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NO. 26 PARTY (MAGNETIC). 
Annual Report. Season 1907-08. 

Personnel. 
Irnbrrial Oficer:. 

Captain R.  H .  Thomas, R.P., in charge to 
j ~ s t  March 1908. 

Lieutenant H. J. Couchman, R.E., in charge 
from 1st April 1p8 .  

Lieutenant H. T. Mornhead, R.E., from 16th ~ h ,  personnel of the party is given in 
August 1go8. 

Provincial Oflcers. the margin. 

Messrs. E. C. J.  Bond, and H. P. D. Morton, 
Babus R. P. Ray, N. R. Mazumdar and R. B. 
Mathur. 

Subordinate cstob1;shment. 
2 Observers, 13 Recorders, I Computer, 2 

Surveyors and I Writer. 

ooo. T h e  health of t h e  party was on the whole satisfactory ; two khaldsz's 
however died of cholera on returning from the field, and one recorder suffered 
from fever in Burma. 

THE M A G N E T I C  SURVEY I N  1907-08. 
T h e  present report deals with the work of the  Magnetic Survey in 1907-08. 
T h e  report is divided into three main heads as follows :- 

I. A brief account of the operations i n  the field and recess quarters, with a table 
of the preliminary values of the magnetic elements at field and repeat 
stations in 1907-08, and an index chart showing the positions of all stations 
of observation up to date. 

NOTB.-For convenience of reference the table of preliminary values and index chart are 
placed a t  the end of Part 111. 

11. The working of the magnetic observatories i n  1907-08. 
111. Tables of results at the magnetic observatories i n  1907. 

- .  
I. Work of the field detachments. 
2. Work of the Imperial officers. 
3. Work during recess- 

Diurnal variation correction. 
Disturbance correction. 
lsomagnetic charts. 

4. Comparison ol instruments with the survey standard. 
5. Values of the distribution co-efficient P. for the field instruments. 
6. Programme for 1908-og. 
7. Results included in this report. 

I .  Wovk of the field deinchmcnis.-The field season opened on Octobet  
21st 1907, and closed early in May 1908. Four Geld detachments were employed 
during the year under report;  three 01 these worked in Burma and  the  
tor~rth in Berar, Orissa and Assam. One of the Burma detachments, however, 
was withdrawn fro111 magnetic work for three months in order to carry out some 
triangulatioll for the Chin-Lushai-Arakan boundary, while another, owing 10 the  
early break of  the rains in ~011th Burma, could not complete its programme. 
For these reasons, and owing t o  the difficult country met  with, the outturn of 
new stations was only 80, bringing tt~c:  total number of statlolls to date  10 1,214, 

with 22 repeat stations. 
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2. Work of the lnrperial 0flcevs.-Two imperial officers were available up 
to the end of March, when the officer in charge proceeded on furlough. The 
four observatories were inspected and comparative observations carried out at 
each and also a t  AlibAg. Vertical force magnets of the new pattern were 
mounted at  the Barrackpore ana KodaikAnal observatories and satisfactory 
adjustments made of their temperature co-efficients, the values found being 
- 3 . 0 ~  and +5'2y per + 1°'F. respectively. In addition to those at  the 22 rep:at 
stations, observations were made at 31 old field stations suitably situated 
between repeat stations, in order to obtain further values d the ,secular change 
in the magnetic elements. 

Lieutenant H. T. Morshead, R.E., was posted to the party in August agog 
aiid has now been trained )in magnetic observations. 

3. Work dzcriglg recess.-Daring the recess season the computation of the 
previous season's field work, and the reduction and taboldtion of the base station 
results for 1907 have been conipleted (vide Part 111). 'The whole of the 'base 
line values of the horizontal force magnetographs have been se-wmputed, 

using the value of obtained from the deflection observations, combined with 

the mean value of the moment of the magnet (w) for the period, to obtain the 
value of H. Formerly the practice has been to obtain H. by combining the 

1n11 and ;of the vibration and deflection observations. Now the probable error 
of a vibration observation is considerably larger than that of a deflection obser- 
vation, owing to the difficulty of the former operation, and it is therefore prefer- 
able to use the deflection observation only in computing H .  TO do this, however, 
we must know the value of m, and as this i s  ordinarily fairly constant, we can 
obtain a sufficientty accurate value by combining a large number of vibrations 
and deflections. The values of the base lines obtained by this method agree well 
ilzter se, and the ~ r a c t i c e  will be continued. The same process has been 
employed in computing H in the field observations, the values of m dbtained 
being carefully scrutinised and divided into groups, where there has been any 

change. 
T h e  comparisons of instruments in H. F. with the survey standard magne- 

tometer, No. 1 7  at  Dehra Din,  from the begirming of the survey have been 
recomputed by this method, and the results, which are given below, shew that 
while the field instruments ordinarily remain fairly constant during the working 
season, changes often occur during the recess. This is fortunate (though 

difficult to understand) as a constant instrumental correction can be 
applied throughout any one field season. The change from year to year can as 

a rule be explained by postulating a change in log a'K, but o111y on the assump- 
tion that the change occurs during the recess. The question, however, is of 
small importance, from the pomt of view of the reduction of the survey, and 
need not be considered for the present. 

The correction of the horizontal force and declination observations for 
diurnal variation has been commenced, tile 

D i u m i  von'atbn anmlwn.  
formula used being the empircial one given 

in ast report, vir7.:- 
lat,-lat, 

h,= ha+k(hb-ha\ where k= --. 
1al.-laj, 
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Two values of h, are found by using the three obserkatories nearest t o  the station 
~ndm-correction and a mean taken; T h e  agreemen6 between the  two values- of 
h, is extraordinarily goud,for all eacepb the  south of India, as the  subjoined table 

TABLE. A.. 

will she\\,. 

REV ARK^. 

12 from I<odaikdnal. 

3 11 ,, 

all ,, I) 

Dlflerence between two values of h, 

0 7 

I 

2 

3 

4 

5 

Number. 

96 

'24 

6 7 

33 

5 

6 to 14 12 1 d 9 ,  I I 

It  will thus be seen that when K o d a i k i ~ ~ a l  IS one ot the base stations used 

to determine the diurnal variation correction, the probable error of this correction 
is commonly large, and it is therefore evident that,  either t h e  diurnal variation 
figures of Kodaiksnal are  abnormal owing to the fact that  t h ~  d s e l v a t o ~ y - i s  
situated on magnetic rock, or the latitude formula does not hold good in low 
magnetic latitudes. 

T o  determine which of these alternatives is correct, it is intended, during 
this field season, t o  take hourly observations of force for 5 or 6 days a t  some 

place in the extreme south of India and also probably in Lower Burma. By 
comparing thebresults thus obtained with the magnetograph traces a t  KodaikPnal 
it is hoped that some light will be thrown on the question. 

Investigations into the correction for disturbance have been continued, t h e  

The drsturbancc correclion. 
method employed being a s  follows. A 
number of points in a disturbed trace are  

selected haphazard aqd the vadues o f  force determined in the usual way. From 
these values the normal value of the palticular moment is deducted and the  

residual thus represents the  amount o f  the disturbance correction. (The normal 
value is obtained by interpolation from the hourly mean values of the. selected 
quiet days.) Similar points a t  the same a ~ s o l u t e  time a t  the  other observatories 
are  similarly dealt with, and residuals obtained, which are  compared irztev se. 
T h e  agreement between these-residuals is often good, and there is occasionally 
evidence of a latituder)ralrge; bat inmany-case4. t h e e m s  to be n e  possi.ble 
method of connedirrg the-residuals: as t h e  following tables will shew. . 
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TABLE A-contd. 

T A B L E  B. 

Examples of non-agreement between residuals :- 

Dehrn D6n1 
Lat. 30°3. 

+ 12 
+ 12 
+ 16 
+24 

- 33 
- 89 

- 19 
- I2 

- I  I 

+ 5  

- 35 
+2 

Examples could be multiplied, but the  above will shew that ordinarily it is 
only one observatory that  is a t  fault, and that the disturbance correction a t  any 
station can be  obtained by computing the correction a t  three base stations 
but that occasionally cases will occur where considerable uncertainty will exist. 
For  example, in the  4th line in Table B, where we have two pairs of accordant 
values, it would be impossible to determine, with any certainty, the amount of 
correction to be applied to an observation a t  a station whose latitude was between 
that  of Barrackpore and Toungoo. 

T h e  investigat~nn w~ll  be continued, mainly in order t o  ascertain whether 
such uncertainties occur sufficiently frequently to necessitate a more rigid 

Barrackpore, 
Lat. 2a08. 

+ 1 0  

+'3 

+I3 

+29 

-32 

- 92 
- 20 
-I I 

- 16 
-2 

- 39 
- 2 

Dehra Dlin. 

-21 

+ 56 
- 22 
-PO  

- 56 
- 5 1  

- 16 

Toungoo, 
Lat. 18~9 .  

+ I 1  

+I9 

$13 

+ 2 0  

- 32 
- 90 

- 22 
-4 

-18 

-4 

-4'  

- 6 

Barrackpare. 

-2 I 

+ 43 
-27 

-21 

- 57 
- 40 

-3 

Kodaikdnal, 
Lat. 10'2. 

+'5 

+ I2 
+I5 

+ 22 
-38 

- 83 
-27 

+ 3 
-25 

- 1 1  

-47 

- 8 

Toungoo. I Kodaikdnal: 

Latitude. 

1 I 

11 

,l 

11 

JI 

- 22 
+ 37 
- I2 
- 39 
-57 

- 46 
-14 

-8 

+ 45 
-32 

-34 

-30 

-29 

-10 
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investigation on the lines suggested by Sir A. Riicker, F. R.S., mentioned in last 
year's report. This method, however, is somewhat laborious, and it is hoped 

that it not be necessary to employ it. It must be remembered that a t  

present only magnetic disturbances of considerable magnitude have been dealt 
with, and as these are comparatively far:, a few discrepancies are not of much 
consequence. 

During the recess, charts have been prepared showing lines of equal hori- 
zontal force declination and dip. These 

Thr isomagnetic charts. are based on uncorrected observations only, 
though a rough secular change correction has been applied, They can, there- 
fore, only be regarded as preliminary, and their chief use will be to indicate 
abnormal areas, where detail survey will be necessary. 

The charts have been published in the general report for 1907-08, together 
with a short explanatory note. 

4. Comparison ofinstruments with the Survey Standard.-All the field 
instruments were as usual compared with the standard instruments at  Dehra 
Dljn at  the beginning and end of the field season and the results of these compari- 
sons and also the re-computed comparisons of previous years are given in the 
tables below. 

Tables of Instrumental Diferences from the Survey Standard at Dehra Dzin. 

TABLE 1. 

Exfiressed in  abso!ute units (C. G .  S.) 

17- -- 
Magneto- 

meter 
No. Beginning. End. Beginning. End. Beginning. 

1 

+ 3 

- - - - -  'tar' 
Mean. --8 

+IS +14 +10 +a3 + z j  

+ 12 +6 
-a 

+ 6 + 27 

o + 15 + 26 
+ 14 

-17 -11 -I4 -10 -7 -a7 -15 -33 -30 -ag 

-14 -17 - ------ -17 -24 - 2 9  -------- +a *I3 +I3 No +35 +26 -18 
+ z 3  +a7 + a  

1 0  compari- 
son. 

+I\ + 13 + 31 + ao 
I + '5 

(.) Up to ~ t h  March ~goj. 
( b )  ,, 11th February l g m ~  
(C R s t  of dd ~ a s o s  
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I t  must, however, be remembered that the horizontal force ~orrection of, a 
magnetometer, expressed in absolute units, will not remain$con$tant with a change 
in the magnetic field, but varies a s  the value of horizontal force a t  the station of 
observation. The, correction is tllus of the form q. H., with at least very close 
approximation. Table I A gives the values of F for, the different magnetometers 
in different years. 

Values of F appearing zh the expression F. H. 

(a\  Up ta  12th March 1903 
( b )  ,, 14th February 1905. 
(c) Rest of Field Season. 

TABLE 11. 

DECLINATION A N D  DIP. 

DRCLINATIOW. 

(a) Up to 17th Pebruary needles 4 D and 2 used. 
16) From 7th AprJ ,, 4 c ,, 2 ,. 

5 .  Values qf the  disln'bdios cpcficient P for  the field ins~ruments.-The 
table below gives the "near " values of and P,, for the field instruments. 

Dlr. 

-- - 

1 7- 
Magnetometer. 

I 

3 

4 

5 

6 

10  

End of 
field season 

1907-08. 

-1l.5 

+ 1'3 

+ 5.5 

+ 4'6 

+ 2'9 
+ 1.6 

Beginning of 
field seasan 

1907-08. 

+ of.2 

-0 0 

4 ' 7  

-0.5 

+ 0.3 

-0'0 

Esrth lndvctar 
No. 30- 

Dip circle No. 

End of 
field season 

1907-03. 

-of .o 

-0' 1 

-0.6 

-0.4 

+ O . I  

+o'r 

Beginning of 
field season 

1907-08. 

135 1 -z1'7 

136 -1.8 

1 3 I I  i 2 . 6  

+ 0 . 1  (a) 
139 

140 

170 

-0. I (b)  

-0.2 

-0.3 
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The same arrangement of the deflection distances as last yeat has beeh used and 
from each complete observation one " near " and one " far" value,of PI., and 
P,., nre obtained. 

The far values, being of less weight, are not hsed in computing and have 
not been shown. 

TABLE A. 

The values of p and q appearing ,in the formula I - l -3  (as distinct from 
rz r4 

P,-, PROM 30 A N D  40 CMS. VALUES TOR 
P,-, FROM 22'5 AND 30 CMS.  1906-07. 

~n vi B 
C 

P the expression I- 7 commonly used in the computation 6f #)are given below, r 
together with tho values of log (I-$-:) and the change in H at  Dehm D6o r 
if the 'q' term is taker! into account. 

2 A 

3 A 

4 A 

g A  

6 A  

lo 

TABLE B. 

7-23 

6.20 

7.59 

7.21 

7.88 

5.81 

6. P rogrnmme lor ~go8-0p.-It was intended to complete the preliminary 
survey during last field reason, but dwitig to the reasons giveh in para. I ot 

Magnet. 

a A 

3A 

4A 

5'4 

6A 

10 

----- 
7.26 

6 '21  

7.59 

7.21 

7.88 

5-82 

The values in the last column of the table agree closely with those obtained 
in previous years. 

82 

38 

46 

46 

24 

55 

P 

I I .g6 

8-87 

10'02 

9'42 

8-48 

9'32 

9 

- 1,503 

- 851 

- 778 

- 711 

- I93 

-1,126 

I Change in H 
(I-L - - at 

r' Dehra Din. 

t7 

I 

Nil 

Nil 

Nil 

4 

T 'ggazz 

i '99379 

'99266 

'99307 

'93360 

'99386 

+ 5 8 ~  

+ 33Y 

+ 3OY 

+ 277 

+ 7Y 

+ 431 

65 

37 

46 

46 

24 

5 1  

9.28 

7'37 

8.59 

8-16 

8.06 

7-36 

9-29 

7'36 

8.64 

8.17 

8.14 

7'34 

157 

43 

54 

95 

37 

80 

-------- 
46 

5 

8 

13 

11 

zo 

7'32 

6.13 

7.60 

7'30 

7-90 

5'77 

I 11 

38 

46 

82 

26 

60 

9'41 

7.32 

8-53 

8.12 

8.06 

7-52 



8 NO. 26 PARTY (MAGNETIC) .  
-. 

this report this could not be accomplished. During the ensuing field season, 
therefore, two field detachments will work in Burma, chiefly along the coast, and 
it is confidently expected that the preliminary survey will be completed. 

Two other detachments will be employed on the detail survey and 
examine two of the most abnormal districts as yet discovered, viz., S. W. of 
Indore and near Pokaran in the Rajputana desert. 

In the former district the evidence of abnormality is the value of H. F. 
obtained a t  stations NO. 621 Bistan and NO. 622 Khal Ghat (vide magnetic 
chart). These stations are about 35 miles apart and a t  the former the value of 
H. F. is '378 C. G. S. and at  the latter '320 C. G. S. The declination at  Bistan 
is practically normal, viz., 6' E but at Khal Ghat it is 2" 36' E. It is 
hoped that a definite centre of attraction will be located, but the whole district 
is composed of Deccan trap and many abnormal values are likely to be met 
with. 

In the latter district the abnormality is mainly shown by the declination 
values a t  No. 20  Asolai, o0 IS' E, and NO. 413, Hardikot (near Pokaran) 3" 4' E. 
The  values of H. F., viz., '341 and '339 C .  G .  S. are both approximately normal, 
but, as the two stations are nearly on the same parallel, an assumed centre of 
attraction lying between them would not have much effect on this component, 
while it would cause a maximum divergence in the values of declination at the two 
stations. 

The method of survey will be to take observations every to  or I 2 miles 
over the area and to continue these outwards until approximately normal values 
are obtained. Where extreme abnormality is found the observation will be repeated 
a short distance (half a mile to a mile) away. 

It is difficult to estimate the time required for the examination of any district 
as this, of course, depends on the area involved, but it is expected that both the 
districts lnentioned above will be completed and probably each detachment will 
be able to survey other small abnormal areas in Central India. The two Burma 
detachments will also carry out detail survey, on completion of the preliminary 
survey, i.e., for about the last two months of the field season. 

The officer in charge and the second Imperial officer will visit all the base 
and repeat stations and rvill also take observations at several old field stations 
suitably situated. 

7. Refults i~ lduded in this report.-A table showing the approxinlate 
preliminary valuer (uncorrected) at the field and repeat stations in 1907-08 is 
appended (see Tables p. 59) together with an index chart showing all stations of 
observation to date. The tabulations of the results obtained at Dehra Ddn, 
Barrackpore, Toungoo and KodaikPnal observatories are published for 1907. 

11. THE MAGNETIC OBSERVATORIES IN 1907-08. 
Page. 

A .  Dehra Illin Observatory . . . . . . . . . . .  3 
8.  Ijarracknore ,, . . . . . . . . . . .  1 1  
C. l ' o u n p o  . . . . . . . . . . .  I.+ 
I). I<od~ik6nal ,, . . . . . . . . . . .  17 

I. General rcrnarks on working. 
2. Menn vnlucs of H .  F. and  declination constanth. 
3. Mpnn valurs of baze lincs. 
J. hlea-I sralc v a l ~ ~ e  and tenlpcrature range. 
5. Mecn n ~ c n d ~ l v  v:llues of mngnetlc elements and secular change, 1 ~ 6 - 0 7 .  
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t. General remarRs on working.-.The observatory was in charge of Obser- 
ver Shri Dhar up to July 1908, and up to the end of September Babu R.  P. Ray  
performed the duties of riagnetic observer until relieved by the  observer from 
Toungoo. 

T h e  magnetographs continued to give good results throughout the  year, 
and in spite of the heavy rains of 1908 there has been no trouble from water  
in the underground room. 

2. Mean values of Constants.-The following table gives the  monthly mean 
values of the magnetic collimation, of the  distribution coefficients PI., and P,., 
and of the  moment of the magnet (m,) for 1907. 

The  values of P and rn actually used in  computing H are also shown, these 
being obtained by careful scrutiny of the  individual values. 

The  base line values of the  V. F. magnetograph hnve not been shown a s  
there have been frequent changes. 

Mecn values of the constants qf the Magnetomefey No. 17. 

Months 1907. 

January . . . 
February . . . 
March . . . 
April . . , . 
May . . . . 
June . . . 

July . 
August . . . . 
September . . . 
October . . . 
November . . . 
December . . . 

3. Mean values of base kizes.-The table below shows the mean values of 
the H- and declination base lines actually used. These values a re  obtained 
in the same way a s  the values of P and m and are more probably correct than t h e  
actual monthly means. Changes, such as those in Ju ly  and October 1907, 
occasionally occur without any apparent reason and with no sign of a sudden slip 

of the quartz fibre and in these cases it can only be assumed that  the  change is 
gradual and uniform. Values of the base lines for the periods marked a can, 
therefore, only be found by interpolation, 

DECLINA- 
TION ( HORIZONTAL FORCE CONSTANTS. 

CONSTANT 
-- 

M E A N  VALUES OF P'S 

Mean 
Maenetic 

Mean Accepted 

Collirna- A ~ ~ ~ ~ .  A~~~~ values or Mean REMARKS. 

- 
I " 

-8 24 

--g 23 

-8 22 

4 17 

-8 21 

-8 13 

-8 a1 

-8 31 

4 a2 

-8 z8 

4 37 

-8 35 

7.40 

7.61 

7..,5 

7.55 

7.49 

7.53 

~ 3 4  

7.39 

7.38 

rql 

73s 

7.47 

3.14 

8.06 

7-97 

7.98 

1.96 

8.06 

8.14 

8 13 

8.04 

7.9r 

7.81 

7.87 

914'60 

914'60 

9 1 ~ 6 0  

914.11 

913'97 

913.73 

913.73 
9 14'40 

914'40 

914'40 
914'16 

91 911'67 1.43 

911'32 

prl 'g8 
91 1'87 

--- 

% o 

% 

-- 

914'60 

914'60 

914'60 

914'33 

91433 

914.33 

914.33 

g14'33 

914'33 

9r1'S4 

911'84 

p11'84 

r' 

2 
e 
5 

2 
(1r to17th.  
(2) from 20th. 

(1) t0 14th. 
(3) from 16th. 

I) to 16th ! 2) from 18th. 

(1) to 14th. 
( 2 )  from 18th. 



10 NO. 26 PARTY (MAGNETIC).  

Months 
'907. 

January . . 
February . . 
March . . . 

April . . 

. .  May.  

June. . . .  

July . 

August . . , 

September . . 
October . 

D e h r a  Du'n Observatory. 

DECLINATION. 
- 

Mean value of 
Base line. 

0 I 

I 41.29 

I 41'tg 

I 41-29 
I 

I 41.29 

. (  
I 41-29 (1) 

I 41.01 (2) 

1 4 1 . 0 1  

I 41'01 

r 41-01 

I 41-01 

I 41-01 (I) 

HORIZONTAL 

Mean value of 
Rase line. 

'35121 

'33121 

'33x21 

'33121 (I) r' '33181 (2) 
L 

'33181 

'I .33181 (I) 

1 '33032 (2) 
L 

( '33030 

I a 
I 
[ '33018 

'330 I 6 

'33015 

'33013 

interpolation. 

4. Mean  scale value a n d  temperature range.-The mean scale value of the  
H. F. magnetograph Was qaogy  for a change of ordinate of 0.04" up to tht! 8th 
ol June when, on the torsion head being turned, the value was altered to q'rq. 
T h a t  of t h e  V. F. instrument has frequently changed owing to the  necessity o f  
altering the balance of the magnet. T h e  values have ranged from 4 . 1 2 ~  to 

4'9'Y. 
T h e  mean temperature of t h e  year was 26.3' C with maxima of z7'n0 C in 

October, November and December and a minimum of "'lo C in April. T h e  
base lines are  referred to  a temperature of 25' C. 

5. Mean value of secular change.-The f6llowing table gives the mean 
monthly values of the magnetic elements with the secular change for 1906-07 
deduced therefrom. 

...... 1 

...... 

...... 

...... 

(1) to 13th 

(2) from 14th 

...... 

...... 

...... 

...... 
(I) to 16th 

(a) from 18th 

...... 

...... 
be varying unifonly.  

FORCB. 

Remarks. 

h, m. 
( I )  till 10-5 on 

8th. 

(2) from 10-15 
on 8th. 

( I )  till 7 h. on 
8th. 

(2) from g h. on 
8th. 

to 10th. 

to ~ 2 n d .  

from ~ 3 r d .  

to21st. 

a 

'33004 

'33004 

Values for 

I 40.69 (a) from ~ 2 n d .  

individual days found by 

November . . . .  
December . . .  

I 40'69 

I 40'69 

NOTE.-o Base line value assumed to 
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Secular  change. 

HORIZONTAL FORCE I DECLINATION I D I P  
'330oof1o-5 E. an+ I 43O+ 

obtained lrom deflections a t  12,s cms. m e  above secular change of H. F. is found lrom these values 
(a) In 1906 the dip was observed with Dip Circle No. 44 and in 1 9 7  with Inductor No. 30. The difference 

between the two instruments is 0-8', the Inductor giving higher values. The values of dip in 1906 have 
therefore been incressed by this amount. 

April . . . 
May . . . 
June . . . 
July . . . 
A u g u s t .  . . 
September . . 
October. , . 
November . . 
December . . 

MEANS . 

B.-Barrack@re Obrervatory. 

I. General remarks on working.  

2. M e t n  values of H. F. a n d  Declination constants. 

3 Mean values of base lines. 

4 Mean  s a l e  values a n d  temperature range.  

5. Mean monthly values of magnetic  elements a n d  secular  change  1906-07. 

I .  Gerreval remarks on working.-The observatory remained in charge of 
K .  N. Mukerji thtoughout the year. T h e  magnetographs all worked satisfac- 
torily, though the declination instrument gave a small amount of trouble owing 
to the base line value varying. This was opened up in Ilecember 1907 and a 
new base mirror fixed, since when the value has been fairly steady. In the  last 
few months, also, there have been signs that  the H. F, magnet mirror is perish- 

ing and this will be replaced during the  ensuing field season. T h e  new pattern 
V. F, mainet  was mounted last field season and has worked satisfactorily. 

NOTE.-(1) The values of H. Q. havo be:" re-computed from the beginning of the survey with the mean m and the 

382 

3-55 

374 

362 

363 

362 

352 

355 

342 

3 6  

2. Adenn values of co?zstanls.-The following table gives the monthiy mean 
values of the m:lgnetic collirnation, the distribution co-efficients P,,, and P,., 

and the magnetic moment of the magnet (mo) for 1907. T h e  values of P and 
m actually used in the cotnputation of H are also given. 

It will be seen that the value of m has but very slightly changed which is 
satisfactcry. 

355 

330 

333 

,312 

325 

323 

310 

-47 

-35 

-41 

-40 

-38 

-39 

-41 

3.9 , - 6  

305 -37 ---- 
3.24 -41 

39'4 

39'3 

39.2 

388 

39'1 

39.1 

39.0 

3B.3 

38.8 

3g.a 

38'6 

38.5 

38'0 

38'1 

37'9 

-0-8 

-0'8 

-1'2 

-0'7 

- 1  

+4'4 

+5'0 -- 

-1'3 

37'9 

387 .-------- 

28.6 

29.8 

288 

31'7 

33'5 

33.7 

36.1 ( + 5,s 38.2 1 -1.0 

+ 4 9  

+6'6 

339 

35'3 

356 

3 4  

33'2 

31'4 

30.6 

5 ' 3  

+ 5 5  

r 6 3  

I +5'7 

37'1 

38.0 

+ 5 3  31'1 36'4 
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and is not shown. 

Barrackpore Obsevvatory. 

Months 1907. 

Dac~rsnrlow. 

'37032 

,37028 

.37028 

Mean value of 
Base line. 

0 1 

HORIZONTAL FORCE. 

Remarks. 

( I )  up to 25th 3 (2) from 26th 

( I )  up to 8th I (2) frornl l th  

( I )  up to r rth 

(2) 13th to 20th 1 
(3) from q r d  

Mean value 
Base line. 

o 20.71 ( I )  
January . 

o 21.57 (2) 

Remarks. 

1 February . 
( 

I March . . . 
I 

o 19.70 ( I )  

o 19.10 (2) 

o 19'60 ( I )  

o 18.79 (2 )  

I, o 20.46 13) 
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4. Mean scale walues and temperature ra?zfe.-The mean scale value of 
t6e H. F. magnetograph was 4 ' 8 1 ~  for a change of ordinate of 0.04" v i ~ h  limiting 
values of 4'80 and 4.86. Tha t  of the V. F. instrument was 5 . 7 1 ~  for April and 
May 1907 and 5 . 7 7 ~  up to December 1907 when the new magnet was mounted 
the limiting values being 5'76 and 5.79. 

Months IE07. 

April . 
' I 

. .{ May . 

June . . . 

July . . . 

( Augubt . . 

September . . 

Octoter . . . 

November . . 

f 

I 
December , 

i 
NOTE..-a=Base line 

T h e  mean temperature of the year was 31.9' C with a maximum of 33.0" C 
in June and a minimum of 30.8" C in January. T h e  base lines a re  referred t o  a 
temperature of 31" C. 

5.  Mean monthly oalues of secular c/taye.-The follo wing table gives the 
mean monthly values of the magnetic elements in 1gc6 and 1907 and t h e  secular 
change deduced therefro~~l .  

Inlerpolatinn. 

Mean value of 
Base line. 

0 I 

o 20.84 ( I )  

o 19.30 (2) 

o 18.62 (3) 

o 18.35 ( I )  

o 17.95 (2) 

0 17'95 

0 17.96 

o 17.87 (1) 

o 18.13 (2) 

o 18.16 

o 18.16 

- 
0 17'3 ( 1 )  

o 28.66 (2) 

0 25.43 (3) 

value assumed to be 

h'ean "'lue Of 
Base line. 

a 

'37038 

'37039 

'37040 

'37042 

'3704' 

'37044 

'37044 

a 

,37033 

'37031 

a 

'37005 

'37000 

.36993 

Values lor individual 

~ ~ ~ ~ ~ k ~ .  

( I )  1st and 2nd 'I (2) 3rd to 6th 
I 

(3) 8th to end J 

(I! up to zznd 

(2) from 24th 

. . . 

... 
( I )  to 21st 3 (2) from ~ 3 r d  

. . . i 
i . . ., 

i Base line value 
varying. 

(1) to 5th 

1 (2) 7th to 9th 

(3) from 10th J 

varying uniformly. 

Remarks. 

to 15th 

from 16th 

to 5th 

from 6th 

to 11st 

from zznd 

to 26th 

from 27th 

to zznd 

from 23rd 

to 6th 

from 7th 

from 15th 

at end 

days found by 



Barrackpore Observatory, 

Secular change. 

HORIZONTAL FORCE. DECLINATION 
'37000+ 10-5. 

D I P  
30' + 

Months. I Values 
1906. 

C. G. S. - 
January  . . . 246 

February . . . 2.,6 

March , . . 1.57 

April . . . 166 

May . . . 265 

June  . . . a55 

July  . . 260 

August . . . 161 

September . . 260 

October . . 166 

November . . 65 

December . a61 

Values 
1907. 

NOTE.-(I) T h e  value. ol H have beon re-computed lrom the  beginning of the  survey with the mean m and the 

obtaiocd from deflections at 22.5 ems. T h e  above secular change of H. F. is  found from these values. 
(1) During 1906 the  dips were with the Dip circle No. q j  and i n  1907 w ~ t h  the Inductor No. 46. T h e  

difference of the  two instruments is 1"6, the  inductor giving lower values. The values of Dip with the  
circle a r e  therefore diminished by this amount. 

I .  General remarks on working. 
a. Mean values of H. F. and Declination constants. 
3. Mean values of base lines. 
4. Mean scale values and temperature range. 
5. Mean monthly values of magnetic elements and secular chage 1906-07. 

I .  General remarks on working.-The observatory remained in charge f 

Surveyor K. K. Dutta until May 1908 when he proceeded on 3 months' leave. 
Recorder Abdul Majid held charge up to the end of the survey year. K, K. 
Dutta was in bad health during the autumn of 1907 and was only able to observe 
occasionally, and the values of P and m ftom August to October are obtained 
from vety few observations. The magnetographs worked well throughdut the 
year. s 

2. Mean va luh  of H. F. and declination constank.-;The following table 
glves the monthly mean values of the nlaenetic cotliniation, the distribution 
coefiicients P+., and P.,-, and the magnetic moment of the mdgnet (m.) 
for 1907. The values of P and m actually used in computing II are also 
showr,. 

A new magnet No. 5 B was used from September 1907 which explain!; the 
changes in the constants. The change in collirnation between October and 
November is due to the magnet having been turner1 in its sheath. 
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Meart valuts qf the constants of dhe Magnetometer No. 19. 
I I I 

Toungoo Observatory. 

Months 1907. 

lanucay . . . . 
February . . . . 
March . . . . 
April . . . . 
May. . . . . 
June . . . . 
July . . . . 
August . . . . 
September . . . 
October. . . . 
November. . . . 

December. . . . 

3. Mean values of base lines.-The table below shoms the values of the 
declination and H. F. base lines. Those for the V. F. magnetograph are not 
given as they have frequently changed. 

D ~ U J N A -  
T I O N  

CONSTANT. 

Mean. 

tion. 

# s, - 16 38 

-16 38 

-16 39 

-16 36 

-16 38 

-16 38 

-16 39 

-16 41 

-2 37 

-2 34 

-3 26 

-3 34 

Months 
1907. Mean value 1 Basi!ine. 

January . . . 
February . . . 
March . . . 

May . . . . 

June . . . , 

J u l y .  . . . 

Mean value 
Remarks. Remarks. 

Base line. 

0 ,  

0 9 '90 

o 10'02 

o 10.08 

o 1 ~ 1 3  

0 9'71 

Q 

0 9'50 

0 8'95 

REMARKI. 

Magnet No. 5.8 
used. 

,, 3 1  

,, ,I 

( 1 )  to 7th. 

(2) from 8th. 

HORIZONTAL FORCE CONSTANTS. 

October . . 
November . . . 
December . . . 

,38161 

'3841 r 

'38414 

o 8.90 

o 8 . y  

o 9'00 

MEAS VALUES OP P's. 1 1 Accept- 
PI.,. ed value ed value 

of Pi.,. of P,.,. 

t o  15th. 

f rom 16th. 

a 

a 

'38401 

'38401 

NoTs.-=Ra~e line valve arsumed to be va 

C. G .  S. 

88639 

886'41 

88638 

886'23 

88j.91 

88594 

865'86 

68S'dl 

952.41 

952.51 

951.92 

{ 9 5  

948.48(2) 

up t o  loth. 

f rom 11th. 

t o  i ~ t h .  

.:8,2 

'35391 

'3R391 

..:S;91 

'39391 

'39391 

Accepted 
valaes 

l.f E:S. 

866'39 

88b.41 

886.38 

@8G'13 

886'19 

886.15 

886'11 

886'08 

952.35 

9j2.35 

952.35 

952'35(1) 

g48.36(2) 

7.30 

7.19 

7'10 

7.25 

7'13 

6'97 

7.00 

7.03 

7'87 

7.74 

7.69 

7'70 

I .  , f rom 16th. 

13th. 

------ 
7'13 

7'13 

7'13 

7'13' 

7'13 

7'13 

7.13' 

7.13 

7.71 

' 7  

7'71 

7.71 

8'23 

7'81 

7'26 

7'69 

8'51 

7'90 

8'16 

7.81 

8.20 

7'44 

7.14 

7.14 

ing uniformly. Values lor individual days found by interpolatia. 

7.89 

789 

7 ' 4  

7'89 

7.89 

7'89 

7.89 

7.89 

7 . 1 ~  

7.14 

7-14 
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4. Mean scale values and temperature range.-The scale value of the H. F. 
magnetograph appears to have slightly changed during the year. Starting at 
5 . 6 0 ~  in January the value fell to 5 . 4 8 ~  when the torsion head was turned at the 

end of that  month (vide change in H. F. base line). From September the value 
rose again to 5 . 5 1 ~  and appears now to be steady. The scale value of the 
V. F. instrument has also changed during the year being 5 . 6 5 y  for April and 
May, 5 . 3 9  from June to August, and 5.491 for the rest of the year. 

The mean temperature of the year was 89.0' F. with maxima of 89.z0 F. in 
February and April and a mir~irnum of 88.8" F. in April which is extremely 
satisfactory. The  base lines are referred to a temperature of 89" F. 

5. Mean values of secular cJza?zge.-The following table gives the mean 
monthly values of the magnetic elements with the secular change deduced 
therefrom. The values in H. F. for the last 4 months in the year are unusually 
high but the mean secular change for the year agrees well with the value 
+ 4 1 y  found for 1 9 0 5 - 0 6 .  

Secular change. 

NOTE.-;I) The values of H.  F. have been re-computed lrom the beginning of the survey r i th  the mean rn and the 

Months. 

C. G. S. C. G. S. v 

m 
H- obtained from deflections at 22.5 cms. Ihe  above secular change of H.  F. i. found from these val~les. 

January . . . 
February . . 
March . . . 
April . . . 
May . . 
June . . . 
J U I Y  . . . 
August . . . 
September . . 
October . ' . 
November . . 
December . . 

. . 
Nora.-(,) U p  till the end ol January 1907 the dip was observed with the Dip Circle No. 137 and h.om February 

with the Inductor No. 44 ; occasionally the Dip Circle r z s  used after February also. The dilerence of the 
two instruments is 1.0'. the inductor giving higher dips The valum of dip with tho circle are tl~erefore 
increased by this a m o w &  

- _ - - - -  
Means . 

! 
718i +16 

709 
+6 ( 

45.2 

+22 

4-33 

+30 

$28 

+16 

+39 

$51 

+67 

+71 

710 

715 

710 

724 

730 

722 

720 

715 

721 

- 7  

- - - - - - , -  

41.j 

802 +93 

732 

7d 

740 

752 

746 

761 

771 

782 

792 

45'4 

4j.l 

44'4 

W 4  

43.3 

43.5 

43.1 

42.7 

42.2 

41.8 

41.6 

59.2 

62.5 + 1'6 
59'4 

40'0 

39'4 

39.3 

38.8 

38.9 

38'3 

38.1 

37'9 

-v4 

37'4 2 60'1 61'8 +1'7 

I 
63.0 

4 , 60.2 -5'0 
I 

-4.5 i 60'2 

-4.7/ 59.9 

-4'2 1 60.5 

61.5 

62.1 

61.2 

61.8 

62.0 

61'5 

61.2 

62.0 

-4'4 

-4'1 

-3'9 

+1'5 

+l'g 

+I.O 

+1'9 

+ I 5  

+1'3 

+v8 

+1'8 

60'2 

60'4 

60.2 
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D.-Kodaikrinal Obsevvatovy. 

I .  General remarks on working. 
a. Mean value9 of H.  P. and declination constants. 
3. Mean values of base lines. 
4. Mean scale value and ternperall>re range. 
5. Mean monthly values of magnetic elements and secular change 1906-07. 

r ,  General r e m a r i s  on w07king.-The observalory remained in charge of 
Surveyor Ramaswami Iyengar throughout the year, except for a period o f  3 
months while he was on leave, during which time Sliri Dhar  held charge. 

Thanks are due to  [he Director, Solar Physics Observatory, for his cordial 

assistance in all matters pertaining to the magnetic work. 

T h e  H. F. and Jleclination magnetographs have given good results 
throughout t h e  year but the V. F. instrument was unsatisfactory ever1 af ter  the 
mounting of the new magnet. In June 1908, however, the magnet was made 
more s~able  by screwing down the small gravity bob and for the  remainder o f  
the year the traces have been excellent. T h e  scale value is  now necessarily 
somewhat high, but this cannot be avoided. 

2, Mean values of constnnls.-The following table gives the  monthly mean 
values of the magnetic collimation, the distr~bution coefficierlts P,., and P,., and 
the magnetic moment of the magnet (m,) for 1907. The values of P and  m 
actually used in computing H are also shown. 

Mean values qf the constants of r i a ~ v ~ e t o ~ n e t c r  No. 16. 

January . m 

February . . 
March . . . 
Apr i l  . . . 
M a y  . . . 
June . . . 
July . . . 
August . . . 
September . . 
October . . 
Novcmbn . . 
December . . 

HORIZONTAL FORCE CONSTANTS I 

. 

. 

. 

. 

DECLINA 
TION 

CONSTAN? 

Mean 
Mannetic 
Collima- 

tion. 

- -  
I V 

-1 18 

-a 18 

-a 5 

-a 13 

3. Mean valucs of tlze base lines.-The following table shows the base line 
values of the H. F. and declination rnagnetographs. It  will be noticed that the 
H. F. base line has been practically steady throughout the year, only a slight and 
fairly regular fall being observed. T h e  ba?e line values of the V. F. mi~gnt to -  
graph have not been shown a s  they have constantly changed. 

REMARKS. 

(I) to 10th. 
(:) zirr l .  
( 3 )  26th and 28th. 
(4) 3olh. 

M ~ A N  V A L U E S  O P  P'S. 
Mean Acccpted 
values mean 

Arcrp-  ! Acccp- of valucs o l  
t c d  I ted rn. 

value of value of. C. G .  S. C. 2 s .  

6.72 

8'73 

6'78 

6'74 

6'72' 

GYB 

6'91 

@92 

0 8 1  

6'84 

8 

0 

1)2g'Gn 
s?j' .g  
g25.1!r 
92.1'95) 

924'99 

923.41 

913.~2 

93327 

923.43 

923.50 

923.jO 

923.50 

923.50 

gay50 

923.11 

8.53 

8'65 

6.75 

8'44 

8.gG 

11'57 

8.73 

8'50 

8.52 

8'55 

8'56 

8'46 

6'72 

6'73 

6'83 

6'85 

6'93 

6'83 

6.33 

6'83 

6'81 

'I g?s.60(1) 
925'~9(:) 

8'53 1 925 1913) 

8'65 

8'57 

8.57 

8.57 

8'57 

8'57 

8'57 

8'52 

3 4  8'55 

@I. I 8'56 

7'07 8.46 

1924'99(4) 

9 1 4 W  

923'41 

923'32 

923.27 

923.43 

92.3'45 

923.47 

9a3.44 

g l j , s n  

) ? X u  

923.11 
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January . , . I  I 4ror 

Months 1go7. 
Mean value of 

Base Line. 

June . , 

February , . 
March . • . 

J u l y .  . .  I 39.61 
I 32'38 

1 39'73 

I 39'75 

August . . . I 1 32.38 

April . . r 39'65 

May . . 1 39'83 

September a I 32.69 

. . .  October . 1 32.48 

November . 1 1 32'57 

December • ( 1 32.59 

Remarks. 

Up  to  24th . 
From 25th . 

I Mean value of Remarks. 
Base Line. 

- 
4. Mean scale value ulzd temperature mngc.-The mean scale value of the 

H. F. magnetograph was 6 . 1 4 ~  for a change of ordinate  of 0 . 0 ~ "  with limiting 
values of 6 13 and 6'16. That  of the V. F'. instrument varied considerably 
between 3 and 47 up  to the end of September 1907, when the magnet 'was 
removed and cleaned and t h e  scale value raised to  6 . 0 3 ~  after which it 
remained fairly steady till December when t h e  new magnet was mounted. 

T h e  mean temperature of the  year was 19 1°C with a maximum of I ~ . ~ ' ' C  
in  May and minir,a of lg.o°C in January and Decembrr. T h e  base lines are 
referred t o  a temperature of 19'o"C. 

5.  Mean mo~rthly values of secular chabige.-The following table gives the 
meall monthly values of the magnetic elements in 1906 and 1907 and the secular 
change deduced therefrom. 

Kodaikn'nal Observatory. 
Secular c h a n ~ e .  

HORIZONTAL FOUCO 
'37mo+ 10-5 

Months. 

1~6.07. 1906.07. 

---- 
C. G. S. C. G.  S. y 

I 

~anuary . . .  424 4a6 +Z  34'2 38'8 +4:6 17'9 

February . 426 415 -11 34'5 390 

hlarch . . .  
April . . 

429 

436 

423 

439 

-6 

-!-3 

34'8 

35.4 

30'2 

39'9 

+4'4 

+4'5 
I 

18.5 

0 . 1  

a q l  

16'7 

+5'6 

+6'6 
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Kodaa'kdnal Obse~vato~y-contd.  

obtained from deflections at az.5 Cms. The above secular change of H. F. is found from these values. 
(2) Up till the end of February 1907 the dips were observed with the Dip Circle No. 46 and from Marchlwith 

the Inductor No. 45; occa~ionally the Dip Circle was wed after hlarch also. The diRerencc of the two 
in-truments is 0.7' the inductor giving higher dips. The values of dips with the circle have thrrefore 
been increased by this amcunt. 

I HORIZONTAL FORCE. 
'37WOT ,a6. 

Months. 

. . .  hIay  

June . . 
July , . . 

. . .  August  

September . . 
O c t o b e r .  . 

I N D E X  TO T A B L E S .  
PAGE.  

A.-Mean values of magnetic elements a t  Dehra D ~ i n ,  Barrackpore, Toungoo a n d  K o d a i k l r ~ a l  
observatories lor 1907 . . . . . . . . . . . .  19  

DECLINATION. I DIP. 
w o"+ 9 + 

B.--Classification of curves a n d  dates of magnetic  disturbances a t  observatories in 1907 . 20 

C.*-Tables o l  results a t  Dehra Drin . . . . . . . . .  a t  

D.+- Ditto Barrackpore . . . . . .  31 

E.'- Ditto Toungoo . . . . . .  40 

- Ditto Kodaikdnal . . . . .  4 9  

G.t-Abstract of observations a t  field and  repeat stations in 1907.08 . . . . 5 9  

H. - lnde~  chart  showing position of observatories a n d  stations of observation to d a t e  . . 6 1  

For each observatory the followine tables are eiven :- 
I .  Absolute observations of dip up to end of March 1907, after which time the results from the V. Q. magnetographs 

arc arailahle. 
2. Hourly means of declination, ho"rontal lorce, vertical force and dip (corrected for temperature) from 5 aelectcd 

quiet days per month. 
3. Diurnal inequality of each of the above deduced from 2. 

t These values are given to the nearest minutr in declination and dip and I O ~  in H. F. 
They are uncorrected for diurnal variation, disturbance, instrumental difference and secular change. 

:t$: 
lgo6.07, 

y 

+g 

$11 

+3 

+ 8  

4 1 0  

+ I s  

Values 
1906. 

c. c. s. 

420 

419 

420 

422 

428 

qzr  

The Magnetic Elements at fhe Ob~ervafories in 1907. 

N O T ~ - ( ~ )  The value. of H. F. have been re-computed from the beginning of the survey with the mean rn and the m 

Values 
19"'. 

------- 

35'9 

06.3 

36.7 

36.7 

37'1 

37'4 

+5 

+13 

4-6 --- 

Values 
1907. 

c. c. s. 

429 

430 

423 

430 

439 

436 

November . . I 432 

December. . - 1  427 

Means . I  2 
I 

38.0 

38.2 

437 

@o 

431 

Secular 
change 
190607. 

+4'5 

+ 6 2  

t 5 ' 4  

+5'9 

$5"' 

+4'7 

Value. 
'go6 

21.8 

21'5 

22'5 

22.4 

21'4 

23'0 

Values 
'9'7' 

40 2 

40'5 

40.7 

41.1 

41'7 

41'8 

- .  

f 4'2 

+3'2 

7-56 

Values 
I9O7' 

26.3 

27.7 

27'9 

28'3 

27'4 

27'7 

25'2 

265 

2 36.3 1 4 7  I 4 

1~06-07. 

+ 4 3  

t 4 . 2  

+4'0 

+4'4 

+4'6 

+4'4 

42'4 

41.8 

--------- 

Observntory. 

Debra Dhn . . 
Barrackpore . 
T o u n g m  - 
Kodaikdnal . . 

29'4 

29'7 

7 --- 

4-44 

t 4 6  

Latitude. 

0 ,  n 

30 19 19 N 

22 46 29 ,, 

' 8  55 45 99 

10 13 50  ,, 

Longitude. 

0 ,  ,r 

78 3 1 9  E 

88 21 39 ,, 

96 16  3 

77 27 46 ,, 

Vertical Forcr 

,31736 C. G. S. 

,21967 ,, 
'16470 ,, 
'02261 ,, 

Declination. 

o r 

2 38.2 E 

I 9 8  ,, 

0 39.3 ,, 
o 40.7 W 

Dip. 

0 r 

4 3  36.1 N 

3 0 3 0 , ~  ,, 

a 3  1 3  ,, 
; 27.4 ,, 

Horizontal Force. 

,33324 C. G. S. 

,37288 , 

'38754 , 
,37431 ,, 
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Observations of Dip DeAra Dan Inductor No. go by .!!chulae. 
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Observations of Dip Kodaikdnal Dip Circle No. 46 by Barrow. /rrduclor 
No. 45 by Schulse. 
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~ b ~ l ~ ~ t  showing magrzetic va lues  a t  

duvifzg season, 1907-08. 
26 Party 

REMARRS.  
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0.36j6 
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N a m  1 a n  g 
(Pa-liao.) 

Mong Hai 
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KaIa\v . - 
S~llod . . 
Deulghdt . . 
Mehkar . . 
Lhikni . 
goraghat 

Banaigarh . 
Pdl Lahara . 
TBlcher . . 
Kantolo . 

G~~tgnon . . 
I<eol)lhar . 

" 

30 52 

30 18 

29 32 

29 

z8 ro 

28 2 

29 10 

28 16 

27 7 

26 59 

26 27 

25 58 

25 o 

26 o 

26 19 

26 51 

27 15 

28 I3 

27 22 

27 39 

20 38 

29 38 

29 o 

27 5 2  

26 53 

26 33 

2s ar 

26 ra 

25 48 

25 6 

28 15 

28 54 

27 51 

27 

a7 54 

a7 59 

28 15 

0 , ,. 

.----- 
22 45 lo 

22 25 30 

22 2 20 

21 49 50 

21 21 o 

Z I  17 o 

21 50 40 

21 23 40 

20 49 50 

20 46 ro 

20 31 40 

a0 18 o 

19 51 lo  

20 19 10 

20 30 zo 

no 45 lo  

20 54 40 

21 23 20 

21 o 10 

a1 9 0 

21 38 20 

22 5 50 

n 48 20 

21 14 40 

2a 46 30 

m 37 40 

go 18 40 

ao 31 o 

20 9 lo 

ao s 0 

21 31 40 

21 49 o 

21 25 50 

20 57 10 

11 7 2, 

a1 24 10 

a1 37 40 

1 .  , ' 

98 16 10 

98 2 30 

93 22 30 

98 50 20 

99 I to 

99 37 o 

99 41 30 

IOO tq 20 

100 20 50 

99 48 10 

99 15 50 

98 54 10 

98 34 0 

98 22 10 

97 52 o 

98 18 10 

98 44 30 

98 22 30 

97 57 0 

97 3k 40 

97 44 30 

97 31 30 

96 56 ro 

96 52 30 

97 a 50 

96 34 ro 

75 38 50 

76 7 ro 

76 35 l o  

77 53 30 

84 33 30 

84 57 30 

85 I I 30 

85 14 30 

, 85 37 40 

85 53 PO 

85 35 30 
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Abstract sho7uif1g approxinrntc mn,anefic vahces at sfations observed at by No. 26 
P a r t y  duri~g seasun, 1907-08. 

- 
'5 
Ln - 

- 

1172 

1173 

1174 

1173 

1176 

1177 

1178 

1179 

1180 

1181 

1182 

1183 

Name of Station. 

Latitude. 
S U ~ e ~  

No. 

Jaintigarh . 
Chaibassa . 
Rairangpur . 
]<asmi . . 
BaripAda . 

Dintan  . . 
Contai . . 
BQlikuda . 
Chandbali . 

Amarpur . 
Singurajabari . 
S i l p h i u  . . 

C. G. S. 

~ ~ ~ l i ~ ~ t i ~ ~ .  Longitude. Horizontal 
Force. 

I 1184 Go laba r i .  . 

Dip. 

R e ~ ~ a x s .  

10 I 22 4 10 85 40 40 

I 185 

1186 

----- 

29 8 

30 g 

29 45 

28 14 

29 5 

29 10 

28 30 

25 g 

26 42 

32 7 

33 17 

zg 38 

fi 1 3  / a 3  5 o 
I 

12 1 27 42 50 

,, 13 28 8 50 
I 

:4 7 24 12 50 

Nandgaon 

Palwal . . 

31 17 

39 22 

40 7 

33 34 

83 48 30 

86 11 o 

86 15 10 

86 43 o 

87 16 40 

87 44 30 

86 16 10 

86 43 40 

gr 39 30 

91 53 50 

2 8 0 

9 1 5 8 5 0  

77 23 10 

77 19 50 

94 19 o 

,, 1 1  ' 
,, 1 2  

., 13 

, I 

9 a 
.bl 7 

. . 

32 50 

32 15 

31 35 

3" 43 

30 32 

30 7 

31 4 

17 45 

18 36 

19 26 

25 4 

Y 34 

25 29 

25 51 

25 45 

25 0 

23 58 

24 36 

23 48 

, 22 56 

a1 57 

21 16 

E I 4 

,, I 10 

,, o 58 

,, o 18 

,, o 33 

,, o 53 

,, o 44 

,, o 28 

,. o 19 

, I 2 

. I 7 

.. 0 57 

i 

22 32 30 

22 15 20 

21 50 o 

21 55 50 

21 56 10 

1192 

1193 

. ,, 8 ' 23 54 30 93 47 50 
i 

93 41 30 

93 46 30 

0.3727 

0.3707 

0'3720 

0.3789 

03737 

0.3726 

0.3759 

0'3809 

0.797 

0.3727 

0.3709 

0.3767 

.. I 3 

9 ,  2 8 

,, 2 13 

,, o 58 

,, 8 , 21 46 40 
1 

8 ; 20 8 30 

.. 9 1 20 (6 10 

1% 11 ' 23 32 o 

,, 1 2  4 8 o 

I# 7 ! 22 2 20 

I 
1191 T a o  . . 7 22 4 j  50 

,, I 7 

I 6 

., 1 16 

,, 0 56 

,, 0 59 

, , 0 5 3  

,. 0 50 

0 36 

,, 0 3 6  

,, 0 37 

8 ,  0 42 

w 0 40 

9 9  0 40 

,, o 45 

~1 O 44 

*I O 40 

8 ,  0 43 

,, 0 43 

* *  0 42 

,, 0 47 

., 0 39 

,, 0 43 

H a k a  . . 
Kan . . 

93 11 20 

0.3743 

0'3447 

0.3425 

0.3712 
C 

e 
0.3724 

0.3732 

0'3740 

"3759 

0.3756 

0.3777 

0.3767 

0.3926 

0.3918 

0'3923 

0.3851 

0 . 3 ~ ~ ~  

0.3345 

0.3843 

0 . 3 ~ 4 ~  

0'3'57 

0.3~7' 

~ 3 ~ ~ 3  

0 . 3 ~ ~ 7  

0.3"' 

0'3893 

0.38~6 

94 3 20 

97 37 30 

9 7 2 0 2 0  

97 I o 

96 31 10 

96 40 30 

96 46 50 

97 18 40 

97 43 30 

97 45 1 0  

97 30 50 

97 13 10 

97 2 30 

97 18 40 

97 21 40 

97 27 20 

,, 8 22 38 30 
I 

,, g , 2 2 2 4 4 0  
i 

1194 Sihaung . ,, 10 22 51 o 

16 29 40 

1196 Thatbn . . 1 6 5 5 1 0  

5 
E 
5 
E 

1 
% 
b 

f .- 
z 

1 

93 37 20 

94 6 2 0  

1197 Kyaikto . . 
1198 Thaungbyin . 
l lgg  

1200 

1201 

1202 

1203 

1201 

120j 

1 2 ~ 6  

1207 

1zo.9 

l W  

4: I 17 18 40 
1 

8; l o  19 55 20 

.. 11 19 37 50 

,, 12 20 7 ,SO 

i 
jt 8 , 20 17 30 

,, 9 20 13 10 
I 

,, 10 19 51 20 

,, 11 19 21 40 

,, l a  j 19 40 20 

Thitkyil . . 
Pinlaung . . 
Loi-put . . 

Mawkmai . 
Ta-supteng . 
Namon . . 
Loi.kaw . . 

, Krcuko . . 
Pazaung . . 
SaIreen . , 

papun . . 

, 13 

19 2 

,, j 

,, 4 

19 15 10 

18 52 10 

18 27 o 

18 3 20 
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Abstract showing approxinrate magnetic values at stations observed at by No. 26 
Party during season, 1907-08. 

-- 

Dip. 

----- 
o I 

- - - - -  
20 1 

19 7 

8 35 

9 52 

13 17 

39 21 

47 31 

45 33 

:7 13 

37 12 

22 21 

18 44 

10 4 

7 32 

19 4 

40 57 

4 51 

14 31 

24 52 

23 56 

17 34 

35 25 

35 25 

32 54 

30 21 

37 12 

33 13 

30 26 

37 21 

34 13 

28 8 

23 32 

15 46 

30 39 

27 51 

27 34 

30 23 

Declination. 

' 

E 0 36 

,, 0 40 

1, 0 32 

' 9  0 31 

P V  0 37 

,, 2 7 

,# 3 26 

,. 2 55 

,, o 28 

1, I 57 

,, o 9 

,, o 13 

W o 27 

,, o 27, 

,, o 4 

E 2 2 

W I 3 

,, o 23 

E 0 47 

,, o 12 

W o 18 

E I 26 

,, I 21 

, 1 8 

,, I 3 

,, I 38 

, I 9 

,, o 57 

,, I 50 

,, I 27 

,, o 46 

,, o 24 

,, o 3 

,. I 3 

,, a 43 

,, c 51 

,, I o 

" ~ ~ : ~ '  
C. G. S. 

0,3908 

0'3914 

0.3965 

0'3967 

0'3955 

0'335$ 

0'3107 

0.3238 

0.3654 

0'3462 

0'3668 

0'3758 

0'3835 

0.3819 

0.3771 

0.3405 

0.3812 

0'3766 

0.3704 

0'3715 

0'3814 

0.3582 

0.3629 

0.3680 

0.3730 

0.3560 

0.3602 

0'3650 

0.3534 

0.3598 

0,3759 

0.3804 

0'3777 

0,3655 

0.3705 

0.3682 

0.3760 

Latitude. 

'"tiy 

i4 5 

,, 6 

I 

,, 1 

f a  1 

3 

3 %  4 

#: 7 

;$ g 

#: 3 

44 2 

;Q I 

f $  5 

:f 5 

ft I 

2 

fQ a 

:$ 2 

? 4 

,g$ I 

1 

i t  7 

44 8 

Og 3 

ff  I 

3 

4 

I 

td 4 

8 1 

11 4 

:P I 

48 6 

tf 3 

,, 5 

1; 8 

3 

I d ; I ~ a m e  of Station. 

j; 

R B M A R K S .  

- 
$ 
M 

C 
Z 
,E 
U 
E 
E 

I? 
.; 
U 

.- 
X 

- 

Longitude. 

- 
1210 

1211 

1212 

Maipali . . 
Hlaingbwb . 
Mergui . . 

0 ,  , , l o  
17 30 50 

17 7 0 

12 26 50 

12 58 0 

14 29 10 

27 48 20 

2 2 0 

31 38 10 

21 4 40 

26 27 30 

18 33 30 

17 3 o 

13 5 10 

11 52 30 

1 16 49 10 

28 40 20 

10 47 30 

15 8 50 

19 51 50 

rg g 30 

16 31 o 

25 27 30 

2s 23 10 

23 56 50 

22 47 o 

26 23 o 

24 10 50 

22 42 10 

26 27 o 

24 34 20  

21 30 30 

19 18 lo 

15 35 50 

2 2  55 2 0  

21 15 50 

21 1 2  30 

22 38 10 

1 1  

97 38 40 

97 49 10 

98 38 50 

98 44 20 

98 10 0 

68 38 20 

I 28 20 

74 51 30 

72 52 40 

74 38 30 

73 50 o 

77 o o 

79 40 20 

75 22 o 

74 38 10 

77 14 20 

78 40 40 

76 55 30 

75 53 0 

77 i8 10 

80 36 50 

81 49 20 

86 27 50 

87 41 20 

85 56 50 

83 55 40 

78 11 o 

75 52 40 

80 21 o 

80 50 0 

86 54 40 

84 48 40 

79 6 40 

81 52 50 

, 81 33 20 

79 12 40 

92 11 50 

,213 ; palaw . . 
I 

1214 ( Phintabi . . 

i Old Stations 
re-observed- 

. . 1 d i n  . . 
98 / Amritsar . . 

105 ' Sachln . . 
130 

171 

177 

186 

199 
I 216 

232 

335 

355 

373 

376 

384 

481 

489 

494 

500 

522 

5.15 

557 

573 

579 

692 

699 

710 

761 

765 

775 

1026 

I .  A~mer . . 
Kirkee . . 
WAdi . . 
Arkonarn . 
Cannanore . 
Miraj . . 
Delhi . . 
Trichinopoly . 
Bellary . . 
Jdlna 

Nander . . 
tlezwada . . 
Allahabad . 
Monghyr . 
Sainthia . . 
Sini . 
Bhatni . . 
Bfna . . 
Indore . . 
Ca\vnpore . 
Sutna - 
Balasore . . 
Berhampur . 
Cumburn 

Khairi . . 
Raipur . . 
Karnptee . 
Ran~arnati . 
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2 - 
a .- 

V1 

I 

I1 

I l l  

11' 

V 

VI 

VII 

V l l l  

IX 

X 

XI 

XI1 

X l l l  

XIV 

XV 

XVI 

XVll 

XVll l  

XIX 

,,,,-i.tion, instrumenhl diEerenm, etc., end are to be considered prdimioary values only. 
me survey numberr mler to the ~t ,pr t  :thus No, 3 denotes No. 3 alltion, the 8ph.rical c-ordinat- of =hose 

e n t r a  are 16" North h t i t u d e  and 7 P  Eaat Longituda 
~ ~ ~ ~ i t ~ d ~  rt(enble to that of ~ o d , c u  O b s m t o q  taken at the vulue Boo 14' 41" East fr@m Greenwich. 

Repeat Stations. 

Latitude. 

Name of Station. 

Udaipur . . 
IZarLhi . . 
Quetta . . 
Bahdwalpur . 
kdwalpindi . 
Bharatpur . 
Bangalore . 
Dhdrw6r . 
Porbandar . 
Fyzabad . . 
Sambalpur . 
Waltair . . 
Darjeeling . 
Gaya . . 
Secunderabad . 
Bhnsbval . . 
Jubbulpora . 
Tavoy . . 
Lashio . . 

Si~ey 

X X  , Akyab . . 
XXI Silchar cr Cachar 

XXll  Dibrugarh . I 
Norm.-The above r s l u n  

Longitude. 

of Dip, 

Dip. 

----___ 
0 ,  , , I e .  ,, , 

- - - _ _ _ - _  
33 49 

34 14 

43 7 

42 9 

48 18 

38 42 

9 48 

15 23 

28 45 

37 54 

a7 52 

21 la  

38 18 

34 16 

20 11 

a6 59 

31 a 

l a  19 

31 16 

25 a9 

34 43 

39 P 

Force are 

I 

'4 35 33 

24 49 50 

30 11 52 

292327  

3 3 3 5 1 6  

27 13 27 

12 59 35 

15 27 26 

21 38 20 

26 47 27 

21 28 3 

17 42 57 

16 59 49 

a4 46 30 

17 a7 11 

an s 46 

8 57 

14 q 50 

aa 56 47 

20 7 53 

2 4 4 9 4 3  

a7 a9 24 

Declination, 

Declination. 

73 57 

67 2 a 

67 0 20 

7 1 4 0 3 7  

73 3 6 

77 29 28 

77 35 58 

74 59 35 

69 37 6 

82 7 40 

83 58 a4 

83 19 I 

88 16 39 

84 58 54 

78 29 16 

75 47 18 

79 56 4 

98 12 30 

97 44 40 

92 53 18 

9 2 4 7 1 1  

94 55 40 

and Horizontal 

0 # 

E 1'24 

,, 1-40 

,, 2'58 

, I 

,, 3.42 

,, 1-59 

W 0'37 

,. 0'13 

E 1-13 

,, 1-48 

,, 0.49 

,, 0'15 

,, 1'36 

9 

,, 0'18 

. 0'50 

, I 

, I 

,. ~7 

,. 0'45 

r 1'13 

,. 1'19 

uncorrected 

H;i;:.tal 
R e ~ A n r 8 .  

c. C. S. 

0,3530 

0.3457 

0,3232 

0.3318 

0.3122 

0'2458 

0.3811 

0'3761 

0.3600 

0.3529 

0.3725 

0.3785 

03570 

0.3659 

0'3792 

03680 

0'3643 

o'39j7 

0.3762 

0'3838 

O.3693 

0'3587 

lor s ~ u t n r  

; 

2'' 
S 
I: 
C 

E 
E 
e ". 
; 
b 

2 
." 
r 

change, diurnnl 
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No. D. 318. s I. n . ~  m 1m 
Noles-The Longiludes are referrible to the Greenwich 

Merid~an, tak~ng that of the M J ~ J ~ S  Ot~serval~ry  
as 80' 14' 6 4 "  'East. 





TIDAI, AND LEVELLING OPERATIONS. 

Annual Xarratiue Report of Mr. C. F. Erskine, in charge No. 25 Party 
(Tidal  and Levelling Operations).  Season, 1907-08. 

Imperial Oficer. T h e  personnel of the  party during the . . - 
Mr. C. F. Erskine. year under report was a s  shown in the  

Provirlcial Oflccrs. 
Messrs. J. P. Barker. H .  G. Shaw, E. H. margin' 

Corridon, Munshi Syed Zille Hasnain, Rabu 
P.  N. Sur, A. M. Talati, 0. N. Pushong and 
D .  H. I,uxa. 

.Yubordinale Eslablisltnrer~i. 
r Surveyor. 23 Computers and Recorders, 

2 Native Artificers, 3 Tldal Observatory Clerks. 

T I D A L  OPERATIONS.  

2. Work of the year.-During the past year tiddl registrations by self-register- 
ing tide-gauges, were taken a t  the ports of Aden, Kardchi, Apollo Bandar 
(Bombay), Prince's Dock (Bombay), Madras, Kidderpore, Rangoon and Port 
Blair. In addition, tide-pole readings of high and low water were taken 
during daylight a t  the  poits of Bhivnagar, Akyab, Chittagong and Moulmein, 
with the object of comparing the actual times and heights with the predictions ; 
the observations were made under the control of the Port Officers. 

T h e  reduction by harmonic analysis of the observations for 1907 of the 
8 stations named above has been completed. T h e  tide-tables for rgog have 
arrived in India and will be distributed in due course. T h e  work of publication 
of tide-tables for 1910 is in progress in England. Data for the tide-tables for 
191 I and 1912 were despatched t o  England in July 1908. 

List of Tidal Stalions.-The following table gives a list of the 42 ports a t  
which tidal observations have been registered, together with the periods of 
observations from 1874 when tidal operations were begun, up to the present 
lime. 

T h e  permanent stations are  shown in italics; the others are minor stations 
which were closed on the completion of the requisite observations. 

Beri al 
No. 

I 

r 

3 

4 

5 

Stations. 

Suez . . . 
Perim . . . 
Aden . . . 
Masqit . . . 
Biishire . . . 

Automatic 
or 

o b ~ , " ~ ~ , " ~ i " , \ s .  

Date of 
closing 

of 
observa- 

tions. 

--- 
1903 

1902 

Still 
worliing. 

1893 

:go: 

Date of 
commence- 

ment of 
observa- 

tlons. 

Number 
of years 
of observ- 

ations. 

1 

j 

28 

5 

8 

Automatic . 1 1897 

R B M ~ R K S .  

Ditto , 

Ditto . 

Ditto . 
Ditto , 

1898 

1879 

1893 

1892 
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Serial 
No 

-- 

6 

7 

8 

g 

l o  

? 
A 

I I 

11 - 
A 

12 

13 

14 

15 

16 

17 . 
18 

19 

20 

11 

a2 

q 

a4  

25 

26 

27 

(TIDAI- AND 

Automatic 
or 

personal 
observations. 

Automatic . 

Ditto • 

Ditto . 

Ditto . 

Personal . 
Automatic . 

Personal . 

Automatic . 

Ditto . 

Ditto , 

Ditto . 

Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 
Ditto . 

N o .  95 P A R T Y  

Stations. 

Knrdclli 

Hanstal . . . 
Nowanar . 

Okha Point . . 

Porbandar . . 

Porbandar . . 

Port  Albert Victor 
(Kithidwdr). 

Port Albert Victor 
(Kithiiwdr). 

Bhivnagar . . 

Bombay (Apollo 
Bandar) .  

Bombay (Prince's 
Dock). 

Jlorrnugao (Goa) . 
Kirwi r  . . 
Beypore . . 
Cochin . . . 
Tuticorin . . 
Minicoy . , 

Galle . . . 
Colombo . . 
Trincomalee . . 
PQmbaa Pass . . 
Negapatam . . 

. Madras . 

Cocanada . . 

Ditlo 
23 

Ditto 

L E V E L L I N G  O P E R A T I O N S ) ,  

Date of 
commence 

of 
0 b . s e ~ a -  
'ions. 

1881 

1874 

1874 

'1874 

[ g $ d  

1893 

1898 

1881 

1900 

1889 

I 878 

Number 
of years 

of 
observa- 

tlons. 

27 

I 

I 

:I2 
a 

5 

I 

4 

5 

30 

Date ol 
closing 

of 
observa- 

tions. 

-- 
Still 

working. 

1875 

1875 

::::] 
1894 

1902 

1882 

1903 

1894 

Still 
working. 

- 
R E M A R K S  

1 Tide-Tables 
not pub- 
lished. 

year excluded. lg04-05 

With certain 
interrup- 
tions 

Tide pole 
readings 
taken. 

Property 01 
Port Trust. 

1888 

1884 

1878 

1878 

I 886 

1888 

1891 

1884 

1884 

1890 

1878 

1881 

, I 20 

1889 

1883 

1884 

1892 

1893 

1896 

5 

5 

6 

6 

5 

5 

1890 

1890 

1896 

1882 

1 1888 

6 ! 
1 6 

4 

6 Year 1884-85 
is excluded. 
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4. Inspection of Observatories.-The eight tidal observatories now working 
were inspected during the  year. Portable meteorological instruments were taken 
on the tours of inspection and compared with those working locally. 

5. Working of 0bservatoriea.-The following account contains a detailed 
descriptionof the working of the instruments and other incidental information 
pertaining to the observatories. I t  has been taken from reports of inspecting 
officers, from information furnished by port o%cers and From the registrations 
themselves. 
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REMARKS. 

Tide-pole 
readings 
taken. 

Ditto. 

Tide-pole 
readings 
taken. 

6. Adell.-This observatory was inspected by Mr. C. I?. Erskine, officer in 
charge of the Tidal party, in January 1908. During the past year, there have 
heen a few short interruptions in the tidal registrations, due either to the  pencil 
failing to mark, or to the driving clock stopping. The  auxiliary instruments 
have worked well during the year. 

Serial 
No. 

- 
28 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

7. K(1rdchi.-This sbservatory, which had been wrecked in the cyclone of  
6th June 1907, was re-started by Mr. H G .  Shaw on 12th Octoher 1907, 
since when the driving clock oi the t idcgauge  stopped for a few k o ~ ~ r s  on. two 

NO. 25 PARTY 

Stalions. 

Vizagapatarn . . 
False Point , . 
Dublat (Saugor Island) 

Diarno~id Harbour . 
Kidderpore , . 

Chittagong . . 
Akyab . . . 
DiarnondIsland , 

Bassein (Burma) . 

Elephant Point . 
Rangoon . . 

Arnherst . . 
Moulrnein . . 

Mergui . . . 
Por t  Blair . . 

(TIDAL A N D  L E V E L L I N G  

Date of 
closing 

of 
observa- 
t ions. 

--- 
1885 

1885 

1886 

1886 

Still 
working. 

1891 

1892 

1899 

1903 

1881 

1888 

Still 
working 

1886 

1886 

1894 

Still 
working. 

or ' 

o b ~ ~ ~ , " ~ ~ ~ s .  

Automatic . 
Ditto , 

Ditto . 
Ditto . 
Ditto , 

Ditto , 

Ditto . 
Ditto . 
Ditto , 

Ditto , 

Ditto . 
Ditto , 

Ditto , 

Ditto . 
Ditto , 

01-ERATIONS). 

Number 
01 gears 

of 
observa- 

tions. 

6 

4 

5 

5 

27 

5 

5 

5 

2 

]:I6 
a8 

6 

6 

5 

28 

1 Date of 
commence- 

ment or 
observa- 

tlons. 

1879 

1881 

1881 

1881 

1881 

1886 

1887 

1895 

1902 

1880 

started 
4 

1880 

1880 

1880 

1889 

1880 
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occasions, otherwise the  tide-gauge has worked well. T h e  small sdf-registering 

anemometer has frequently been out of order. No breaks have occurred in the 
records of the  other auxiliary instruments. 

8. A ~ o l l o  B a n d a r  (Bombay).-This observatory &s inspected by Mr. Erskine 
in December 1907. There  were two breaks of some hours in the tidal curves, 
one in October and one in December 1go7, when, in each case from some cause 
unknown, the  float-band came off t h e  stud-wheel and fell into the cylinder. 

9. Prince's Dock (Bombay).-This observatory was inspected by Mr. 
Erskine in December 1907, on account of the  driving clock of tide-gauge stop- 
ping ; there were six unimportant interruptions of t h e  registrations . of the tide- 
gauge. 

10. Madras.-This observatory was inspected by Mr. Erskine in January 
1908. There has been no break during the  past year in the  registrations of the 
tide-gauge and auxiliary instruments, 

I I .  Kidderpore.-This observatory was inspected by Mr. Shaw in January 
1908. There were a few short interruptions in the tidal registrations due either - 
t o  faulty communication between the cylinder and river, or ,breaking of ,cord of 
counterpoise weight of traveller pencil. 

l a .  Rangoon.-This observatory was inspected by Mr. Shaw in January 
1908. T h e  registrations of the tide-gauge are  complete. T h e  self-registering 
anemometer was out of order from 8th to, loth October 1907. T h e  clock 
of  the  self-registering aneroid stopped for a few hours on  one occasion. 

13.  Port Blair.-This observatory was inspected by Mr. Shaw in January 
1908. During the  past year, t h e  interruptions in t h e  tidal curves were few and 
unimportant ; they were due to  the driving clock stopping. T h e  self-registering 
anemometer was frequently out of order. T h e  self-registering aneroid worked 
well. 

14. Proposed Tidal  Observatory a t  Moulniein.-The tidal observatory 
cabin a t  Moulmein was erected in August; 1908. T h e  tide-gauge and other 
instruments will be installid before the end of t h e  year and registrations will be 
commenced from 1st January,  1909. Moulmein will then beaome a,permanent 
t ~ d a l  station. 

I 5. Tidal  d iagra l~zs  a n d  Daily Reports.-The Tidal, Aneroid and Anemo- 
meter diagrams, and daily reports have been submitted regularly to the office a t  
Dehra DQn. 

16. Tidal  Constants.-The Tidal Observations for a year at  8 stations have 
been reduced and the tabulated values of the tidal constants thus derived are 

appended. There are  no arrears. 

VALUES OF THE TIDAL CONSTANTS, ADEN, 1907. 
The following are the amplitudes (R) and epochs (1;) deduced from the 1 ~ 7  Obser- 

vations at Aden ; and also the mean values of the amplitudes (H) and of the ~ 0 t h  ( K )  

for cach particular tide evaluated from the 1907 Observations: 

Short Period Tides. 

A,=S358 feet. ' 

R = 
3 

e. 

# c 

. I. I 

R = .006 R = 1163 

Ma{ I( = 

H = R = 
= = 

I4 = R =  
K E 5 

'08a 
z5g0.0a 

.082 
360°.50 

'084 
176'-94 

6 6 2  
~43~'21 
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Short Per iud Tides-contd. 

Lone Per iod Tides. 

I 

Lunar Monlhly Tide . 192O.78 '033 

,, Fortnightly ,, . . '036 154O.47 .o4 I 

Luni-Solar ,, . , .  69O.2 I '013 

Solar-Annual . . .  ,426 7go*6a '420 

,, Semi-Annud ,, . . .  '151 266O.78 ' 151  

VALUES OF THE T I D A L  CONSTANTS, KARACHI 1g06-07. 

The follbu?ng a re  th'e amplltddes (R) a d  epochs (I) deduced from the -1906.07 
0bserv;rtions a t ,Kadchi  ; a n d d s o  the mkarr values.of the amplitudes (H) and of the epochs 
(K) for each particular tide evaluated from 'the 1906-07 Observations :- 

S h o r t  Per iod Tides.' ' 

A, = 7'328 feet. 



VALUES OF THE TIDAL CONSTANTS, BOMBAY, 1907. 

The Iollowing are the amplitudes (R) and epochs (5) deduced from the 1907 Obser- 
vations at  Bombay (Apollo Bandar) ; and also the mean values of the amplitudes (H) and of 
the epochs ( K )  for each particular tide evaluated from the 1907 Observations :- 

68 NO, 2 s  PARTY (TIDAL A N D  LEVELLING OPERATIONS).  - 
Short  P e r i o d  Tides-contd. 

R = -023 
1; = 55O.80 

K = 330°'89 

'065 
K = ... H = -009 ... 

L = K =  6g0.77 

Long Per iod Tides. 

Short  Per iod Tides. 

A0=1o'188 feet. 

u, 

15zO.57 

190'34 

96O.78 

8O.09 

57O.80 

Lunar Monthly Tide , . . 
,, Fortnightly ,, . ,  

Luni-Solar ,, I I . . .  
Bolar-Annual 8 1  . . .  

,, Semi-Annual ,, . . 

R 

a018 

' 025  

'035 

,143 

' I  17 
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Long Period Tides. 
I 

I I 

VALUES OF THE TIDAL CONSTANTS, BOMBAY, (PRINCE'S DOCK) 1907. 
The following are the amplitudes (R) and epochs (5) deduced from the 1907 Observa- 

tions a t  Bombay (Prince's Dock) ; and also the mean values of the amplitudes (H) and of 
the epochs ( K )  lor each particular tide evaluated from the 1907 Observations. 

Lunar Monthly Tide . . . 
, ,  Fortnightly ,, . . 

Luni-Solar 1 1  . . 
Solar-Annual ,, # I  

,, Semi-Annual ,, . . .  

Short Period Tides. 

A ,  = 8'247 leet. 

Lonf Period Tides. 

'062 
.031 
.076 
.138 
'124 

-~ 

VALUES OF THE T I D A L  CONSTANTS, MADRAS, 1907. 

Lunar Monthly Tide . . . . 
Fortnightly ,, . . .  

~un'i'4olar ,, 19 . . . 
Solar-Annual I I . . .  

,, Semi-Annual ,, . . .  

The following are the amplitudes (R) and epoclls (5) deduced from the 1907 Ohserva- 
tions at  Madras ; and also the mean values of the amplitudes ( H )  and of the epochs ( ( 8 )  
lor each particular tide evaluated from the 1907 Observations. 

263"41 
2z0'21 

143O.54 
346'45 
20y0.93 

42O.76 
166O.06 
ror0'53 
67O.06 

8O.36 

Short Period Tides. 

Ao 3 2.294 feet. 

'059 
'035 
'075 
'138 
'124 

'047 
'040 
,067 
'151 
'132 

58O.17 
173O.74 
87O.85 
53O.00 
3O.1 I 

'045 
-346 
'066 
'151 
'132 

a78O.82 
29.89 

129.86 
33a.79 
zoa.bg 
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Short Period Tides-contd. 

Lonp  Period Tides. 

Lunar Monthly Tide . . . 
,, Fortnigtitly ,, . . .  

Luni-Solar ,, 11 . . 
Solar-Annual )) . . .  

,, Semi-Annual ,, . . . 

VALUES OF THE T I D A L  CONSTANTS, KIDDERPORE, 1907. 

The  following are the amplitudes (R)  and epochs (f) deduced from the 1907 Observa- 
tions a t  Kidderpore ; and also the mean values of the arn~lflddes (H) and of the epochs ( r )  

lor each particular tide evaluated from the 1907 Observations. 

Short Period Tides. 

A,= 10'358 feet. 

R = .168 R = 023 R = '205 
= 81'87 4 = 129" 87 

H = '024 H = .205 
a = 311°23 a = K = 131°'47 

R = '071 
{ = 70°.8g = 6 8  O.20 = '177 

a = 66O.60 
H = K= .007 
K = f = 3a0°*53 

R = '030 
I I t0*08 { = ... 

H = ... 
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Short  Pcriod Tzdes-contd. 

Lonp Per iod Tides. 

Lunar Monthly 'Tide . ,360 r51O.11 -34a 11O.20 
,, Fortnightly ,, . . .  ,256 15O'oz 

Luni.Solar ,, >I  '917 43O.68 
Soh-Annual 11 2,210 228O.35 2.210 148" 10 

,, Semi-Annual ,, . . ,853 3 0 6 ~ ~ 5 8  
I 

VALUES OF THE TIDAL CONSTANTS, RANGOON, 1907. 
The following are the amplitudes (R) and epochs (0 deduced from the 1907 Obger- 

vations a t  Rangoon ; and also the mean values of the amplitudes (H) and of the epochs 
(N) for each particular tide evaluated from the 1907 Observations. 

Shor t  Period Tides. 

Long Period Tides. 

Lunar Monthly Tide . . 
,, Fortnightly, ,, . . .  

Luni-Solar ,, 1 1  . . 
Solar-Annual I . . . ,, Semi-Annual ,: . . 

'233 
,'I 14 

'435 
1.185 

'154 



VALUES OF THE TIDAL CONSTANTS, PORT BLAIR,  1907. 

The following are the ampiitudes (R) and epochs (<) deduced from the 1907 Observa- 
tions a t  Port Blair ; and also the mean values of the amplitudes (H) and of the epochs 
( R )  tor each particular tide evaluated from the 1907 Observations. 

Short Period Tides. 

L o n ~  Period Tides. 

1 7 .  Other Computn6ions.-The actual t imes and heights of high and low 

water for 1907 a t  1 2  ports have been compared ~ i t h  t h e  predicted values pub- 
lished in t h e  t ide-tables and  the  results tabulated. 

18. Auxiliary Repovts.-Reports o n  the  operations carried on in the  Bombay 

Presidency and in Burma  were prepared a n d  submitted,  the  former to the  

Government  of Bornbay, and t h e  latter to the  Principal Por t  Officer in Burma, 
Rangoon. 

K 

24O.69 
36O.01 
65O.33 

177O'80 
244O.67 

Lunar Monthly Tide . . . 
,, Fortnightly ,, . . .  

Luni-Solar ,, I I . . 
Solar- Annual I )  

,, Semi-Annual ,, 

c 

164O.76 
181O.32 
24O.68 

258O.07 
45O'20 

R 

.035 
-015 
'013 
-196 
'054 

H 

,033 
'01 7 
.or3 
. ~ g b  
'054 
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19. Receipt a n d  Issue 4 tide-ta6ks.-The tide-tables for 1908 were 
received in the office in time for circulation and were duly distributed. 

20. Datum of tide-tables.-The datum for.the tide-tables is the datum of 
soundings in the most recent Admiralty Charts, with the  exception of Bassein, 
the datum for which port is " Indian Spring Low Water  Mark " which has not 
been connected with the Admiralty datum. 

21. Safe of tide-tables.-The amount realised on the sale of tide-tables 
during the year ending 30th September 1908 is R1,67 1-1 I -6. 

22. D a t a  forwarded to England.-The following data  were supplied t o  the 
Tidal Assistant, National Physical Laboratory, Teddington, England :- 

(i) Values of the tidal constants for the tide-tables for ~ g l o ,  Ig r  I ,  and 
1g iz  ready for use in the tide predicting machine. 

(ii) Actual values during 1906 of every high and low water measured in 
duplicate from the tidal diagrams a t  g stations, and of tide-pole 
observations taken during daylight a t  4 closed stations, the  latter 
under the supervision of the Port Officers, and supplied by them 
to this office. 

(iii) Comparisons of the  above with predicted values for 1908, the  errors 
being tabulated in such form a s  to be of aid in improving the 
predict ions. 

23. E r r o r s  i n  Predictions.-The 5 tabular statements which are appended, 
show the percentage and amount of errors in the  predicted times and heights 
of high and low water for the year 1907 a t  12 stations, a s  determined by com- 
parisons of the predictions given in the tide-tables with actual values measured 
from the tidal diagrams a t  8 stations, and from tide-poles at  4 stations ; the  
former are made in this office, and the latter by the Port Officials. 

No. I .  

Ztatement' showing the percentage and the amount of the errors in the Predicted Times 
of High Water at  the vorious Tidal  Stat ionsfor the year  1907. 

STATIONS. 

. . . .  Aden 

. . .  KarBchi. 

Bhdvnagar . . .  
Apollo Bandar . 

Bombay 
Prince's Dock . 

. . .  Madras 

. . .  Kidderpore 

Chittagong . , . 
Akyab . .  
Rangoon . 

Enom ol 
minutes 

and under. 

Per Cent. 

37 

47 

53 

47 

3 1 

39 

'7 

25 

99 

29 

Moulmein . 
Port Blair . . 

lutomatic/ Numb. of 
Erm"Over 
5 minutes 
and under 

I'er Cent. 

44 

39 

46 

39 

48 

44 

31 

36 

I 

38 

or T i d e  
"Ie 

observa- 
tionr 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Aoto. 

Auto. 

T.  P. 

T.P.  

Auto. 

T. P. 

Auto. 1 701 39 

cornparrrons 
bet'veen actuaJ 
and predicted 

values. 

689 

1 4 7  

365 

704 

696 

705 

705 

365 

337 

702 

1 

7 7 

48 

15 minutes 
and under 

zo minutes. 

----- 
Per Cent. 

8 

6 

I 

6 

12 

II 

12 

14 

... 
12 

14 

7 

Over 
zo minutes Errors over 
and under 30 minutes. 

3o 

Per Cent. 

8 

6 

... 
5 

8 

5 

03 

'3 

... 
15 

Per Cmt. 

3 

z 

... 
3 

I 

I 

'7 

11 

a , .  

8 

3 ... 
= I  ' 
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No. 2 .  

No. 3. 

Statrment showing the percentage and the amount of the errors in  the Predicted ~ i , , , ~ ~  
of Low W a t e r  a2 the various Tidal S f a t i o n s f o r  1heyear 1907. 

Statement showing the percentage and the amount of the errors in the Predicted Heights 
of High W a t e r  a t  the various Tidnt  Stations for the year 1907. 

STATIONS. 

Aden . . . . 
Karbchi.  . . . 
Uhfrvnagar . . . 

A p o l b  Bandar .  
Bombay 

Prince's Dock . 
h l a d r a s  . . . 
K~dderpore  . . . 
Chittagong . . . 
A k y a b .  . . . 
Rangoon . . . 
hloulmein . . . 
P o r t  Blair . . . 

Automatic 
or  id^. 

pole 
observa- 
bons. - 

Auto. 

Auto. 

T. P.  

Erion 
1 2  inches. Stations. 

errors 
5 minutes 
and under. 

Per Cent. 

33 

28 

56 

Number of 
comparisons 

betrveen actual 
and predicted 

values. 

685 

446 

365 

Auto. . 

AuLo. 

Auto. 

Auto. 

T. P. 

T . P .  

Auto. 

T. P.  

Auto. 

Aden . . . . 
K a r L h i  . . , 

Bhlvnsgar . , . 
Apollo Bandar .  

Bombay 
Prince's Dock . 

hladras  . . . 
Kidderpow . . . 
Chiltagong 

Automatic 
or 7 ide- 

pde 
obselva- 

tions. 

Errow Over 
5 minutes 
and under 

15 mlnutes. 

---- 
Per Cent. 

44 

46 

42 

Akyab 

Rangoon Auto. 702 16'4 

hloulmein . 24 2 I 30 

6-6 94 .,v I.. 

Number of 
cornparlsons 

between actual 
and predicted 

valucl. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

Auto. 

Auto. 

Mean 

:$,"p",'ib 
leet. 

Errors over 
' 5  rn'nutes 
and under 

20 minutes. 

Per Cent. 

12 

1 1  

2 

Errors over 
20 minutes 
and.undcr 

30 minutes. 

Per Cent. 

9 

13 

... 
6 

7 

8 

I1 

14 

... 
12 

i8 

9 

Errors over 
30 mlnutu. 

% 

Per ccnr 
2 

z 

... 
,4 

3 

5 

21 

15 

..a 

I 8 

6 

5 

7 0  1 , 45 I 

a 

z 

' 32 

I 8 

I 

I2 

... 
I 

696 

705 

707 

365 

340 

704 

3% 

702 

Over 
inches 

and under 
la inches. 

Enom of Over 

Per Cent. 

4 inches 
and under, 

Per Cent. 

3 '  

Ti 

35 

25 

24 

13 

31 

47 

and under 
8 inches. 

97 

73 

47 

71 

70 

87 

42 

689 

447 

365 

704 

696 

705 

705 

38 

13 

a 7 

98 

25 

6 

45 

Per Cent. 

' .  ... 
2 

14 

4 

6 

... 
1.5 

6.7 

9'3 

31'4 

13'9 

13'9 

3'5 

11'7 

47 

22 

26 

I 

33 

70 

40 

Per Cent. 

' ... 
... 
4 

... 
-. 
... 
12 
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No. 4. 

Statement shofuing the percentare and the amozrnt o f t b e  errors in t h e  Predicted Heights 
of  Low Wacer at the various Tidal Statlbnsfor the year 1907. 

No. 5 .  

Tab le  of average Errors in the Predicted Times and Heights of High and Lor  Water 
at the  several Tidal Stations for the year 1907. 

Stations 

Aden . . . . 
Kardchi . . 
Bhdvnagar . . 

Apullo Bnndar . 
Bombay 

Prince's Dock . 
hfadras . . 
I<idderpore . . . 
Chittagong . . 
‘+kyJb . . . . 
Rangoon . . 
Moulrnein ,. . 
Port Blair . . 

STATIONS 

Open Coast. 

~d~~ . . . . . 
Kardchi . . 
Bhdvnagar . . 

I Apollo Bandar . 
Bombay 

Prince's Dock . 
hladras . ' 

Akyab . 
Port Blair . - - 

Automatic 
or Tide- 

pole 
observa- 

tions, 

Auto. 

Auto- 

T.P. 

Auto. 

Auto. 

Auto. 

Auto. 

T. P. 

T. P. 

Auto. 

T. P. 

Auto. 

I 

Mean 
at 

SPr;",",;ln 

6'7 

9'3 

31'4 

13'9 

13'9 

3'5 

I 1.7 

13'3 

8.3 

16.4 

12'7 

Numbqr of 
cornparasons 

betwccn actual 
predicted 

values. 

695 

446 

365 

702 

696 

705 

702 

365 

340 

704 

365 

Frrors over 
8 inches 

and under 
12 inches. 

Per Cent. 

.,, 

# m e  

4 

4 

5 

... 
16 

I 8 

I 

20 

19 

E~~~~~ of Errors over 
4 inches 

and under 
8 inches. 

------ 

Per Cent. Per Cent. 

98 2 

86 14 

62 33 

73 22 

70 24 

91 9 

35 21 

44 3 1 

86 I3 

30 27 

37 29 

Errors over 
12 inches. 

Per Cent. 

,.. 
,,. 

I 

I 

I 

s.. 

21 

7 

... 
23 

15 

... 

Automatic or 
1 idepole 

observations. 

Auto. 

Auto. 

T. P. 

Auto. 

Auto. 

T.P. 

AULD. 

a,. 

Mean range 
at springs 

in 

6.7 

9'3 

31'4 

13'9 

13'9 

3'5 

8.3 

6.6 

AVERAGE ERRORS. 

GBIIBRAL MUAN . . . . . 

Of T~rne in 
Minutes. 

8 

18 

1.S 

13 

11  

1 5  

11'7 

13'3 

16.t 

'2'7 

Riurrain. 

Kidde rpo r t .  . . 
Chiltagong . . 
Rmgoon . . 
Moulmein . . . 

-- 

10 

8 

6 

8 

10 

9 

1 

9 

8 

25 

I 9  

15 

13 

18 GI INBRALMULN . . . . . 

Auto. 

Tn P. 

Auto. 

T. P. 

H . W . L . W .  

11 

12 

6 

8 

8 

9 

1 

8 

Of Height i n  terms 
of the range. 

'024 

'050 

'050 

'025 

'059 

'046 

H . W .  

'012 

.a27 

'013 

-018 

.or8 

'048 

'030 

.oag 

-021 

'057 

'038 

'041 

'046 

.o46 

Of ~ ~ i ~ h t  in 
inches. 

2.8 

7 

8 

5 

g 

7.1 

L.W.  

-012 

.o18 

.OII 

,018 

-018 

'048 

'010 

'025 

I 

3 

5 

3 

1 

3 

s 

2.4 

8 

6 

( 

7 

7.2 

H . W . L . W .  

I 

1 

4 

3 

1 

a 

1 
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T h e  foregoing statement for the year 1907 may be thus summarised :- 

Percentage of time predictionr within 15 niinutes of  accuals. 

Percentape of heirht predictions within 8 inches o f  actuals. 

I 

predictions were tested by S. R. Tidegauge 
Stations. 

n IJ Tide-pole . 

Open Coast 
Stations. 

6 at  which predictions were tested by 8. R. Tide-gauge . 84 

2 11 , I  I I Tide-pole . . 100 

Percentage of height predictions within one-tenth of mean range a t  Springs. 

Riverain PI , I  S. R. Tide-gauge , 58 
Stat ions. :: I J  11 Tide-pole . . 72 

Riverain a II I) PI S. R. Tide-gauge . 
Stations. 

2  I ,  PI II Tide-pole . 

1 6 at which predictions were tested by S. R. Tide-gauge . ; 98 99 

2 I )  #I  P I  Tide-pole . i 
I 

Riverain I, 91 S. R. Tide-gauge 

a P I  1, I I Tide-pole . 

78 

57 

14. Com$arisons of the $redictions at Riverain Stations.-The predictions 

60 

7 5  

for the  riverain stations for t h e  year 1907, were compared w ~ t h  those for the year 
before with the  following results :- 

At Kidderpore they a re  about t h e  same for high water times, but worse 
for low water times. For  the  high water heights they are  better, but for the 
low water heights they a re  worse. At Chittagong they are  about the same for 
high and low water times, they are  worse for high water heights, and about the - 

same for low water heights. At Rangoon they are  practically the same for both 
times and heights of high and low water. At Moulmein there is practically 

no change. 
At Kiddetpore the greatest difference between the actual and predicted 

heights of low water for 1907 was 2 feet 7 inches on 19th and 90th September, 
t h e  act .ul  being lower than the predicted. At Chittagong it was I foot 8 inches, 
an 19th May, the  actual being higher. At Rangoon it was z feet 9 inches, on 

I ~ t h  Jt~ ly ,  the  actual being lower. At Moulmein it was a feet, on 12th July, the 
. - 

actual  being lower. 
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LEVELLING OPERATIONS. 

95. Strength of Leaelling Section.-During the past year three detach- 
ments were engaged on spirit levelling. 

The combined strength of the levelling detachments in the field was 
as detailed below :- 

Detachmelzt No. ~.-Two levellers : Mr. E. H. Corridon, 1 st leveller ; Mr. 
0. N. Pushong, 2nd leveller ; 3 recorders ; 30 menials. 

Detachment No. 2.-Same strength as for detachment No. I .  The 
levellers sere Munshi Syed Zille Hasnain, 1st leveller; Mr. D. H. Luxa, 
2nd leveller. 

Detachmelst 1170. 3.-Equivalent strength to the &her detachments the 
levellers being : Mr. A. M. Talati, 1st leveller ; Babu P. N. Sur, and leveller. 

In each instance the 1st leveller had charge of the detachment. 

At the close of field operations, the menial establishment was discharged, 
all but a few men who were required for service in recess. 

26. Programme for past fie/d season.-The following programme of work 
was allotted to the levelling detachments :-- 

Detachment No. I- 
(i) The revision of the portion of the old line of levels executed in 

season 1880-8 I ,  between Guntakal and Madras. 
(ii) The connection of the standard bench-marks, en route, at  Cudda- 

pah and Madras. 

Detachment No. a- 

(i) To  connect the stacdard bench-marks a t  Multdn, and Dera lsmail 
Khan with the old line of levels. 

(ii) To execute a main line of levels from Ferozepore, along the railway 
line across Rajputana to Ahmedabad, with the object of breaking 
the large circuit Karrichi-Ferozepore-Sironj and Bombay, and the 
connection of a standard bench-mark at  Bikaner. 

Detachment No. 3- 
(i) Revisionary levelling from Kosgi to Guntakal (of the Bombay- 

Madras line). 
(ii) Revisionary levelling from Guntakal to K5rwAr. 
(iii) Connection of standard bench-harks at RAichur and Bellary. 

This programme was subsequently modified and the portion Guntakal to 
Bellary omitted, so as to ensure the work being closed at  KArwBr by the end 
of the field season. 

17. Duration of Field Season and work terformed. 

NO. I Detachment.-This Detachment left Dehra for Guntdkal on 11th 
October 1907 arriving at  its destination on 17th idem. After preliminary 
arrangements were completed, work was started on 21st October, three bench- 
marks being cut in Guntakal for connection by No. 3 Detachment, who were 
revising the length between Kosgi and Guntakal. On 19th January 1908, 
when the Detachment had reached Kjdhru, instructions were received to 
~roceed at once to Madras and commence work from the Madras end of the 
 ort ti on then left to be revised, as there was every likelihood of the tidal 
observatory at  Madras being soon cut off from the northern arm of the harbour 
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owing to the  progress of the Madras Harbour Improvement scheme. T h e  Detach- 

ment left I(6dliru on ~ 3 r d  January arriving a t  Madras the  same evening. The 
le17elling from the tidal obserlratory commenced on the 26th January. After 
levelling from the bed-plate of the self-registering tide-gauge to a bencll-mark 
cu t  on t h e  wall of t h e  goods-yard a t  RByaphram Station, t h e  connection 
o f  t h e  standard bench-mark a t  the  astronomical observatory in College Road 
was taken up, the  opportunity being seized to re-connect as  many a s  possible 
of the old bench-marks in Madras. Work was then resumed on the  main line, 
K6d6ru eventually being reached on 4th April. Next day the  Detachment 
left for Dehra Dlin reporting a t  Head-quarters on 13th April. 

No. 2 Detaclzment.-The Detachment left Dehra D6n for the  field on 
the 12th October 1907. T h e  connection of the standard bench-marks a t  
Multdn and Dera Ismail Khan was first taken in hand ; on completion of this 
work the detachment moved t o  Ferozepore to  commence the main line of 
levels from there to  Ahmedabad. Before commencing work on the  new line, 
it was considered necessary to  verify the height of the old embedded bench- 
mark a t  Ferozepore, from which t h e  line was to  emanate. T h e  nearest old 
bench-mark found in existence was a t  Kaslir, 16 miles from Ferozepore, 
and the  check levelling was carried out  to  this point. T h e  levelling on the 
main line was then started, and was carried along the  railway line via Bhatinda 
and Bikaner t o  Ndgaur, in Jodhpur territory, where operations mere closed 
for t h e  season, and the detachment returned to recess quarters, reaching Dehra 
Dlin on t h e  12th of April 1908. 

No. 3 Detaclznrent,-This Detachment left Dehra Dlin on 12th October 
1907 for RAichur. T h e  connection of the  standard bench-mark there was 
completed on 24th October. T h e  detachment then left for Kosgi, where 
n~ork  was resumed on 25th October, closing at  Guntakal on 24th November. 
\\'orlr \va, again taken up from Bellary on 26th November and finally clc~sed 
a t  KQrmdr on 21st ,April 1908. T h e  detachment then returned to recess 
quarters reaching Dehra Dlin on 1st  May 1908. 

28. O Z C ~ ~ Z ~ Y ? ~ .  
No. I Delacknzent.-The outturn of work of this detachment amounted 

t o  296 miles, inclusive of check-levelling, in the course of which t h e  instrument 
was set up at 3,462 stations, the  total rises and falls amounting to 5,208 feet. 
T h e  heights of 2 standard, 22 embedded and 235 inscribed bench-marks were 
determined, 8 bench-marks of other departments were also connected, and 7 
Great Trigonometrical stations in the  vicinity of the line of levels visited and 
reported on. 

No. a Detachment.-The outturn of work of this detachment amounted 

t o  348'2 miles of levelling, in the course of which the instrument was set up 
a t  3,842 stations, the rises and falls amounting t o  4,217 feet, the heights of 
3 Standard, 33 embedded and 186 inscribed bench-marks were determined: 
in addition, 15 irrigation bench-marks and 3 G. T. Survey stations were 

T h e  opportunity was also taken t o  inspect 7 G. T. Survey stations 
in addition to those connected by levelling, during the field season. 

No. 3 Defachnrerrt.-The optturn of work of this detachment amounted 
t o  297 miles of levelling, in the course of which the instrument was set  up 
a t  4,790 stations, the total rises and falls being 17,r 17 feet. T h e  heights 

of 1 standard, 7 old, and 8 new embedded, 156 old and 90 n e r  inscribed, 
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I and I irrigation bench-marks were determined. Two principal and 
Secondary Great Trigonometrical Survey stations were inspected a n d  

reported on. 
Total outturn.-The total outturn of the three detachments was 94, 

miles of levelling, in the course of which the instrument was set up at  12,094 
stations. T h e  bench-marks connected were 8 standard, 70 embedded, 6fj7 
inscribed, and 25 belonging to other departments. Three G. T. stations were 
connected, and 19 were inspected and reported on. 

29. Earnbay-Madras Error.-The old line of levels executed in seasons 
1877-31 between Bombay and Madras had a closing error of 2'98 leet, Madras 
being higher than Bombay. T h e  revised line 1906-08, closed a t  hfadras, 
with a n  error + 0'607 foot. T h e  distance levelled over is 806 miles, the  error 
per mile being -0008 foot, or about of an inch. 

Thus  about 2.37 feet of error has been eliminated during the operatiocs. 
T h e  results of the  Revision levelling operations season 1907.08 are  shown 

in the 

Distance 
from 

Bombay. 

qpz 

489 

516 

524 

540 

554 

587 

602 

611 

621 

636 

650 

661 

following tahle :- 

Name of Bench-mark. 

G .  T. S. 
IJ at Kosgi Railway Station. 

B. M. 

G. T. S. 
IJ at ~ d 6 n i  Railway Station. 

B. M. 

G .  T. S .  
at Nancherla Railway Stn. 

B. hl. 

G .  T .  S. 
at Timmancherla. 

B. M. 

G .  T. S .  
at Gooty. 

B. M. 

ti. T. S 
at Riyalcheruvu. 

R. M. 

G. T. S. 
at  Kondbpuram. 

B. M. 

G. T. S. 
IJ at Muddan6m. 

B. M.  

G. T. S .  
at Yerraguntla. 

B. M. 

G. T. S. 
at  Kamalbpuram. 

B. M. 

G. T. S. 
at Cuddapah. 

B. M. 

G. T.  S .  
at Vontimitta. 

B. M. 

G. T. S. 
at Nandal6ru. 

B. M. 

published 
values. 

123S'ro 

1362.24 

1552.57 

1411.24 

1199.61 

940.78 

718.44 

617.37 

543'34 

4 53.1 o 

451-03 

47a.M 

472'11 

DiRerence 
between the 

; i ~ $ ~ ~ ~  

-I-2.036 

+ 2'273 

+ 1'966 

+1'789 

+yo83 

+2-021 

t 2 . 1 3 9  

+2'211 

+2'074 

-F 2'369 

+a722 

11,130 

+a306 

I 

Height abnve 

Seasons 
19od-od. 

(1) 

1237'921 

1361.875 

1551'564 

1411'433 

1199.661 

941'088 

718.782 

617,689 

543'835 

453'322 

451.538 

423'492 

472'493 

M. S. L. at 
Bombay. 

seasons, 
ISSO.SI. 

(ii)  

1239'9j7 

1364'148 

1551'530 

1413'222 

1201.744 

gq3'1og 

72o.ga1 

6 1 g g w  

545'909 

455'691 

453'660 

425'622 

41C799 







8 1 NO. 95 PARTY (TIDAL A N D  L E V E L L I N G  OPERATIONS) ,  

-- 
Delachmevtt No. 3 :- 

Line Kosgi t o  Guntakal. 
(50 miles) = + 0'052 foot. 

L ~ n e  Ballnry to Krirma'r. 

at 50th mile . . . . a . .- - -0'029 foot. 
,, 100th ,, . . . .  . . .- - 0 . 1 7  I ,, - 
11 150th 8 ,  . . .= -0'069 ,, 
I, 200th ,, . . . . . .  .= -0'146 ,, 
,, 240th 1, . . . . a . ,- - -0'079 1, 

32. Levels and stave8 used in the Feld. -The levels employed by No. 1 

Detachment on the line Guntakal to Madras were Cylindrical Level No. 4 used 
by Mr. Corridon, and Cylindrical Level No. I by Mr. Pushong. 

The staves used on this portion were Nos. 01, 03, 04 and 05 of Captain 
Cowie's pattern. 

No. 2 Detachment used American binocular precise levels throughout their 
levelliny from Ferozepore to NAgaur ; Munshi Syed Zille Hasnain worked nith 
Level No. 2697, and Mr. Luxa with Level No. 2626. The staves used on this 
Line were i6 A,  16 B, 2 0  A and 20 B, which have graduations on only one face. 
These staves were manufactured a t  the Mathematical Instrument OfEce. 

No. 3 Detachment used cylindrical levels throughout the season, on the 
line Kosgi to Guntakal and Bellary to KArw4r. Mr. Talati worked with No. 3, 
and Babu Sur with No. 21 

The staves employed on these lines were Nos. B I ,  B 2, I I I i  and 4, of the 
G .  T, pattern. 

33. Uuit Correction for staves -During the actual progress of the work 
week\y comparisons of the staves with portable lo foot standard steel bars were 
made, with the object of determining the correction for difference in unit of pairs 
of staves, to be applied to the observed heights in order to obtain the absolute 
heights. 

~ a b l e t  of these comparisons are appended. 

No. I LEVELLING DETACHMENT. 
Results of comparison of staves-Season 1907-08. 

REYARXS. 

Cloudy. 

Scattered 
clouds. 

,. 

First Clear 
day. 

clouds. 

Clear, after 
ram. 

P l a u  and date of comparison. 

Guntakal, October 19th. 1907. 

Pd~akottacheruvu, ,, 21th ,, . 

Gooty, Novernber~th ., . 
Rdyalchrmw, ,, 11th ,, . 

Vanganhru, ,, 20th ,, . 

Mangapatnam, , 28th ., . 
Yerraguntla, Dtxcmber 9th , 

Knmal6putam. ,, ldth ,. . 

NUMBIU or STAPP. 

04 

-.waog68 

-.ooo637 

-.0008356 

- ' O O O ~ ~ J Z  

+moo536 

+.om3720 

Clear and 

O 5  

+.w15455 

+.oooqggo 

+'ooo1974 

+.ooro272 

+'m17440 

+.0017095 

01 I 03 

-.aoo43g1 

-.0038045 

-.oo46923 

-.oo~~o07 

-.oo4.4228 

-.w35095 

-'0033514 

+'ooogo13 

-'0047670 

-.0054125 

-.0058959 

-.oo48635 

-.oo~a15g'Passing 

-.0034655 

-.0o4~580 

+moo4346 

-.0050176 

+.oozo154 -.003.+439 -.oq5016 Cloudy ram. aftrr I dry. 
! 
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Results of compavison of  staves-Season 1907-08. 

I No. OF STAFF. 

Place and date of comparison.  REMARK^. 

Cuddapah, December 25th 1907 

Vontimitta, January 

Pizampbta, ,, 
Kbdliru, ,, 
Riyapuram. ,, 

Avadi, February 

Tiruvilangbdu, ,, 
Tiruttani, March 

Puttfir, 

RCnigunta, >, 

Settikunta, ,, 30th PD 

K6d6ru, April 5th ,, 

scattered 

-.o030806 1 -0035414 I Clear. 

-'oo351g3 -'o042895 Dry and 1 I c l e a r .  

-.oo32378 -.oo38910 ( Clear after 1 2 2 r .  

-.0043192 1 -.0052099 1 Dxar .  and 

No. 9 LEVELLING DETACHMENT. 
Results of comparison of staves-Season 1907-08, 

Reuamms. 

Clear. 

,, 

,, 

,, 
Cloudy. 

Clear. 

Cloudy. 

Clear. 

,, 

Cloudy. 

Clear. 

,, 

,, 

,, 

,, 
Lightclouds 

Cloudy. 

Place and date of comparison. 

Multin, 23rd October 1907 . 
Ferozepore, 28th ,, ,, . 
Ferozepore, 8th November ,, . 
Farfdkot, 20th ,, ,, . 
Jaito, 30th ,, ,, . 
Sangat, loth December ,, . 
Bkangkhcrd, zznd ,, ,, . 
Hanumingarh, and January 1908 

Sliratgarh, 16th ,, ,, . 
Rbyanwili, 23rd ,, ,, . 
Mahijan, 1st February ,, . 
Lunkaransar, 171h ,, ,, . 

Jamsar, 26th ,, ,, . 
Bikaner, 9th March ,, . 
SGrpur*, 18th ,, ,, . 
Bhzgu, 25th ,, ,, . 
Ndgaur, 6th April ,, . 

NUMBER 

l o  A. 

-0.~032773 

--ooojoggg 

4 0 0 3 4 6 2 5  

-0'004o431 

-00041485 

-e0048197 

-o'wqR687 

-0'0047439 

-0 '003p41 

-0'0040123 

-0.0045027 

--0'00jo635 

-0'0053407 

-0'0060433 

--o'~525js 

-0'0052639 

-0.ooj8287 

or  STAPP. 

ao B. 

--0.0031338 

--0.0028526 

-0'0032348 

-0.0039128 

-o'0039034 

-0.0046022 

-0'0043230 

-0'0044J70 

-0.0037776 

-0'003801z 

--0.0043586 

-~0048540 

-0'0051332 

-0.0055114 

--0.005~316 

-0'0050490 

-0'0058570 

16 A. 

-0.0039545 

-0.0038093 

-o'w39303 

-0'0046435 

--~0046473 

-0'0051031 

--TO052031 

-0~0051861 

-0'0045945 

-0'0045909 

-0.005163j 

--woo57475 

4 , 0 0 6 0 6 6 j  

-0'0062533 

4 0 0 5 7 2 4 5  

--0'006u137 

-4.0062085 

16 8. 

-0.0026148 

-0.0025354 

-o'ooz7542 

-0'0035712 

-0'0033266 

--0.0040926 

-0.0041192 

--o'w3861o 

-0'0030850 

--o~oo30532 

--0.0036580 

-0.0043970 

--0.0043g20 

--o.o04743~ 

-0.0043612 

-0.0046564 

-0.0049868 



84 NO.  95 PARTY (TIDAL A N D  L E V E L L I N G  OPERATIONS) .  
- 

No. 3 LEVELLING DETACHMENT. 

34. Minor Lines of Levelling.-ln addition to  the levelling executed during 
t h e  field season by the three levelling detachments, the following lines of levels 
were run by officers attached to the G. T. S. office :- 

(i) A line of levels from Nojli (Shaw's Statioc) to ;i; on stone slab 25 
b feet north of Myapore canal bungalow, Hardwdr. This line was 

levelled by Lieut. H. T. Morshead, R. E., between January 20th 
and March 6th, 1908. T h e  level used by him was American 
binocular precise level No. 2625. 

T h e  length of the line was 38 miles, and it was levelled over, both in 
forward and back directions. T h e  closing errol. a t  Hardwar is 0'002 foot between 
the forward and back levelling. 

(ii) A line of levels was run from G. T. S, benchmark (iron plug) a t  the 
G .  T. S. 

Trigonometrical Branch Oflice, Dehra Dlin, t o  soM, cut on Kilsi 

R e s u l t s  01 compar i son  of s t a v e s - ~ e a s o n  1907-08. 

NUMBER OF STAFF. 
Place and date of comparison. REMARUS. 

1111. 

~ b c h u r ,  24th October 1907 . 

Klipgal, 

~ d b n i ,  9lh ,, ,, . 
Aspari. 16th ,, ,, . 
Cuntakal, ~ 3 r d  ,, ,, 

Kudntini, 1st December ,, . 
GAdiganiru 9th ,, 1, . 
Hospet, 17th ,. 9, . 
Hellihunisi, 24th ,, ,, . 
Hampasigaram, 2nd January 1908 . 
H esarlir, 9th ,, ,, . 
blundargi, 16th ,, ,, . 

Dambal, ~ 3 r d  , ,, . 
Gadag. 30th ,, ,, . 
An~iigeri, 6th February ,, . 
Sirguppi, 13th ,, .. . 
Dastikop, 20th ,, ,. . 

Kargod, 27th , ,, . 
Kirvatti, 5th March ,, . 
Idgundi, 12th ,, ,, . 
Arball, 19th ,, ,, . 
Sunksal, 26th ., ,, . 
Agshr, and April ,, . 
Hattikeri, gth , ,, . 

+ 0 . ~ 3 6 6 9 1  

+00036107 

+ ~ 0 0 3 6 9 j 8  

to'oo.+0005 

+0.~031318 

+0'0039964 

+woo37853 

+0.0036762 

+0'0035681 

t0'0035646 

+0.00353j2 

+o'oo3415g 

: $0.0038362 

+o~oo38101 

+woo30896 

+o'w34562 

+0.0035616 

+woo38747 

+oooqo~o l  

+woo40713 

+0.0045615 

+0.0041860 

K Arwir, 18th .. ,. , / + ~ 4 8 8 8 0  

-0.000039~ 

+oooo08Gg 

+ o 0 ~ 8 5 1 8  

+oooo6669 

to.ooo37ja 

+o.ow61zo 

t o . o o o ~ 8 0  

+woo04538 

to'ooo3391 

+o-0004556 

+o.oooj861 

--0o001065 

+o.0004816 

+oooo38zg 

--0-0003833 

+o.0000436 

+oooorr58 

+0'0004786 

+o~ooo8831 

+oooo8193 

+o.oolzoqq 

+woo12555 

+0.001y6g 

+woo23763 

+0.0021838 

t0'0028341 

+woo36984 

+0'0020406 

+0'0031988 

+o.o027568 

+0.0026085 

+woo26158 

+ooozq33 

+wooz3506 

+oam7781 

+o.oozzz47 

+0.0012542 

+0.0005658 

+o.o014601 

+o.o017238 

+0.0024661 

+ooo3joz1 

+ow37463 

+0'0040870 

+woo40350 

+0 .~48768  

+0-0006z78 

+oo008071 

t0.0010904 

+ooo14640 

+o'ooo5163 

+o.oorzoz6 

+ooo10258 

+ v o m 6 0 6 ~  

+oooo8308 

+o'ooo3g41 

two008068 

+o'ooo2859 

to.000911~7 

+0'0007z77 

+ O ' O O O I ~ O O  

+0.0002634 

+0'0006524 

+0'0007707 

+woo13849 

+o~oo1261o 

+0.0019962 

+o,oo16564 

,, 
,, 

,, 
Cloudy. 

Clear. 

Cloudy. 

Clear. 

,, 
Lightclouds. 

,, 
Clear. 

,, 
Lightcloudr. 

Clear. 

,, 
Light clouds. 

Clear. 

,, 
,, 

,, 
Light clouds. 

Clear. 

+0.00'9057 M 
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bridge over the Jumna river, a t  the 49th mile from Sahdranpur. 
The line was executed by Lieuts. A. H. Gwyn, I. A., J. A. Field, 
R. E., and C. M. Thompson, I. A., in March and April. The levels 
used were Cooke's Gushing's level No. 8446 and American bino- 
cular precise level No. 2625. 

The length of the line was 31 miles. The closing difference between the 

results obtained by the two levels at KQlsi was 0'092 foot. 

The total outturn of levelling during the past season, including these lines, 
with those completed by the three levelling detachments is 1,o:o miles. 

The following is a complete list of standard bench-marks as they stood at 
close of season 190:-08 :- 

cOmp'eted and lo be connect- 
ed in 1908-og. 

I in Sdtdra. 

I in Belgaum. 

I in Bangalore. 

I in Salem. 

I in Trichinopoly. 

I in Negapatam. 

I in Madura. 

I in Tiunevelly. 

3 in Secunderabad. 

I in Jodhpur. 

I in Deesa. 

I in Ahmedabad. 

r in Saugor. 

I in Jubbulpore. 

I in Nigpur.  

I in Akola. 

I in Hinganghit. 

Completed not yet connected. 

I in Sukkur. 

I in Hyderabad (Sind). 

I in KarPchi. 

I in Mhow. 

I in Jacobabad. 

NOS, I C o m p l e t e h n d  connected. 

7 
2 

3 

4 

5 

6 

7 

8 

g 

l o  

I I 

12 

13 

1 4  

15 

16 

17  

18 

19 

20 

2 1  

22 

23 

24 

15 

i 

I in Calcutta (old). 

2 in Bombay (old). 

1 in Madras (old). 

I in Karichi (old). 

2 in Dehra Dlin. 

I in Sahlranpur. 

I in Muzaffarnagar. 

2 in Meerut 

I inAligarh. 

I in Bareilly. 

I in Shahjahanpur. 

I in Lucknow. 

2 in Sit6pur. 

I in Fyzabad. 

2 in Allahabad. 

I in Mirzlpur. 

I in Benares. 

I in Ghizipur. 

I in Gorakhpur. 

I in Muttra. 

I in Agra. 

I in Gwalior. 

I in Lahore. 

1 in Rdmalpindi. 

1 in JhPnsi. 
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The following is a complete list of etandard bench-marks as they stood at 

close of season I 907-08-cotltinued. 

Nos. Completed and connected. 

t in Delhi. 

I in Ambdla. , 

I in Ludhilna. 

r iu Ferozepore. 

I in Jhelum. 

I in Attock. 

I in Peshawar. I 
I in Deolali. I 
I in Ahmednagar. 

I in Kirkee. 

a in Poona. I 
I in Multdn. 

I in Dera Ismail Khan. 

I in RQichur. 

I in Bellary. 

I in Cuddapah. 1 
I in Madras (new). 

I in Bikaner. 

*I I I in Calirut. r in Rangoon 

I Under construction. 
-- - 

Proposed lor erection. 

I in Bilaspur. 

1 in Raipur. 

I in Sambalpur. 

I in Godhra. 

r in Phulia. 

2 

3 

I in Toungoo. 

I in b1anda:ay. 

I in Roorkre. 

I in Surat. 

I i n  Shewbo. 

I in Meiktila. 

I in hlagwe. 

I in Wuntho. 

1 in Bal~sore. 

*g ( I in Bijdpur. I r in Cuttack. 
I 

10 j I in Khanpur. I I in Berhampur. 

These bench-marks r i l l  be connected during the coming field season, 1908-09, if completed in time. 



r I I I in Bahdwalpur. I I in Vizagapatam. 
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1 2  I I in Minohinabad. 1 I in Cocanada. 

Under construction. 

13 I I in Baroda. I i r t  Bezwada. 

Proposed lor erection. 

1 4  / I in Rbjkot. 1 I in Nellore. 

I 
I 

I in Champdran. 

I in Muzaffarpur. 

15 

1 I I in Patna. 

1 in Mussooree. 

I in Bhdgalpur. 

1 I in Nalhdti. 

I in Rurdwan. 

I in Gauhiti. 

I in Dhubri. 

I in Purnea. 

I in Dindjpur. 

I in Mymensingh. 

I in Dacca. 

1 in Cornilla. 

I in Chittagong. 

35. S tandard  bench-marks.-During the past year 32 standard bench- 
marks were erected a ~ ~ d  13 connected, fifteen are under construction, and 28 
have been proposed for erection. 

36. Destructio~z of bench-marks.-During the past year 265 bench-marks 
were reported a s  lost. On the line Bellary to  K i r w i r  no less than 86 out of a 
total of 223 bench-marks, were reported missing by the levelling officer. On 
the line Guntakal to Madras, 53 out of z I 8 were reported by the levelling officer 
a s  destroyed. 

37. RECESS duties.-The levelling computations nave been completed. 
Manuscript pamphlets of heights have been brought up t o  date. 

38. Tables.-Tabular statements relating to  the past season's operations are 
appended. 

39. Health of Field Party.-The health of the men of No. I Detach- 
ment was very good. The  officer in charge Pu'o. z Detachment reported 
the health of his party a s  g ~ o d ,  except in the case of a recorder who died of 
pneumonia early in the ficld season. T h e  health of the men of No. 3 
Detachment was reported as  generally bad, owing to malaria. 

40. Programme for Field Season 1908-09.-The levelling operations to  be 
performed during the coming field season are :- 

No. r Levelling Detachment will be employed in connecting the standard 
bench-marks at  SQtira ,  Belgaum, Bijipur, Bangalore, Salem, Calicut, Trichino- 
poly, Negapatarn, Madura, l'innevelly and g in Secunderabad with adjacent 
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lines of levels, and then on the Katni-Secunderabad line of levelling commencing 
from Secunderabad. 

No. 2 Levelling Detachment will be  employed in completing the Feroze- 
pore-Ahmedabad line of levels, in running a short line of levels from Pilanpur to  
Ceesa, and in connecting the  standard bench-marks at  Jodhpur, Deeea and 
Ahmedadad. 

No. 3 Levelling Detachment will be employed on the Katni-Secunderabad 
line of levelling commencing from Katni and also in connecting the  standard 
bench-marks at  Saugor, Jubbulpore, NBgpur, Raipur, Bilaspur, Sambalpur, Akola 
and HinganghPt with adjacent lines of levels. 
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Report on the introduction of the American levels into the Survey oj  India 
and upon the changes made in the G .  T. Surue~  system of levelling, 

by Syed Zille Basnain, E x t r a  Assistant Superintendent. 
The  American levels which have been recently introduced are in many respects 

superior to those hitherto used in the levelling operations of the survey of India. The prio- 
cipal improvements'may be described as follows :- 

( I )  Btnocular system :-An auxiliary telescope is fixed to the main telescope ; 
this contains two prismatic lenses, on which the image of the bubble is 
reflected from a mirror mounted cbliquely above the bubble tube; by this 
rneaps the leveller is able to  observe the two ends of the bubble simultaneously 
with the reading of t h t  staff. Theoretically, in levelling of precision, the bub- 
ble should be read a t  the same instant as  the staff. This is impossible with 
our ordinary levels, for the leveller after reading the staff has to remove his eye 
Irom the telescope, and change his position before he can read the bubble. 

The mere change in the leveller's position, and in the distribution of the weight of 
his body, frequently cause a change in the position of the bubble: hence 
with ordinary levels there can be no certainty that the position of the bubble 
as indicated by its readings, is absolutely the same as when the staff was 
read. In this respect the American levels have a great advantage. 

( / I )  Micrometric adjustment :-The main telescope instead of being fixed to the 
body of the instrument, as in ordinary levels, is placed in a cylindrical outer 
case, which latter is permanently fixed to the tribrach : the telescope is sup- 
~ o r t e d  a t  the object end by two horizontal screws which hold it to the case ; 
at the eye end it rests on the hardened tip of a slow niotion screw, provided 
with a micfcmehr head. This device enables the lev~:ller to move the teles- 
cope in a vertical   lane and it facilitates the process of levelling: thus after 
taking a staff and bubble reading, the leveller is able to bring the bubble to 
precisely the same position again for the second staff, without touching the 
foot-screw of the instrument. By this means the amount of dislevelment 
for a pair of staff readings can always be reduced to a minimum, which is not 
possible in the ordinary instrument. It is obviously wrong Ior a leveller to 
touch the foot screws of his le\ el b~ tween a pair of staff readings, and hence 
when using an ordinary level, he can not eliminate the dislevelment of the 

bubble, which so often occurs when the telescope is swung round to the 
second staff after the reading of the first stall and huhble. 

9' NO. 25 PARTY (TIDAL AND' LEVELLING OPERATIONS), 

No. 2 LEVELLING DETACHMENT. 
Lzst o f  Gyeat  Trigonometrical Survey Slations connected by sp ir i t  levelling in 

season 1907-08. 

Name of Station. 

Favidkot Tower Station. 

Sutlei Series . . . 
Alkrulla Station. 

Curhigarh Meridional Series . 
Sira tgarh Station. 

Gurhdgarh Meridional Series . 

HBIDHT I N  PERT ABOVE 
Maaa SEA Levs~. 

Difference of 
height by 

triangulat~on 
in leet' 

-9'198 

-1-549 

... 

Spirit 
levelling. 

A 

692.498 

715.549 

601016 

REMARKS. 

Height of mark-stone at 
ground floor. 

Height of upper mark-stone. 

Height of a on roof 01 north. 
ern turret of fort. 

Triangulation. 

681.3 

714 

Not given . 
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(112) Reservoirs in  the leveltubes :-The American levels are provided with reser- 
voir bubble tubes, such a s  have been elnployed on astronomical instruments in 
India. This arrangement enables the bubble to be kept a t  an uniform length 
during changes of temperature, andsimplihes the determination of the value 
of one division of the bubble scale and of the correction for dislevelment. 

(IY) Triplication of wives :-The diaphragm carries three horizontal wires instead of 
the single wire carried in ordinary levels : the upper and lower wires are equi- 
distant from the centre wire. This triplication is a most useful device and 
the advantages derived from it are fully explained below. A secondary use of 
the three wires is that it is possible to determine accurately the distance of a 
staff from the instrument without actual measarement, the interval subtended 
by the upper and lower wires on a staff at  a given distance being known, it is 
easy to find the distance corresponding to any other interval subtended by the 
same wires. This becomes particularly useful when levelling is carried across a 
stream or over broken ground where the chain cannot be used. As explained 
below American levellers do not chain the distance bet1,veen their instrument 
and their staves, but use the wire intervals only for this purpose. 

(4 Use o f  invar :-Nickel steel and other specially selected materials have been ern- 
pIoyed with advantage in the construction of the American levels. Different 
parts of the levels hitherto used in India are affected unequally by temperature 
and their irregular expansion and contraction produced constant dislevelment. 

(VZ) Portability :-The American levels are considerably lighter than the cylindrical 
levels which have hitherto been used on levelling of precision in India. (It is 
of course impossible to say whether the American levels will stand the Indian 
climate as long and as well as  our cylindrical levels have done ; the latter 
instruments have been constantly in use for upwards of 50 years, and are as 
serviceable now as when they were first made.) 

2. With all their good points the American levels have 1 think certain slight disadvan- 
tages :- 

(I)  As the American level is largely constructed of nickel steel which is magnetic, 
it is impossible to attach a magnetic compass to the instrument. 

(12) The small universal level fixed on the right side of the telescope is not of any 
practical use. 

( / / I)  Tlie milled head of the clamping screw attached to the foot screws is perhaps 
too large, it sometimes comes in contact with the leveller's fingers \\,hen level- 
ling the instrument, and thus the foot screws are unconsciously affected. There 
seems to be no reason why the clamping screw should have such a big head ; 
one half the size ~vould have answered the purpose equally well, and would 
not then be in the leveller's way. 

(IV) The fittings of the leather cones a t  either end of the outer case of the telescope 
are rather flimsy, and are not suited to the Indian conditions and climate. 
Owing to constant handling, the fittings of the leather cones, outside the 
clamping rings frequently become loose, and out of position. 

3. T o  an lndian leveller the following points about the American system of levelling 
appear to be of interest. 

(a) Ever) line of levels is divided into sections of one to two kilometres in length, 
(2 to I )  miles) and each section is levelled over by a single leveller, in both 
forward and back directions, if t . c  difference between the forward and back 
results of a section exceeds six nlillimetres, (or 0 . 0 ~ 0  foot) the whole section 
is relevelled, until two vaiues are obtained agreeing to within the above limit 

(b) The American staves are graduated only on one face, and all three rlres are 
' read on both staves. 

(c) The bubble is put in the centre ol the tube lur each staff reading. 
(d) The back staR is read first at  stations of odd numbers, and the iorward staff qt 

stations of even numbers. 
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( e )  The distance from the instrument.to the staves is not measpred, but laid down 
approximately equal by eye;  the distances to the back and forward staves 
are made to  balance a t  each pair of stations, as  neafly as possible, by setting 
the instrument beyond or s l~o f i  of the centre point between the staves, F~~ 
this purpose, a record is kept of the intervals subtended by the extreme wires 
of  the diaphragm, on all the backr and fonvatd staves separately; this is 
collstanHy summed up a s  the work progresses, and the sums~are not allowed 
to  differ by more than ao metres (65 feet) a t  any stage. 

( f )  Folding stands are used and the levels are carrled on them throughout the day's 
work. 

(q) The collimation error of the instrument.is determined daily by special observa- 
tions in the course of the day's work, and corrections on this account are 
subsequently applied when computing the results. 

4. The  six points mentioned in the last parhgraph'may' be compared as follo~r-s with 
our procedure : 1 

(a) By levelling each section in both the forward and back directions, the Arne~ican~ 
have no doubt a' perfect circuit system. 'In the G. T. Survey levelling, the 
direction of the operations is reversed on alternate sections, and precaution 
is taken io  balance the total lehgth OF back ahd forward sections at every 
embedded brnch-mark, or say a t  a distance of about ten miles apart;  this 
practically secllres all the advantages of a' circuit system, and is a more 
convenient and a quicker method. The Americans employ a single leveller, 
who levels each section twice in opposite directions, and the two results of 
tach section must agree Eo within 0.020 foot. T h t  object of these precautions 
is ( I )  to guard against accidental gross error, 2nd (2) to limit the sectional 
difference between results. As regards (r) the G. T. Survey system is in 
my opinion preferable to that of the Americans ; in the forMer two levellers 
are employed, one following the other, with stparafe instrumehts; comparing 
their results station by station, the maximum permissible difference between 
them for each station bting 0005 foot. Supposing that the American leveller 
happens to make an error a t  any station, he cannot discover it before he 
levels the nhole section tnrice over, and even' then he is obliged to relevel 

the \rhole section a third and rossibly a fourth time t o '  rectify his error, 
whereas, such a mistake would be discovered 6y the G. 'I. Survey letellers 
almost at  once, and could be rectified immediately without any great loss 
of time or labour. Taking a whole season's work into consideration, the 

number of whole sections having been levelled mote than twice by the 
American lebellers works out to nearly 13 per cent., whereas the number of 
re-levelments of single stations by the  G. T. S u r k y  levetlers is found to be 
less than 3 per cent. 

As regards (2) there are no hard dnd fast rules about the limit of sectional differences 
between the  levellers in the G. T. Survey system, but taking roo co6dekutive sections as a 
test it was found that the average sectional difference n'as 0.01 I bl a foot per section of 
2.6 miles in length. Only g per cent. of the differences exceeded oozo foot while 55 per 
cent. were found to be under 0.010 of a foot. This seems to  compare ver j  favourably 

with the limit of sectionaL differences, vis., o.oao of a foot per section of from I to z 
kilometres (+ to 1 4  miles), aNmed by the American levellers. 

(b) T o  guard against errors of reading the staff, the hrhericans read all t l ~ e  three 
horizontal wires on each staff, the upper and lower wires being equidistant 
from the centre wire, the mean of their readings must be equal to that of the 
centre mire'; thus rrrors of rt-ading are effectively checked. 

TIle G. T Surve) staff IS graduated on both faces, the two fades having different zeros 
on the old pattern staff, and different u n ~ t s  on the new staff: both faces arc read, and the 
reading of one face checks the reading of the otl~er face. In this respect the American 

slstem is superior to the G. T. Survey sjstem and has the advantages of simplicity and 
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By the simple but ingenious device of fixing three horizontal wires in the level, 

the leveller is enabled, not only to effectively guard against mistakes but also tocompletely 
do away with the so-called bias in reading the staff, lor which object the G. T. Survey 
levellers have had during recent years, to resort to the elaborate and somewhat trouble- 
some device of having different units on the two faces of their staves. If the lnd~an levels 

had been provided with three horizontal wires, it would have made the use of the second 
face of the staff absolutely unnecessary. As a matter of fact the results obtained by the three 
wire readings on one face, would seem to be more accurate than those deduced from s~ngle  
wire readings on two faces; in the former case the difference of level between two points is 
obtained from six read~ngs, in the latter case from foul. readings ; thus the weight of the 
former value is abcut 50 per cent. greater than that of the latter. 

I It takes appreciably less time to finish all observations a t  a station, using the three 

wrires on a single fare of the staves, than with one wire on both faces ; the former method 
also lessens the labour of the leveller, and it makes the work of the recorder simpler and 
easier, and it relieves the staff-man of the necessity of presenting the two faces of the 
st;~fl in succession to the leveller. When using both faces of the staves delays and mistakes 
are often caused by the staff-man showing the wrong face to the leveller, or by the recorder 
confounding one face with the other. The use of three wires and a single face does away 
~ r i t h  this source of error completely. 

(6)  The Americans put the bubble in the middle of the tube for each staff reading, 
but do not read the bubble. The G. T.  Survey levellers not only make the 
instrument level, but also read the tnlo ends of the bubble lor each staff 
reading. Thus they are able to determine the true amount of any dislevel- 
ment which may have occurred betmeen the readings of the two staves ; and 
the necessary corrections for dislevelment can be applied to the approximate 
d~fferences of level deduced from the staff readings. For this purpose 
the mean value of one division 01 the bubble scale of all levels used in the 
main l~nes  of the G. T .  Survey level l i~~g is carefully delermined evc ry year 
before taking the field and suitable tables of correction for dislevelment are 
prepared for easy use in the field. 

The bubbles mounted on all instruments used for pfecise levelling are sens~tive, and 
take some time to come to rest ; they do not readily come to any required posit io~~, and they 
frequently move .through, a fraction of a division af ter  ihpy have apparently been put to a 
certain reading. Two American levels have been in use during the past season with No. a 
Levelling detachment, and their bubbles ha te  behaved in mucli the same manner as  
described above. Now if the bubble is brought to the middle of its tube, but shirts slightly 
just as the leveller reads the staff, the Americans have to bring'the bubble back to the 
centre, and re-read the staff ; by doing so they spend extra time over the observations; and 
if they ignore the slight deviation of the bubble from the centre, they introduce a small 
error due to dislevelment into their work. In a similar case the G. T. Survey levellers 
would read the two ends of the bubble, and apply the necessary correction for dislevelment. 
It has heen found by actual practice with American levels, that it takes less time to bring 
the bubble approximately to the , ce~ t r e ,  and to read i ts  two ends, than to  try and bring it 
exactly to the centre for each staff,readlng, The G. T. Survey method is therefore quicker 
than the Americao method. , 

(d) The American and G. T. Survey systems are similar in the matter of ~ a d i n g  
the back stafl first at  odd-numbered stations and the forward staff first a t  
even-nupbered stati,ons, in order to cancel errors due to rising and lalling re- 
fraction. 

(6) The advantages of putting the staves at  equal distances from the instrument are 
obviously great;  all errors due to curvature and refraction, or Imperfect 
adlustment of the instrument in collirnation, are thereby wholly cancelled ; 
the corrections for dislevelment are easily worked out and applied direct t o  
the d~ffcrence of the readings of the two staves : in addition y e  are alle to 
read the two staves with the telescope at  the same focus. The Amerlcans 
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do not chain their distances, but they are compelled instead to take the 
following steps :- 

( I )  T o  re-focus the telescope for each staff. 
(2) T o  spend lime in balancing the distance at  each pair of stations, and in 

keeping a systematic record of the wire intervals throughout the work. 
(3) T o  apply corrections for curvature and refraction in the computations of their 

~vork ,  and last but not least, to  determine the collimation error of their 
instruments every day, and subsequently apply corrections for the same 
in their computations. 

Presumably the chief reason why the Americans do not chain the distances, is owing 
to labour i n  that country being expensive. In India it only costs a levelling party about 
Rupees 15  a month to  employ men to  measure the distances in advance of them, and the 
advantages gained thereby more than counterbalance the small expenditure. 

(f) The Americans use folding stands, and the levels are carried on them 

throughout the day's work; in the G. T. Survey the custom is to  use the 
universal rigid stand. The stand man goes ahead of the leveller to the 
station of observation, and approximately levels the stand by means of a 
mason's level ; this greatly helps the leveller in adjusting the instrument, 

besides which the rigid stand is far more stable than the folding stand. I t  
is a standing rule in the G. T. Survey that the instrument must always be 

replaced in its box, on the completion of observations a t  each station. The 
box containing the level is carried in a cradle by two men from station to 
station, and the levels are thus as little exposed to atmospheric changes, 
accidents, etc., as  possible. It is mainly due to these precautions that the 
standard levels of the Survey of India have remained in such good condition 
for so many years. 

k) The G. T. Survey levels are adjusted for collimation periodically in the field ; 
there is no necessity for determining the collimation correction daily, as all 
errors due to this cause are wholly cancelled by putting the staves at  equal 
distances from the instrument. 

Report of the Commitlee appointed to examirre the American Pvecise 
Binocular Level. 

Thequestions raised in Syed Zille Hasnain's report involved radical changes in the 
system of levelling in vogue in the Survey of India, and in March 1907 Colonel Burrard, 
the Superintendent of Tri~[onometrical Surveys, appointed a Committee consisting of Major 
G .  P. Lenox-Conyngham, R.E., President, and Captains H. M. Cowie, R.E., and C. 11. 
Bronne, D.S. O., R.E.,  members, to consider the whole subject of precise levelling. 'The 

Committee a~sembled a t  Mussoorre in August 1907, and after a thorough investigation 
of all the questions at  issue, summarised their conclusions as follows :- 

I. The American levek are on the whole superior to our old levels. 

2. Three rradings taken on one face only of each staff are better than one reading on 
each of the two faces. By the system of three wire readings, the error of estimation can 

be sensibly reduced, and the speed of working be increased. 

3. I t  is prelerable to record the level readings and to apply corrections for dislevel- 
ment, rather than to attempt to keep the bubble in the centre of its scale. 

4. The distances from the instrument to the staves should always be made equal by 
chain mcasurcment, and not be balanced by the tacheometric method used by the Ameri- 
cans. With equaldistancesit is not nrcessary to apply corrections for collimation, 
curvature or refraction. 

5.  It is cot essential that the instrument be in thc same straight line as the staves. 

6. As nickel steel, which is magnetic, is largely used in the codstruction of the Ameri- 
c7n level, it is impossible to combine the latter with a magnetic compass. 

7. The small circular level fitted to the American level is not sensitive, and though 
useful as an indicator, is  not to be relied on for adjusting the instrument. 
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8. The leather cones of the American levels should have more margin to spare outside 
their clamping rings. 

g. The level may be allowed to be carried on the stand a t  the discretion of the 
observer. 

10. The G. T. Survey limits of error appear to be much the same as  those of the 
United States Coast and Geodetic Survey, and there is no reason to alter them. 

r I .  The telescopes of the American levels are inferior to thoseof the cylindrical 
levels. 

12. On all other points, the comn~ittee agreed generally with the remarks made by 
Munshi Syed Zille Hasnain in his report. 

In conformity with the above recommendations, the following changes have now been 
introduced into the G. T. Survey levelling system by order of the Superintendent of 
Trigonornetrical Surveys. ' 

(a)  The American levels are to be used in future on all first class levelling opera- 
tions, and are to supersede the old levels. 

(b) Three readings ate to be taken to one face of each staff, in place of one reading 
to each of the two faces. 

LC) The bubble is to be read from the observing position by means of the prisms 
and mirror, and only one reading of the two ends of the bubble are to be 
taken Tor each staff reading. 

(dj The instrument may be erected to one side of the line joining the two staves8 
when it is lound advantageous to do so. 

(I) All other precautions hitherto followed in the G. T. Survey system are 
to be continued. 



NARRATIVE REPORT. 

Extraet from the Narrative Report of Captain H. M. Cowie, R.E., in  chlcrSe 
No. 22 Party, (Astronomicel) for season 1907-08. 

ooo. On conclusion of the comparisons between t h e  Indian Standard Bar 
A and the Bars IB and IS, carritd out during November, December and Januarv 
a t  Dellra D6n by this party in co-operation with No. 'z3 Party, normal latitudk 

operations were commenced in the country to the south and to the east Deesa. 
By the end of t h e  field season six Great Trigonometrical stations had been visited, 
four of them being in that portion of the Abu meridional series betw$en SonAda, a 

few miles north-east of Ahmedabad, and Chaniina, some miles east of Deesa. 
T h e  other two stations are  a t  t h e  junction of t h e  Karschi longitudinal and the 
Singi meridional series. 

ooo. No changes were made this season, in respect t o  the method of obser- 
vation and as regards  the instruments used, the only modification was the substi- 
tution of a 4 volt glow lamp in place of  a n  oil lamp for the illumination of the 
field of the  telescope and the  use of a similar lamp for lighting up the levels. 
Both lamps were run off the  same battery of four, N. size, Obach cells. T h e  
lamp connections and  bracket were designed b y  nle arld made in the Dehra 
workshop. T h e  adjustment of the  glow lamp for the ~llumination of the field 
requires a little more care than is necessary in the case of  an oil lamp, but when 
once adjusted, thereis  no doubt a s  to n l ~ i c h  is t h e  pleasanter systtm to  work 
w t h .  Apart from the advactages gained by the removal of a hot oil lamp from 
the observatory, the  comfort of t h e  observer is much increased in that his 
attention is not frequently distracted by flickerin: and that the electric lamp 
requires little or no attention. Four N. size Obach cells will work satisfactorily 

tor the whole season if used economically. With instruments ~ ~ r o p e r l y  adjusted, 

it will be found t o  be  unnecessary to  switch on the current more than half a 
minute before the transit of the s ta r  or t o  keep it running for more th .~n a minute 
at  a time. 

O n  an average, the  programme a t  each station embraced 52 observations 
to 50 stars, combined to form 27 pairs. T h e  stars selected for observation were 

all taken from Neacomb's  Catalogue of fundamental stcis. 

At the last two stations visited, Khrdo and DhArr;anva, Mr J. dcG. Hunter, 
M.A.,  joined the party for instructional purposrs. H e  already hacl some ex- 

perience in taking observations of precision and his visit was for the Furpose of 
acclu1ring a knollledge of the methods cf observation and computation. Further 

on nil1 be found a table giving the  respective results obtained by Mr. Hunter 
and myself. 

ooo. In Volume XLrI1I of the Professional volumes of :he Survry of India, 
we find India divided into tracts or regions accorcling to the nature and 
magnituae of the plumb-line deflecticns. T h e  G. T. s la t~ons  visited lie in or 
close to  the  northern portion of region No, 7. Chart  No. I is an orographical 





OROQRAPHICAL CHART OF REGION No. 7. 
CHART I 
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chart of this region, showing in large figures the  position of the stations visited in 
1908 and in small figures those a t  which the plumb-line deflections had been 
determined in previous years. Against each point is noted the deflection of 
the plumb-line found there. 

Turning to this chart, we see that a t  the cornrnencenlent oi the 
1908 latitude operations, the following facts  were known about deflections in the 
neighbourhood of Deesa. T h e  average deflection for Region No. 7 is -4.7". 
At Deesa, itself, a deflection of  -8.20" has been found;  a t  Chanlina, about 
23 miles east of Deesa, there is - I  1.25". About 3 1  miles to  the  nc~rth-west 
of Deesa, a t  Khankharia, the plumb-line is deflected by +1.98". In t h e  
distance of 31 miles the  value of the  deflection has changed by 10.18". At 
Oria on Mount Abn, about 3 9  miles north of ChaniAna, the deflection is -3'33", 
giving a change of 7.92" in the intcrval. Sixty-eight miles to  the south of 
Chanidna, a t  SonAda, the  deflection is found to be -4.28" and a t  Aramlia, 
about 154 miles east of Chan~Pna ,  the plumb-line is deflected by -4.61". Still 
further to the south and to t h e  east of tile Deesa-Chanidna locality, we find 
deflections of 4'7", 5'5", 3 '1"~  4'6", 3'2"- 4'4", 3'4", to  the  north, that  is to  say 
normal regional deflections. Thus when the 1908 work itas commenced, it was 
known that the Deesci-ChaniAna locality exhibited large deflections to  the north, 
and that  this deflection t o  the north decreased rapidly a s  we went northwards 
anrl westwards. T o  the  south and east  we had no data nearer than Sonit la  
and Aramlia a t  distances of 70 and 150 miles respectively, and these two 
places had been found to be normal. W a s  the  change of deflection between t h e  
normal at  SonAda and Aramlia and the abnormal a t  Chanidna a slow one 
or  was it abrupt, a s  had been shown to be the case to the nolth of Deesa 3 Did 
SonAda and Aramlia mark the limits of the  normal area or did this extend closer 
to  Chaniina? Was the Chaniina deflection approximately the maximum in this 
locality or would a still greater deflection be met with a little further to the 
south ? Wollld relatively large deflections be found to occur  a t  stations situated 
on the main mass of the Aravalli Hills ? It was hoped that  some light might 
be thrown on these questions by the latitude operations of 1908. 

ooo. T h e  prinkipal results of  the season's observations a re  collected in the 
following table. 

TABLE. 

I 
Tiki . 1 73 53 1 2,369 1 24 55 34'52 1 38'24 - 3.72 

Station. 

I 

Seconds 

Latitude. 
1-ongitude. 

Height 

r~i?.~.Z?.. 

Feet. 

466 

397 

1,385 

807 

BIorPli . • . 
Dhhnunva . 
Kain6th . . 
Kdrdo . . 

I 

-5.71 

-5.74 

-8.80 

-7.85 

0 t 

7 3 0  

7 2  33 

73 1 

7246 

0 ,  X 

23 25 17'47 

23 32 2.66 

23 51 14'99 

23 57 2.17 

d 

23.18 

8 40 

23'70 

10.02 
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These  results show that  t o  the south of Chanidna, the l a~ i tude  of which 
is  240 6' 37") and where the  deflection is - I  1 . 2 ~ " ~  we again find an abrupt 

change in the  value of the  plumb-line deflection. At Kl rdo ,  about 16 miles 
south-east of Chaniina,  t h e  deflection has  changed by + 3.4' or on an average 
by one second in 4.7 miles, Between K i r d o  and DhBmanva, 31 miles further 
south t h e  deflection changes by only +2.1" or by one second in 15 miles ; 32 
miles still further to the  south than Dhlmanva,  the change is +1.3" which gives 
a rate of one second in 24.6 miles. 

T h e  results of the observations of former years show that to  the north of 
Chanidna between that  station and Oria, 3 9  miles distant, the deflection changes 
by one second in 4.9 miles. Between ChaniAna and Deesa, 23 miles to the 
\vest-north-west, t h e  rate  of change is one second in 7.5 miles. Between Deesa 
and I thankl~aria ,  31  miles still further to the north-west, the  change is one 
second in 3 miles. T h i s  rapid change of the value of the deflection round 
Chaniina tends t o  show that the  disturbing influence to  which the  relalively 
high value a t  this station is due, originates in a purely local cause, situated either 
upon the surface or shallow-seated below it. T h e  pronounced change between 
1tQrdo a n d  Chaniina,  for instance, indicates that  the  distance separating these 
two stations is, in magnitude, a decidedly significant fraction of the distance of 
either of these stations from the  sea t  of the disturhing influence. T h e  distance 
between the  two stations is only some 16 miles. Besides this, we have the fact  
that  on all sides of Chaniina,  the  change of deflection is of the same sign. 
I n  every direction t h e  northerly deflection is found to decrease. Considering the 
deflections a t  the  three stations of Chaniina (-I 1'25") KArdo (-7.75") and 
I ta in i th  (-B183") w e  see that a t  K i r d o ,  the  station n e x e r  to Chaniina, where 
the  deflection is large, t h e  deflection is less than at  Kaini th,  further away. One 
of  the three values is anomalous. While the sign o f  the change of value bvtiveen 
Chani ina  and K i r d o  is positive, that between KArdo and I<a:ndth is negative, 

though in moving from station to station, the  changes of position have continued 
in the  same direction. Moving south from KainAth and Kdrdo, the sign of the 
change is again positive. As we proceed southwards from Oria, in the north, 

through Chanidna, I tQrdo,  Kaindth t o  Dhimanva, the sign of the changes art:, 
in order negative, positive, negative and positive. TO produce this condition 
of affairs, more than one distinct influence would seem to be in operation, Now, 
the whole area under consideration is of small extent. I t  is only about loo  miles 

from Oria to  Sonida .  W e  find thus, that there are more masses than one, 
causing deflections of the  plumb-line ; that these masses are s t r~crly local 
and situated either on the  surface or shallow-seated helow it. As the whole area 

is  not large, each mass cannot cover any large extent and consequently, t o  
produce the decided changes of value in the  locality, it would appear that these 
masses must be of a density considerably above the average of the sulf i ce  and 
the  crust of the  earth. A s  t o  whether these masses are  on the surface or below 

it ,  it is impossible t o  say until the computation of the theoretical deflections has 
been performed. Until we can allow for the effects of visible surface masses 
we shall not be in a position to  argue the existence of invisible sub-surface 

masses of great density. 
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During the season, I determined the densities of various rock specimens 

collected in the neighbourhood of  the stations. T h e  values found a r e  tabulated 
below :- 

Deusiiies of rock specimens. 

From whence 
obtained. 

I, 

South . 

East . 
11 

West . . 
Station . 
North . 
South , 

I ,  . 
East . 

Density. 

T h e  only figures, which a re  sp  

Density. Station. 

Mordli . 

, I  

1, . 
1, . 
, I  . 

Kirdo . 
I ,  

11 

Kaindth 

, I  

I I 

11 

From whence 
obtained. 

. 

. 

. 

. 

. 

East . 
Station . 
South . 
\Vest . 
Nerth . 

. 

. 

I I 
cially remarkable, in the list are the  

1, 

East , 

West , 

, 

. 

. 

. 

tquantities for the two specimens from the south of the station of Lakarwds, 3'56 

East . 
North . . 
West . . 
South . 

and 3.63. 
As regards the two stations of Tlki and Lakarwis, situated in the  Aravalli 

hills, we see t h ~ t  a t  Tiki the deflection is only -3'73", while at  Lakarwds it is 
-6'94". For this change we see a t  once some explanation in the orography of 
the locality. T h e  two stations are  a t  nearly the same altitude above sea level, 
about 2,ooo feet,  but while a great portion, of the hill masses that rise about 
2,000 feet, lie to  the north. of Lalrarwis Tiki, is so placed chat the  greater 
pnportion of these masses lies lo  the south. Consequently t h e  effects of that  
poriion oi the Aravalli hills, rising in this locality to above z,ooo feet, tend to be 
opposite sign a t  the two stations. 

T h e  results obtained at Dhdmanva and Morili are  very slightly greater than 
values found a t  places within the normal area and seem to indicate that these 
places only just come within the sphere of influence of the disturbing causes in 
the Chanidna locality. 

As regards the possible existence of a deflection still greater than that a t  
Chanidna, we see that to  the south, south-east and north-west the probability of 
the occurrence of a deflection materially greater is small. Deesa on the one 
side and Kdrdo on the other, neither station further away than 20 milcs, exhibit 
considerably smaller values. Between Chanidna and Oria or Lakarwis, however, 
there are larger intervals and it is possible that a larger deflection might be 
found. 
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~ G O .  The  following table gives further particulars regarding the observations 
at the different stations. 

TABLE. 

The micrometer value used in the computations was t q z ~ o ' '  k o o o g  
determined from observations to 49 star couples. 

000. I f ,  considering any two stations on any meridian, we take the differ- 
ence, "deflection at  southern station-deflection at northern slation ", a negative 
sign characterising this difference will show that the plumb-lines at the two 
stations are relatively inclined to one another; a positive sign will show that 
they are inclined away from one another, (a negative deflect~on being deflec- 
tion relatively to the north). 

Now when the plumb-lines at the two stations are inclined away from one 
another, we conclude that the level surface between the two is of a somewhat 
greater radius of curvature than the surface of our spheroid. W hcn the plumb- 
lines are inclined towards one another, the radius of curvature of the level 
surface must be somewhat smaller than that of the spheroid. 

Where the radius of curvature is small, we have, relatively to the spheroid 
something of the nature of a protuberance where we may expect to find gravity 
slightly in excess. Where the radius oi curvature is great, we may expect to 

find gravity in defect. 

On theaccompanying chart No. 11, I have joined by a thick blue line latitude 
stations at which the plumb-lines are found to be deflected towards one anotber 
and by a thick red line. those at  which they are deflected away from each other. 
Upon these cross sectional lines, I have blocked out approximately the area in 
which the piumb-lines are inclined towards and away from each other. In the 

blue area we may expec. to find gravity rather in excess and in the red, slightly 
in defect. This, however, is to be considered as merely a rough approximaticin, 
for it assumes that each observed deflection is a local maximum and also, that 
between every two stations, the change of deflection is gradual and regular, 

station. 

nlordli . . 

Dhdmanva 

Kainhth . . 

NO. of 
stars. 

-- 

52 

41 

42 

57 

55 

42 

39 

58 

47 

2.27 

2.01 

41.05 

34.52 

... 

... 

Tiki . . 57 

Seconds of 
Latitude. 

17.47 

2'65 

2.68 

14'99 

60 

f 0 ' 0 6 2  

fo'o8r 

f 0 . 0 7 6  

i o o 6 z  Lak=rwb. . I 
1 39 

1 1  

P. '. 

- 
? 

f 0 . 0 5 5  

f 0'041 

f 0 . 0 6 8  

i o . 0 4 3  

unttei"g'ht, 

,, 

J.  deG. H.  

H .  M. C. 

,, 

-+oz5j  

f 0.326 

f 0,360 

f o . 3 1 2  

--------------- 
H.M.C. 

J.deG.H. 

f o ' 2 6 j  

... i o g o s  

+ o o 7  

-0.20 

fo'oq 

-or5  

Observer. E.W-W.E. 

fooo42 

+o.0072 

+woo16 

+ o . o o z ~  

+o.c4 

-01 

H .  M. C. 

,, 

J . d e G . H .  

H. iv. C. 

Apparent 
error of 

rnicronteter 
v a l ~ ~ c  per 

Rev. 
~ 

f o . 2 7 4  

f o . 1 7 1  

f o . 2 8 3  

f 0 . 2 1 6  

f o o o c 8  

+om040 

-0.33 

+0.57 

+ 0 1 8  

+ o . o ~  

-+no59 

+ C V O O ~ Z  

+woo08 

--coo17 
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T h e  data a t  present available does not allow of the chart being extended 
to the west beyond Long. 72' and to the east beyond Lung. 81". In the area 
included between the meridians of 82" and 86" and the parallels of 20' and 2+" 

there is no triangulation which will provide data  enabling us to draw out the 
defining lines of the blue and red regions in this part of india. 

Also shown on the  chart are  the  stations a t  which the half seconds pendu- 
lum has been swung. By a blue dot are  represented those places a t  which 
gravity has been found to be in excess and by a red dot, such places a s  are  
characterized by deficiency of gravity. T h e  actually observed values of gravity 
at  these places will indicate to  what degree the  representation of the  areas, over 
wn;:;r this force is in excess and defect, as  deduced from 1a:itude observations, 
may be considered correct. As far a s  the  gravity work goes a t  present, the 
suggestions based on plumb-line determinations are fairly well corroborated by 
the pendulum results. A glance a t  the chart, howevrr, shows that, a: present, 
the pendulum stations are  few and distributed more or less round the margin of 
the area covered by the latitude stations. Over the central portion of this area 
there are, as  yet, no gravity determinations by the half seconds pendulum. 



KARRATIVE IIEPOK'l'. 

Eztracl  jrom the  Narrative Report o f  Captain 8. 1. Cowie, R.E., i n  charge 
No. 23 Party (Pendulums) for Season, 1007-08. 

ooo. During the early part of 1908, a series of pendulum observations was 
carried out by Major Lenox-Conyngham, R.E., with the object of ascertaining 
I~hether,  in montane and submontane regions in the southern portion of the 
Indian peninsula, the force of gravity varied from normal in like manner and 
degree a s  in Northern India. The scene of these operations was the trigon 
lying south of the latitude of Madras. 

In consequence of the employment of the party during November, December, 
and part of January in carrying out comparisons between the standard l o  feet 
Bar, A, and the reference Bars I, and Is, the time available for the pendulum 
observations was shorter than usual. 

The pendulums, nevertheless, where swung at  eight stations, exclusive of 
the base station, Dehra Dlin. 

ooo. These stations were:- 
Dehra Dlin , . for standardizing the pendulums. 
Bangalore . . . 
Mysore . . 
Kolar, Edgar Shaft, "nder-'grounh station : 

11 I :I situated on the Mysore plateau. 

,, ,, surface station . . . . 
Salem . , . , . . . , . at the foot of the Shevaroy Hills. 
Yercaud . . . , . .  , on the Shevaroy Hills. 
Ootacamund . , , . . . , . on the Nilgiri Hills. 
Kodaikinal , . , . , . . . on the Palni Hills. 

o w .  On the whole, satisfactory rooms were available for the observations 
and it was possible to ensure a fairly steady temperature during each set of 
swings, though a t  Yercaud, Kodaikanal and Dehra, in April, the hourly change 
of day temperatures, was, as will be seen, rather large. No corrections for lag 
have been applied in deducing the times of vibration. Corrections for lag, based 
on the mean hourly changes of temperature at Bangalore, KodaikBnal and Dehra 
in April, would at each place amount to about 3 X I o-' seconds. In the table 
below are shown the average night and day temperatures and the hourly changes. 

TABLE I. 

M~l. - 

Average Hourly 
temp. change. 

- - 

I +o'oB 

2438 +o'la 

25'40 +0'04 

astwo. 

Dchra Dlin, 1908 January . . 
Bangalore . , . , . 
M y m e .  . . . . . 

NIGHT. D~, 

Avenge 
temp. 

. 

1 6 %  

24.41 

1S86 

tlourly Average 
chonge. temp. 

. - 
+0.09 1618 

+0'13 24.35 

Hourly 
change. 

+0.08 

+0'11 

-0.04 aqQ3 + o ' I ~  



TABLE I-contd. 

NIGHT. DAY. 1 MEAN. 

Station. 

Edgar Shalt, underground . . 
Edgar Snaft, surlace, . . . 
S a l e m .  . . . . . 
Yercaud . . , . . 
Ootacamund. . . . . 
Kodalkinal . . . . . 
Dehra Dlin, 1908 April . . . 

ooo. The next table gives the amounts of the flexure correction observed 
and adopted at  the various stations. As a rule, two determinations of this cor- 
rection were made at  the commencement and again at  the end of the coincidence 
observations. 

TABLE 11. 

Station. 

Dehra Dlin , . , . 

Bangalore . . . 

Mysore . . . . 

Date 1908. 

January 1st . 
,, 1st . 

I ,  4th . 
I 1  4th . 
, I  13th e 

,, 13th a 

February 2nd . 
,, 2nd . 

11 5th , 

I, 5th 

February 6th . 
,, 6th . 
I, 9th . 
,I yth . 

Observed 
Flexure Adopted Flexure 

correction. correction. T- 
57'0 

56'5 

53'9 

55'3 

53.6 

53'8 

51'7 

52.2 

56.1 

55'4 

58.0 

57'5 

56.4 

55'5 

) January 1st to 4th. 

56. 

1 January 4th to 13th. 

J 54. 

54. 

57. 



TABLE 11. 

Adopted 
Flexture 

correction. 

53 

49. 

56. 

55. 

Rejected. 

59. 

86. 

Station. 

Edgar Shaft, underground . . 

I 

Edgar Shaft, surface . . . 

Salem . . 

Yercaud . , . . . 

Ootacamund . . . . 

KodaiUoal . . , . 

Observed 

1908. Flexure 
Correctlsn. 

Date I 
February 17th , 

,, 17th 

,, 20th . 
,, aoth . 

Februaryz~s t  . 
,, 21st . 
, I  24th * 

I  24th 

,, 26th . 

March 1st . 
,, 1st . 
,, 3rd 

I ,  3rd . 

March 6th . 
,, 6th . 
,, 9th 

I ,  0th 

;March 15th 

1 1  15th 

,, 15th 

I ,  15th 

,, 18th . . 
, ,  18th 

March zznd . 
, ,  aand 

1 ,  25th 

,, 25th 

54'2 

55'9 

50'9 

50.9 

49'4 

49'4 

47'2 

48.5 

48.2 

57'' 

55'6 

56.4 

56.4 

55'4 

55'7 

54'0 

55'5 

56a41 56.7 

60'3 

58.7 

57'5 

57'9 

89.9 

90'4 

8a.g 

80.8 
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T A B L E  I I-continued. 

At Kodaikinal, a s  the floor of the observing room was not in very good con- 
dition, the marble slab, carrying the ~ e n d u l u m  support, was cemented to a n  
" isolated " concrete pillar specially built for the purpose, the large value of 
the  correction a t  this station is most probably due to the nature of this pillar. 
At Ootacamund, after tnro sets of observations had been made, it  was found tha t  
the agate plane on which rest the  knife edges of the  pendulum, deviated more 
than was desirable from the horizontal. T h e  results of these two sets were 
accordingly rejected. T h e  agate plane was adjusted and fresh sets of observa- 
tions made. It  is remarkable that the adjustment of the agate plane, effected 
by tightening the screws clamping the stand to the marble slab, had the result 
of sensibly increasing the flexure correction. 

ooo. Throughout the season, tl;e time observations were taken by Babu 
tlanuman Prasad, Extra Assistant Superintendent. T h e  methods of observing 
differed in no respect from those of the previous year. This season, however, 
the new bent Transit instrument, which had arrived in India in the autumn of 

1907, was taken into use, replacing the portable. Transit belonging to the  
longitude equipment. 

T h e  main details of the new instrument are  as  follows :- 
Effective aperture of objective, 24 inches ; focal length, about 20 inches. 

I t  has a micrometer eye-piece capable of being turned through 
go0 and eye-pieces glvipg powers of about 30, 50 and 70, res- 
pectively. It is provided with a level, mounted Talcott-wise and 
is adapted for the taking of Talcott Latitude observations. 

T h e  results o f  the observations were thoroughly satisfactory. T h e  abstract 
which follows gives for each station the average p.e., of a value of the clock 
rate determined from star transits on two successive night:.- 

Station. 

Dehra Ddn . • . . 

s S 

Dehra Din, January . . +_o.ozr Salem . . f o . 0 1 0  

Bangalore , . . 0.013 Yercaud . . 0.009 

Date 
1908. 

April 17th . 
1, 17th 

I, 23'd 

11 23'd . 

Mysore . . . omor I Ootacamund . 0,015 

Edgar Shalt, underground . o'org Kodaikdnal ... 

Observed 
Flexture 

correction. 

45'5 

44'5 

44'9 

43'4 

Edgar Shaft, surface . . 0.018 Dehra Dbn, April 0.014 

Adopted 
Flexture 

correction. 

45. 

T h e  mean of these values is 0.014. T h e  average number of stars 
observed each night being 15, the avarage P.e., of a clock rate determined hy  
observations of one star on t a o  successive nights is f 0.054. 

oco. In the table below are given the times of vibration of each pendulu~rl 
in January and April, 1908, at Dehra Dun. 
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Times of vibration a t  Dehra DGn. 

T h e  agreement between the  April and January value is satisfactory. 

000. In order to indicate to  what degree the several pendulums have 
rn2intained an invariable character during the season and how far we are justi- 
fied in adopting the general means of the abstract above a s  representative of 
each pendulum during the  period January to  April, the differences between in- 
dividual pendulums and the mean pendulum have been computed for each set a t  
each station. These differences a re  given in the following t ~ b l e  in the columns 
under the headings of the pendulum numbers. Further, the mean difference for 

the season is deduced for each pendulum, and using these mean diRerences we 

derive the residuals, v, v. 

Date. 

J a ~  I-2 

"3 

4-5 

7-xa 

Means . , 

April 17- 18 

20-2 I 

21 -22 

Means . , 

Generzl Means 
Torseason . 

Difference (Apr. 
-Jan.; . 

Mean. 

:'5072512 

2506 

2511 

2509 

0.5072510 

0'5072513 

2512 

2511 

0'5072512 

0'5072511 

+ 2 

'37 

S 

0'507"75 

2564 

2556 

2570 

0.5072566 

0'5072573 

2576 

2573 

o'507a574 

0.5072570 

$8 

'38 

s 

0'50755U 

5007 

50x7 

5005 

0-5075011 

0.5075008 

4999 

5005 

0'5075004 

0.5075008 

--7 

Pendulum. 

'39 

s 
oo.5o715g6 

1594 

1601 

I593 

0.5071596 

0.5071596 

1596 

1593 

0'5071595 

0.5071595 

-I 

140 

0.5070862 

0860 

0869 

0870 

0'5070865 

0.5070876 

0878 

0874 

0.5070876 

0.50io871 

+ ] I  
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TABLE IV. 

Difference between individual Pendulums and mean Pendulum. 

Station. 

Dehra DGn . 

-- -. 
Bangalore . a 

Mysore . . . 

Edgar Shaft, under- 
ground . . . 

Edgar Shaft, surface . 

Salem . . . 

Date. 

I 

Jan. 1-2 

2-3 

4-5 

7-12 

F e b  2-3 

3-4 

Feb. 7-8 

8-9 

Feb. 17-18 

18-19 

19--20 

Feb. 21-22 

22-13 

23-25 

-60 o -2495 +z +g17 -2 + 1637 +4 

20-21 -64 -4 -2487 + l o  +916 -I 4-1624 +7 

21-22 -62 -2 -2494 + 3  t 9 1 8  -3 +I657 + 4  

'37 

- 4 3  

-58 

-45 

-61 

-50 

-68 

-56 

-65 

4 2  

-56 

-41 

-61 

- 6 0  

-60 

I 
Means . . I ... 

I 

Mar. 1-2 

2-3 

-3  

+a 

+I5  

-I 

I 

-8 

+4  

-5 

-a 

+4 

-I  

---------- 
-I 

o 

0 

-60 

-58 

-63 

- - _ - - - - -  
,.. 

+ 2  

-3 

'38 

-2501 

-2501 

-2506 

-2496 

- 5 0  

-2500 

----------- 
-2505 

-2488 

- - - - - - - - - -  

-a4$6 

-2498 

-2496 

-2501 

-2498 

-2497 

140 

+1650 

+1646 

+1642 

t1639 

t1640  

+1649 

+16@ 

-I-1643 

+I644 

+1644 

+1646 

-2497 

V 

-4 

-4 

-9 

+ I  

-7 

-3 

-8 

+ 9  

+ I  

-1 

+ I  

-4 

-I 

0 

139 

------__ 

+916 

+gra 

t g ~ o  

+g16 

--------- 

V 

- 9 

-5 

-I 

+z  

+ I  

-8 

+ 3  

-2 

-3 

-3 

-5 

I- 

-2498 

-2491 

V 

-I 

+ 3 

+5 

-I 

,.. 

+1641 

+ 1644 

+1641 

-I 

+ 6  

+ ~ I S  1 o 

+ O  

-3 

0 

+915 

$920 

+ g 3 - 1 0  

+ ~ I I  

+gr3 

+go9 

+912 

+923 

+914 

+915 

+916 

$912 

I-. - 

. .  + 1641 1 ... I I 

-5 

+4 

+ 2  

+6 

+3 

-8 

+ I  

0 

-I 

+3  

t1639  

+1642 

+ a  

-I 
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'The nature and magnitude of these residuals show that  no appreciable 
change has taken place in any  of the  pendulums, and that, therefore, the general 
means of Table 111 are  correctly representative of t h e  season. 

ooo. In Table V, a r e  given for each station the mean observed time of 
vibration and the value of g deduced therefrom. 

Edgar Shaft, underground . . I  4921 I 2410 ( 978.133 

T A B L E  V. 

Edgar Shaft, surface . 
Salem . . . 
Yercaud . 

Station. 

Dehra Dlin . . . . 
Bangalore . . . . .  
Mysore . . , . . .  

Time 
of 

vibration. 

S 

0.507251 I 

5200 

5147 

Difference 
from 

Dehra. 

... 
2689 

2636 

mean pendulum. Squaring and summing these residuals, we get- 
["VI ~ = o . 6 7 4 5 2 / ~  In-,) 

0 bsmved 
value of 

P. 
i n  Dynes. 

979.063 

978,025 

978.045 

Ootacamund . . . 595 I 

KodaikLnal . : 6189 

where p is t h e  p. e. of one complete determination of the time of vibration 
of any pendulum, and  n is the number of sets  of observations. Since there are  

four pendulums, the p. e. of one complete determination of the time of vibration 

977.735 

3678 
3440 1 977.643 

of  the mean pendulum is- 
p0=; 

From Table IV we get  the  following sums of squares of residuals- 
Pendulum No. 137 138 I39 140 

Zvv  537 5'6 340 337 
Whence [vv] 1730 
and (n-I) being 22 -- 

. . 

000. In Table 1V are given the  residuals v. formed by comparison of the 
mean difference with the  individual differences betweemeach pendulum and the  

. . 

= f 3'45 
a n d  po= f 1'73 

t h e  unit being the seventh decimal place of a second. 
If we consider the  differences that exist between the mean time of vibration 

for  each complete set of observations and the general mean for each station 
we ge t  another series of residual from which we can again compute a value 
of the p. e. ot one complete determination of the time of vibration of the  mean 

pendulum. In this case the p. e. po=o 6i45J l:l. 
(m-n) 

where m is the  total number of sets and n is the number of stations. 

T h e  residuals ; are  shown in table VI. 



- 

TABLE VI. 

Station. 

Dehra Dljn . . . 

Mean . 

Bangalore . . .  

- 
Mean . 

. . . .  Mysore 

Mean , 

Edgar Shaft, underground . 

Mean . 

Edgar Shaft, surface . . 

Mean . 

Satan . 

?I 

wean . 
Yercaud . 

I1 . . 

- 

Date. 

January 1-2 

2-3 

4-5 

7-1 z 

... 

February 2-3 

3-4 

... 

February 7-8 

8- 

... 

February 17-18 

18-19 

19-20 

... 

February 21-22 

22-23 

23-25 

... 
March 1-2 

2-3 

... 
March 6-7 

7 4  

S. 

ppp 

s 
0'50725 12 

2506 

2511 

2509 

0.50725 10 

0'5075200 

5201 

0'5075200 

0'507515I 

5744 

0'5075147 

0~5074923 

4922 

4918 

0.5074921 

0'5075066 
1 

5070 

5072 

0'5075069 

. 0'5074964 

4965 

0'5074965 

0'5075503 

5503 

v. 

2 

4 

I 

I 

... 

o 

I 

... 

4 

3 

... 

2 

I 

3 

... 

g v  ;. 

... 

... 

... 
22 

... 
- 

... 
I 

... 
- 

... 
25 

... 

... 

... 
14 

... 

I i ... 
3 

... 
I 

0 

... 

o 

0 

19 

... 

... 
I 

... 

. . . .  
0 



TABLE VI-codinued. 

[VV] = 102 and (m-n) = I 4. 

Station. 

Mean . . .  

Ootacamund , , . 

11 

Mean . . 

Kodaikanal . . . 

Dehra D6n . , . 
I, 

# I  

, . • 

Mean . . 

Which gives 

Now in computing p, we have, taking each set separately, considered the  
differences between the individual pendulums ant1 the mean pendulum of  the  
set. Consequently causes which produce effects constant during each set but 
varying from set t o  set would give rise t o  errors, of which this investigation 
could take no count. 

On  the other hand, p,, being deduced from the differences between the 
time of vibration of the mean pendulum of each set and the general mean for 

t h e  station, would be  affected by errors of this nature, such a s  might be 
caused by variations of clock rate and lag in temperature on the part of the 
pendulums. T h e  close agreement between po and p, , however, shows that the 
errors due to such causes, were for the  season as  a whole, extremely small. 

ooo. T h e  final results of the season's observations a re  given in the next 
two tables. T h e  orographical corrections for the reduction to sea level were 
found t o  be  significant in every case except Mysore and Bangalore. For  aU 
stations but Kodaikdnal these corrections are based on a detailed examination 
of the surface masses within 35 miles of the observatory. In the case of 

Kodaikhnal, the investigation was not possible beyond I mile from the  station 
cn account of the want of suitable maps. 

Date. 

...... 
March 15-16 

16-17 

...... 
March 22-25 

April 17-18 

22-23 

20-2 I 

21-22 

...... 

T h e  value of gravity adopted for Dehra D6n is 979,063. 

s 

0'5075503 

0.5075954 

5948 

0'5075951 

0'5076189 

0.5072513 

2512 

25 11 

0'5072512 

v 

.., 

3 

3 

... 

... 

I 

o 

I 

[; ;] 

Zv v 

... - 

... 
18 

... 

... 

..a 

2 

=102 
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T A B L E  VII. 

Table VIII gives a comparison between the  value go" and the theoreti- + 
cal v a ~ u d  yo for t h e  latitud? for the station of observation. 

T A B L E  VIII. 

-- 

Stalion. 

Bangalore . . . . . 
Mysore ' . . . . . 
Edgar  Shal t ,  underground 

Observed 
value of 
gravity 
=f. 

Dynes. 

978'025 

978'045 

979'133 

978.~76 

978'116 

g77")0P, 

977'735 

' 977.643 

Station. 

Banga1ore . . 
Mysore . . . 
E d p r  Shalt, under- 

ground. 

Edgar Shaft. surface . 
Salem . . . 
Yercaud . . . 
Ootacamund . . 
Kodaikhd . . 

Dynes. 

978.206 

978,191 

978'238 

Value of 
gravity at 
bea level. 

=go.'' 

Dynes. 

978206 

978.191 

978.238 

978'247 

978'172 

978'180 

978 17t 

978,092 

Connac~ lo~s  

Dynes. 1 Dynes. 

Latitude. 

. I .  

13 0 41 

I2 18 52 

lz 55 46 

12 55 47 

11 40 5 

I t  46 56 

11 2 4  37 

E d g a r  Shaft ,  surface . . 1 978.247 1 978.260 -0.0 I 3 

tt$Lt, 
M. S. L. 

Feet. 

3118 

2501 

328 

2945 

948 

4493 

739j 

Orova- 
phical. 

+o'eoo 

&o.ooo 

to'o8g 

ko.000 

+woo1 

+ W O I I  

+o.ooj 

fo.003 

for mass. 

Ior height. 1 
t0.290 -0'109 

Salem . . . 9 7 9 1  72 978'212 -0'040 

Yercaud . . . . . a 

8 0  13 50 1 7665 

+0'233 

+0'031 

i-0'271 

f 0'088 

+o'491 

t0.689 

+0.714 

Ootacarnund . . . -0'032 

Kodaikinal . . . . I 1 :::'::I 1::':;: I -0.072 

-0'087 

-o'or~ 

-o'ro3 

-0033 

-0.157 

-0 '258 

-0.268 

ooo. At all the stations visited the force of gravity has been, thus, found to 
be in defect. T h e  deficiency varies in amount from 0'013 a t  the Edgar shaft, 
surface station, to  o.a72 a t  Kodaikfinal. It  is a t  once noticeable that  
these deficiencies, found in Southern India, are  considerably smaller than the  
values determined a t  stations similarly situated, a s  regards height above M.S.L. 
in North Indian and sub-Himalayan regions. First, however, considering the 
South Indian results by themselves, we see that  the deficiency in amount is 
not a function of the height above sea level. Three stations are  situated on the 
Mysore plateau at  not very different heights. At two of these, Mysore and  
R a ~ ~ e a l o r e ,  the deficiency is nearly the same in amount, but a t  the third, the 
Edgar shaft, surface station, it is considerably less than a t  the t.vo former. 
The  difference of height between Yercaud and Saleln is 3,500 feet, the distance 
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between the two places being about 9 miles, and yet the value of g,"--% 

changes by only 0'003, being slightly greater at the lower station. The 
defects at Yercaud and Ootacamund are almost the same though the difference 

in height between the two stations is 2,900 feet. At Kodaikinal the value of the 
defect is more than twice that a t  Ootacarnund though the former station is only 
270 feet above the latter. 

In Table IX are compared the results of the operations in Southern India 
with those previously determined in the Northern and the sub-Himalayan 
regions. 

TABLE IX. 

Height. 

- 
Feet. 

7395 

7665 

7043 

6966 

6924 

7129 

4493 

4913 

5510 

3522 

31 18 

2945 

2501 

3321 

2467 

zzoa 

2239 

943 

949 

867 

835 

879 

g,"-yo 

Dynes. 

-0'032 

-0072 

-0119 

-0143 

4 1 1 0  

--o115 

--0'037 

-0'130 

--a139 

-0117 

--~0j7 

-0'013 

-0,045 

-0124 

-0'112 . 

-0085 

- 0 ' 1 2 6  

-0'040 

-0'114 

-0,107 

-0'048 

-0'095 

Station. 

Ootacamund . . . 
Kodaikdnal . . . 
Simla . . . . 
Darjeeling . . . 
Mussooree (Camel's 

Back). 

Mussooree (Dunseverick) 

Yercaud . . . 
Kurseong . . . 
Quetta . . . . 
Mach . . . . 

- 
Bangalore . . . 
Edgar shalt, surface . 
Mysore .  . . . 
HAjpur . . . . 
Asdrori . . . 
KUka . . . 

Situation. 

Hills, South India . . 
,, , , . . 

Himalayas . . . 
,, . . . 
,, . . . 

,, . . . 

Hills, South India . . 
Himalayas . . . 
Hills, Baluchistan . . 
,, ,, . 

Plateau, South India . 
,, ,, ,, . 
,, ,, ,, 

Submontane, North lndia 

,, ,, 

,, , 

Thickness of 
corresponding 

disc. 

Feet. 

910 

2050 

3330 

4070 

3100 

3270 

- 

rojo 

3700 

3920 

3270 

1620 

370 

I 280 

3550 

3180 

2370 

3440 

I140 

3270 

3040 

1310 

2730 

Percentage 
of 

height. 

% 1 

12 

27 

r 48 

60 

45 

46 

23 

75 

71 

93 

52 

13 

5 1 

107 

119 

'07 

154 

I ao 

344 

350 

157 

311 

Dehra D i n  . . : j :: ,, ,, 

- 
Salem . . . . 
H a r d w k  . . . 

Rwrkee . . . 
L u d h i h a  . . . 
Ncjli . - 

.-- 

Submontane plains, South 
India. 

Submontane plaim, North 
India. 

,, ,, 

,, 

, 
' 1  " 
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In this table are also given the thicknesses of a disc of matter of density 
2.8, which would be capable of producing an attraction equal to the quantity 
go"-yo and the percentage of the height of the station represented by this 
thickness. It  is very noticeable how much greater the quantities gov--% and 
the percentages of height are  for places in tlie Himalayan region than for the 
South Indian stations o f  like height. I t  is seen too, that the percentage of height 
gradually becomes greater a s  the height of the station gets  less. This  is 
perhaps due to  the  fact that  the  quantity go"-yo maintains a fairly uniform 
value over a region of considerable area bordering the  mountain mass, while, a s  
wt: move away from the same mass, the height of the station gets  less. That  
the deficiency in the force gravity will not be a function of the height of the 
station above sea level, is what the theory of isostacy teaches us to  expect. 
W e  shall expect to find the effects caused by the sinking of a mountain mass 
into the subjacent media not localized but distributed over a certain area round 
the mass and the  actual value of the deficiency of gravity a t  placesat the  foot of 
a mountain of about the same order of magnitude a s  that a t  the top. When 
considering the amount of deficiency or otherwise of gravity a t  a station, it is 
not sufficient to refer t o  the height of only the station itself, that is, of one - 

particular point. W e  should take into account the  average height of a more or 
less extensive region in which that station is situated. W e  tllus find some 
explanation of why it is that the  values of go"-yo a t  the South India stations 
are so  much less than a t  places a t  similar heights, above the  sea, in the Hima- 
layan region. T h e  former stations are s i~uated on approximately the  summits 
of the mountain mass and their heights are  greater than the average for the  
elevated region, while the Himalayan stations are, after all, but points on the 
outer slopes of the main mountain mass, the average height of which is consider- 
ably greater than that of the station. With t h e  relatively large value of 
go"-yo a t  the Himalayan points must be kept in mind the great height 01 the 
general level of the  tracts lying immediately td the north. T h e  amounts of the 
deficiency of gravity at  Simla, Mussooree and Darjeeling are probably more 
appropia te  to  a general altitude of 14,000 01. 15,000 than to a height of 

T h e  difference between the northern and southern stations, generally speak- 
ing in this :-the latter are placed approximately on the summits of isolated hill 
masses, while the former are  really half way down the outer scarps of an exten- 
sive highly elevated tract. 

ooo. At Bangalore, the  observations were made at  the S. W. end of 
the Base Line, where Basevi swung the Invariable pendulums in September, 
1868. This is the eighth of the old pendulum station that has been revisited. 
In Volume V, of the Professional Volumes, are given the vibration numbers, N, for 
the Invariable pendul~lms swung at  these eight places. If we take Dehra D6n a s  
the Base station, and take out the difference, dN,  between the values of N a t  
Dehra and a t  each of the other stations and convert d N  into terms of g, in 
dynes, by rreans of the relation, 

using for f ,  978'962, Basevi's value for Dehra, and for N the quantity 86020.86 
we get the follow~ng:- 



T A B L E  X. 

T A B L E  XI. 

Rasevi's Values of dg compared with those recently determined. 

Station. 

Madras , . 
Coliba.  . 
Kaliina , . , 

Nojli , . 
Dehra . 
Mussooree . , . 
Miin Mir . . .  
Bangalore . . , 

I t  is  noticeable that  whereas t h e  difference in the last column of the table is  
generally negative and on a n  average about 0.06, in amount, in the  case of M i i n  
MIr where a special s tand was used, it is positive in sign and considerably 
smaller in value. This  special stand was of a lighter construction than that  

usually used and was designed specially for  the  expedition to  the  high lying 
station a t  Mor6. I t  must be noted that  this stand was not employed a t  the  
Base station. 

T h e  recently determined value of g a t  Dehra DGn is 979'063, which differs 
by +O.IOI from Basevi's value, 978.962. Combining this difference with those 

of the  last column of the  Table above, we get  t h e  quantities below. 

N 

85989'03 

86005.19 

86027.25 

86027.62 

86020.86 

86011.5g 

86034'55 

85978.49 

dN 

-31.83 

-15'67 

+6'39 

+6.76 

... 
-9.27 

+ 13.69 

-42'37 

, Difference in 
value of g. 

+ 0.04 I 

+ 0,026 

+ 0'047 

+ 0.027 

+0.101 

$0'042 

+ wrog 

+ 0 . 0 ~ 7  

Difference in 
Base value. 

.., 

... 

... 

... 
+ 0'101 

... 
,., 

... 

Station. 

Madras . . . . .  
Coliba . . . . .  
Kdidna . . . . .  
Nojli . . .  . . 
Dehra . . . .  
Mussooree . . 
hfiin hlir . . . .  
Bangalore . . .  

Corresponding 
dg 

in Dynes. 

-0-724 

-0'357 

+oUI45 

+0'154 

... 
- 4 2 1 1  

+on312 

-0.964 

Difference from 
Table X. 

4 . 0 6 0  

-0.075 

-0'054 

-0.074 

... 
4 ' 0 5 9  

+ 0.008 

-0074 

Recently ob- 
served value 

of dg. 

-0.784 

-0.432 

+o .og~ 

+o.080 

... 
-0.270 

+0'320 

-1'038 

Difference in 
values of 

dg. 

-0.060 

-0.075 

-0.054 

-0.074 

... 
-0.059 

~ 0 . 0 0 8  

-0.074 



-- 

It is evident that the greater part of the difference between the new and old 
values of g, is due to the discrepancy between the value adopted for the Base 
station. The 'importance of the adopted Base value is obvious, and it need 
scarcely be remarked that advantage should be taken of every opportunity that 
offers a means of collecting independent evidence of the degree of reliance that 
may be placed in this value. The recent value has already been supported by an 
independently determined connection with Europe. In 1905, Dr. Hecker 
connected Jalpaiguri with Potsdam. His observations gave as result 

g at JaIpaiguri=g78'p4. 

The result of Major Lenox-Conyngham's observations, made at the same 
time was 

g at  Jalpaiguri=g78'922. 

Both values are referable to g=981'274 at  Potsdam, Dr. Hecker's result 
directly, and Major Lenox-Conyngham's indirectly, through Dehra Dlin and 
Kew. 

The close agreement of the two values shows that it is improbable that any 
large errors exist in the quantities adopted for Dehra and Kew. 



THE SHAN STATES SURVEY OF INDIA. 

E x t m e t  from the Narrative Report of Captain R. H. Phillimore, R.E., in charge 
No. 11 Party (Shan States) season, 1997-08. 

Work this season lay in the  extreme south-eastern corner of Kcng Tung 
State ,  being carried on along tha t  portion of t h e  Siam frontier that runs east- 
wards from Loi T a m  (longitude ggO 30') to its junction with the French frontier, 

in sheet 1 0 2  $ and  down the  Mekong river from latitude 21" 15' to  this 

same junction. T h e  Mekong river is t h e  boundary between French and British 
territory for 130 miles. On the  French s i d ~  of t h e  river is the  " Province du 
Haut  Me Hkong ", under a commissioner whose head-quarters a re  a t  B%n 
Hu+-sai, about 4 0  miles down t h e  Mekong from the point where it leaves 
British territory. This  province forms part of a large administrative area, 
Laos, whose head-quarters are  a t  Luang Prabang. Beyond this Laos territory 
lie T o n g  King,  Anam, Cochin-China and Cambodia. T h e  " Province du H a u t  
hl& H kong " covers approximately the Shan  States  of Keng  Hkawng, and Mong 
Hsing, \vhose population is mainly Lo, the same race that inhabits the eastern 
plains of Keng  T u n g  State .  Before t h e  Franco-Rritish treaty of 1896, which 
declared t h e  Mekong t h e  dividing line between French and British territory, 
A16ng Hsing was a tributary state to  Keng  Tung,  and the Keng  T u n g  Sawbwa 
collected revenue from several other districts on t h e  left bank of the Mekong 
and  ;also in a few parts of Keng  Sen which is now Siamese territory. However, 
during the last century these border districts had been continually changing 
rulers, the  Shans, Siamese and  Chinese being constantly a t  warfare. 

In the  hilly country of sheet 102 , is a circle, whose headman, or Hpaya, 
is a Ma-hso by race ; his circle includes several villages of other tribes, besides 
a few L a  villages. In the  country to  the south t h e  population is mixed, there 
being a preponderance of western Shans. These ~mmigrated into the  country 
some 2 0  or 30 years back, when the  western states were much disturbed by 
civil war. They found this corntr  of K e n g  Tung  S ta te  very thinly populated, 
being on the  Siamese frontier and open to at tacks from marauding bands. Some 

D 
districts such a s  Miing Kwan in sheet  9 3  and Mijng Hpiingnoi in roa ,, are 

regular western Shan colonies, where Tai  only is written and no Hkon found a t  
all. 

At Hawngliik in sheet 9 3  <, Mong Hai, Ho-pilng and Mong K G  in 9 3  < 
are found, besides HkBn from I<eng Tung,  western Shans, Lil, Lem from the 
Chinese border, and Youn from Siam, These all belong to Shan  stock and 

intrrmarry frerly, though keeping up d~stinctions in dialect, dress, ornaments, etc. 

Of the hill tribes those most frequently met with were Kaw, MU-hs6, and 
Tai-loi ; the latter being more numerous in sheets roa ,%, These Tai-loi with 

the En, a somewhat similar racc, are Budhists, unlike the other hill tribes, 
and build large permanent villages wirh ma5onry kyaungs and wrifs. TI:e 
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hillsides round these villages become practically denuded of all forest trees; 
patches a re  cleared and cultivated for two or three seasons and then left fallow 
for five years or so, wllilst other patches are  worked. Great care is taken that  
the  fallows should not take fire, for the thickgrowth that springs up is supposed 
t o  benefit the soil more if left unfired until just before re-cultivation. The  other 
hill tribes, who are of a rlomadic disposition, constantly shift their villages and 
move on to fresh fields, never returning to a field once it has been deserted. 
These tribes, Kam, Mu-hso, etc., are reckless of the extent to which they fire 
the hills. T h e  gro\vth that springs up on the deserted fields is exceedingly 
difficult t o  get  about i n ;  and if a surveyor has much of such ground in his 
work his outturn suffers considerably. Very often a surveyor is able to fire the 
jungle two or three days in advance ; he is then able t o  do in one day an  area 
that might otherwise have taken him two or three. One surveyor who tried 
this near a n  En village found that the  whole village turned out to extinguish the 
flames, and save the fallows from burning. 

'Two tribes were met with in shcet l o z  -FT who have no other se t t l e~~len ts  
within British territory, Yao and Mz'ao; they are ot Chinese stock, build their 
houses on the ground in regular Chinese fashion, and talk Chinese in preference 
to  Shan. Both tribes seem much superior to the other hill tribes; they appear 
better fed and are certainly more cleanly. 

I t  is an extraordinary feature of this country thdt all these different tribes 
live side by side, keeping quite distinct from each other in race and language 
and yet never falling out. There seem to be so  many matters over which it 
would appear only human t o  quarrel, water-supply, the  burning of jungle, thefts 
or two villages wishing to clear the same bit of ground for a village site or a 
field; but nothing of this sort is heard o f ;  the amazement at  this expressed 
by an Afridi sepoy, attached a s  surveyor t o  the party, is hardly surprising. 

There is never the slightkst difficulty in getting help from villagers of any 
tribe, if they are  zpproached in the  right manner through their headmen. 'The 
only occasion on which a surveyor was refused help occurred a t  a Yao village 
in the north of sheet 10-2. +,. A few villages here belonged to the Mling Lw& 
circle, t h e  capital of which is away to the north, outside this season's work. 
T h e  headman of Mong Lw& had not been warned of the  survey going on, a s  it 
was not known that any of his villages would fall into the area. The  Yao 
could not read the Hkon letter of authority which the surveyor shewed them, 
and they refused coolies, guides and permission to camp in their villages. T h e  
officer in charge was inspecting the surveyor shortly afterwards, and wrote off to 
the Mong L\v& headman. A Hkon official came up the hill the following week 
and the Yao headman disappeared into the jungle ; he left all his househ~ld  
property at  home, however, which was a mistake, for his pigs and fowls were 
all swooped up and carried off to Mong Lw&. T h e  surveyor was most Politely 
treated by all the hill men after that. 

T h e  officer in charge, the camp officers and the triangulators were 
accompanied Ily Hkon clerks from the Sawbwa's court in Keng  Tung. The  
man with the officer in charge was particularly useful; being influential he 
contributea much to the courtesy shewn to all members of the party by the 
various headm~tn. One case was reported in which an officer's interpreter had 
req~iisitioned guides from a village and not paid them ; he  had further "fined ' '  
the headman ten rupees for producing one guide too few. T h e  Assistant 
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Superintendent, Keng Tung, handed the case over to the Oficer in 
who after investigation discharged the interpreter from the party, making him 

refund the ten rupees. This interpreter had been known to be rather a bad 
lot, and it is hoped that there is not very much of this sort of extortion 
going on ; the Shans would be quick enough to report it if  there were. 

The most interesting feature of the country under survey was the 
Mekong river, which formed the eastern limits of work. The Shan name is 
Narn Hkamng or M& Hkawng, the latter name having been accepted for 
popular use in the distorted English form Mekong. To a traveller in 

the country, the correct pronunciation is a matter of importance; the Shan 
name for the Salween river is Nam Hkong with the " o " sound long as in 
" toe "; confusion between the two rivers might be disastrous. The Mekong 
is full of rapids and the highest point to which steamers have ever been brought 
is Tang Aw, latitude zoo 40') where in 1893 the French built a small fort on the 
left bank. There is now a regular steamer service up t o  Ban Hw&-sai some 
sixty miles below Tang Aw. The Laos bring large country boats as far as 
Tang Aw, where goods are landed and shipped, being conveyed to and from 
Keng Tung vid Mong Len and Mong Hpayak. Except for about 30 miles 

D below K ~ n g  Lap in sheets loa  , and for about l o  miles in sheet ~ o z  -$ 
the course of the river is through a defile. In these open lengths the river 
bed widens to nearly a thousand yards, but elsewhere it is seldom as wide as 
five hundred yards. The river is in flood from about August to October, and 
it must then be a very fine sight. During the dry season the water falls about 
30 or 40 feet, an2 its width contracts to less than three hundred yards; at 
rapids it is as narrow as  fifty yards, whilst only in the reaches at Pa-liao and 
above Hsbp Hbk is its full width maintained during the dry season. 

The defile of the Mekong is not so striking as that of the Salween in 
the same latitude; the hills that immediately enclose it not running up so steep, 
or to such great heights : but it is a very fine river, and is distinctly impressive 
at  Ion. water, swirling down between walls of rock that stand up 30 feet or so 
a.bove water level. There are several villages along both banks of the river 
and ferries at  frequent intervals. Boats, both dug-outs and rafts, are used for 
communication up and down the river between village and village. During the 
dry season, mule and bullock caravans find an excellent route along the bed of 
the river, this forming quite a highway between Keng Lap and Hsbp Yawng, 
where the caravans turn up towards Mong Yawng. During the rains this route 
cannot be used at  all, and caravans use a road overthe hills from Mbng Yawng 
to Pa-liao and so on to Keng Lap. 

The French have toll posts at  most of the ferries, but no toll is collected 
on the British side. 

The height of the river bed above mean sea level is I ,505 feet at Keng Icurn, 
lat~tude 21' 6' and 1,199 feet at Hsbp Hbk, latitude zoo 201, where it leaves 
British territory. 

The chief tributaries on the right bank of the Mekong fdlling under 

this year's survey are the Narn Yawng, Narn Len and the Nam Hak. The 
C Narn Yawng drains sheets 1 0 2  -, with the large plain of Miing Yawng. In 

its course down the defile through the riverain range of hills, the Narn Yawllg 
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is unfordable even in the  dry season. T h e  only ferry IS just a t  i l s  mouth, 
worked by the villagers of W2n H s ~ p  Yawng. 

T h e  Nam Len drains the southern slopes of the Loi Mw& range, and 

following south-east drains sheets 93 -&with the Mong Hpay%k plain, and Io2< 

with the Mong Len plain. In the  gorge between Mong H p a y ~ k  and Mong 
Len the course is rapid and  strewn with cocks, and the river can only be 

crossed by a ferry a t  Mong Pang. Through the Mong Len plain the Nam 
Len widens out to  200 yards and is fordable a t  many points during the dry 
season. 

T h e  Nam H6k drains sheet 93s, and passes through the plairr of Mdng 

Hai, flowing south into the  flat country which lies along the Siamese frontier ; 
close to  Hawngliik, it is joined on its right bank by the Nam Hsai, a regular 

P n~ountain torrent which drains sheets 93;;;~. From Hawngliik eastwards t o  

the Mekong t h e  Nam H6k lorms the boundary between Keng  T u n g  and 
Siam with a course devious to a n  extraordinary degree. In this length it 
cannot be crossed by ford, nor are  there any ferries working. 

C D T h e  ground falling in sheeh 102 and 7 was good sketching 

ground, with hills running t o  about 6,000 feet, bold featured and covered mostly 

with open pine forest. In the neighbou~hood of Langhsat in sheet ~ o z  % I  
t h e  ground is of limestone formation, very much broken. T h e  hills abound in 
caverns and punchbowls, and sevclral streams disappear into the ground alto- 
gether, some coming up again two or three miles off. A good deal 'of saltpetre 

D 
is collected in some of the  caves and near Mong Ngam in sheet 1 0 2 7  the 

villagers manufacture and export gun-powder on a small scale. 

T h e  M6ng Yawng plain is about 32 square miles in area, with. a general 
height or 1,800 feet above the sea. I t  is covered with rice culi.ivation and 
is thickly populated. T h e  city is not very imposing nor is the bazaar o f  any  
great size or importance. T h e  district is however a wealthy one, and in days 
gone by was independent o f  Keng Tung ; the Myoza is now a man of consider- 
able position in the  State. There is a pagoda of some renown oru a low hill 
to  the south-west of the plain SIX miles from the city, by name the Htstntong 
Sawmyaung. I ts  construction is  ol very early date, and it is sirnilai. in design t o  
the famous Angcor ruins in Cambodia., It is held in great ve1rerat1,on through- 
out K t n g  Tung  and is said t o  be built over seven hairs of the Budldha, and to 
have been visited by the great King Asolra. 

Mong Len, falling in sheet 102 -:-, is a great trade centre. Caravans 

from K ~ n g  Tung branch off from here in three directions ; eastwards to  Keng  
Lap ferry and so  to  Mong Hsing ; southwards to T a n g  Aw on the  Mekong 
where boats are  taken ; and westwards to Hawngliik en route for Chengmai in 
Siam. T h e  greater volume of trade seems to flow in the Siamese direction. 
Much merchandise comes straight through from China to S i ~ m  in unbroken 
bulk ; lead, ten, salt, etc., coming down through I < ~ n g  Tung,  Mong Hpayak, 
Mijng Len and Hawngliik. Many of the caravans wander round on their 
return journey buying up opium and cotton from hill villages. 

T h e  main roads through these southern sheets are excellent ; that is, taken 
by the standard of other roads in the State. T h e  country in these sheets 

I )  
102  2, and 93 is low lying and uninteresting; the hills are rather diFcult for 



122 No. 1 1  PARTY (SHAN STAT.ES). 

surveying, being not particularly steep, and covered with thick jungle mostly 
bamboo. Along the Nam Hbk is a fair extent of level grass land, and a certain 
amount of teak. This is the only teak found in the Mekong drainage within 
British territory worthi speaking5of ; it is not at present of any great size nor 
in any quantityl; a sale is now being arranged with a Frenchman who mill float 
the logs down the Mekong. 

The  country triangulated along the Chinese frontier is of a very different 
nature to most of that under detail survey this season. I t  is a mass of steep 
hills, with ranges running to over 8,000 feet, and intersected by two great rivers, 
the Narn Lam and the Nam Lw& ; these unite in sheet 102 2 and flow into the 
Mekong; the height of their junction above sea level i: about 1,700 feet. 
Both these rivers flow through narrow defiles, which hardly open out anywhere 
to give room for rice cultivation. The whole country is very steep and intricate, 
s o  that it is difficult to get [over the ground ; however, the jungle is not heavy 
and the very steepness of the hills makes them easy to sketch. 
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