 143 Portion Jhinsi-Bhopall
uct yet done.
113 | Surat-Dhilia (1921-22 & 26-27) 140
118 | Raipur-Aurangabad (1916-17) 60 Portion Raipar-Dal-
tonganj not yet. done.
119 | Cawnpore-Aurangabad (1914-15 & 25-27) 308
120 | Aurangabad-Calentta (1913-15 & 16-18) 334
131A | Midnapore-Raniganj (1924-26) 105
137 | Lahore-Ambila (1919-20) 88 Portions Lnhore-Amit.
sar & Ludhiana-Am-
bala not yet done
138 | Ambala-Delhi (1915-16) 122
140 Muttra-Bareilly (1914-15) 107 Portion Muttra-Hath-
ras not yet done.
141 | Bareiily-Ramnagar (1919-20) 102 Portion Sitapur-Ram-
nagar not yet done.
142 Cawnpore-Rimnagar (1915-16) 51 Portion  Lucknow-
Rimpagar not yet
done.
15"0 Kotri-Barmer (192 4-26) 210
131 | Raniganj-Dinajpur (1924-26) 239
152 Rajkot-Porbandar (1926-27) 132
153 Delhi-Bareilly (1914-15) 134 Portion Delhi-Meerut
not yet done.
Total 4999
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TABLE 2.— List of Primary Protected Bench-Marks

ll%g';ie No. of bench-mark D:i]ge]:: No. of bench-mark
347 |21 43¢ |1, 2,85, 8, 52, 91
34N |8 43D |1, 49, 44, 49, 51, 78, 101
340 |21, 96 43F |11
35L |1 43G |57, 96, 128
35M |3,4,56,22,23 _.,28, .59 111 431 |16, 35
@D 43 | 120
35N |1, 2,59, 84 43K |10
35P |3,12, 67,102, 109, 111,114, 119, | 43L | 48, 72, 87
160, 182 430 | 58,117
38L |14 43P |15, 21
38N |43 44A |6, 36, 71,172
38P |[1,9, 12,15 44B |19, 50
39D |6, 23, 56 44C |3, 6,12, 41
39H |1, 4,53, 69 71, 98,,.,, 103 44T |12, 26, 46, 52, 57, 95
@D U | gk |2, 3,17, 32, 36, 45, 80, 96, 148
391 |1, 2,18 44G |40
39J 12 4,5 6,16 44H |15
(3) 441 | 686,139, 151, 175
39K |5 7 443 | 5, 42, 57, 98, 115, 165, 170, 218
3L |3,56,7.8,9 11,15, 29, 53, 68, | 44K |5. 44,061, 66
87,93 44M |5, 34, 65
30M |1.2 3, 4,5 8 12 44N |15, 20
3UN | 2,3, 34,51, 147 1y 161 440 |19, 62
() 45C |15, 33
390 12,3, 4,57, 61,86, 116, 178 ,,,, 45D |84
179 D' ysw |1, 46
39P |11 458 |52
40A [ 78, B3, 84, 85, 86, 100, 101, 227, 45G 1, 17
228 5H | 14
40C | 143,152, 161, 187, 297 10y 43 | 28,90
366, » 473 { 45N |17, 55
() 46A | 1,12, 26, 52, 95, 103,
40D | 1.3, 6.18, 29, 36, 59
140G | 95, 147, 148, 202, 203, 210 468 | 1,4,12
JOH 9 480 21. 70
40l = 46D | 32,45
40T |3 46F |53, 111, 118
40K |12, 41, 49 446G |18
10N |24 461 |44, 66,107, 113
100 | 23, 86, 222 46N |10, 40, 83
41A |11, 14, 15, 16 460 |16
#1E |37, 52 4, 86, 62,107, 114, 120,, 46P | 26, 34, 48
125+ ‘ 47A 29
51,52, & ‘ 2,9, 2
4IF |29, 60. 51, 52, 5914y 6111 3 i;g‘ :;[ , 23
411G |32 L a7P |43, 53, 55, 64, T4. 92
411 | 25,27.33,42 44, o . 52 Jo471 14, 40
sy Haz) P oy Gy 3 Tsr, sez, 257 gy
5 , 64 i
Tt %y | a7k | 36,75, 94121
43 |56,94 ..., 136 . 471, | 23, 108, 153
(78 ) SN |36
41K 3, 73. 97 47 10, 50, 163
41M 9 7P 14, 56
41N 15,08, 83 ..., 103 486 | 4,7, 21, 22
(36) 481 | 23, a7, 96, 127
410|747 487 45, 57, 59
ar s 6 481, |26
e
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TPABLE 2.—List of Primary Protected Bench-Marks—(contd.)

l:i%‘;e No. of bench-mark D;;‘ileie No. of benclhi-mark
48M |1, 41, 42, 43 577 14, 63
48P | 47,102 57L |3, 45,100, 115
49M | 17,19, 20 5™ |77
52D |53 57N | 39,88, 118,125
538 [ 67, 78,001, 113, 5y , 135 570 |1, 5. 38, 109
(22)" 77(19) 57P |9, 2366
53C |37, 68 58B | 38, 106, 107
53D |32 38C | 4,5
538 |29 581 | 12, 36, 50, 69, 101
53F |17, 40 5810 |23
53G |19, 27, 41, 49, 63, 102, 156 58G |12, 31
53H | 83, 84, 214, 218, 375 ., , 409 581 | 22.79, 80
@) 581 | 29
53] |6,9 11,57 83 585 | 832,125
83K |47, 100 56K | 2. 3,8, 5,18, 22, 40. 53
53L |50, 93. 179 581 |9
n30 | 26 58M | 6, 17. 60
53P |31, 57, 126, 129, 142, 186, 305 58N |1, 7,10, 15. 19, 21, 39, 82, 83, 91,
544 |5 95, 98, 107
548 |31, 43 530 | G, 10, 24, 27, 29, 30, 34, 46, 47, 48
54E | 25, 137, 154 62D | 3.16, 24. 63, 77
54F |4 63A |13, 14 19, 26, 151, 208, 233, 247
546 | 4 658 | G4, 96, 168, 216
B4H |6, 8, 11,13, 23 63c (19
541 |7, 42, 61, 124, 162,181, 183 63 | 41, 56
54 |10, 81 63F | 15,19, 31, 43, 81, 95 102, 107
54K |51 63G |55, 71, 81, 247 .
54L | 34, 49, 104 (51
54M | 11,107,136 4, 63H | 49, 70, 86
(35) 631 | 18. 24, 26, 35, 48, 64, 65, 82
54N [ 9.19, 192 63K |9, 58, 96, 174, 209
540 | 2,5 63M |2 10,12
B3A |2 63N |9, 19, 21, 32, 39, 57, 61, 71
5D |4 630 |8, 18, 86. 51, 58, 69, 66, 94, 122
5B |9, 23, 27, 34 G4A | 96, 187, 157
55H | 3,63, 70 64C | 12,31, 72
551 32, 34 6415 13, 79
55L |19, 44, €8 64F | 48
55M | 9,40, 104 64G |75
55N 12,46 64H |18
650 | 101, 148 64J |1, 13, 33,58, 92
S6C |1 640 |58, 84
56D |32 65D | 54, 53, 98, 163
56G | 41.58 G5H 17, 28
56H 19 30,32 53, 74 6h1 6, 7. 17, 26, 29
661( 4, 43 654 39
56T 17, 25 65K | 40, 44
56K 17, 06, 103, 106 651 |28, 24.35
860 15, 62, 79 85N 5. 34, 561, 131
g‘;g 1 650 | 21, 24, 29, 30, 61, 71
6,7 i, G5
e 2:“‘125’ o6 66A G4, 6b (20)
51 13,9 660 | 26. 28, 39, 64
5T0 19, 28 7oA |5, 10, 36, b1
MR 11,73 T2l |4, 18,25 30
SIT |15 720 |3.7
?7(% Y1, 5,06 77,78 72D 31.100, 132
oTil | 21 79T | 8,16, 45. 49,52, 68, %6, 8. 123, 143
L R T R 726 | 14,20, 97 4,
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TABLE 2.—Lust of Primary Prolecied Bench-Marks— (concld,)

'1%3;? No. of bench-mark Egi‘:e No. of bench-mark
72H | 37,45 79F |16
723 11. 40, 46, 51 791 38, 70, 77
72K |9 79J 33
72N [1.6 79M | 6,17, 33
720 |15, 26, 156, 177 79N | 1,12, 33,58
72P |37 83B | 14,65
73A | 41,53 83D | 2,621, 72, 84, 107, 111
73B 6 83F | 40
73D | 15, 82 831 69
73E |17, 124 83J 52,58
73F | 19,72 83P |8
73H | 43, 177.194 84L |19, 61
731 22, 122 84M |8, 40
73K |78 84N |15, 31,170, 172
73L | 45, 47. 48. 84 840 1.15
73M | 35, 115, 128, 236 84P |12, 40, 67
730 | 4, 26, 35, 45, 54 8s5L |10
T4A 53 83M | 16
74B 18, 44 85N | 1, 20, 41, 104
74E | 20,35 8350 | 34.176, 311, 339
788 | 7,18, 29, 33, 42, 87 857 | 4,135
78C | 51, 86, 99, 118, 135, 155(,~ 92C |6
) 920 |28
73D | 39,94, 147,154 160,181,198, 12.| 92G |18
220, 229, 242, 251 93B |2
78F | 40, 4¢ 93C | 18. 68
78G 14, 41 93D | 31,90
78K 4 93H |1
8L 4, %2 94A |4, 64
78N ‘106 94B | 5, 32. 85, 90
730 {62,109 94C | 32, 159
73P | 8,18, 36, 43, 46, 85 94D | 15, 17,18, 32
794 | 40,135, 147, 167, 178, 197, 204, | 94G |9
212, 228, 263 94H |21, 22,24, 37,105 10
79B |7, 368, 468, 536, 647 951 |1
T0E |4, 52,67, 75. 84, 102, 120, 130,

170, 178, 189
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TABLE 4.—Check-levelling

Discrepancies between the old and new heights of bench-marks

Differenc
(checkl—
[ X
Observed height above (+) or Trlgi:ing)n
below (-) starting bench-mark, +denotes

4

Bench-marks of the original levelling that

g
1
. a2
were connected for check-levelling o 88 determined by that the
g height
24 LY
-0 greater
88 and the
37 | pateot Check. [tlimis
No. Degree iption k] M Original velli ’ '
sheet Descriptio A |ieve 1:1:; levelling ]elozt}fgf :’)l:?:il‘l':l‘fy
lovelled
lmiles‘ ‘ JSeet | Seet l Jeet
Line 104 (Viramgam-Tatta) at Tatta
1924-26
183/ 35 P | S.B.M. .| 0:0[1925-26 0:000 0°000 | 0:000
185| ,, | Stone prism .| 0:0 " — 0-791 |- 0-792 (-0-001
w4 " . 0.0 " — 0:749 |- 0-749 | 0-000
183 , | Iron bolt 0.0 " + 0-119 |+ 0-097 |-0-022
G.T.S.
186 ,. O at Maklihills ...| 0:2 " + 8-272 |+ 8-273 [+0-001
(68) B.M.
G.T.S.
181, O . w.| 0-2 w |+ 6:594 |+ 6-590 |-0-004
(73) B.M.
187, ,, | Bridge v | 04 w  |—19-878 [—19-877 |+0-001
(69)
188 . " w | 13 . —-24-385 | —34.396 [-0°011
189 . | 8tep w| 20 , |-17-188 |—17.151 [-0-013
(70)
190! ,. ! Hospital Wl o241 " —18:858 |-18-874 |-0-018

Line 137 (Lahore-Ambala) at Amritsar

136 ,, , Pavement

139. 441 | Interred i 0.0 | 1909.10 0-000 0-000 | 0-000
142, - Gate ' 1.0 ,, [+ 4-699 [+ 4-693 |—0.008
131: ,, | Mark stoue ’ 32 N + 2:063 |+ 2:045 |—0-008
138, | Bridge P15 |- 1:252 |- 1-243 | #0:009
137" ,, | Pedestal b og.] . - 0-942 |- 1:004 |=0-062
: 33| . |-117|- 1'176}‘—-0'059

|

Line 137 (Lahore-Ambila) at Lahore

66| 44 I | Standard 0-0 | 1913-14| 0:010 | 0-000 0-00(7)
641 | Step 0-1 w |- 1-438 |~ 1-483 —0'04s
630 . | Doorway 0-2 " - 0:197 |- 0-235 '0'_030
74 . | Ioterred 76 w |- 8735 | 5765 |-0-0)
B, " 81 . |- 5-293 |- 5-326 —0'033
72| " 8-7 w |- 4874 (- 4916 —0'06
kol . 92| . |- 3137]|- 3173|-0®
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TABLE 4.—Check-levelling—(contd.)
Discrepancies between the old and new heights of bench-marks

Diﬂereuce‘
W (c_hgckl-)
A . original).
- . Observed height above (+) or | The si
Benob-marks of the original levelling that 7 = . £gn
en;erglgzn::ccted for check-levelling gi below (ns)dit&?;:lifleb;rll);h'm“k' ':g:;“zﬁzs
g8 height
99 was
“‘g greater
8o and the
57 | vateot Check. [in 102657
Degree - o ate o Originnl ect- 1o -
No. Deseription = 1 ; levell than wh,
> | shoet . A | Tovelling | levelling | 999637 |originally
levelled
’miles‘ ’ feet l Seet | Seet
Line 136 (Jhang-Lahore) at Wazirdbad
48 {43 L | Interred we | 0.0 1922 0003 0:000 | 0-000
47| , |Cuwb 1.2 w |+ 4-849 |+ 4-836 |-0-014
6| , leel 1-7 " + 4870 |+ 4°'885 [+0-013
4| Abutment 2.1 " +14-991 | +14:992 | +0:001
Line 152 (Rdjkot- Porbandar) at Rdjkot
1921-22
76| 41J | Standard at Rajkot w. | 0:00 |1923-24 0-000 0.000 | 0-000
71| , | Boundary pillar v | 0-32 " —17-556 |—17-662 |—0-006
(94 » | (Type C) at Rajkot 0-64 . |—23-625 |—23-618 |+0.007
78)
(493 ” Clock tower Rajkot 0-17 " - 7-682 |— 7-586 |—0-004
2)
(92 w | (Type B) at Riijkot 0-46 " -19.089 |—19 087 |+0-002
75)
Q. 7.8,
8 O at Carnegie fountain | 0-52 " —15.955 |—15-953 | +0-002
(74) BM,
G.T.8.
8 O at museum 0-8l1 " - 9.266 |~ 9-267 |~0-001
(73) B.M.
G.T.8.
88 O at telegraph office ... | 0-87 ., |—10:341 |—10-341 | 0-000
(72) B.M.
G.1.8.
89}, O at high school 1-00 . |-10-348 |[—10-348 | 0-000
(40) B.M.
?0 v | O at Rijknmir college [ 1-48 | ,, [+ 0-564 |+ 0:570 [+0-006
1) .18,
unl , | o " " 1-51 w |+ 1-585 [+ 1-588 |+0.003
41 BM,
Line 152 (Rajkot-Porbandar) at Porbandar
T 1898-
41’ 41 G [G1"8.0B.M. at sen wall{ 0-00 | 1902 0-000 0.000 | 0-000
G.T.S,
“| “ B.M. B at sea wall 0-46 " +11-280 [+11-212 |-0-018
‘ O
% | ,, |G.T8.B.M.C.at Tidal obs-
— o ervatory 0-65 " + 1-341 [+ 1-338 |-0:003
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TABLE 4.—Check-levelling—(contd.)
Discrepancies between the old and new heights of bench-marks

[Vor. m,

Difference
to (c!:epkl—
el jerh original).

Bench-inarks of the original levelliu.g that 5_., b(g}zjs:’rz'id) ‘;f;f;i]t]g’]fevnec{:;]l“ﬁ' -;-ltllleenrgel:;
were connected for check-levelling 5 4 us determined by that

HE height

£ wos

o8 grenter

S and the
2% | Date of Check: ot
3 e i eck- | in 1926.27

N Degree - & original Onglpal levelli i

No. [“iheet Description & le:ellzng levelling 15296_;718 or;t;x;l;]e;
levelled

‘milesl ' Seet I JSeet | Jeet

Line 334 (Nandgaon- Ahmadnagar) at Nandgaon

44 ‘\ 46 L | Type B at Nandgaon R.S. | 0:00 | 1921.22 0°'000 0.000 | 0 000

* G.T.S.

151‘; " " " » | 0:16 " + 0:874 [+ 0-878 [-0-001

' B.M.

150/ » ¥ ” 1.B.| 016 " + 0-437 [+ 0-438 |+0:001

' G.T.S. 78
|52| " O onhridge, T.P. 15 | 1-36 1926.27 -26-069

! B.M. >

! la 1.8, 179
8 , O " i3 | 2°26 [ 1921-22 | _ 2.369 |~ 2389 |-0:020

i RIR:

\ .

153, ,, [B.OM. ” w 2201321 192697 | .. |—22°925

’ G.T.s, 181
87 » | O " v 211371 [1921-22 |~ 40510 |--40-506 |4+0:004

i | B.M

| ‘ [ i R B

Line 113 (Surat. Dhalia) at Dhilia
107 46 L | Standard at Dhilia 0-00 | 1877-78| 0.000 | 0-000 | 0.000

; 1G.T.5. 1883-84 0
147\ 4 | O atschool 0.26 " - 5:482 |~ 5:491 |-0-00¢
(1v8): { B.M.

1481 ! » at clock tower 0-53 , - 92.962 |- 2.976 |-0-014
|jm.e): |
el . | . atCircle Inspector’s

! office ...10-66 . + 92.9246 |+ 2-240 |—0-008
1o , at Marathi echool ... | 0-85 “ +11.279 | +11-272 |-0:007
T » on bridge near M.S,

’ 211 1-01 " + 8-G28 |+ 8-G34 |+0-006
6. . on M8 5% 1121 . +12-046 | 4 12-040 |—0:006
lll| " w on rock near bridge

No. 68 206 ., +37:-563 |4+37-n08 —0-00-?
4o » on bridge 68 2.08 N +42.140 |+ 42:074 |—0:075
(73) I
112 " »w on rock near level 6
crossing 2.57 . +G3-666 |+63:650 | =001
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DifferenceF
br (c!le.ckl—)
a . origina.
- . pe] Observed height nbove (+) or The sign
Benel-marks of the original levelling that = s . h _ ;
were comected for check-levelling ..3-5 below (“ )dzz";;';:]’i‘ﬁel&eggh mark, -it-g::’lcéﬁs
gh height
[=] w
-:'tg grentser
82 and the
| 57 | pateot Chock. |'m 1528.97]
. | Degree s 4 ate o Original eck- |in 1926-
N Descript 2 iginal- -elli levell tl h
> | sheet pron 2 |levelling | levelling | “SeEe loriginally
levelled
|milesl ‘ Jeet l Seet i JSeet
Line 113 (Surat-Dhalia) at Surat
70 | 46 C | Standard at Surat v | 0-00 | 1875-78 0 000 0-000]; 0000
76 G.T.8.
65| . O at high sclool 0-16 » — 8-840|- 8-831]+0-009
B.M.
68 " ,, at Jhaveri institute 0-24 " - 3-665/- 38-667-0-002
67 ,» at fumale hospital 0-52 " - 2:236/- 2-238[-0-002
7
(gﬁ) " ., at reservoir 0-70 " + 2-524{+ 2-508/—0°-016
8
46) . ,» ab clock tower w115 . ]— 3077 - 3-097—0-020
;55 " ,» at Parekh dispensary 1-18 " - 1-339/- 1-341{—0 002
9
(45)| . ot dharmsale 1-85 . |- 1-457(- 1-562|-0°105
80
(gf{) " « at platform of SuratR.S. 2-03 o '+ 15°174/+ 15-472/+0°298
(64 , | Type B at Surat R.S. 2:04 , + 14029/ + 13-978-0-051
Line 108 (Muttra-Cawnpore) at Muttra
25|64 E | S.B.M. at Muttra 0.-00 11912-13 0-000 0-000 0-000
40\ ,, | Sessions jndge’s court 0-04 " + 2.035 |+ 2-033 [—-0-002
211 ., | Culvert ..10-85 " + 5-GRO |+ 5-681 |+0-001
0, Platform of Muttra Cantt,
R.S. 1-45 'y +13:527 {+13-530 |+0-003
19 | B M. ot " 151 L 1+13.735 |+13:694 |—0.041
22, | Water trongh l2as| L +13-520 |+13-512 [—0.008
24|, | Platform of MuttraJn.R.S. | 2.91 .,  |+21-583 |+21-565 |—0-018
Line 108 (Muttra-Cawnpore) at Cawnpore
o .
28| 63 B | Ii.BM. at Cawnpore 0-00 868610 g.000 | 0-000 | 0-000
©1915-16
62| ) Bdward memorinl hall .| 0:27 ' . | +7-108 |+ 7-106 |-0-003
1831 | | Queen Victoria's statue ... | 0-39 ; . +7°655 [+ 7-638 | +0-003
164, Curiency office 0-81 " —1-143 |- 1.145 ; 0-000
1650 | Christ. ehureh Los! 0 | Z1-435 |— 1431 |+0-004
}W " Ix Engineer’s oftice 1'.':6I " ~0.6R0 |- (1>67‘__2 + 0008
681 .. |S.B.M.at Cawnpore 1-69 ” |' -0-023 |- 0-015 ‘+0'008
|
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TABLE 4.—Check-levelling—(contd.)

[Vou. m,

Discrepancies between the old and new heights of bench-marks

Differen
1 Sy
. . - d h original),
Bench.miarks of the original levelling that E 12‘,’:;’(" ) ag:&g:‘l’g{‘:ﬁt&nﬂ he aign
were connected for check.levelling i a8 determined by ':lll‘l::lttliel
]
g E eight
B -] was
~a greator
o ) T T 3§ and the
; g Date of Cheok- |13 Hzﬁlgl
Demo - L Original - .
No, , Description A original levelling [than wh
i sheet ' a levelling levelling 192627 | originally
‘ levelled
- ——
l miles l Seet | Seet l Seet

Line 119 (Cawnpore-Aurangabid) at Benares

87 63 K| At monument 0.00 | 1863-65 0:000 0:000 | 0000
891 ., | Atwel 0-56 w  |— 1204 [~ 1-098 |+0°108
73| 63 O | At junction of roads 0.82 }g};llg) —11-431 |-11-349 | + 0-082
74% . | E.B.M. at Benares 1-68| , |-16-725 |—16-610 [+0-115
94, 63 K | At bridge 0-38 | 1863.65 |— 1-983 |~ 1-88] |+0-103
9 , | At wel 0-77 . |+ 1-9%0 |+ 2-099 |+0-119
9% S.B.M. at Benares 0-80 " + 1.828 |+ 1.820 (40:092
Line 64 I (Ghiziabdad.Cawnpore) at Ghaziabad
. | .
192 $3H | Trpe B at mile Delhi 10...; 0- 0 | 1866-671 9 900 | 0-000 | 0000
1l
191 .. Toll bar house . l 0-0 " + 3:715 |+ 5-694 [+1.979
190 Road brldge No.1/382 ... 0- 6 " + 4-631 [+ 6-614 [+1:983
159 ' . 0- 7| . |+16-535 [+18-508 |+1:088
188 | . 4 1.8 " + 8-896 |+10-877 [+1:081
187 'Cuhert 16 " +13-358 |+15 934 |+1-976
T BM. ‘
19 83 H ‘ = at bridge | 0:00 [1912-13| 0-000 0-000 | 0-000
i R.L.675-64 j
3TS | .
191 O on stone flooring ... ' 0-52 " — 0916 [~ 0-919 [=0°003
; B | 1-962Y
109! Type B at toll bar 1 067 " — 4°691 (- 6:613 |
i G 1.8 ! § .
189 O at hridge [ 0-12 ., l+11-894 |+ 11807 |+0:003
B T
G 1.8 : i )
188 . | . 068 , |+ 4265 |+ 1262|000
BM. ‘ .
187 .. QO on culvert 1 1-03 " 4+ 8727 |+ 8:723 |-
BM. : i
- L

® Destroyed,
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TABLE 4.—Check-levelling— (contd.)
Discrepancies between the old and new heights of bench-marks

Diﬁerencel
g; (cll:;ckl—)
o . original).
Benoh-marks of the original levelling that E bg};;e?_e;i:::ﬁm:gg;:}s;l)n:; Tge sign
wore connected for check-levelling 4 os determined by , thne.lé?lf:
Eg bheight
bf’ wuter
eh
S8 and the !u
3 Date of Check. |i83008%7
No, | Dekree Description & eina Original | o0 0hing |than wh
sheet P ) g?&?:}, levelling | '9roling then when
levelled
, milesl ' Seet I Seet | Seet
Line 64 I (Ghaziabad-Cawnpore) at Aligarh
71641 |8.B.M. at Aligarh .| 0-00 | 1861-62 0:000 0-000 0-000
G.T.S.
4, O at distant signal 0-54 " +0:242 [ +0-223 [-0-019
B.M.
G.T.s.
6 O on brick flooring ... | 0-50 " -5:858 | -5-878 | -0:020
B.M.
G.T.8.
69, O oa flooring 0:76 [ 1915-16 | --5-890 | -5-897 |—0-007
BM
1| , |Stone bench-mark 1.-03 | 1861-63| -7-018 | —=%7:018 ! 0-000
Line 64 I (@Qhaziabad- Cawnpore) at Hathraz
4| 541 Type A ot Hathras Road 0-:00 {1914-15 0-000 0000 0-000
» |G.T.S8.
3 O on platform 0-50 | 1905-06 |+ 26-129 [+26-103 |-0:026
B.M.

P3|, . at distant signal 1-18 | 1914-15 | +12-418 |+ 12-421 |+ 0-003
A gfiso on stone prism 1:80 | 1905.06 |+ 7-578 |+ 7-584 |+0-006
Line 77 8 (Khulna-Midaripur) at Khulna
3 | 79 F | Type A at Khulna 0-00 | 1921.22| ©0-0v0{ ©0:000| 0-000

G.T.8.
0| , | O onstep loo08| , |+ 5-224 |+ 5200 [-0-015
B.M.
iy, 0-08 " + 3505 [+ 3-4%0 |[-0:025
@ . " 0-23 . + 5-605 |+ B-601 |—1t1:004
“| . | O onstone 0-28 | . |+ 4-250 [+ 4-244 |=0°006
| G.T 8. a
8] , | O onstep 0-32| . |+ 6821 [+ 6.802 [—0-0)
— B.M,
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TABLE 4.— Check-levelling—(contd.)
Discrepancies between the old and new heights of bench-marks

‘ Differenc

& (eh;ickJ)

Origin

< height

Rench-marks of the original levelling that 5 ﬁ?gg’(f‘} s:;&;‘;in;bl?::c](:n)m:;, 3‘30 nai%-n
were connected for check-levelling = s determined by th:t‘:h‘:

g E height

° wi

o greater

T T T g_g and the
2 t Check. | 1 ]

n i & ate of | original eck-

No. s?x?eete Description a lzl“'leSmu.l lovelling 191342351.121;2 ?rl;;l:nl;le;l
levelled

Imiles‘ l feet , JSeet l Seet

Line77 S (Khulna Madaripur) at Madaripur
751 791 [ Type B at Madaripur 0-00 | 1912-13 0-000 0:000 | 0-000
G.T.S.
74 . O at verandah 0 06 " + 5'016 [+ 5-009 |-0-007
B.M. :

72 " B.OM. on zinc plate 4-98 " + 0-261 |+ 0-272 [+0-011
70 | , |Type B at Kunia 8-48 w |- 2-993 |- 2-993 | 0-000
Line 77 T (Mollahit- Barisil) at Barisil

! |
33 179 J | S.B.M, at Bari~al 0-00 {1912-13 0000 0.000 | 0°000
2 » [ Type B n 0-13 " - 5:798 |- 5-798 | 0-000
 G.L.S.
28¢ ,, ' O onstep 024 " - 2.911 |~ 2.969 |~0-058
B.M.
29 " wooom 0-28 " - 1:060 |- 1-171 |=0-111
01 .o 0-31 n |= 1.644 |- 2370 |-0-726
32 X} 'y ] ”" 040 ”» - 1'757 - 1'771 —0'0}4
31 . ,» ot verandah 0-43 . - 2:600 |- 2-635 |-0°033
W, ;. oostep 0-64 w |- 0-686 |~ 0-749 |~0-083
35 R A 077 » — 0-483 [ - 0-697 |—0-314
Line 88 G (Thanatpin-Tongyi) at Thanatpin
| A.T.8,
37 l 94 C O ot Thanatpin 0-00 }1909-10 0000 0-000 | 0-000
| 13. M.
35; « |, onculvert 0-03 " + 1:966 |+ 1-947 |-0-019
(01 - iE.B..\I. at Thanatpin 0-17 |1912-13.14| = 2.887 |- 2:886 |+0°001
! ——'_J_——-
Line 88 G (Thanatpm Tongyt) at Tongyt
10 94C  E.BM at Tongyi R.8 ' 0.00 | 1909-10{ 0-000 | 0-000 | 0-000
QTS % | j
11° , { O onbridgeNo. 37 ... 0-29 | -~ 1-262 |- 1-194 {+0:068
' B. M. |
9 " i " " w 36 ..|0-251 " —~ 1-433 [~ 1:376 ‘+0 056
8. " »w 35 ...11:08 ‘I . = 0-827 \- 0-758 | +0-069
| e
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Discrepancies between the old and new heights of bench-marks

Difference|
0 (check—
Bz bOll:ser\(red) height al;’ove +) or "Jll‘igi“'])'
h-marks of the original levelling that elow (—) starting bench-mark, 8 8ign
Bensverl:?:onnected Iorgcheck-levelligg EM a8 determined by +denotes
| that the
BE height
) s
~o reuter
3§ Endutha
g Date of Check- 15 1ot 07
. |Degree . e @ ate o Original o 10 -27
No. Description B 1 . leveliin th 1
° | sheet r S| reveiing | e | o002 | originaliy
levelled
| miles l I Jeet { Seet l feet
Line 55 I (Qarhmahirdjo-Damamia) at Garkmahdraja
160| 39 N [ E.B.M, at Garhmaharija 0-00{ 1925-26 0-000 0:000 | 0:000
2391 " ,, Haveli Qureshi 4-65 " + 2:734 1+ 2-728 [—0-006
40| ,, | B.OM. at plinth of school | 4-72 " + 5-381 |+ 5-374 |-0.007
%4l B.OM. at verandah . 4-75 " + 5-356 |+ 5-349 |-0-007
42|, 1.4, M, at Kot Bahadur Shah|11-20 " + 9:893 |+ 9-829 |—0 044
23 ., |B.OQM.onrectangualar pillar| 1425 " + 6789 |+ 6:628 [-0-161
244 ,, | B.O.M. on stone pilar 16-91 " + 78756 |+ 7-669 (—0-206
25| ,, | LK.B.M. at Doulwana ..|16-99 " + 6-142 |+ 5:924 |-0-218
46| ,, | B.OM.onrectangular pillar{23-19 " + 0772 |+ 0-589 |-0-183
Line 55 I (Qarhmahardja-Damamia) at Shorkot
9% ! 44 B | I. B,M. at Damamia 0-00 [ 1919-20 0-000 0:-000 | 0-000
G.T.8.
9 O on parapet 2-43 . - 0-779 |~ 0-836 |—0-057
B M.
G.1.8.
% O atR.O. 2-69 N — 1:365 |- 1-356 {+0-009
B.M.
87| ,, | Onstone 3.17 ' - 1.%02 |— 1701 (+0:001
Line 55 J (Damdamii-Aharbeld) at Aharbeld
27|39 N | E.B.M. at Aharbeli 0-00 [1925-26 0-000 0-000 0-000
28| . [ B.OM.on masonry pillar | 4-03 w |+ 4-862 |+ 4-865 |+0:003
G.1.8.
28| O on traverse pillar | 2-54 ” + 1-085 [+ 1'140 [+0-055
B.M.
28| | | B.OM. on culvert 0-80 , |+ 5895 |+ 5-913 |+0-018
Line 55 L (Rangpur-Muzaffargarh) at Rangpur
24| 39N | E.B.M. at Rangpur 0-00 [1925-20 0-000 0-000 0-000
G.T.8,
23 O on bridge 0-01 . |+ 2-218 [+ 2-220 |+ 0-002
B.M.
211 | | B.OM. at school 0-18 w |+ 1:015 [+ 1-919 [+0.004
G138,
20|, O on bridge 053] . |+ 5:026 |+ 5-010 [-0.0.7
B.M,
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TABLE 4.— Check-levelling— (contd.)
Discrepancies between the old and new heights of bench-marks

Diﬂerene%
9 cighsh
] . 0‘ nal).|
Bench-marks of the original levelling that g b(e)ll‘))s;ver(v_e? ;’f‘.ﬂ?ﬁ guli)c;;% ]g .ql. n)u:f: ' +l 3:::5;
were connected for check-levelling "'E as determined by that the
<] height
2.4 wag
- =0 greater
§§ and tlhe
9ign - lesg
8 Check- |[j
Degree ' e a Daote of Original A in 1026 27
No. - = i ! levelling
| sheet | Description A | gl | revelling | gzea7 [‘haben
| levelled
’milesl ) feet ' Seet ’ Jeet
Line 55 L ( Rangpur-Muzaffargarh) at Muzafforgarh
124 | 39 N | E.B.M. at Engineer’s office| 0-00 | 1912-13 0-000 0000 | 0-000
G.T.5.
1221 O on bridge . l119 .|+ 9-057 |+ 9-045 |—0-01
B. M.
G.T.5, "
123+, O  at church o | 177 . |+ 3205 |+ 5-15%7 [-0-048
B.M.
O
127 » 393 7| on pillar | 2:23 “ +11-519 | +11.470 |-0'049
3937
131 " E.B.M. at railway station [ 2-82 . + 2.616 |+ 2.608 |-0-008

Line 55 M (Muzaffargarh-Basti Malik) af Basti Malik

37 ‘ 39 0 | E.B.M. at Basti Malak ...| 0-00 {1914-15 0-00V 0-000 | 0-000
G1.8. .

35 . " O on lock-gate v | 2:62 " + 4740 |+ 4796 | +0°056"
‘ B.M.

G.1.S. -

34 " O on culvert v | 3:22 ) +3-871 |+ 3-864 |~-0'007
B.M.

. 2 4

33 “ 4 on bridge v | 4.52 " +0-865 |+ 0-951 [+0°086

32 " B.M.O on culvert | 542 " +3-084 |+ 3.105 +0:021

Line 55 N (Basti Malik-Kabirwala) at Kabirwila

|
. : o
51 ‘~ 30N | EB.M. at Kabirwila ... | 000 | 1011-12| 0000 | 0.000 0000
G.1.S. _ o0l
521 O at & verandah R.H.| 0-07 N +5:36] | +5°344 |00
; B.M. !
G.T.8, i ,
53‘1 , O . » 10-16 . +5-321| +5-300 [-0-012
| B M. ! ‘
GrSs. ! e ool
s4l " O at Taheildar's office| 0°20| +4:367 | +4°350 -0
B.M. |
1 e

# Disturbed.
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TABLE 4.—Cleck-levelling—(concld.)
Discrepancies between the old and new heights of bench-marks

Difference
(check —
origioal )-
The sign

Observed height above (+) or
below (—) starting bench-mark, |+ denotes

Bench-marks of the original levelling that
were connected for check-levelling

b0
A
t
S :
¥ a8 determined by that the
gE beight
2 e
greater
gg T Ty /| and the
1 Check sign —,less
| Degree . o Date of i eck- |in 1928.27
No- s.sge‘é Descr.ption E original (]);‘;5111‘:3:; levelling |tban when
levelling 1028-27 | originally
] levelled.

l miles

’ feet ‘ Jeet Seet

Line 55 N (Basti Malik-Kabirwila) at Kabirwdla—(contd.)

G.1.8, at Naib Tahsildar's
5,39 N O office e [0°22 F1911-12 +4-299 | +4°272 |-0°027
B.M.
. G.T.S.
L O  at hospital w0280 +4°375 | +4360 | -0-015
| B.M. !
N G.TS. ‘
ST o ® on bridge .| 050 ] +9:066 | +8:971 | -0-035
B.M. !
| ! |
Line 55 K (Aharbela-Multan) at Multan

i
i

3139 N | Standard B.M. at Multin | 000 | 1912-13| 0-000 | 0-:000 = 0000

G.T.S. ; ,
a| O under church tower | 0-10 . !+2-474 +2:479 [ +0:005
1. !
i

>

G.T.8. \

!
2, QO at chaplain’s office | 0-15 " ; +1:798 | +1-788 ‘(-0’005
B.M. | !

G.T.5, at block 28 of lLos- ‘
4 O  pital .| 036 N +1:955 | +1-955 | 0-000
B

G.T.S. ‘ ,
3 e 26 ., o " +1:753 [ +1:%58 [+0-005
B.M,

G.T.S.
o O “on bridge L 1ome | 1907-08| 450016 | +5-058 | +0-012
‘M. ‘\
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TABLE 5.—Revision levelling
Discrepancies between the old and new heights of bench-marks

OL. 11,

]jiEerence
(revision
4 - origl-
Bench-marks of the original levelling that é Difference between orthometric |08l The
were connected during the revisionary & heights, above (+) or below () Sign +
operations ®5 the starting bench-mark denotes
g a that the
8 K height
“I:..E was
o g greater
g,s From and the
D £ Date of From revision |98 les
No sﬁgfje Description A original | published 1926-27 ;']‘119'637
levelling heights | (unadjust- or}m'w lf"
ed) ginally
levelled
‘miles | l Seet l Jeet | feet
Part of Line 614 (Dehra Din-Mussoorie)
1861-62
10 | 53 J | Shaw’s Refraction station| 0:00|1903-04 0-000 0-000| 0000
Revised
1905-07
9! , |S.B.M. at Debra Diin ... | 0-02 " 1587+ 1-583 - 0004
8 » Cole’s Satellite station 0-14 “ 2-451|+ 2-443(-0-008
12} ,, |Iron plug .| 0-28 ” - 5-769|—  b5:-775-0°006
6 v | S8B.M., D.G.B's office ... | 0-30 " -  2.767|- 2:760|+0-007
1, 4+ at Brewery godown| 5-46 " + 687-824|+ 687-835|+0-01
G.T.S.
19 " A onrock insitu ... | 7-49 " +1166-124| + 1166-194|+0-070
B.M.
20 ” . 8-00 " +1448.073] + 1448141/ +0-068
21 . " wos 867 , |+1630-778 +1630-827|+0-049
36 | B.OM. . ) 16-35 " +3582.959| + 3583-016| +0-057
3L b 16-48! . |43636.741|+ 3636809 +0-068
! G.T.S.
381 AN " ) 16°56 , |+3666.762|+3666-832+0:070
: B.M.
40 , |BOM. . 17-24 N +3012.073| +3912-132| +0-059
j G.T.S. | 3
11, N v 17.49) .. |+4 03.933 + 4003986+ 005
'; B.M.
‘ G.T.S.
42 o) , , 17-62 . +4047+101! + 4047 -161| +0-060
! B M.
G.T.S.
3. A .. 17-64| ,, |+4053-234 + 4033294/ +0-060
i B.M.
41, BOM. | l1sc10l . |+ 4224-291) + 4224309 +0-018
: G.T. Survey S
15 | ! 0O at Library [18-37( ,,  |+4543:603| + 4343631 +0-0%°
. ! Bench Mark
i Q.T.S,
50| | QO atChrist Church | 18:63 y +4411- 583 + 4411-59¢ +0-013
BV
51 | ,. | B.OM.onrock insitn... | 1897, +4505-958| + 4503966 + 0-008
i ! | I
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TABLE 5.—Revision levelling—(contd.)
Discrepancies between the old and new heights of bench-marks
Dnmﬂ
(revision
& — origi-
Bench-marks of the original levelling that b Difference between orthometric |9el). The
were connected during the revisionary 5 " beights, above (+) or below (—) | %i8n +
operations "y the sturting bench.mark denotes
that the
g g8 height
J:-g was
- greater
2 et | & From | t0d (R
No, D:E::: Description z o:‘igeinz,l pubfiosl;led l]e9‘216?-l‘?7n iﬂ 1026-27
A levelling | heights | (unndjust- |° qn.Whe“}
ed) originally]
levelled
(miles‘ Seet ' JSeet | JSeet
Line 108 (Muttra-Cawnpore)
Revision of parts of lines 65, 654, 66, 62 and 63B
25| 54 E [ S.B.M. at Muttra .| 0-0]1912-13 0-000[  0-000] 0-000
40|, |Sessions Judge’s kachahri| 0-1 w |+ 2-035|+ 2-033 —0-002
1| ,, | Culvertatjunction of roads| 0-9 " + 5-680[+ 5-681] +0-001
20| ,, |Platform of Muttra Cantt.
" RS.| 14 » |+ 13-527|+ 13-530| +0-003
(19} + |Embedded B.M. at Muttra
Cantt. R.S. | 15 w |+ 13.785(+ 13-694)—0-041
821 ,, | Water trough 2.2 w |+ 13-320{+ 13+512|-0-008
24| , |Platform of MuttraJn. RS, 29 w |+ 21-883j+ 21-565/-0-018
B| 541 Stone B.M.atAgra ... | 33:6 |1oc1 82| 9.69 |~ 9.804/—0-100
128\, | Church of England, Agra| 33-7 »w |— 7+538— 7:647-0-109
127 |, | Old post office " 343 . |- 8-653— 8:760|—0-107
16|, | Drain on Ajmer road 34:6| ., |- 15-067|— 15-176/-0-109
;gi w | Culvert No. & 35-1 W |- 41-204/— 41-298/-0-09¢
(’9") » |S.B.M.at Agra v | 3507 ., |- 34.668|~ 34-861|-0-193
;22 w | Agra Fort R.S. 35-8 w |— 31-764/— 31-856/—0-092
(#)] | 7th pier Jumna bridge ... | 363 » |- 46-339/— 46-401|-0-062
1’21 w | 14th . 364 . |— 46-457/— 46-553(-0-096
LV . Culvext B. of Jumna. budoe
19| RS.| 366 . |- 44295 44.337|-0-112
Goods shed " " 370 ’ ~ 44°638/— 44.739|-0-101
2% w | Firozabad T.8. 62-8 | 1864-65 |- 3-318{/— 3.541/—0-223
\‘
(60}, ,, | Stone B.M. at Ghiror 904 | , |- 83-505|— 33-912(-0-407
8] » |ConalM8'No. 26  ...|968| , |- 85218 35-512|-0-264
611 ., . . .98 lesg| |- 38-532|— 33-804|-0.272
12? " I . l101-8 . - 40-255/— 40.564|-0-309
1119 54 M | Stonc B.M. at Singhpur ... [103-4 | ,. |- 42-975|— 43-369|—0-394
M| ., Mainpwi... [1087 |, |- 49:811/~ £0-185/—0-374
?3 » | Canal M.8. No. 34 ..|102-8{ , |- 13-878/- 44.176/-0-298
1) " w40 .. [110-8 w |— 49-150— 49418 -0.298
e | v W a2 Sjnazes |, |- 52-724{— 53-036,-0-3i2
2o w48 . (1188 . |- 60-001|-- 60254/ —0-253
B b 49 .. 1198 . |- 59-10%7— 69-409)-0-302
o, N . |122-9 w  |= 54-001| - G1-268| -0-267
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TABLE 5.—Revision levelling—(contd.)
Discrepancies between the old and new heights of bench-marks

Infieronce

(revision

& ~origl-

Bench-marks of the original levelling that g Difference between orthometric |08l). The

were counected during the revisionary E , hejghts, above (+) or below (-) | Bizn +
operations 304 the starting bench-mark td:::?;e

g g height

&4 wm.:e

- P greater
| ol P = ;;ff‘;:J

De I o o ute o Trom revision £ ook
Ne (e Deserition S| | | o, [

: ed) moally

[ levelled

’ miles l ’ Seet ’ feet l Jeet
Line 108 (Muttra-Cawnpore)
Revision of parts of lines 65, 654, 66, 62 and 63 B—(contd.)

»

133 | 54 M | Cnnal M.S. No. 55 . [126-9 | 1864-65 | — 66-079|— 66-414|-0.33%
(32)

134 | ,, | Stone B.M. at Taria . 11260 " — 66:517|— 66:857)~0-340
K34

136 |, Bisungarh T.S, . (13147 " — 41-956|— 42-317/-0-86l
(35)

9 |54 N | Kalsan T.S, . (1500 " — 59-629|— 59°916|—-0-287

107 » | Stone B.M. at Bahosi . [147°8 » — $6-764/— B87°:152|—-0-388
1(11)

126 ' " w 1 Aimah

(19) bridge 1613 w  |—102-776{—102-900|—-0" 124

146 |, w . Bakwan ... 1744 »w  |—111-073|—111155|—0-082
(32)

401638 . . , Jagatpur..|186:6, , |—126-046/—126-164/—0118

51| »w . Bare Sirohi198-2 | (59262 |_136. 706 ~136-839 ~0-043

; {

|
(’,ff)} * | Csnal M.8. No. 129 ... |201-6. ,  |—141.741]— 1418070066
174 ,, | Canal bridge near M.8, 6
from Cawnpore 2021 1917-18 | =144 915~ 144-943/-0-028
160, . |ELR. bridge No.267 ... |202-4] 354651 _139.135) - 130159 - 002
138 .. " 254 207-00 ,, |-145-032/—145.044-0-02
169 : Caual bridge, Generalganj | 2075 ' 1917-18 | - 144-268| — 144- 280, -0°017

‘ | | e ]

28, ., | (Type B) at Cawnpore .. 12087 ]l.gt]).g?g -153-161,— 153170 =0-009
162'_ " King Edward memorial :

: han . 1309-0( . |-146-053/—146-065 0012
163!, | Queen Victoria's statac ... [209°1| ,  |—145-506| - 145512 ~0008
G R Currency office j 2095 ” |-154.304 —154-313 _()-005J
185! ! Christ chorch, Cawnpore |209-7 » —164-596] - 154601 —0'002
167, ,, | Ex Eogineers office ,, ... [210-2| ,  |—153-841|—153-842 -0-001
158, ' S.B.M. at Cawnpore 210-3| ,  |—-153-184/~153-185[-0-00
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TABLE 5.—Revision levelling — (contd.)
Discrepancies between the old and new heights of bench-marks

ntterence
revision
bp - orgi-
Bench.marks of the original levelling that E Difference between orthometric | nal). The
were connected during the revisionary 1 | heights, above (+) or below () sign +
operations ﬁ [ the storting bench-mark denotes
88 that the
o height
&9 was
— -] @8 |- —— - greater
é’.a From and tllle
< Date of Fr revisi Bluen —, lent
No. Dehgre: Description g ornigm(:ll pub}ioslll:ed 19v2lg-l207n in 1926-27
shee levelling | beights | (amadjust. |V81 Wher
ed) originully
levelled
l ' milesll ‘ Seet ’ JSeet ' JSeet
Part of Line 119 (Cawnpore-Aurangibid)
Revision of parts of lines 65, 66, 67, 674, 59, 70 and 704
168] 63 B | S.B.M. at Cawnpore 0-0 }g‘fgfg 0:000  0-000| 0-000
167y ., |{Ex. Engineer’s office 0-1 " - 0-657|— 0-658/—0'001
165( ., | Christ church 05 " - 1:412|— 1:418/—0*006
164 .. Currency office 0-8 " - 1:120(— 1.128/-0-08
163| , [ Queen Victoria's statue ... | 1-2 , + 7-678{+ 7-671{—0-007
182 ,, | K. Edward memorial hall| 1:3 " + T-13l{+ 7.119)=9-012
28!, E.B.M, at Cawnpore 1-6 " + 0-023/+ 0:015/—-0°+008
B3| | Naronha's exchange 17 | 188565 | 500114 5204/ ~0-027
(160 1915-16
151 ) Well near M.S. Allahabad !

119 , 3:6 . 1+ 6.260|+ 6-256/~0-004
182| ,, | Culvert No. 2/618 | 42 o 1+ 9041+ 9:046]+0-005
1871 . » 2/610 121 " — 4-457|—~ 4:404[+0-053
70| . |Stone B.M. Maharajpur... | 13-8 “ - 7-321]- 7-289{+0-032
81 , Aung o | 27-2 | 1864-65 | = 15-248{— 15-244] +1)-054
LN w Malwa RS, ...| 41-6 " - 22.055— 22-055 0-000
3163 C » Fatebpur ... | 511 " — 42-169|— 42.422|+0-047
62| 63 G | Stone B.M. Arrabpnr ... | 661 | Jora.op = 56-490|= 55:361] +0-129
o, . Katoghan ..|7%76-1| . |- 61-037/— 60-945!+0-002
1, | Majilgaon T.S. .. 1787 » o |— 12-1541— 12-06F +0-086
80 | , |Stone B.M. Saini .| 873 w |= 62:311|~ 62-241(+0-070
81 " Karra T.8. 919 . — 24-872| =~ 24 809 +0-063
921 , Istone B.M. Koh Kbxrn] .|100-5 ’” — 79-331~ 70306 +0-025
102 | | Pwra Mafti ... {113-5 - — 01-778/— 91-817]-0-039
'(547 " ‘ S.B. \1 at Allahabad .. l123.6 [ 1920-21| - 89-KHR|— 89-918 —0-260
51)

251

({‘;”)’ » | Muir Central College ... /126-7 » - 07-318/— 97:477)-0-159
bh

89 |, | Suitors’ shed o 12742 . |~ 93.086/— 94.185/-0-199
54)

138 |\, | Collector's kachakri  ...[127-3| , |- 92:390/— 92-532|—0-202

lfz o+ | D.I. water trough ... |126-0 “ —~117-791/~117-983| - 0- 189
7

164\, | Bridge No. M. 79 w1266 |, |—127558 —127-745) - 0-1d0

(46)

4% |, | Manohar Das’ well . |127°8 ., |—122-224{—122-396/- G172
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TABLE 5.—Revision levelling — (contd.)
Discrepancies between the old and new heights of bench-marks

Derence
(revision
&0 -Origi.
Bench-marks of the original levelling that E Difference betweeu orthometric |D&l). The
were connected during the revisionary S heights, above ( +) or below (~) | &Hud +
operations 25 the starting bench-mark denotes
g g that the
o N height
&3 was
od greater
g'g From and ']h"
Date of From revision |SBn-.le
No. | Degree Description a original | published | "1926.27 |0 102027
( levelling | heights | (unadjust. |“B0whe
ed) originally
i levelled
| l miles | \ JSeet l Seet I Jeel

Part of Line 119 (Cawnpore-Aurangabad)
Revision of parts of lines 63, 66, 67, 67 A, 59, 70, and 70A—(contd.)

253 | 63 G | Allahibad Fort . [127-9 | 1920-21 [-108-942] —~109:139{-0.197

(18)

25 4 » | Sentry box 128-0 | 189S5-99y | —109 -289| —109-411|=-0-122
(37)

568 , . ’ 128-0 " —118-631}—118-790| - 0-159
124 r Stone B.M, at Jhasi 130-9 | 1863-65 | - 10708 — 107-204|—=012)
257 | 63 K | Alexandar’s monnment .., 203-6 " - 152-166[—152.477[-0311
(S7)

]9 " Gobardhan's well v [20441 “ —153-370]-153-373!1-0.203

73! 630 [ Well near M.S. Calcutta 1914-15

421 |204-4 | 1916-17 |=163-597| - 168 826(-022

74 “ (Type B) at Renares . 2053 " —~168-891f - 169 087j—u196

94 | 63 Kk | Bridee on larna river . 1204:0 | 1863-65 | — 154 149| = 154.- 358{ - 0209

Sl " Well at Commussioner’s |
(95) | kachahri |204-3 " ~ 150+ 186|—150-378|- 0152

w6 . | S.B.M. at Benares . [204-4 " —150.338|— 160+ 557[—0-219

Line 74 C (Howrah-Uttarpira) at Bally
! G.T.8.

849 =qp { O onstep 0-00 | 1924-25 0.000| 0-000| 0000
(197), B.M.
t47: ., | Type A at Uttarpira 0-17 " - 1.817|— 1.822| -0-005

GRS,

by i D atbridge . ! 0-61 " + 3.049| + 3.062| +0-013
(26 i B.M.

Sit, , | . onstone 1:45 " + 1-954| + 1-932| -0-02

B.M.
<42 " on stone 1-62 “ - 1-069| - 1:079 -0-020
Above M 8. L. |
‘ G.T 8, [ ;
843 , ' QO oostone C1-94 " + 2.409| + 2-376| -0-03
: | BM. :
P B M. |
a5 ! | ;% on stone . ‘l 234 " + 1731 + 1-687| -0°0%
|
Ahove M.S.L
G.T.S,
Iy O on stone 244 " + 1-511] + 1-497| -0°014
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TABLE 5.—Revision levelling—(concld).
Discrepancies between the old and new heights of bench-marks

ifference
(revision
. o — origi-
Bench.marks of ihe original levelling that | 5 Difference between orthometric |181). The
were connected during the revisionary :M heights, above (+) or below (—) | 8ign +
operations i the starting vench-meark denotes
g that the
a8 height
.,':',.5 was
&a greater
5'8 . From si‘;l:nd tll:::s
3 Dat F ini "
No. Degree Description a o;g'i)n‘;l pub!i‘i)sn]}ed l.IGQ‘QG!-IZO;I 1026-27
sheet levelli height (nnadjust than when
evelling eights edj) | originally
— _ 1 levelled
' ' | miles l ' JSeet | Seet ‘ feet
Line 77 ( Howrah-Ramganj ) from Hastings to Dakhineswar
4.7T.8.
71798 O at Hastingsbridge . | 0-00 | 1882-83 0:000 0:000| 0-000
B.M.
%2 ,, |GT.8.0BM. 0-04 . + 2.722| + 2-756 | +0:034
W) ,, | Top of masonry pillar 0-64 “ —11-531| - 11-525| +0-006
W| L g on stone 070 | ., |- 8-617|— 8679] +0-038
6| ., | B.OM. on marble step 1-11 . - 8:592 ) — 8:593| —0-001
0, ,  onstone 1-47 . -10-902 | —=10-881 | +0-021
i ” " 185 | ., [-11-788 | -11-796| ~0-008
2. " " 2:59 o —11-918 | —12-072| —0-154
G.T.5.
363 " O at mint | B8-43 " —12:880 | =12-882! -0'002
B.M.
7| . |B.OW.onbaseofdrain ... | 627 [1921.22 | + 1-43G | + 1.353| +0-117
Line 74 B (Kidderpore-Dublat) from Hastings to Pujali
] | a.T.8. , |
B 7B | O atHastingsbridge... | 0-00 | 1852-88] 0000 0-000' 0-000
) B.M. ‘ !

B8, | ., Bon coping 0-58 | . | -15-723| -13:637| +0:086
By, w A , 062 | ~13.723| = 13641 +0-082
‘G.T.S. ‘ l !

W, . O atstep 7-31 | 188185 | ~13:521| ~15:491 | +0-030

l | B, : | !
‘Q.T.S. | 1 |
03, O at Akm | 7] -1500) ~1535e ) -0 034
! |‘ B.M, ! : !
‘ G.T.S, ‘ I ; .
19 ., | O onstep 881, 1 =14-163| - 14:420| — 0-257
i B.M. | I
— !
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TABLE 6.—List of triangulation stations connected by
spirit-levelling, season 1926-27
Height above mean
sen level Difference
Name of station | Trian.— Remarks
Spirit- | Triangu- | Levelling
levelling lation
i JSeet l Seet Seet
Kathiawar Minor Meridional No. 1 Series
S ‘ |
Pajod TS, ! 96-842 | U8 +1
Lat. 21 33 54748 é
Long. ™o 03 47-21 :

Lat.
Long.

1<
26
79

Seontira (Saunthra)

42
35

Rangir Meridional Series

]

1sI 501-094 5012 -1 1

!
|

@ \

25760 | | ‘
3195 ‘
|

East Calcutta Longitudinal Series

Lat.
Long.

g
23

8y

Hatiara (Hatiara)

0y
52

|
T1.8.| 12-856 16 | +3
|

2986
1968 ,
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TABLE 7.—Results of comparison of staves with standard steel
tape No. 2, Line 614, season 1926-27

! Length of staff—10 feet

Date of comparison No, of staff Remarks
A 23 B23
Jeet Seet
20-9-28 —0°0008 - 0°0004 Clear
Shy cloudy but bright sun
23-9-26 . -0-0003 --0°0004 | & light wind after a heavy
hail storm
26-9-26 - 00004 ~0°0005 Clear and light cool breeze
28-9-26 —0°0003 —-0.0004 Clear and cool breeze
1-10-26 —0-0003 —0-0003 Clear
2-10.26 —0-0005 —0-0008 ﬁf::;:red clouds and cool
4-10.26 - 00002 -0-0c02 Scattered clouds
6-10-26 . —0-0003 —0-0C04 do.
8-10-26 . —0-0003 —0°06014 Clear and cool breeze
11-10-26 . —0-0006 | —0-0007 Clear and light breeze
‘ . Scattered clouds and light
13-10-26 -0-0010 —0°0015 cool breeze
15-10-26 —0-(006 —0-0C08 do.
17-10-26 -0-0015 |, =—0-0016 Clear
3-5-27 -0:0(63 ; -0-0060 Very cloundy
=y | Scattered clouds & high
4-56-27 -0-0051 : =0-C060 cool breeze
5-5-27 . —0-0046 ' -0.C054 | Light do. ;
Scattered clouds and high
7-6-27 —-0-0048 ; —0°0058 ool breeze
11-5-27 - 0-0056 | —-0-0061 Clear and light breeze
13-56-27 I —0-0044 | -0-0054 Clear
16-5-27 ~0-0053 ' —0-0059 Cloudy and light breeze
18-5-27 vee ] —0-0047 | - 00056 Clear and light hreeze
21-5-27 vl =0:0053 —0-0056 do.
24-5-27 -0-0058 —0-00064 do.
26-5-27 ] —0-0059 | —0-0064 Hazy and brecze
28-5-27 i =0.0080 - —0-0061 Cloundy
1-6.27 I —0-0051 —0:0056 | Clear and very light breeze
3.6-27 | —0.0066 = —0'0068 | Clearand Jight breeze
|
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TABLE 7.—Results of comparison of staves with standard steel
fape No. 3, Lines 104, 1014, 137 & 136, season 1926-27—(contd),

Date of comparison

Length of staff—10 fect

No. of staff

I
‘ Remarks
20A 20B ;
feet Jeet ’
18-10-26 —-0-0005 +0-0014 | Light scattered oclonds
25-10-26 - 0-0015 +0-0000 | Clear
5-11-26 00013 —0+0001 do.
22-11-26 ~0-:0028 -0-0019 do.
2-12-26 —0-0015 —0+0025 do.
3-12.26 -0:0013 -0:0025 | do,
a-12-26 -0-0023 —0:0030 do.
21-12-26 ~0-0024 —0:0036 | Clear & cool br(fez:al
. . Light scattered clounds
3-1-27 — 00033 —0°0044 and cool breeze
11-1-27 —0°0031 -0:0045 Clear
17-1-27 -0-0034 —0-0039 Cleor and breeze
26-1-27 —0-0036 —0-0047 Clear
H-2-27 -0°0026 —-0-0032 do.
16-2-27 —0-0022 — 00030 do.
25-2-27 | —0:0034 | —0-0045 do.
9-3-27 —0-0042 -0-0051 Cloudy and windy
20-3-27 .| =0-0029 —-0:0048 | Clear
28-3-27 .| —o0-00s8 —0-0047 do.
8-4-27 —0-0032 —0-0037 } Clondy
8-4-27 —-0:0032 = —0-0087 | do.
17-4-27 -0-0024 —0:0039 | Clear
27-4.27 —0-0040 —0-0056 | do.
11-5.27 -0°0018 —0-0027 } do.

TABLE 7.—Results of comparison of staves with standard steel
tape No. 3, Line 152, season 1926-27—(contd.)

Length of staff—10 feet

Date of comparison No. of staff

16A 16B

Seet Seet
30-10-26 -0-0066 -0-0009
8-11-26 -~0-0096 —0°0026
15-11-20 -0-0097 —0'0030

22-11.26 . —0-0095 -0°-n02

30-11-26 -0-0091 —0°0028
7-12-26 —-0-0089 -0-0021
14-12-26 —0-0099 -0°0032
22-12-20 —0-0100 -0°0032
20-4-27 - 0-0083 ~0-0019
26-4-37 -0-0079 —0'0013
6-5-27 -0-0072 —-0°0011
14-5-27 —0-0073 - 0-0006
19-5-27 -0-0071 -0:0007

Remarks

Clear
do.
Clear & cool breeze
Clear
do.
do,
do.
Clear & cool breeze
Clear
Clear & high wind
Clear
Clenr & high wind
Clear
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TABLE 7.—Results of comparison of staves with standard steel
tape No. 4, Lines 119 and 108, season 1926-27—(contd.)

125

|
| Length of staff—10 feect
Date of comparison No. of staff Remarks
‘ 02 0%
|
Sect Seet {
|
19-10-26 +0-0032 +0°0006 Clear
29-10-26 +0°0029 - 0-0008 do,
4.11.26 +0°0021 — 00004 do.
10-11-26 +0-0026 +0°0000 do,
20-11-26 +0-0018 —0:0014 do,
25-11-26 +0-0013 —0-0015 Clear & cool breeze
1-12-26 +0-0012 —0:0010 Clear
9-12-26 +0-0009 —0-0015 do.
19-12.26 . | +0°0009 —~0-0017 do.
26-12.20 .| +0-0008 | —0.0016 do.
3-1-27 . i +0.0011 —0-0016 do.
10-1-27 .| —0-0004 --0:0026 do.
10-1-27 I —0-0004 —-0-0926 do.
17-1.27 . +0-0002 —0.0021 do.
26-1-27 .1 +0°0004 -0 0023 do.
1.2.27 . 4040001 —0-0020 do.
8.2.2% .1 +0:0003 —0-+u021 do.
15-2.27 .1 +0-0004 +0:0021 | do.
22-2.27 . =0-0000 —0.0025 :  (lear & high Lreeze
2-3.27 .| =—0-0003 -0-0020 ! Clear
10-3-27 .| -0-0008 | -0-0024 ' Cloudy
16-3-27 . -0 0007 -0-0021 Clear
25-3-27 | —0-0002 | —0-0021 | do.
1-4-27 | —0:0014 -0:0031 | do.
9.4-27 .| —0-0027 ~0-0043 do.
16-4-27 .| =0-0023 —0-0045 ‘ do.
Check-levelling at Ghiziabad
21-4-27 -0-0019 - 0-0036 ! Clear
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TABLE 7.~Results of comparison of staves with standard steel
tape No. 10, Lines 641, 778, 77T, 77U, 74C, 77C & 74B,
season 1926-27—(contd.) '

Length of staff—10 feet
Date of
comparison No. of staff Bemarks
01 03 23 A ! El
Seet Jeet Jeet Seet
16-10-26 —0:0004 | +0:0013 | —0-0040 | =0-0021 | Light scattered
clouds
27-10-26 -0-0017 -0-0005 —0-0065 -0:0036 Clear
4-11-26 -0-0020 —-0-0006 —-0-0078 -0.0041 do.
16-11-26 —0-0031 —-0-0009 —0-0079 —0:0041 |[Clear &coolbreese
29-11-26 —0:0040 —0-0025 —-0-:0102 —~0-0056 do.
7-12-26 -0-0020 —-0:001% -0-0078 —0-:0044 Clear
17-12.26 -0-0028 -0-0021 —~0+0083 —0-0050 do.
26-12-26 -0-0031 -0:0022 —-0-0087 —0:0050 |Clear&coolbreez
5-1-27 -0-2030 -0:00:24 -0-0078 ~0-0042 Clear
15-1.27 -0-0036 —0:0027 —-0:0095 —0-0056 do.
29.1.27 —0-0032 -0-0021 —-0:0077 - 00047 Lighbdscattered
clouds
7-2-27 -0-0016 - 00007 --0:0059 —0-0032 Clear
17-2-27 —0-:0019 - 00002 —0:0055 —=0-:0019 |Clear &coolbreeze,
27-2.27 —0-0002 | +0-0003 | ~0-0047 | —0-0023 Clenr
9-3-27 —-0-0015 | +0'0003 | —0.0050 | —0-0022 do.
20-3-27 -0-0003 + 00015 - 00045 -0-0014 do.
1-4-27 +0-0001 +0:0018 -0-0032 —0-0001 do.
10-4-27 +0:0003 | +0.0021 | —0-0029 | —0-0007. do.
17-4-27 —-0-0023 | +0:0021 | -0°0U35 | -0:0J01 do.

TABLE 7.—Results of comparison of staves with standard sleel
tape No. 5, Lines 88G & 88H, season 1926-27-—(conld.)

‘ Length of staff—10 feet
|
Date of comparison : No. of staff Remarks
i
% ‘ |
194 | 198 | 2B | 238 |
|
\ Jeet Seet | feel Seet
|
7.1-27 .| +0-0005!+0.0020 +0-0010| +0-0020]  Clear and cool breeze
15-1-2% +0-0001] + 00016 — 0-0005 + 0-0006; do
22-1-27 . |+0-0005/+0:0019% +0-0002 +0-0013I do 5 &
30-1-27 v | +0.0003| +0-0016| + 0-0003| +0-0011] Light scattered clonds
! gndden gusts of cool breez
8-2-27 .. 1 +0:0003/ 4+ 0:0016| + 0-0002 + 0-001?| Light S('attereid clonds
16.-2.27 ~0:0002| + 0-0014/ - 0-0001{ + 0-0012; Scatterced clouds, sudden
“ ! gusts of cool breeze, & heavy|
’ | rain on night of 11th Feb.
25-2-27 i—O'OOlO +0-0006| -0:0015; - 0-0005 Clear and cool breeze
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TABLE 7.—Results of comparison of staves with standard steel
tape No. 2, Lines 85 I to 55 O, season 1926-87—/(concld.)

Length of staff—10 feet

Date of comparison No. of staff Remarks
A 23 B23 17 8 01
| feet feet Seet Jeet
|
8-11-26 ... |—0-0023| -0-0028]| - 0-0043| —0-0024| Cloudy and cool breeze
12 11.26 ... 1—0-0023| - 0-0025| —0-0042| -~ 0-0031 Clear & cool breeze
22-11-26 ... |—0-0031|-0-0039| - 0-0050/- 000306 do
28-11.26 .. | =0-0024| - 0-0038] -0-0055|—-0-0034 Clear
4-12.26 .. 1=0-0032| - 0-0044|—0-0046| —0-0043 do
12-12 26 . | =0-0036|-0-0046| - 0-0051|—0-0032 Clear and cool brecze
2] 12-26 ... |—0-0030|{-0-0039|- 0-0045/ —0-(033 do
38-12-26 ... | - 0-0039)-0-0046|—0-0052|—0-00: 6 Light clounds
3-1-27 oo | =0-0042(—0:0052| -0 0060| - 0-0038 Clear & light breeze
9:1-27 .. | ~0-0042/—0:0048| - 0-0057 — 0+1058| Light clouds & cool brzeze
17-1-27 weo |=0-0040|—0-0054|—0-0062|—0-0041| Light clouds and strong
cool breeze
24-1-27 vee | = 0-0041] - 0-0054|—0-0069| —0-0046 Clear & cool breeze




CraprTER VIII
RESEARCH and TECHNICAL NOTES

BY CapraIN G. Bowmrorp, R.E.
I. Personal Equation Apparatus

1. Necessity for personal equation apparatus —For
the International Longitude Observationsin 1926 the Survey of India at
Dehra Dan used 2 transit telescopes and one prismatic astrolabe. The
transits were fitted with impersonal micrometer eye-pieces, but for the
astrolabe no such device is at present available. It was not possible fo
interchange observers with the other observatories, nor could the obser-
vers meet and compare their personal equations. It was therefore
essential to employ some means of determining their absolute personal
equations. The apparatus here described was made in the workshops at
Dehra Din with such material as was available. Comparison with the
results of the transits gives a means of judging the reliability of the
results obtained. They are satisfactory on the whole, although .the
instrument contains many obvious imperfections, optical and mechanical.
An improved pattern is now being made, and it is hoped and expected
that it will give uniformly satisfactory results.

A similar instrument for use with transit telescopes was designed
by Lt.-Colonel W.M. Campbell, r.E., in 1880. It is deseribed under the
name of an “Idiometer” in Vol. IX of the Operations of the G. T.
Survey, chapter V. It was used in the field in 1880-81. It was not
satisfactory and its use was discontinued.

The present instrument works on the same general principle. A
artificial star is seen in the telescope : at the moment of passage, the
circuit of one pen of a chronograph is automatically broken, while the
observer breaks the circuit of the other pen by a tappet held in the hand.
The difference between the time of the two breaks is a measure of his
personal equation.

The two chief desiderata for the accurate determination of persons!
equation are :—

(1) That the circumstances of a real star observation sh?‘ll]d
be reproduced with all the exactitude which can possibly
be achieved. The observer should determine his persond
equation by looking through the eye-piece of his owtn
instrument and break the cirenit with his usual tappet
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If possible, the imitation star should so resemble a real
one that he is hardly conseious of the difference.

(2) The various measures of personal equation should be freely
interspersed with the star observations. It is thought
almost useless to determine it at the beginning and end
of a field season, and undesirable to do so only at the
beginning and end of a night's work. It seems likely
that when running off a rapid series of measures one
after the other, the personal equation may differ widely
from its value during the series of real stars.

2. Description of the apparatus.—The following isa des-
cription of the instrument at present in use (vide Figs. 1, 8, 4, 5 & 6).
The “star” is a very small hole in a piece of smooth strong paper, ren-
dered opaque with Indian ink. It is illuminated by a 100 C. P. lamp
with a diffusing bulb, the light of which is directed on to the star by a
small mirror (2), (vide Figs. 3 & 4), immediately over the latter. The
lamp and mirror do not move with the star. The star is r_noun.ted on
the diaphragm of a micrometer in place of the usual cross wires, in_the
focal plane of a collimator. The collimator is mounted on a brick pillar,
and is inclined at an angle of 60° over the prism and mercury of an
astrolabe. The elaborate mounting seen in Figs. 5 & 6 is not cssential.
Two images of the star are seen in the astrolabe, as usual. The micro-
meter screw is generally placed in the vertical plane containing the
collimator and the astrolabe. Movement is imparted to the star by the
rotation of the micrometer screw by a small electric motor. A worm
wheel (3), driven by the motor, is mounted with the bearings of its shaft
on a frame which makes no contact with the collimator. It drives a
wheel on the collimator head, whose spindle (4), is co-axial with the
collimator. The drive is then transmitted to the micrometer screw
through 2 gear wheels, (5) & (6), and a bevel gear, (7) & (8).

The drive through the worm is found to be very smooth and free
from vibration. The object in having the first spindle co-axial with the
collimator, is that the whole collimator head may be turned at will
through any angle, so that the motion of the star is no longer contained
in the vertical plane, and it reproduces in the astrolabe the more horizontal
motion of stars seen away from the prime vertical.

The speed and direction of the star’s motion are controlled by a
switchboard at the observer’s left hand. Slow motion can also be im-
parted by hand, by means of a string passing round a pulley near the
switchboard and round another pulley on the same shaft as the worm
(vide Tig, 5). _ ) '

A brass wheel (9), the “contact wheel”, with a flat rim rotates with
the micrometer serew. A brush (4- in the Fig.) bears_’ on its rim, an'd
another (—) bears on one side nearer the centre. A piece of ebonite s
let into the rim, so that the current between the brushes is broken every
revolution. These two brushes are connected with one pen of the chro-
nograph and make the automatic break. o

The ( +) brush is fixed to, but insulated from, a plate (13), f"l“c'h I8
carried on the boss of the bevel wheel (8), but does not rotate with it.  The
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relative position of the brush and ebonite contact breaker can be changed
by means of aslow motion screw (14), which holds and rotates the pﬁte
(13), or for large movements the milled headed screw (15)is slacked off,
and the contact wheel (9) can then be turned freely, and the ebonite can
be brought under the brush without moving the star.

To give stability to the micrometer screw, which is held against its
spherical seating (16) by the usual light spring, a thrust bearing is pro.
vided at (17). The pressure on this is applied by slight springing in the
plate (18), carefully adjusted by the screw (19).  With this support the
micrometer screw rotates freely and works accurately.

One wheel (6), in the drive, holds its spindle by a friction grip
regulated by a spring and serew. This is provided to avoid risk of
stripping the micrometer thread if it comes to the end of its run.

The circuit of the 2nd chronograph pen contains the clock relay,
beating seconds, and the observer’s tappet. The pen equation of the
chronograph must be accurately determined. This has been done by
putting both circuits in series. Both pens then beat seconds together.

3. Procedure when observing.—The procedure when ob-
serving is as follows. —The pen equation is first measuved. The observer
then views the star through the astrolabe and brings the two images
side by side by means of the motor and finally with the hand movement.
He then goes to the back of the collimator and sets the brush in line with
the ebonite contact breaker as shown in Fig. 3, by sla,cking off the milled
headed screw if necessary, and tinally with the slow motion serew. To
facilitate the setting, a small zalvanometer is included in the circuit, and
the brush is so set that the cireuit is just broken. The galyanqmeter
must be shorted when the chronograph is required to work, as 1t will not
carry sufficient current. The coineidence of the two images is then verified
and improved if possible. Setting the brush sometimes moves the star
When the brush is correctly set, the circuit will be broken every bime
the star returns to the position in which it gives level images In the
astrolabe.

The images are then run apart with the motor for about 10 secondsi
and then reversed so as to come together at the apparent speed of al‘{ﬂ:
star’s passage. The speed may be varied. The observer 1'(:,901‘ds‘|.s'
passage on his tappet and this constitutes one measure. Fiveorsk
stch measures make a group. At the end of a group t_he lmagesd f;ri
agatn brought side by side and the setting of the brush ls.correcﬁe 0a
such error as may be found. The magnitude of the error 18 11.0'0'3(1"‘"‘ o
small correction is applied to the final result, deduced from the a'veléﬁ,c
value of the closing error of all the groups, and the vate at wlnclll trl
contact wheel moves, on the assumption that the error has accumu@ ﬁq
at a constant vate throughout each aroup.  Brrors Of_ 0-05 _seCOItlhé
occurred frequently, due largely no doubt to inaccuracy in settmgwe
images level, but also in part to slip in the mechanism or o tempera 'lon
changes in the collimator, as evidencel by the oceasional constantslzn
of the errors thronghout the evening. Abonut 12 such groups have be
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measured each night. Pen equation has been measured four times a
night.

In order to comply with the two desiderata previously mentioned,
it Is clearly advisable to have the instrument set up actually at the sta-
tion of observation, immediately to the north or south of the astrolabe,
so that the latter may be turned on to it, when desired, and the personal
equation measured without interruption. With the instrument in its pre-
sent form, mounted on a heavy brick pillar, it was feared that trouble would
anise with refraction, so this was not done. Ifor the first month the instru-
ment was set up indoors, and the astrolabe was taken into it, three
times a night, and measures were made. For the second month it was
set up in a tent, as close to the station as was thought safe (about 20
feet south), and another astrolabe was placed beneath it. Only a small
pattern astrolabe was available for this. After observing every two real
stars, the observer went to the tent and made two measures of his
personal eqnation. The same tappet was used throughout.

It is thought that the latter arrangement is the better.

4. Proposed improvements.—The instrument, which is
now being made, will be mounted horizontally on an wooden stand (vide
Fig. 2). It is hoped that this will ecause no irregular refraction when
mounted in front of the astrolabe on the station at which star observa-
tions are made. By means of the two reflecting prisms the 3-inch
collimator, which is available, will fully cover the field of the astrolabe,
instead of utilising merely the edges of the collimator objective, as at
present. ‘The lamp, which illuminates the star, will be placed close to the
aperture and a small G-volt lamp, such as can be used in the field, will
suffice. The present means for adjusting the brush and contact wheel is
not satisfactory and will be improved. The possibility of rotating the
collimator head and so changing the direction in which the star moves,
will be eliminated, as it is thought that the observer concentrates entirely
on the relative vertical motion of the two images, and 1s practically un-
aware of any horizontal motion which they may possess in common. It
is intended that the instrament should be portable and that it should
accompany the astrolabe into the field.

5. Two types of personal equation.—In Vol. XVII of
the Operations of the G.T. Survey, chapter IV, it is suggested that
personal equation consists of two terms, the first being the time taken
for an eve impression to actuate the hand, and the second being due to
the Tinear distance by which the eve fails to make a correct bisection. As
applicd to the astrolabe, the equivalent of the latter term would be a
constant. tendeney to consider the two images level, when they are actu-
ally separated bvl a constant difference. It is elear that this instrument
measures the first term onlv, and also that it is the only one which is
required, provided the reflected image is always kept on the same side
of the direct. image.  For, if thixis done, the error m time caused by
recording the ])négage of a star when (say) the right hand image is always
sightly lower than the left hand, will be of opposite sign for east and
west stars, being in fact equivalent to a small change in the prism angle.
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6. Results.—The results of observations made in October to
November 1926 are summarised below. The line “Deduced’’ has beep
obtained as follows. Assuming the longitude of Dehra Din to be thyt
obtained for the whole series of operations, and applying the usual corree.
tion for the rate of propagation of wireless signals, the times of reception
at Dehra Dian of each day’s signals have been deduced from the pub.
lished results of 7 other observatories. Comparison with the times of
reception arcording to the Dehra Diin astrolabe observations, uncorrected

for personal equation, gives the deduced values of the personal equation
entered below.

Observer G.B.—Late Personal Equation in seconds of time.

' l - -
| Oct.1-17 | Oct.17-31 | Nov.11s | jev-16- Mo
i 5 days 8 duys ' 4 days 8 r.]uys
e | o
Meansnred i 17 103 'l . 090 111 107
Deduced SRt a1 | 182 .081 a1t
— __.1 - ‘A; I e —_—
Frror - 014 —--012 | - - 042 + 030 ~ 004
Observer HW.W. *
Oct. 1-17 Oct 17-31 Nov1-15 Mean
6 dnys 4 days b days
Measured 027 092 0G4 055
Deduced 143 198 “186 172
Error 1 —-118 —-108 --122 -7
i I

* With this observer the instrument is a failure.

Observer G.H.O.

- . 037
For four days. Nov. 22.27. Measured ‘016 early. Deduced -073 cariy. Error# .
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II. The Height of Mount Everest

1. Previous values.— Although the Survey of India has
slways retained the original value of 29,002 feet for the height of
Mount Everest, other figures have been suggested. They are here
summarised, and 29,050 feet is given as the most probable value.

(a) The height 29,002 feet assigned to Mount Everest is reckoned
as being measured above a spheroid with axes equal in length to those
of Everest’s spheroid, placed so as to be tangent to the geoid in the
plains south of Nepal. In deriving this height, the refraction was
computed on a somewhat irrational basis.

() The height 29,141 feet, derived by Colonel Burrard in his
“Geography of the Himalaya & Tibet”, is reckoned above the same
spheroid as regards the observations from the plains, but the computa-
tion of the refraction has been more reasonably trcated. His values,
obtained from hill stations, are heights above Everest spheroids, tangent
to the geoid at those stations; i.e. they are all above different spheroids.

(¢) The height 29,149 +4 6 feet given by Dr. Hunter in 1922 in
hislecture in Madras, is reckoned as being measured above an Everest
spheroid parallel to the Iverest spheroid, but shifted vertically so as to
coincide with the geoid in the plains south of Nepal. It cannot be said to be
above Everest’s spheroid (vide Note IT). A reduction of about 30 feet
is required to bring it into terms of Iverest’s spheroid, as therein
defined. )

(d) 'The height 22,080 feet with a possible error of 30 feet, given by
Dr. Hunter in the same lecture is a geoidal height. For the reasons
given in Note I it seems to be a little too high. In round numbers

9,050 is suggested as the most probable value.

2. Conclusion.—
(1) 29,050 feet is a fair value for the height of Mount

Everest above the geoud.

(2) We must use geoidal heights and not spheroidal.
(ride Note 111).

(3) We ought not vet to make any changes in our
accepted height.

3. Note I.—The geoidal rise between the plains and Mount
Evercst,.—Dr. Huanter estimated the geoidal rise between the plains and
Mount Everest as 70 feet. On the assumption that perfect Hayford
compensation exists, we can calenlate this rise.  The result is 80 feet,
agreeing well with Dr. [Tunter. But we have evidence that these hills
are not‘perfectly compensated. At Kurseong the Hayford deflection is
23”7 the ohserved deflection is 617, At Kaulia, (in Nepal) these fignres
are 15”7 and 34”. That is to say that at stations between the plains
and the peaks the actual deflections are double the caleulated deflections.
It we were to generalise from this, we wounld say that the true geoidal
rise under Mount Everest was double the caleulated rise, 1. e. 16(_) fqet,
giving 28,990 feet for the height of the peak. Such a generalisation



134 GEODETIC REPORT (Vor. m,

would probably be wrong ; the actual deflections at points close to the
hill are very unlikely to be twice the calculated values. Also it may
happen that the excess matter which causes the anomalies at Kurseone
and Kaulia, lies south of the peaks, and so will cause deflections further
north to be less than those calculated, giving a partial cancellation,
Nevertheless, such evidence as we have, indicates that the geoidal rise
is greater than Dr. Hunter’s estimate of 70 feet, and that the geoidal
height of the peak is less than 29,080 feet.

4. Note I1.—The definition of Everest's spheroid.—The full
specification of a sphevoid of reference involves five quantities (apart
from any question of its density):—

(a) & (b) The length of its two axes, or of one axis and
the flattening.

() & (d) The angle (two components) between the
spheroid and the geoid at some specified
place (the origin).

(e) The vertical separation between the spheroid
and the geoid at some specified place. This
last is essential for hetghts, but not so very
essential for latitudes and longitudes.

Of the above, (a) & (b) were defined by Colonel Everest, who also
implicitly defined (e¢), the meridional component of the deflection at
Kaltanpur, when he decided on the fundamental latitude of that place.
Similarly General Walker implicitly defined (d), the other component,
when he decided on a tundamental azimuth. (¢4 Dr. Hunter’s Profes-
sional Paper 16}.

The fifth quantity (e) has never been clearly specified. If the
survey had been based on a single base-line, this quantity also would
have been specifiel by the reduction of that base to “sea level”.
Whatever height had been nsed in the reduction of the base, would
have been a height above the spheroid and thereby the position of 8
point on the spheroid would have been defined, namely, so many feet
below the mark of sueh and sneh station, and hence so many feet above
ot below the geoid underneath that station, which is what is required.
Unfortunately our Indian Survey has several bases; all have been
reduced by their geoidal heights, and all give inconsistent values of the
qnantity (e). 7 '

This was inevitable in the absence of any knowledge of the separa-
tion between geoid and xpheroid (whiel is not ordinarily available before
the triangulation is computed), becanse Lverest’s spheroid as defined by
(wr, (b}, () & (1) ahove, doex not lie parallel to the geoid. Nor, of
course, could any spheroid do so exactly. The discrepancics at our base-
lines amount to 100 feet in height,

In his chart of the geoid, published as chart T of the Geodetic
Report Vol. I, Dr. Hunter has arbitrarily chosen to make the g.eOld
and spheroid eoincide at Madras.  This was not intended to constitute
a definition of the quantity (e).
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In our recent work on the geoid in India we have found it necessary
to define this quantity, and have done so by taking the mean height of
the geoid above the spheroid under the Indian bases to be zero. Inei-
dentally this results in almost exact coincidence between geoid and
spheroid at Kalianpur. This definition appears the best possible. In
the plains south of Nepal, the geoid is about 30 feet below this spheroid.

5. Note IIIL.—Geoidal heights versus spheroidal.—The argu-
ments in favour of using geoidal heights are as follows:—

(1)

—
Fae]
~—

(3)

(4)

Everest’s spheroid has never yet been used for heights,
having only very recently been sufficiently completely
defined.  All spirit-levelled heights are geoidal.
Ordinary triangulation with fairly short rays, also
gives a close approximation to geoidal heights.

The height of mean sea level at Madras is 50 feet
below Everest’s spheroid; at Karacli it is 50 feet
above. Such heights could not be shown on maps.
No change in the recently defined datum can remove
these inconsistencies. No possible spheroid can keep
within 20 feet of mean sea level in India.

Spheroidal heights can never be obtained with the
same high accuracy as spirit-levelled geoidal heights.
It is only in the case of distant peaks lying in
country full of large anomalous deflections, that the
spheroidal height can be obtained with greater
accuracy.

In hills the geoidal height is a measure of the amount
of work you must do to get to the top, in the plains
it gives the fall available for canals. There 1s very
little in it, but the geoidal height is the logical one
to use.
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Sterling Prices of Publications.—The prices to be charged
for Survey of India publications in sterling equivalents in English
money bave been worked out under the rules given in letter No. A-401
dated the 17th January 1924 from the Under Secretary to the Government
of India, Department of Industries and Labour, Delhi, to the Secretary
to the High Commissioner for India, General Department, 42 Grosvenor
Gardens, London, S.W. 1. 'These sterling prices are subject to fluctuation
with the exchange rate and will be revised from timeto time. The prices
at the current rate of exchange are:—

Price in English
Indian money equivalent
Rupees Annas | Shilling Pence

0 2 0 3
0 4 0 b}
0 8 0 10
0 12 1 2
L 0 1 9
1 2 1 1
1 8 2 6
1 12 3 0
2 0 3 6
2 8 4 6
3 0 B 3
3 b] 6 0
-k 0 6 0
4 -k 7 3
4 8 v 6
5 0 8 3
5 8 9 0
6 0 9 9
6 8 10 6
7 0 11 6
7 8 12 0
8 ] 13 G
8 8 14 6
9 0 15 0
9 S8 16 0
10 0 16 G
10 8 17 0O
12 0 19 6
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PART I.-.NUMERICAL DATA

Triangulation Pamphlets—each covering one square degree, giving
descriptions, positions, (latitude and longitude) and heights of triangulated
points and other data with chart. The chart shows the plan of triangulation
with the position of stations and points. Triangulation data falling in
1/M sheet are printed in a series of sixteen pamphlets A to P. In the
last pamphlet of every servies, a coloured map on scale 1 inch = 16 miles
approximately is given in addition to the chart, toillustrate the topographi-
cal features of the area covered by the 1/M sheet. Pamphlets having this
map are charged Rs. 1-8 extra.

An Index chart of the published triangulation pamphlets is given
al page 164.

Price Re. 1 per pamphlet. Published at Dehra Dun.

Levelling Pamphlets—

(i Levelling of Precision—giving heights and descriptions of all Benck-
marks, tixed by Levelling of Precision. Each pamphlet embraces an area of
4 X 4° and the numbering is the same as that of the corresponding sheets
of the 1/M map of India. Bach is illustrated by a map of the area.
Published at Dehra Dun.

(@) Levelling of Precision in India and Burma—

Pamphlet Pub-
—! Latitude |Longitude | lished Price
Sheet, ’ Distinctive name of sheet in
_“—' ‘ o o] ‘ [e] o o
34 \'(Qtletta) . ' 258-32 | 64-68 | 1916 | Rs. 2-0.0
35 | (Karachi) _ 24-28 | 64-68 | 1911 | Rs 2-0.0
38 | (Kabul) L1 32-36 1 6872 | 1912 | Rs. 2.0-0
39 | (Multan) ..l 28-32 1 68-72 | 1913 | Rs 2.0-0
| Addendum to 39 o 1916 | Rs. 2.0-C
|
4'(1) 4’ (Hyderabad, Sind) o1 24-28 f 68-72 igll Es. 388
41 (Rajkot) o lo20-24 0 68720 1913 s. 2.0-
43 ‘(Srina‘gar) 3236 72-76 | 1913 | Rs. 200
! Addendum to 43 ’ e L1915 | Rs. 2.0.0
44 | (Lahore) 23—32; 72-76 | 1926 | Rs. 8-0-0
45 | (Ajmer) L. 2428 | 72-76 - 1911 | Rs. 2.0-0
46 | (Baroda) L 20-24 . 72-76 0 1912 | Ks. 2.0:0
47 | (Bomba S 16=20 1 T2-To | 1912 | Rs 2-0-0
j E\ddendl}l,l)n to 47, f .
Island of Bomlny e 1915 Re. 1-0-0
18 | (Goa) l12-16 1 T2=ve ) 1912 | Rs, 2-0-0
49| (Calicut) Colos=1o o 72o76 0 1911 | Re 1040
52 | (Leh) C | 82-86 - 76-80 1 1912 | Re. 1.0-0
53 | (Delhi) L1o28-32 ) T6-S0 0 1920 | Rs, 5.0-0
5¢ | (Agra) 1 2498 76-80 1 1921 1 Rs. 2-0.0
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Levelling Pamphlets—(Continued).

Pamph\zt Pub- '
e —--| Latitude |Longitude| lished Price
Sheet Distinctive name of qhe(,t, in
[«] =] [a]
55 | (Nagpur) 20-24 \ 76-%9 1912 | Rs. 2.0-0
56 | (Hyderdbad, Deu.an) 16-20 | 76-80 1912 | Rs. 2.0.0
Addendum to 56 . 1919 | Re. 100
57 | (Mysore) .| 12-16 | 76-80 | 1919 | Rs. 2-0.0
58 | (Ootacamund) . 8-12 | 76-80 1914 | Rs. 2.0.0
62 | (Manasarowar) .| 28-32 | 80-84 1922 | Re, 1.0-0
63 | (Allahabad) .. 24-28 | 80-84 1923 | Rs. 2.0-0
64 | (Raipur) .| 20-24 | 80-84 1912 | Rs. 2.0.0
65 | (Vizagapatam) ... | 16-20; 80-84 1913 | Rs, 2.040
66 | (Madras) . 12-16 | 80-84 1912 | Rs. 2:0.0
72 | (Katmandu) .1 24-28 | 84-88 1912 | Rs. 200
Addendum to 72 1919 | Rs. 2-0-0
73 | (Cuttack) .| 20-24 | 84-88 | 1913 | Rs. 2.00
Addendum to 73 1920 | Rs. 2-00
74 | (Puril) . 16-20 | 84-88 1913 | Rs 2.0
78 | (Darjeeling) .| 24-28 | 88-92 | 1923 | Hs. 2.0
79 | (Calcutta) .| 20-24 ! 88-92 | 1924 | Rs. 2.00
83 | (Dibrugarh) .| 24-28 | 92-96 | 1912 | Re 200
84 | (Akyab) | 20-24 | 92-96 1918 | Rs. 2-00
85 | (Prome) .1 16-20 i 92-96 | 1917 | Rs. 200
92 | (Bhamo) ( 24--28 | 96-100 | 1918 | Rs. 200
93 | (Mandalay) v, 20-24 . 96-100 « 1917 | Rs. 2:00
24 | (Rangoon) ) [ 16-20 | 96-100 ! 20-0
1 | ‘! |

(b»  Levelling of Precision in Mesopotamia—

Descriptions and heights of bench-marks in Mesopotamia in one
psmphlet, published at Dehra Din, 1923. Price Ks. 5.

{ii' Levelling of Secondary Precision -

Descriptions and heights of bench-marks by lines generally pro-
duced hy Gestetner at Dehra Din.

Lire number Situated in degree Pnhh:hedl Drice
: sheets in :
e —— ! o A,_-__‘J—/
524 (Buk to Sehwan) L 33M & Nand40a| 1023 | As6
32B (Daur to Lundo) 40 B & C i " Lo
32C (Shahpur to Mahrabpur) .. 35 Nand 40 A,B,C,%
: F (&- (+ ve "
82D (Tando Alahyar to Hyderabad) 40C & D : ” T




LIST OF PUBLICATIONS

Levelling Pamphlets—( Continued ).

141

Line number

Situated in degree
gheets

Published
in

Price

52E (Rohri to Jam Sahib)

52F (Shahpur to Mirpur Pura,na)

52G (Landhi canal bungalow (39th
mile) to Khipro)

52H (Khipro to Ghulam Bhurgml)

521 (Mirpur Khas to Tando Ghu-
lam All via Umarkot and
Dadah)

92J (Mirpur Khas to Tando Ghu-
lam Al via Digri)

52K (Digri to Dadah)

70J (Barakar to Hazaribagh Road)

74C (Howrah to Uttarpara) h
74D (Baidyabati to Sheoraphuli)
74K (Bandel Church to Bandel
Ry. Stn.)

T4F(B.M. 251(118)/79A to
Pandua Ry. Stn.) J

4G (B.M. 126/73M to Saktigarh 1
Ry. Stn.)

74H (B.M. 116/73M to Burdwin
Ry. Stn.)

108 (B. M 85/738M to Mankar

Ry. Stn.)

0F (B.M. 76/73M to Panagar i

H . Stn. ) >

70G (B. M 58/73M to Durgapur
Ry. Stn.)

70H(B M. 28/73M to Ranigan)
Ry. btn)

01 (BM. 15/73M to Asansol,
Kalipahari & Churulia)
70M(Khana Ry. Stn to Galsi |
Ry. Stn.) )

17Q (Calcutta to Nariyanpur) )
77R ( Narayanpur to Narayanpur) )

87A (Moulmein to Paan)
87B (Moulmein to Wekali) |
R7C (Babukon to Kawmyatkyi)
87D (Nyaungbinzeik to Nat- |
chaung) )

40 A, B & E
0B C&G

400C&G
40 G

40C D,G&H

40 G
40G&H
781 and72H & L

79A&B

BI1&M

79 B

94 H & L and
G E &I

As. 8

As 12

Re. 1

Ae. 12
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Levelling Pamphlets—( Concluded ).

Line number Situated in degree | Published

sheets in Price
88B (Kyauktaga to Myitkyo) h
88C (Dalanun to Pazunmyaung)
88D (Pegu to Zenyaungbin)
88E (Myitkyo to Okpo)
881" (E.B. M. at R. D. 25 ofthe || &5 LN,0&P
Yenwe EmbankmenttoUaw) | and 94 B,C& D| 1928 | Rs?

90A (Nyaungzaye to Kandin)
90B (Ma-ubin to Bassein)

90C (Sagamya to Pantanaw)
90E (Thonze to Rangoon) )

894A (Kyaukse to Minzu) b
898 (YwakainggyitoAmarapura) |
89C (Kyaukse to Mandalay) |
89D (Tangdn to Shwebo) r O&P Re.1.8
89E (Kabo to Myittaw) ( O &t ' >
SOF (Okshitkan to Paukkan) l

90D (Meiktila to Yewe) J

Tide-Tables —

Since 1881 Tidal predictions based on the observations of the Survey
of India have been published annually by the India Office, London, up
till the year 1922. From 1923 onwards the prediction and publication
have been undertaken at Dehra Dan by the Survey of India. The
tables give the times and heights of high- and low-water for every dayin
the year for 37 ports, and are published early in the previous year
They are published as follows :— .

(i) A single volume styled “The Major Serles” comprising
Tide-Tables for the following ports:—

Suez, Aden, Bushire, Karichi, Okha Point & Bet Harbour, B}}“'
nagar, Bombay, Cochin, Tuticorin, PAmban Pass, Colombo, Madras, Viza-
gapatam, Dublat, Diamond Harbour, Kidderpore, Chittagong, Elephant
Point and Rangoon. Price Rs. 8.

(i1} Combined Pamphlets as below :—

(Okha Point and Bet Harbour (Mouth of the Gulf of Cutch)
} Porbandar

(%) { Port Albert Vietor (Kathiawar)
\_Bhdavnagar Price Rs. 1.8.

Marmagao
(») {Kfmrw{u' Prire Rs. 1-2

Diamond Harbour

Hooghly River
Kidderpore (Calcutta)

Dublat (Sagar Tsland)
(<) { }
Price Rs. 1-8.
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Tide-Tables— (Continued).
. ( Amherst } Moulmein River

(@ { Moalmein Price Rs 1-2.

(@) {Tuticorin
Pamban Pass (Island of Rimeswaram) Price Rs. 1-2.
Colombo ?

N {Ga,lle “eylon
Trincomalee Price Rs. 1-8.

() { Diamond Island ) Bassein River

Bassein §  Price Rs. 1-2.

(%) { Elephant Point } Rangoon River

{ Rangoon Price Rs. 1.2,
(iii) ~Separate pnmphlets for each of the following ports : —

Suez. Aden, Basrah, Bushire, Karichi, Bombay, Beypore, Cochin
Negapatan, Madras, Cocavida, Vizagapatam. False Point, Chittavone.
Akyab, Mergui, and Port Blair. Price of each pamphlet is As 12. o

PART II.—GEODETIC WORKS OF REFERENCE

Everest’s Great Arc Book,

1. An account of the Measurement of an Arc of the Meridian be.
tween the parallels of 18° 3' and 24° 7', by Captain George Everest,
keS8, &e, East India-Company, London, 1830. (Out of print).

2. An account of the Measurement of two Sections of the Meridional
Arc of India, bounded by the parallels of 18° 3' 15", 24° 7' 11” and
29° 30' 48", by Lt.-Colonel . Everest, r.r.s. and his assistants, East India
Company, London, 1847. (Out of print).

3. Engravings to illustrate the above. Loudon, 1847. (Out of print).

3.T.8. Volumes —describing the operations of the Great Trigono-

metrical Survey
Vol. I—The Standards of Measure and the Base-Lines, also an Introdue-

tory Account of the early operations of the Survey, during the

period of 1800-1830. Dehra Dun, 1870. (Out of print),

Appendix No. 1. Deecription of the method of comparing, und the ap-
paratus employed.

Comparisons of the Lengthsof the 10-feet Standnrds
A and B, and determinations of the Difference of their

15

Appendix No.
Lxpansions.

Comparisons between the 10-feet Standnrds 15, lgond A.

Compnrrisons of the G-inch Brass Scales of the Com-

penanted Microscopes.
of the Tength of tlhie Inch [7.8] on

Appendix No,
Appendix No.

. Determinnfion
Cary’s 3-foot Brass Seale.

Comparisons between the 10-fect Standard Bers fg und
A for delermining the Expansion of A,

Finol delermination of the Differences in Length be.
tween the 10-feet Standards 1p, Isand A,

On the Thermomelers cmployed with the Standards

Appendix No.

S Fv ke

Appendix No.
Appendix No. 7.

Appendiz No. 8

of Liength,
. Determination of the Lengths of the Sub-divisions of
the Inch [a.b].
No. 10. Report on the Practical Errors of the Measurement
of the Cape Comorin Base.

Appendix No. 9

Appendix
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G.T.S. Volumes—(Continued).

Vol. I—History and General Description of the Reduction of the
Principal Triangulation. Dehra Din, 1879. (Out of print).
Appendix No. 1. Investigations applying to the Indian Geodesy.

Appendix No, Z, The Micrometer Microscope Theodolites.

Appendix No, 3. On Observations of Terrestrial Refraction at certain
stations situated on the plains of the Punjab,

Appendix No, 4. On the Periodic Errors of Graduated Circles, &,

Appendix No. §. On certain Modifications of Colonel Everest's system
of observing introduced to meet the specialities of
particular instrnments,

Appendix No. 6. On Tidal Observations at Karachi in 18565.

Appendix No. 7. An alternative Method of obtaining the Formule

in Chapters V111 and XV employed in the Reduction
of Triangulation,—Additional Formul® and Demoos.
trations.

Appendix No, 8. On the Dispersion of Circuit Errors of Triangulation
after the Angles have been corrected for Figural
Conditions,

Appendix No. 9. Corrections to Azimuthal Observations for imperfect
Instrumental Adjustments.

Appendix No. 10. Reduction of the N.W Quadrilateral—th.eNon~Circnir
Triangles and their Final Figural Adjustments.

Appendix No. 11. The ‘Theoretical Errors of the W'riangulation of the
North-West Quadrilateral.

Appendix No, 12. Simultaneous Reduction of the N, W. Quadrilatersl
—the Compuiations.

Vol. ITI—North-West Quadrilateral—The Principal Triangulation, the
Base-Line Figures, the Karachi Longitudinal, N.W. Hlma].ayn,
and the Great Indus Series. Dehra Dan, 1873. (Out of print).

Vol. IV—North-West Quadrilateral—The Principal 'Triangulation, the
Great Arc—Section 24°-30°, Rahiin, Gurhagarh and Jogi-Til
Meridional Series, and the Sutlej Series. Dehra Din, 1876.

Price Rs. 108,

Voi. IVA—North-West  Quadrilateral—The Principal Triquulntion, the
Jodhpur and the Eastern Sind Meridional Series with the details

of their Reduction and the Final Results. Dehra Din, 1886.
Price Rs. 108

Vol. V—Pendunlum Operations, details of, by Captains J. T. Bast_avi and'
W. J. Heaviside, and of their Reduction. Dehra Dun ant
Calcutta, 1879. Price Rs. 108,

Appendix No. 1, Account of the Remensurement of the I‘,(,ang?,h of Knt]er‘s
Pendulum at (he Ordnance Survey Oflice, Southampion.

Appendix No.2 On the Relation between the Indian I'endulum Ov}l‘(‘_rrf:
tions, and those which have been conducted elsewhe

Appendix No. 3. On thie Theory, Use and History of the Convertible
Pendulum,

Appendix No. 4. On the Length of the Seconds Pendulum determin
from Materials now existing.

Appendix No. b. A Bibliographical List of Works relating to Pendulum

Operations in connection with (he Froblem of the
Figure of the Earth.

uble
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@.T.8. Volumes—Continued).

Vol. VI—South-East Quadrilateral — The Principal Trinngulation and
Simultaneous Reduction of the following Series:—(ireat Are—
Section 1§° to 24°, the East Coast, the Calentta and the Bidar
Longitudinal, the Jubbulpore and the Bilaspur Meridionals.
Dehra Duan, 1880, (Out of print.)

Vol. VII—North-East Quadrilateral— General Description and Simul-
taneous Reduction. Also details of the following five series :—
Norlgh_-East Longitudinal, the Budhon Meridional, the Rangir
Meridional, the Amua Meridional, and the Karara Meridioral.

Dehra Dun, 1882. Price Rs. 10-8.

Appendix No, 1. The Details of the Separate Reduction of the Budhon
Meridional Series, or Series J of the North-Eaast
Quadrilateral.

Appendix No. 2, Redl‘lction of the North-Fast Quadrilateral. 7he Non-
circuit Iriangles and their Final Figural Adjustments.

Appendix No. 3. On the Theoretical Errors generated respectively in
Side, Azimuth, Latitude and Longitude in a Chain

of Uriangles.

Appendix No. 4. On the Dispersion of the Residual Errors of a Simul-
taneous Reduction of several Chains of Triangles.

Vol. VIII—North-East Quadrilateral—Details of the following eleven
series :—
Gurwani Meridional, Gora Meridional, Hurilaong Meridional,
Chendwar Meridional, North Parasnath Meridional, North
Malancha Meridional, Calcutta Meridional, East Calcutta
Longitudinal, Brahmaputra Meridional, Eastern Frontier—

Section 23°-26°, aud Assam Longitudinal.  Dehra Dun, 1882.
Price Rs. 10-8.

Vol. IX—Telegraphic Longitudes—during the years 1875-77 and 1880-81.
Dehra Dun, 1883. Price Rs. 10-8.

Determination of the Geodetic Elcments of Longitude Stations.

1.
Appendic 2. Descriptions of Points used for Lougitude Stations.
to Part I.“ 3. Comparison of Geodetic with Elcctro-Telegraphic Arcs of Longitude.
4. Circuit Errors of Observed Arcs of Longitude.
5. Results of Tdiometer Observations made during Season 1880-81.
1. Situations of the Longitude Stations at Bombay, Aden and Sucz
Appendices ) 2. Survey Operations at Aden.
to I'art 11, 3. Resultg of the Triangulation.
. 4 Right Ascensions of Clock Stars,

Vol. X—Telegraphic Longitndes—during the years 1881-82, 188253,
and 1883-84. Dehra Dun, 1837, DPrice Rs. 10-8.
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G.T.S. Volumes—(Continued).

1. Determination of the Geodetic Llements of the Longitude Stations,
2, Descriptions of Stations of the Conuecting "'riangulation and of
those at which the Lonuzitude Observations were taken,

. On the Errors in AL cansed by Armature-time and the Retardation
of the Electric Current.

4. On the Rejection of some doubtful Ares of Season 1881.82,

\ 5. On the probable Causes of the Errors of Arc-measurements, and on
the Nature of the Defects in thelransit Instruments which
might produce them.

Vol. XI—Astronomical Latitndes —during the period 1805-1885. Dehra
: Dan, 1890. Price Rs. 108,
Vol XII—Southern Trigon—General Description and Simultaneous Re.
duction, Also details of the following two series:—Great
Arc—Section 8°-18° and Bombay Longitudinal. Dehra Din,
1890. Price Rs, 108,

Vol. XIII—~Southern Trigon—Details of the following five series :—South
Konkan Coast, Mangalore Meridional, Madras Meridional
and Coast, South-KEast Coast, and Madras Longitudinal.
Dehra Dun, 1890. Price Rs. 10.8.

Vol XIV—South-West Quadrilateral—Details of Principal Triangulation
and Simultaneous Reduction of its component series.
Dehra Duan, 1890, Price Rs. 10-8.

Vol. XV—Telegraphic Longitudes—from 1885 to 1892 and the Revised
Results of Volumes IX and X: also the Simultaneous
Reduction and Final Results of the whole Operations.
Dehra Dun, 1893. Price Rs. 108
Appendix No. 1, Determination of the Geodetic Elements of the

Longitnde Stations.

Appendix No. 2. On Retardation, (A numerical mistake was nade in
this appendix in the conversion of a formuls from
kilometres to miles: the conclusions drawn cannot
therefore be upheld).

Vol. XVI—Tidal Observations— from 1873 to 1892, and the Methods of
Reduction. Dehra Din, 1901, Price Rs. 108,

Vol. XVII—Telegraphic Longitudes—during the years 1894-95.96. The

Indo-European Arcs from Karichi to Greenwich.

Dehra Dun, 1901. Price Rs. 108.

Apvendix No. 1. Descriptions of Points used for Longitude Stations.

Apvendix No. 2. The Longitude of Madras.

Vol XVIII—Astronomical Latitudes—from 1835 to 1905 and the deduced

values of Plumb-line Deflections.  Dehra Dun, 1906.

Price Rs. 10.8.

Appendix No. 1. On Deflections of the Plumb-line in India.

Appendix No, 2. Determination of the Geodetic Klements of the
Latnnde Stations of Bajamara, Bahak, Lambatach
and Kidarknnta,

Apvendix No. 3, On fhe (N-5) Difference exhibited by Zenith Sector

No. 1.

Appendix No. 4, On the Value of the Micrometer of the Zenith
Telescope,

Appendix No. 5. On the Azimuth Observations of the Greab Trigono-
metrical Survey ol Indian,

Appendices 3
to Part I.
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G.T.S. Volumes—(Concluded),

Appendix No. 6. A Catnlogue of the Publications of the Great Trigo-
nometrienl Survey of Indiu,

Appendix No. 7. On the combination weights employed.

Tol. XIX—Levelling of Precision in Indin— from 1858 to 1909. Dehra Din,
1910. Price Rs. 10-8.

Appendix No. 1. Ixperiment to test the changes, due to moisture and
temperature, in the Length of a levelling siaff.

Appendix No. 2. On the erection of Standard Bench-marks in India
daring the years 1904-1910.

Appendix No. 3. Memorandum on the steps taken in 1903-1910 to
enable movements of the Karth's Crust to be detected,

Appendix No. 4. Dynawmic and Orthometric corrections to the Hima-
layan levelling lives and circuit; and a consideration
of the order of magnitude of possible refraction
errors.

Appendix No. 3. The passage of rivers by the levelling operations,

Appendix No. 6. The ervors of the Trigonomectrical values of heights
of stations of the Principal Triangulation,

Appendix No. 7. The effect on the spheroidal correction of employ-
ing theoretical instead of observed values of gravity
and a discassion of different formula giving variation
of gravity with latitnde and height.

Appendix No. 8. On the discrepancy hetween the Trigonometrical and
Spirit-level valunes of the difference of height between
Dehra bun and Mussoorie.

Vol. XIXA—Bench Marks on the Southern Lines of Levelling. Dehra Duan,
1910. Price Rs. 5.

¥ol. XIXB—Bench Marks on the Northern Lines of Levelling. Dehra Din,
1910. Price Rs. 5.

PART TII.—HISTORICAL AND GENERAL REPORTS

Memoirs.

1. A Memoir on the Indian Surveys, by C.R. Markham, Indl;a
Office, London, 1871. Price Rs. &,

2. A Memoir on the Indian Surveys. (Second Edition), by C. R.
Markham, c.B., r.r.s., India Office, London, 1878.
Price Rs. 8-8.

o]

3. Abstract of the Reports of the Surveys and of other Geographical
operations in India, 18G9-78, by C. R. Markham and C. E. D.
Black, India Office, London. Published annually between 1871
and 1879. (Out of print).

4. A Memoir on the Indian Surveys, 1875-1890, by C. E. D. Black,

India Office, London, 1891,  Price Its. 5-8.

“Notes of the Survey of India” are issued monthly. Price As. 2.
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Annual and Special Reports.

Reports of the Revenue Branch—1851.1877. (1851-67 and 1869.70,
outof print). Price Rs. 3,
Ditto Topographieal Branch—1860-1877. (Out of print)
Ditto Trigonometrical Branch— 1861.1878.—(1861-71, out of
print). Price Rs. 2.
In 1878 the three branches were amalgamated, and from that date

onwards annual reports in single volumes for the whole department, were
published as follows: —

from 1877.1900 (1877-79, 1887-88, 1895-9€ and 1897-98,

out of print). Price Rs. 3 per volume.

from 1900-1922 (1902-04 and 1906-08, out of print).
Price Rs. 2 per volume.

General Reports

From 1900 onwards the Report was issued anmually in the form
of a condensed statement known as (a) the “General Report” supple.
mented by fuller reports, which were called (b) " Extraets from Narrative

Reports” up to 1909, and since then until 1921 have been styled (c) * Records
of the Survey of India".

From 1922 the annual reports are published in three separate volumes
of octavo size. viz., (a) General Report which is confined toreporting the Survey
operations of the ordinary field parties and detachments with only brief abs.
tracts of geodetic operations, Map Publication and Office work. Published
annunlly Price 1922-25 Rs. 2, from 1925 Re. 1.  (d) Map Publication
and Office Work report which contains all the Index Maps showing the
Provress of Map Publication on all scales, with reports on publication and
issue. Published annually beginning with vear 1924. Price Re. 1. (¢)
Geodetic Report which includes full detnils of all scientific work of the
Geodetic Branch, Survey of India excluding the work of the Dehra
Drawing Office and Publication Office. Vol 1 of this series covers a period
of three years 1922.25 Price Rs. 6. Subsequent volumes will be published
annually. There will be in addition occasional Records volumes.

These fuller reports are available as follows :—

(b) Extracts Volumes.

1900-01—Recent Improvements in Photo-Zincography. G.T. Trian-
gulation in Upper Burma. Latitude Operations. Experimental Base Mea-
surement with Jiaderin Apparatus. Magnetic Survey. Tidal and Levell-
ing. 'Topography in Upper Burma. Calcutta, 1903 (Out of print}.

1901-02—G.T. Triangulation in Upper Burma. Latitude Operations.
Magnetic Survey. Tidal and Levelling. Topography in Upper Burma.
Topography in Sind. Topography in the Punjab. Calcutta, 1904 (Out of
priut).

1902-03—Princinal Triangulation in Upper Burma, TOpOng}‘." n
Upper Burma. 'Fopography in Shan States. Survey of Sambhar Lake. Latt-
tude Operations. Tidal and Levelling. Maguetic NSurvey. Int.roduc'tl(m“f
the Contract System of Payment in ‘I'raverse Surveys. Traversing with the
Subtense Bar. Compilation and Reproduction of Thana Maps. Calcuttn,
1903. Price Rs. 18.
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Annual Reports &c.—(Continued).

1903-04 —Magnetic Survey. Pendulum. Tidal and Levelling. Astro-
nomical Azimuths. Utilization of old Traverse Data for Modern Surveys
in the United Provinces. ldentification of Snow Peaks in Nepal. Topo-
graphical Surveys in Sind. Notes on town and Municipal Surveys. Notes
on Riverain Surveys in the Punjab. Calcutta, 1906. Price Rs. 1-8.

1904-05—Magnetic Survey. Pendulum Operations. Tidal and Levell-
ing. Triangulation in Baluchistan. Survey Operations with the Somali-

land Field Force. Calcutta, 1907. Price Rs. 1-8.
1905-06—Magunetic Survey. Pendulum Operations. Tidal and Levell-
ing. Topography in Shan States. Calcutta, 1908. Price Rs. 1-8.

1906-07 —Magnetic Survey. Pendulum Operations. Tidal and Levell-
ing. Triangulation in Baluchistan. Astronomical Latitudes. Topography
in Shan States. Calcutta, 1909. Price Rs. 1-8.

1907-08—Magnetic Survey. Tidal and Levelling. Astronomical Lati-

tudes. Pendulum Operations. Topography in Shan States. Calcutta, 1910,
Price Rs. 1-8.

1908-09—Magnetic Survey. Tidal and Levelling. Pendulum Opera-

tions. Iriangulation. Calcutta, 1911. Price Rs. 1-8.
(¢) Records of the Survey of India.

Vol. [—1909-10 —'Topographical Survey. Triangulation. Tidal and Levell-

ing Operations. Geodetic Survey (Astronomical latitudes and

pendulum observations). Magnetic Survey. Calcutta, 1912,
Price Rs 4.

Vol. IT-1910-11 —Topographical Survey. Triangulation. Tidal  and
Levelling  Operations. Geodetic Survey, Magnetic Survey.
Caleutta, 1912, Price Rs. 4.

Vol TLI—1911-12 —Topographical Survey. Triangulation. Tidal and
Levelling Operations. Geodetic Survey. Magnetic Survey.
Calcutta, 1913. Price Rs. 4.

Vol. IV—1911-13 — Explorations on the North- East Fronticr—North Burma,
Mishmi, Abor and Miri Surveys. Calcutta, 1914. Price Bs. 4.

Vol. V--1912-13— Topographical Survey. Triangulation. Tidal and Le-

velling Operations. Geodetic Survey. Magnetic Survey. Note on
the relationship of the Himalayas to the Indo-Gangetic Plain,

Calcutta, 1914. Price Rs. 4.
Vol. VI—1912.18— Link connecting the Triangulations of India and Russia.
Delira Dan, 1914 Price Rs. .

Vol. VIT—-1913-14—Topographical Survey. Trianculation. Tidal and Levell-
ing Operations, Geodetic Survey Magnetic Survey (Annual
report and Government Committee’s report). Note on Ncales
and cost rates of Town plans.  Caleatta, 1915. Price Rs. 4.

Vol. vTIT— { ::?;:’g R::: I} } Explorations in Tibet and neighbouring regions.

Dehra Dan, 1915 Price of each part Rs 4

Vol. vinI (A)—1914— Erplorations in the Eastern Kara-koram and the Upper

Yarkand Valley, by Lt,.Colonel H. Wood ¥,
Dehra Dun 1922, Price Rs. 3.
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Annual Reports &o0.—(Continued).

Vol. IX—1914-15—Topogrnphical Survey. Triangulation. Tidal and
Levelling Operations. Maguetic Survey. Criterion of strength
of Indinu Gendetic Trinnuulation. A~ traverse signal for City
Surveys. *“The plains of Northern India and their relationship
to the Himdlaya Mountains” an address by Colonel 8.G.
Burrurd, F r.8. Report on Turco-Persian Frontier Commission.

Culcutta, 1916,  Price Rs. 4.

Vol X—1915-16—Topographical Sunevey. Tidal and Levelling Opera.
tions,  Magnetic Survey. Mechanical Integrator for calculating
Attractions (illustrated). Traverse Survey of the boundary
of Tmperial Delhi, Dehrea Dan, 1917, Price Bs. 4.

Vol. XT—1M86-17—Topozraphical Survey. Trinngulation—use of high
trestle for stations and 100-feet munst signals. Tidal and
Levelling Operations. Magunetic Survey. Note on Basevi's
Pendulum Operations at  Mord.  Photo-Litho Office—New
wethod of preparing Layer plates—Dovelopments and Im.
provements in preparing Tint-plales.

Dehra Dun, 1918. Price Rs. 4,

Vol. XIt—Notes on Surrey of India Maps and the modern development of
Indian Cartography, by Lt.-Colonel W.M. Coldstream, R.E,
Superintendent, Map Publication.  Calcutta, 1919, Price Rs. 3.

Vol XTT{—1917-18—Topographical Survey. Tidal and Levelling Opers
tions. Magnetic Survey. Photo-Litho office—the Powder Process.
Problem of the Hiwalayan and Guangetie Trough—Review
by Dr. A. Morley Davies. Dehra Dun, 1919, Price Rs. 4

Vol. XIV—19i8-19—Topographicai Survey. Tidal and Levelling Operations
Levelling in Mesopotamia. Magnetic Survey.

Delira Diin, 1920. Price Rs. 4.

Vol. XV—1919-20—Topographical Survey. Tidal work. Levelling—pre-
posed new level net. Magnetic Survey. The Earth’s Axes and

Figure, by J. de Graaff Hunter (a paper read at the R. A. 8.
(teophysicnl Meeting).  Report on the expedition to Kmet,

Note on the Topography of the Nun Kun Massit ln.Lndakh.

Dehra Diin, 1921,  Price Bs. 4.

Vol XVI—=1920-21—Topographical Survey. Tidal work. Levelling and

Magnetie Survey. Iligh Climbs in the Himalaya prior to the

Everest Exvedition. Mt. Everest Survey Detachment Report.

1921, Traverse Survey of Allahabad city. Settlement of
Boundary between Mysore and South Kanara. _

Dehra Din, 1922 Price Re. 4

Vol. XVU—1923— Memoir on Maps of Chinese Turkistin and Kaylnw
from the Surveys made during Sir A. Stein's Explomtnm;,
1900.01, 1906.08, 1913-15. Dehra Dun, 1923, Price Rs. 12.

VOLXVIl[—1921-22-«T|)')ng['n‘\hi(‘u] Slll'\'?y- Tidal work. Lg\'ellin,f:' “nd
Mugnetic Survey. Traverse Survey of Allahahdd city. Settle-
ment of Boundary between Mysore and Mouth hanara. Notes
on Revision Survey in the neighbourhood of Poona.

Dehra Dio, 1923. Prics Bs. 4



LIST OF PUBLICATIONS 161

Annual Reports 8&c.—(Concluded).

Vol. XIX—1901-20—The Magnetic Survey, by Lt.-Colonel . H. Thomas,
D.8.0., R.E, and K.C.J. Boud, v.p.
Dehra Dun, 1925, Price Rs. 4.

Vol. XX—1914-20—The War Record. Dehra Dun, 1925 Price Rs 3.

Vol, XX1-1922-28-24—1. Air Swrvey in the Irrawaddy Delta 1923-24, by
Major C. G. Lewis, R E, and

I1. Reconnaissance Survey in Bhutan and South Tibet
1922, by Captain H. R. C. Meade, 1.A.
Dehra Dun, 1925. Price Rs. 1-8.

Vol. XXII—1926—Exploration of the Shaksgam Valley and Aghil Ranges,
1926, by Major K. Mason, Mm.c, E.K.
Dehra Dun, 1928. Price Rs. 3.

(¢) Geodetic Reports.

Vol. 1—1922-25—Computations and Research. Tidal work. Time and
Magnetic observations, Latitude and Pendulum obscrvations
in Bihar, Assam and Kashmir, lLevelling. Lecture on “ The
height of Mount Everest and other Peaks’.

Dehra Dun, 1928. Price Rs. 6.

Vol. 11 - 1925-26 - Computations and Research. Tidal work. Timeand
Magnetic observations.  Preparations for the International
Lonvitude Project. Triangulation. Levelling. Investigation
of the belhaviour of tree bench-marks in India.

Dehra Dun, 1928, Price Rs. 3.
Vol, I11—1226-27—The International Longitude Project. Computations
and Publication of data  Obscrvatories. Tides. Gravity and
deviation of the vertical. Triangulation, Levelling. Re-
search and Technical Notes regarding Personal Equation Appara-

tus and the height of Mouut Everest.
Debra Dun, 1929,  Price Re. 3.

PART IV.—CATALOGUES AND INSTRUCTIONS
Departmental Orders.

From 1878 to 1885 the Surveyor General’s 01:de1's were all issued
as “ Circular Orders”. Since then they have been classified as follows :—

1—Government of India Orders (called ‘‘Circular

Orders " up to 1898).
From 1885 to 1904 as 2-—1)epnrtment%l Orders (Administrative).

3—Departmental Orders {Professional).

In 1904 the various orders issued since 1878 were reclassified as

follows : —
Number to dale.

1.—Government of India Orders.— 834
9. —Circalar Orders (Administrative).— +2Q
3 —Circular Orders (Professional).— 196

4.—Departmental Orders. (appointmeunts, promotions, transfers, elc.)
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Dspartmental Ord ers.—(Continued).

These are numbered serially and had reached the above numbers
by September 1928. Government of India Orders and Cireular Orders
(Administrative) are bound up in volumes from time to time, as shown
below, while Circular Orders (Professional) are gradually incorporated
in the Survey Hand-books. Besides the above, temporary orders have
been issued since 1910 in the form of “Circular Memos”. These either
lapse or become incorporated in some more permanent form, andare
therefore only numbered serially for each year. Bound volumes of orders
are available as follows :—

l. *Government of India Orders (Departmental) 1878.1903.—

Calcutta, 1904,

Ditto ditto 1904-1908,—Calcutta,  1909.

(Out of print),

Ditto ditto 1909-1913.—Calcutta, 1915,

Ditto ditto 1914-1918.—Calcutta, 1920

2. *Circular Orders (Administrative) 1878-1908. —Calcutta,  1904.
Ditto ditto 1904-1908.—Calcutta,  1909.

Ditto ditto 1909-1913.—Calcutta, 1915

Ditto ditto 1914-1918.—Calcutta,  1920.

Ditto ditto 1919-1924.—Dehra Dun, 1926.

3. *Regulations on the subject of Language Examinations for
Officers of the Survey of India. Calcutta, 1914.

4. * Map Publication Orders 1908-1914 (Superintendent, Map
Publication’s Orders.)—Calcutta, 1914.

5. Specimens of papers set at Examinations for the P_rovinciul
Service.—Dehra Diin, 1927. Price Re. 1.

Catalogues and Lists.

1. Catalogue of Maps published by the Survey of India. Qon‘eCtOd
to 31st March 1928, Calcutta, 1928. Price Re. 1.

Lists of new maps published during each month appear in the monthly
NOTES OF THE SURVEY OF INDIA. These monthly lists are also

issued separately,

2. Catalogue of Maps of the Bombay Presidency, Calcutta, 1913.
Price ds. 4.

3. C(atalogue of Maps of Burma. Calcutta  1925.
Price 4s.8

4. Catalogue of Maps of Cantonments and Military stations. Dehra
Dun, 1927,  Price 4e. 8

5. Catalogue of Books in the headquarters Library, Calcutta, 1,901'
(Out of print).

6. Catalogue of Scientific Books and Subjects in the Library of the

Trigol'lometrical Survey Office. Dehra Din, 1908. Price Ro. 1
7. Classified Catalogne of the Trigonometrical Survey Library. Dehra

Grahs.

Dun, 1921.
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Catalogues and Lists.—(Continued).

8 Green Lists—Part I—List of Oflicers in the Survey of India

(annually to date 1st January), Culeutta. Price ds. 10.

Part [I—History of Services of Officers in the

Survey of India (annually to date 1st July), Calcutta.

Price Rs.1-8.

9. Blue Lists—DMinisterial and Lower Subordinate Listablishments
of the Survey of India.

Part I—Headquarters and Dehra Dun offices (pub-

lished annually to date 1lst April), Calcutta.

Price Rs. 6-12.

Part I1—Circles and parties (published annually to

date 1st January), Caleutta. Price Rs. 3.6.

10. List of the publications of the Survey of Indin (published annually)

_ Dehea Dan. Gratis,

11. Price List of Mathematical Instrument Office. Corrected up to

1st September 1927, Calcutta, 1928. Gratis,

Tables and Star Charts.

1. Auxiliary Tables—to facilitate the calculations of the Survey of
India,  Fourth Edition, Dehra Duan, 1906. (Out of print).

2. Auxiliary Tables—of the Survey of India. Yifth Edition,
(revised and extended), by J. de Graatt Hunter, m.a,, sc.p., F. INST. P.
In parts—

Part [—Graticules of Mups, (reprinted). Dehra

Duan, 1926, Price Re. 1.
Part II—Mathematical Tables, (reprinted with addi-
tions). Dehra Dun, 1924, Price Rs. 2.

Pavt ILI—Topographical Survey Tables, (reprinted
with additions), Dehra Dan. 1928,  Price Rs. 3.
3. Tables for Graticules of Maps. Extracts for the use of Explorers.
Dehra Dan, 1918. Price As. 4.
4. * Metric Weights and Measures aund other tables, Photo-Litho
UBice. Calcutta, 1889. (Outb of print.)
5. Logarithmic Sines and Cosines to 5 places of decimals.  Dehra Dan,
1836. (Out of print).
6. Logarithmic Sines, Cosines, lTangents and Cotangents to 5 places of
decimals. Dehra Dan, 1915. (Out of print).
7. Common Logarithms to 5 places of decimals, 1885. (Out of print).
8. T'able for determining Heights in Traversing. Dehra Dun, 1898,
Price ds. §.

9, Tables of distances in Chains and Links corrvesponding to a sub-

tenso of 20 feet. Dehra Duan, 188). Price As. 4.
10. * Ditto ditto 10 feet. Calecutta, 1915.
11. * Ditto ditto 3 feet. Ditto.

12, TIeld Traverse Tables, Ifiest Edition. Caleutta, 1928, Price ds. 8.
13, Star Charts for latitude 20° N., by Colonel J.R. Tlobday, 1.s.c.
Calcutta, 1904. Price Rs. 1-8.
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Tables and Star Charts.—(Continued).

14. Star Charts for Iatitude 30° N., by Lt.-Colonel 8. G. Burrard, R.E.,

¥.x.8. Dehra Dun, 1906. Price Rs. 18,
15. Catalogue of 249 Stars for epoch 1st Jan. 1892, from observations
by the Survey, Dehr'b Dun, 1893. Price Rs. 2,

16. * Raintall, maximum and minimum temperatuves, from 1868 to
1927, recorded at the Survey Office Observatory, Dehra Din, 1928,

Old Manuals.

1. A Manual of Surveying for India, detailing the mode of operations
on the Revenue Surveys in Bengal, and the North-Western Provinces.
Compiled by Captains R. Smyth, and I[.L. Thuillier. Calcutta, 1851.
(Out of print.)

2. Ditto Second Edition. London, 1855. (Out of print).

3. A Manual of Surveying for [ndia, detailing the mode of operations
on the Trigonometrical, Topographical and Revenue Surveys of India.
Compiled by Colonel H, L. Thuillier, ¢.s.1, r.r.s., and Lt.-Colonel
R. Smyth. Third Edition, revised and enlm'ged. Calcutta, 1875. (Out of
print.)

4. Hand-Book, Revenue Branch. Caleutta, 1893. Price Rs. 2-8.
Survey of India Hand-Books.

1. * Hand-Book of General Imstructions, (in 2 vols.) Iifth Edition.
1927,

2, Hand-Book, Trigonometrical Branch, Second Edition. Calcutts,
1902. (Out of print).

3. Hand-Book of Trigonometrical Instructions.—Third Edition. Parts
in pamphlet forms—

Part  V—The Tides. Third Edition, revised, Dehra Dun 1920
Price s. 2

Part  VI—Levelling. Third Edition, revised, —Dehra Dun,

1928. Price Re. 1.

4. Hand-Book, Topographical Branch,—7Third Edition. Calcutta, 1905.
(Out of print.)

5. Hand-Book of Topography.—TFourth [Edition. Calcutta, 1911.
Chapters, in pamphlet forms—

Chapter  I—Introductory.—reprinted with additions, 1921

Price 4s.8.
” 1I—Constitution and Organization of a Survey Paltg.
—reprinted with addltlom 1923, Price ds. .
" ITI—Triangulation and its Compututinn.——ruvnsed 1923,
Price Re. 1
" IV—Theodolite Traversing—Third Edition, 1927.
Price e, L.
1 V—Plane-tabling. —Third Edition, 1926. Price Il)e-.l'
” VI—Fair Mapping,—reprinted with additions and re-
vised, 1922, Price R
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Survey of India Hand-Books.—(Continued).

Chapter VII—Trans-frontier Reconnaissance. Third Edition,

1924. Price As, 8.

” »» —Addendum, 1928. Price As. 8.
»  VIII—Surveys in time of war, 1926 Price As. 8.
” IX—Forest Surveys and Maps.—revised, 1925.
Price 4s. 8.

» X—Map Reproduction.  Second Edition, 1919.

Price As. 8.

" XT—Geographical maps.  Second Edition, 1926.
Price 4s. 8.

6. *Photo-Litho Office, Notes on Orgnnization, Methods and Processes,
by Major W. C. Hedley, r.E. Third Edition. Calcutta, 1924.

7. The Reprodunction (for the gnidaunce of other Departments), of Maps,
Plans, Photographs, Dingrams, and Line Illustrations. Caleutta, 1914
Price Rs. 3.

8 Survey of India Copy Book of Lettering. Calcutta.
Price Rs, 3-8
Notes and Instructions.

Drawing and paper.
1. *Notes on Printing Papers suitable for Maps, and on Whatman

Drawing Paper, by Major W. M. Coldstream, r.E, Calcutta, 1911.
(Out of print).

Printing and Field Litho processes.

2. *Report on Rubber Offset Printing for Maps, by Major W. M.
Coldstream, r.E. Calcutta, 1911.

3. *Notes on the “Vandyke” or Direct Zinc Printing Process, with
details of Apparatus and Chemicals required for a small section. Compiled
in the Photo and Litho Office, Survey of India. Caleutta, 1913.

(Out of print).

4. *Report on the Working of the Light Field Litho Press (experi-
mental) in November, and December 1910, with Appendices, by Lieut.
A.A. Chase, =.E. Calcutta, 1911.

(i) Notes on some of the Methods of Reproduction suilable for
the Ifield.

(ii) Suggested Equipment Tables for the Light Iield Litho Press,
(experimental).

5. *Report on a trial of the equipment of the st (Prince of Wales’
Own) Sappers and Miners, for reproducing maps in the field,
by Licut. A. A. Chase, r.E. Caleatta, 1912 (Out of print).

Base Lines and Magnetic,

G. *Notes on use of the Jiderin Base line Apparatus. Dehra Dun
1904.  (Out of print).

7. *Miscellaneous Papers relating to the Measurement of Geodetic
Bases by Jiderin Invar Apparatus. Dehra Dun, 1912.

— R e
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Notes and Instructions.—(Continued).

8. A Booklet of Instructions with full description and tables for The
Hunter Short Base, compiled by Major C. M. Thompson, 1.4.  Dehra Din,
1928. Price 4s. 8.

9. *Instructions for taking Magnetic Observations, by J. Eccles, m. a.
Dehra Din. 1896. (Out of print).

10. Rectangular Co-ordinates.—On a Simplification of the Computationa
relating to, by J. Eccles, m. o.  Dehra Dan, 1911. Price Re. 1.

11. *For Explorers.—Notes on the use of Thermometers, Barometers
and Hypsometers with Tables for the Computation of Heights. by
J. de Graaff Hunter, m.a. Dehra Dun, 1911. (Out of print).

12. *Amended Instructions for the Survey and Mapping of Town Guide
Maps. August 1919

13 *Notes on boundary ribands on maps of the Survey of India, by
Major I'. Iraser Hunter, p.s.0., 1 a. Calcutta, 1922

14. *Notes on the map of Arabia and the Persian Gulf, with a general
index of place names on the map, 1905.08, by Captain F, Fraser Hunter,
1.4, Calcutta, 1910,

15. Accounts Pamphlet,—-Notes on account for field units Dehra Dan
1928. Price Re. 1.

PART V.—MISCELLANEOUS PAPERS

Unclassified Papers.
Geography.

1. A Sketch of the Geography and Geology of the Himalaya Moun
tains and Tibet (in four parts). by Colone! 8. G. Burrard, r.E., F.1.8,, Supdt,
Trigonometrical Surveys and H.H. Hayden, n.a., F.¢.8,, Supdt, (Geological
Survey of India. Calcutta, 1907-08.

Part I.—The High Peaks of Asia.

»  IL.—The Principal Mountain Ranges of Asia. ? Price Rs. 2.
» 11T.—The Rivers of the Himalava and Tibet. S per part
»w  1V.—The Geology of the Himalaya.

2 *Report on the Identification and Nomenclature of the Himilayan
Peaksas seenfrom Katimandu, Nepil, by Captain H. Wood, r.E Caleutta,
1904

3. Routes in the Western-Himilaya, Kashmir, ete. by Lt.-Colonel
T. G. Montgomerie, R.E., F.R.S., F.R.¢.8. Dehra Din, 1909. (Out of print).

4. Routes in the Western-Himalaya, Kashmir, ete. with which are
included Montgomerie's Routes. Volume 1. Pineh, Kashmir and Ladakh,
by Major Mason, m.c, r.%., First Bdition, Dolvva Dan. 1923, DPrice Rs. 0.
Exploration.

1. *Account. of the Survey Operations in connection with the
Mission to Yarkand and Kashgarin 1873.74, by Captain Henry Trotter, R-E
Calcutta, 1875, (Out of print).

2. Report on the Trans-Ilimalagan Txplorations during 1869, (Out of
print).

3. Report on the Trans-Himilayan Txplorations during 1870, Dehra
Din, 1871. (Out of print).

4. Report on the Trans-Himalayan Kxplorations during 1878.
Culcuttn, 1880. (Out of print)

e et —
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Unclassified Papers.—(Continued),

Special Reports.

1. *Report on the Mussoorie and Landour, Kumaun and Garhwal,
Ranikhet and Kosi Valley Surveys, extended to Peshawar and Kaghan
Triangulation during 1869-70, by Major T G. Mountgomerie, r.E. (Out of
print).

2. Report on the Recent Determination of the Longitude of Madras,
by Captain 8. G. Burrard, r.E. Calcutta, 1897. (Out of print).

3. *Report on the Observations of the Total Solar Eclipse of Gth A pril,
1875 at Camorta, Nicobar Islands, by Captain J. Waterhouse. Caleutta,
1875. (Out of print).

4. *The Total Solar Eelipse, 22nd January, 1898. Dehra Dan. 1898.

(1) Report on the observations at Dumraon.
(2) Report on the observations at Pulgnon.
(3) Report on the observations at Sahdol,

5. *Report on Tocal Attraction in Tndia, 1893-94, by Captain
S3.G. Burrard, r.E. Caleutta, 1895. (Ount of print).

6. *Report on the Trigonometrical Results of the Earthquake in
Assam, by Captain 8. G, Burrard, r.E. Caleutta, 1898. (Out of print).

7. *Notes on the Topographical Surver of the 1/50,000 Sheets of
Algeria by the Topographical Section of the “Service Geographique
de 1'Armee”, by Captain W. M. Coldstream, r.E. Calcutta, 1906.

8. *¥T'he Simla Estates Boundary Survey on the scale of 50 feet to
1 ineh, by Captain . A. Tandy, ».E. Culcutta, 1906.

9. *A note on the stage reached DLy the Geodetic Operations of the
Survey of India in 1920, by Lt.-Colonel H.Mc¢C. Cowie, r.is.  The Magnetic
Swvey of Tndia, by Major R. H. Thomas, ».5.0, R.E. and a note on the
present levelling policy, by Major K. Mason, m ¢, r.E. Dehra Dun, 1922.
(Out of Print).

(teodesy.
1. Notes on the Theory of Errors of Observation, by J. Fecles, a.a.
Dehra Dun, 1903. Price 4s. 8.

2. *Note on a Change of the Axes of the Terrestrial Spheroid in
relation to the I'riangunlation of the G.T. Survey of India, by J. de Graaff
Hunter, m.a. Dehra Dian. (Out of print), now incorporated in
Professional Paper No. 16.

3. Report on the Treatment, and use of Invar in measuring (Geodetic
Bases, by Captain H. I1. Turner, r.E.  London, 1907. Price As. 8.

4. *Investigations regarding Gravity and Tsostasy by W. Ieiskanen
(Translated by V. Pelts Bsq.  Revised and completed by Major C. M.
Thompson, 14.) Dehra Din, 1928,

Projections.

i. On the projection used for the General Maps of India.  Dehra
Din, 1903. (Out of print).

2. *On the deformation resulting from the method of constructing
the Tnternationul Atlas of the World on the scale of one 1o one million,
b Ch. Lallemand. Translated by J. Tecles, ata,, together with tables for
the projection of 1/M Maps on the International system. Dehra Dan,
1912, (Out of print).
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Unclassified Papers.—(Concluded),

Mapping.

1. *A Note on the different methods by which hills can be represen.
ted upon maps, by Colonel 8. G. Burrard, c.s1, R.E., F.RS, Surveyor
General of India. Simla, 1912,

2. *A Note on the representation of hills, by Major C. L. Robertson,
c.M.@¢., R.E. Dehra Dun, 1912,

3. *A Note on the representation of hills on the Maps of Indin, by
Major I'. W. Pirrie, 1.A.  Dehra Duan, 1912.

4. *A consideration of the Contour intervals, and Colour Scales, best
suited to Indian 1/M maps, by Captain M.O’C. Tandy, n. . Calcutta,
1913. (Out of print).

Professional Papers.

No. 1—Projection—On the Projection for a Map of India, and adja-
cent Countries, on the scale of 1: 1,000,000, by Colonel 8t. G. C. Gore, R.E.
Second Edition. Dehra Dun, 1903, Price Re. 1.

No. 2 *Base Lines—Method of measuring Geodetic Bases by means
of Metallic Wires, by M. Jaderin, (Translated from Memoires Présentés
par Divers.  Savants & I’ Académie des Sciences de I’ Institute de France).
Dehra Dun, 1899  (Out of print).

No. 3—Base Lines—Method of measnring Geodetic Bases by means
of Colby’s Compensated Bars, compiled by Lient. H. McC. Cowie, R.E
Dehra Dun, 1900. (Out of print).

No. 4—Spiritlevels—Notes on the Calibration of Levels, by
Lieut. K. A. Tandy, =. 5. Delra Dun, 1900. (Out of print).

No. 5—Geodesy—The Attraction of the Himalaya Mountaing upon the
Plumb-Lioe in India, considerations of recent data, by Ma‘]qr 8. G.
Burrard, ».E. Second Edition, Dehra Dun, 1901. Price Bs. 2.

No G—Base Lines—Account of a Determination of the Coefficients of
Expansion of the Wires of the Jaderin Base Line Apparatus, by Captain
(. P. Lenox-Conyngham, ®.E. Dehra Dan, 1902, (Out of print).

No. 7—*Miscellaneous. Calcuttn, 1903.

(1) On lie values of Longitude employed in maps of the
Survey of India.

(2) Levelling across the Ganges at Damuisdia.

(3) Experiment to test the increase in the length of a
levelling staff due to moisture and temperature.

(4) Description of a Sun-dial designed for use with tide-gauges

(5) Nickel.steel alioys and their application to Geodesy.
(Translated from the French).

(6) Theory of electric projectors. (Translated from the French).

No. 8—Magnetic—Experiments made to determine the temperature
coefficients of Watson’s Magnetographs, by Captain I A. .l)enholln
Fraser, R. E. Calcutta, 1905. Price Re. I

——
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Professional Papers.—(Continued).

No. 9—Geodesy—An Account of the Scientific work of the Survey
of India, and a Comparison of its progress with that of Foreign Surveys.
Prepared for the use of the Survey Committee assembled in 1905,
by Lt.-Colonel S. G. Burrard, . g, r. r.s. Calcutta, 1905, Price Re. 1.

No. 10—Pendulums—The Pendulum Operations in India, 1903-1907,
by Major G. P. Lenox-Conyngham, r,E, Dehra Dun, 1908. Price Rs 2-8.

No. 11—Refraction —Qbservations of Atmospheric Refraction, 1905-09,
by H. G. Shaw, Survey of India, Dehra Dun, 1911. (Out of print).

No. 12—Geodesy—Oun the Origin of the Himalaya Mountains,
by Colonel 8. G. Burrard, ¢.s. 1., &. E., ¥.t.5. Calcutta, 1912. Price Re. 1.

No. 13 —Isostasy—Investigation of the Theory of Isostasy in India,
by Major H. L. Crosthwait, r.e. Dehra Dun, 1912, (Out of print)

No. 14—Refraction—Formulez for Atmospheric Refraction, and their
application to Terrestrial Refraction and Geodesy, by J. de Graafl
Hunter, Mm.o. Dehra Duan, 1913. Price Rs. 2.

No. 15—Pendulums—The Pendulum Operations in India and Burma,
1908-13, by Captain H. J. Couchman, ».. Dehra Dan, 1915. Price Rs. 2-8.

No. 16—Geodesy—The Earth’s Axes and Iriangulation, by J. de Graaft
Hunter, m A. Dehra Dun, 1918, Price Rs. 4.

No. 17 —Isostasy—Investigations of Isostasy in Himidlayan and neigh-
bouring regions by Colonel Sir 8. G. Burrard, x.¢.8.I,, R.E, F.rs. Dehra
Dauw, 1918. (Out of print).

No. 18—Isostasy—A criticism of Mr. R. D. Oldham’s mewmoir ““The
structure of the Himalayas and of the Gangetic Plain”, by Lt.-Colonel
H. McC. Cowie, 1.:. Dehra Dun, 1921. Price Rs. 1.8.

No. 19—Aevial Photography—Experiments in Aeroplane Photo Sur-
veying, by Major C. G. Lewis, &.E., and Captain . G- Salmond, (Late r.s.r.).
Dehra Dun, 1920. Price Rs. 1-§.

No. 20—Air Survey— Reconnaissance Survey from Aireraft, by
Lt.-Colonel G. A. Beazeley, n.s.0., .E. Dehra Dun, 1927.  Price Bs. 1-6.

No. 21—Rectangulation—Irrigation and Settlement Surveys 1926, by

Major J. D, Cawpbell, p.s.0,, g.k. Dehra Dun 1927, Price Rs. 1.8.
No. 22—Leveliing—'hree Sources of Error in precise levelling, by
Captain G. Bomford, ..  Dehra Duan, 1929, Price Rs. 1.8.

Departmental Papers Series.*

No. 1—Type—A consideration of the most suitable forms of type
for use oun maps, by Captain M. O'C. Tandy, r.t.  Dehra Dun, 1913.

No. 2—Symbols—A review of tlie Boundary Sywmbols used on the maps
of various countries, by Captain M.O’C. Tandy, r.E. Dehra Dun, 1915,

No. 3—Maps— Extract from *“The New an_ of Italy, Sgale 1:
100,000 ", by Luigi Giannitrapani. 'l‘_rauslated from the ltalian by
Major W. M. Coldstream, r.e. Dehra Dan, 1913.

No. 4—Town Surveys—A reporb on the practice of Town S‘urveys i
the United Kingdom and its application to India, by Major €', I.. Robertson,

¢M.d., R.E. Dehra Dan, 1913, ' )
No. 5— Stereo-plotter—1'he Thompson Stereo-plotter and its use, with

notes on the field work, by Licut. K. Mason, r.e.  Dehra Din, 1913,
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Departmental Papers Series.*—(Continued).

No. 6—Levelling—Levelling of High Precision, by Ch. Lallemand.
Translated from the French by J. de Graaff Hunter, a.4. Dehra Dun, 1914,

No. 7—Standard Bars—Bar Comparisons of 1907.08, by Major H. McC,
Cowie, t.E. Dehra Dun, 1915.

No. 8—Hcelio-Zincography—Report on Rubber Off-set I'lat bed Machine
Printing, by Captain 8. W. Sackville Hamilton, r.e. Calcutta, 1915.

No. 9—Stereo-Auto-Plotting—A translation of Paul Corbin's French
Stéréo  Autogrammétrie, by Lt.-Colonel H. MeC. Cowie, r.8. Dehra
Dun, 1922,

No. 10—Projection—The Lambert Conical Orthomorphic Projection,
by Lt.-Colonel C. M. Thompson, 1.4. Dehra Dan 1929.

Professional Forms.

A large number of forms for the record and reduction of Survey
Operations are stocked at Dehra Dan.

List of more important contributions by the Officers of
the Survey of India to various extra-departmental pub-
lications and related articles.

1. +tIndia’s Coutribution to Geodesy, by General J. T. Walker, r.E,
¢.B., ¥F.&S8.,, LL.D. (Philosophical Transactions, Royal Society, Series 4,
Volume 186, 1895). _ _

2. +On the Intensity and Direction of the Force of Gravity in Indi,
by Lt.-Colonel 8. G. Burrard, r.E, v.n.s. (Philosophical Transactions,
Royal Society, Series A, Volume 205, pages 289-318, 1905).

3. 1A climb ou Kolahoi, by Lieut. Keuneth Mason, R.k. (Royal
Eugineers Journal, November 1910). o

4. 1+On the effect of the Gangetic Alluvium on the Plumb.Jine m
Northern 1ndia, by K. D. Oldham, ¥.r.s. (Proceedings of the Royal Society,
Series A, Volume 90, pages 32-40, 1914),

5. +On the origin of the Indo-Gangetic trough, commonly called the
Himalayan Xoredeep, by Colonel Sir 8. G. Burrard, x.c.8.1,, R.E, FR8
(Proceedings of the Royal Society, Series A, Volume 91, pages 220-238, 1915).

6. §Three comprehensive articles on * Comparators for the Indian
Government” from a report by Major H. McC. Cowie, n.x. (Engineering,
Aug. 20, Aug. 27, Sept. 3, 1915).

7. | Ldentification of Peaks in the Himalaya with notes, by Colonel Sir
S. G. Burrard, k.¢.8.1., R.E., F.8. (Geographical Journal, September 191?3)-'
8. ||Geological interpretations of Geodetic Results, by Colonel Siv

S. G. Burrard, k.c.8.1., r.k, Fars. (Geographical Journal, October 1918).
9. ||War Surveys in Mesopotamia, by Colonel I'. W. Pirrie, ¢.M.G:
LA, (Geographical Journal, December 1918).
10. |jAir Photography in Archeology, by Lt.-Colonel (+. A, Beazeley,
8.0, R.E (Geographical Journal, May 1919).

* Tor Departiiental use only. ,

+ Obtainable from Messrs. Dulau & Co., 37, Soho Square, London, W, or
Messre, Harrison & Sons, 8t, Martin's Lanc, London, or the Royal Socicty ot Burlington
House, London.

1 Obtainable from the Institution of Royal Engineers, Chatliam. -

§ Obtainable from Charles Robert Johoson at the oflices of * kngineernvs o
35 and 36, Bedford Street Strand, London, W. C. ]

I Obtuinable Irom the Royal Geographical Society, Kensington Gore,
3 W. 7.
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List of more important contributions by the Officers of
the Survey of India &c. &c¢.—(Continued).

11. *Mapping from Air Photographs, by Lt.-Colonel M. N, MacLeod
r.E. (Geographical Journal, June 1919). v '

12. *Reminiscences of the Map of Arabia and Persian Gulf, by
Lt.-Colonel F.F. Hunter, p 8.0, 1.o. (Geographical Journal, December
1919).

13. *Central Kurdistan, by Major K. Mason, m.c, r.E. (Geo-
graphical Journal, December 1919).

14, *Surveys in Mesopotamia during the War, by Lt -Colonel
G. A. Beazeley, ps.0.,, x.E. (Geographical Journal, February 1920).

15. tA lecture on the Karth’s Axes and Figure, by J. de Graaff
Hunter, m.A. (The Observatory, May 1920).

16. *A brief review of the evidence upon which the Theory of
Isostasy has been based, by Colonel Sir 8. G. Burrard, x.c.s.1., ».E., F.R.S,
(Geographical Journal, July 1920).

17. *A note on the topography of the NunKun Massif in Ladakh,
by Major K. Mason, m.c.. R E. (Geographical Journal, August 1920).

18. *Notes on the Canal System avd Ancient Sites of Babylonia in the
time of Xenophon, by Major K. Mason, mM.c., R.E. (Geographical Journal,
December 1920).

19. 1An Exploration in South-East Tibet, by Major H. 1. Morshead,
p.s.0., R E. (Royal Engineers Journal, January 1921).

20. iTopographical Air Survey (with plates and maps), by
Lt,-Colonel G. A. Beazeley, p.s.0.,, 1e. (Royal Engineers Journal,
February 1921).

21. %Projection of Maps.—A review of some Investigations in the
Theory of Map Projections, by A. E. Young, and Colonel Sir 8. G. Burrard,
K.C.8.I1., R.E., F.k.8, (Royal Engineers Journal, March 1921).

22, tReport on LExpedition to Kamet, 1920, by Major H. T. Morshead
p.8.0., R.E. (Royal Engineers Journal, April 1921).

23, *The Circulation of the Barth’s Crust, by Lt.-Colonel
E, A. Tandy, R E. (Geographical Journal, May 1921).

24, §Johuson’s Suppressed Ascent on B 6L, Dby Major K. Mason,
M.c, rE (Alpine Journal, November 1921).

25. *Stereographic Survey. The Autocartograph, by Lt.-Colonel
M. N. MacLeod, 0.8.0., R.E. (Geographical Journal, April 1922).

96, tThe * Canadian” photo-topographical method of Survey, by
Captain and Bt. Major E. O. Wheeler, mc., 1E. (Royal Eugineers
Journal, April 1922).

27, §The Survey of Mr. W.II. Johuxon in the K'un Lun in 1865,
by Major K. Mason, m.c., R.E. (Alpine Journal, November 1922).

* Obiainable [rom the Royal (ieographical Society, Kensington Gore, Loudon,
Sw. 7.

+ Obtainable from Messrs Tuylor & Lrancis, Red Lion Court. Fleci Street,
London, W.C.

1 Obtainable from the Institution of Roral Lnginecers, Chathani.

§ Obtainable from Alpine Clnb, 23 Savile Row, London, W. 1,
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the Survey of India &c. &c.—(Continued)..

28. *Gravity Survey, by J. de Graaff Hunter, m.a., sc.D., F. INsT. D,
(A Dictionary ot Applied Physics, Vol. 111),

29, *Trigonometrical Heights and Atmospheric Refraction, by J. de
Graaff Hunter, m.4., se.D., F. INST. P. (A Dictionary of Applied Physics,
Vol. I1I).

30. Geodesy, by Colonel Sir G. P. Lenox-Conyngham, Kt., R.E., F.RS,
and J. de Graaff Hunter, M.a,, sc.p., ¥, INST. P. (Enc. Brit. 12th Edition,
Vol. XXXI, 1922).

31. +The proposed Determination of Primary Longitudes by Inter-
national Co-operation, by Colonel Sir G. P. Lenox-Conyngham, Kt., r.E,
F.R.8. (Geographical Journal, February 1923).

32. tRecent Developments of Air Photography.—(1) The adjustment
-of Air Photographs to Survey points, by Lt.-Colonel M, N. MacLeod,
D.8.0., R.E. (Geographical Journal, June 1923).

33. iMount Everest, by Major II. T. Morshead, ps.o.,, R.E. (Royal
Engineers Journal, September 1923).

34. tKishen Singh and the [ndian Explorers, by Major K. Mason
M.c., R.E.  (Geographical Journal, December 1923).

35. §Electrical registration of height of water at any time in Tidal
Prediction, by J. de Graaff Hunter, mM.A.. sc.0, F.INsT. P. (Journal of
Scientific lnstruments, Vol. I, No. 8, May 1924).

36. |[Graphical tethods of plotting from Air Photographs, by
Lt.-Colonel L. N. I*. I. King, 0.B.E., IL.E.

37. +The Demarcation of the Turco-Persian Boundary in 1913-14,
by Colonel C. . D. Ryder, r.e. (Geographical Journal, September 1925).

38. Geodesy, by J. de Graaff Hunter, m.A., sc.p., F. INST. P
(Enc. Brit. 13th Edition, New Vol. ii, 1926).

39. €The De Filippi Expedition tothe Eastern Kara-koram, by B.B.D.
and Colonel Sir G. P. Lenox-Conyngham, Kt, » E.,, F.,r.8, MA. (Nature,
13th Iebruary 1926). )

40. 1The Problem of the Shaksgam Valley, by Colonel Sir Francis
Younghusband, k ¢.s.1., k c.t E. (Geographical Journal, September 1926).

41, tThe Shaksgam Valley and Aghil Range, by Major K. Mason,
M.C., R.E. (Geographical Journal, April 1927),

42, A Break-Circuit for Pendulum Clocks, by J.de Graaff Hunter,
M.A., sc.p., F, INST.P. (Bulletin Giéodésique No. 14, April, May, June
1927, Paris),

43, tA Graphical Discussion of the Figure of the Karth, by A.R.
Hinks, c.B.E,, F.R.S8. (Geographical Journal, June 1927),

* Obtainable from Messrs MacMitlan & Co. Limited., St. Martin's Street.
Loundon. W.C.. Bombay, Caleutta. Madras, Meibourne. 1

t Obtainahle from the Royal Geographical Society, Kensington (ore, London,
B.W. 7.

I Obtainahle from the Institution of Royal Engincers, Chntham. 4

§ Obtainable from the Institute of Pbysics,90 Great Russcl Street, Londomh
w.C. .

| Obtainable from H.M. Stationary office, Adastral Hounse, Kingsway, London,
W.C. 2, 28, Abingdon Street, London, S.W. o2

€ Obtainable from the office of Nature, St. Martin's Street. London, W.C.%
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List of more important contributions by the Officers of
the Survey of India &c. &c.—(Concluded).

44. *Survey on Active Service, by Captain G. F. Heaney, r.E. (Royal
Engineers Journal, June 1927).

45. A Report on the Geodetic work of the Survey of India for the
period 1924-27, by J. de Graaff Hunter, M.a., sc.D, F. INST. P., presented
at the third meeting of the International Union of Geodesy and Geophy-
sics, Prague, September 1927,

46. tThe Stereographic Survey of the Shaksgam, by Major K.
Mason, M.c., R.E. (Geographical Journal, October 1927).

47. +tFigure of the Earth: correspondence by J. de Graaff Hunter,
M.A., Sc.D, F.INST.P, (Geographical Journal, December 1927),

48. tFigure of the Earth: correspondence by Captain G, Bomford,
R.E, (Geographical Journal, December 1927),

49. +tReply to Captain G. Bomford's letter on Tigure of the Earth
(No. 48 of list), by Captain G, T. McCaw and A, R, Hinks, ¢.B.E,, rrS.
{Geographical Journal, December 1927),

50, TFigure of the Earth—Presidential address by J. de Graaff Hunter,
M.A, Sc.D., F.INST. P., at the Section of Mathematics and Physics of the
Fifteenth Indian Science Congress, Calcutta 1928 (Published by the Asiatic
Society of Bengal, Calcutta).

51. t+Note on Sir Francis Younghusband’s Urdok Glacier, by Major
Kenneth Mason, »m.c., r.E. (Geographical Journal, March 1928).

52. 1Some Applications of the Geoid by J. de Graaff Hunter, m.a.,
8c.D., F. INST. P. (The Observatory, June 1928).

¥ Obtainable from the Institution of Royal Engineers, Chatham.

t Obtainuble from the Royal Geographical Seciety, Kensinglon Gore, London,
SwW.T.

1 Obtainable from Messrs Taylor and Francis, Red Lion Court, Fleet Street,
London, W.C.
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